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American Society for Testing and Materials 

Agency for Toxic Substances and Disease Registry 

Area Use Factor 

Ambient Water Quality Criteria 

Brown & Root 

Bloaccumulatlon Factors 

Big Clifty Sandstone/Beech Creek Limestone 

Bioconcentration Factor 

Baseline Ecological Risk Assessment 

Below Ground Surface 

Biota Sediment Accumulation Factor 

Biological Technical Assistance Group 

Below top of riser 

Crane Army Ammunition Activity 

Current Contamination Conditions Risk Assessment 

Canadian Council of Ministers of the EnVironment 

Continuing Calibration Verification 

Chlorinated Dlbenzo-p-dioxins 

ChlOrinated Dlbenzofurans 

Chronic Dally Intake 

Cation Exchange Capacity 
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CFR Code of Federal regulations 

CLEAN Comprehensive Long-Term Environmental Act Navy 

CLP Contract Laboratory Program 

CMS Corrective Measures Study 

COC Chemical of Concern 

COPC Chemical of Potential Concern 

CRAVE Carcinogenic Risk Assessment Verification Endeavor 

CRQL Contract-Required Quantitation Limit 

CSF Cancer Slope Factor 

CSM Conceptual Site Model 

CTE Central Tendency Exposure 

CTO Contract Task Order 

DAevent Absorbed Dose per Event 

DBG Dye BUrial Grounds 

DCE Dlchlorooctane 

01 Deionized 

• DL Detection limit 

DNAPL Dense Non-Aqueous-Phase liqUid 

DNB Dlnltrobenzene 

DNT Dinltrotoluene 

DO Dissolved Oxygen 

DOE Department of Energy 

DON Department of Navy 

OPT Direct-Push Technology 

DQI Data Quality Indicators 

DRMO Defense Reutlllzation and Marketing Operations 

EC Effects Concentration 

ECO-SSL Ecological SOil Screening Level 

EDQL Ecological Data Quality Level 

EEQ Ecological Effects Quotient 

EOD Explosive Ordnance Disposal 

EPA EnVIronmental Protection Agency 

EPC Exposure-Point Concentration 

- EPT Ephemeroptera, Plecoptera, Trlchoptera 

• ERA Ecological Risk Assessment 

ER-L Effects Range-Low 
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ER-M Effects Range-Medium 

EU Exposure Unit 

FAQs Frequently Asked Questions 

Foe Fraction of Organic Carbon 

FOL Field Operations Leader 

FSP Field Sampling Plan 

ft3/s cubic feet per second 

G-H Golconda-Haney 

gpm Gallons per Minute 

gig-day gram of food or water per gram of body weight per day 

HA Hand Auger 

HASP Health and Safety Plan 

HOPE High-Density Polyethylene 

HEAST Health Effects Assessment Summary Tables 

HHRA Human Health Risk Assessment 

HI Hazard Index 

• HMX Octahydro-1 ,3,5,7 -tetranltro-1 ,3,5,7 -tetrazocine 

HQ Hazard Quotient 

ICSAB Interference Check Sample A and B 

ICP Inductively Coupled Plasma 

ICV Initial Calibration Venflcation 

IDEM Indiana Department of Environmental Management 

IDL Instrument Detection Limit 

lOW Investigation-Derived Waste 

IEUBK Integrated Exposure Uptake Biokmetic 

ILCR Incremental Lifetime Cancer Risk 

IRIS Integrated Risk Information System 

Kd SOil-Water Dlstnbution Coefficient 

Koc Organic Carbon-Water Partition Coefficient 

Kow Octanol-Water Partition CoeffiCient 

LCS Laboratory Control Sample 

LCSD Laboratory Control Sample Duplicate 

LDso Lethal Dose for 50 percent of Test Animals 

LEL Low Effects Level 

• LOAEL Lowest-Observed-Adverse-Effect Level 

LOEC Lowest-Observed-Effects Concentration 
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LSC Little Sulphur Creek 

MATC Maximum Acceptable Toxicant Concentration 

MCL Maximum Contaminant Level 

MDL Method detection limit 

mg/kg Milligrams per kilogram 

mg/L Milligrams per liter 

MI Mobility Index 

mL Milliliters 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

NAD Naval Ammunition Depot 

NAD27 1927 North American Datum 

NAPL Non-Aqueous-Phase Liquid 

NAVFAC Naval FacIlities 

NCEA National Center for Environmental Assessment 

NEESA Naval Energy and Environmental Support Activity 

• ng/kg Nanograms per Kilogram 

NGVD29 1929 National Geodetic Vertical Datum 

NOAA National Oceanic and Atmospheric Administration 

NOAEC No-Observed-Adverse-Effects Concentration 

NOAEL No-Observed-Adverse-Effects Level 

NOEC No-Observed-Effects Concentration 

NSWC Naval Surface Warfare Center 

NTU Nephelometric Turbidity Unit 

NWSC Naval Weapons Support Center 

OJT Old Jeep Trail 

OPPTS Office of Prevention, Pesticides, and ToxIc Substances 

ORNL Oak Ridge National Laboratory " 
ORP OXidation-Reduction Potential 

OSWER Office of Solid Waste and Emergency Response 

PAHs Polycyclic Aromatic Hydrocarbons 

PAN Pesticide Action Network 

PCA Tetrachloroethane 

PCB Polychlorinated Biphenyl 

• PCDD Polychlorinated Dibenzo-p-Dloxin 

PCDF Polychlorinated Dibenzofuran 
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PCE T etrachloroethene 

PEC Probable Effects Concentration 

PEL Probable Effects Level 

PEP Propellants, Explosives, and Pyrotechnics 

PID Photoionization Detector 

PPE Personal Protective Equipment 

PRG Preliminary Remediation Goal 

QA Quality Assurance 

QAPP Quality Assurance Project Plan 

QC Quality Control 

RAGS Risk Assessment Guidance for Superfund 

RBC Risk-Based Cnteria 

RBTL Risk-Based Target Limit 

RCRA Resource Conservation and Recovery Act 

RCS Release Characterization Study 

RDA Recommended Daily Allowance 

• RDX Hexahydro-1 ,3,5-tnnltro-1 ,3,5-triazine 

RfDs Reference Doses 

RFI RCRA FaCIlity Investigation 

RISC Risk-Integrated System of Cleanups 

RL Reporting limit 

RME Reasonable Maximum Exposure 

RPD Relative Percent Difference 

RRF Relative Response Factor 

S Solubility 

SCS Soil Conservation Service 

SCV Secondary Chronic Value 

SO Standard Deviation 

SDG Sample Delivery Group 

SEL Severe Effects Level 

SERA Screening-level Ecological Risk Assessment 

SMCL Secondary Maximum Contaminant Level 

SOP Standard Operating Procedure 

SOUTHDIV Southern DIvIsion 

• SQB Sediment Quality Benchmarks 

SQG Soli Quality GUideline 

06020S/P CTO 0159 



NSWCCrane 
RFI 

RevIsion: 0 
Date: January 2005 

• Section: Table of Contents 
Page 14 of 14 

SSLs Sediment Screening Levels 

SSSLs Surface Soil Screening Levels 

SVOC Semivolatlle Organic Compounds 

SWDA Safe Water Drinking Act 

SWSL Surface Water Screening Levels 

SWMU Solid Waste Management Unit 

TAL Target Analyte List 

TCA Trichloroethane 

TCDD T etrachlorodibenzo-p-dioxin 

TCE Trichloroethylene 

TEF Toxicity Equivalence Factor 

TEL Threshold Effects Level 

TEQ Toxicity Equivalent 

TNB 1,3,5 - Trimtrobenzene 

TNT 2,4,6-Trinitrotoluene 

TOC Total Organic Carbon 

• TOM Task Order Manager 

TRVs Toxicity Reference Value 

TRW Technical Review Workgroup 

TSS Total Suspended Solids 

TtNUS Tetra Tech NUS, Inc. 

UCL Upper 95 Percent Confidence Limit 

USACE U.S. Army Corps of Engineers 

USDA U.S. Department of Agriculture 

UST Underground Storage Tank 

U.S. EPA U.S. Environmental Protection Agency 

UXO Unexploded Ordnance 

VOA Volatile Organic Analysis 

VOC Volatile Organic Compound 

VP Vapor Pressure 

WQS Water-Quality Standards 

WRS Wilcoxon-Rank Sum 

• 
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This report documents the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 

of the Old Jeep Trail (OJT) and Little Sulphur Creek (LSC), both located at Solid Waste Management Unit 

(SWMU) 03, Ammunition Burning Ground (ABG), which is 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 (NAVFAC) Engineering Command under 

Contract Task Order (CTO) 159, Comprehensive Long-Term Environmental Action Navy (CLEAN) 3, 

Contract Number N62467-94-D-0888. Unless otherwise indicated, all RFI fieldwork and the development 

of the baseline human health and ecological risk were conducted in acco·rdance with the Quality 

Assurance Project Plan (QAPP) at SWMU 03 (TtNUS, 2001b)], and the Work Plan and Field Sampling 

Plan addendum (TtNUS, 2000b), which was written to govern the collection and analysis of 33 additional 

soil samples. This RFI report describes the nature and extent of contamination, summarizes the fate and 

transport of contaminants, and presents human health and ecological risk assessments. 

SWMU 03 DESCRIPTION 

The Main Treatment Area at the ABG has been used for thermal treatment of munitions since the 1940's, 

with the largest quantities of matenals treated from 1956 to 1960. There are several separate burning 

areas within the ABG Main Treatment Area. Prior to the use of current steel pans, explosives, 

propellants, and materials contaminated with explosives and propellants were spread and ignited on 

concrete pads or in earthen pits. These pads and pits were reportedly located in the area now occupied 

by the clay-lined steel burn pans. Prior to approximately 1985, pink water sludge resulting from 

explosives and related chemicals was placed and burned in an unlined pit on the site. The ABG Main 

Treatment Area IS still used to destroy munitions at NSWC Crane under a RCRA permit issued by the 

U.S. EPA Region 5. 

Associated with the ABG is an area designated as the OJT, which lies in the valley of LSC. The OJT was 

used from the mid-1970s through 1983. Materials were treated primarily at two areas within the OJT - the 

burn area and the burn pit. The exact size, shape, and locations of these two areas are unknown. 

Reportedly, open burning also took place along the length of the OJT. The OJT has not been used for 

munitions treatment since 1983 and has since revegetated; however, the area is still used as a vehicle 

route . 
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The LSC receives overland runoff from the ABG Main Treatment Area and the Old Jeep Trail. In the past 

the Main Treatment Area was not vegetated and contaminated soils eroded into LSC. Ground water 

underlying the Main Treatment Area is contaminated with explosives, chlorinated organic compounds, 

and metals. Ground water from both the Main Treatment Area and the Old Jeep Trail discharges into LSC 

as spring water. 

Multiple environmental investigations and surveys have been conducted at the ABG, the OJT, and LSC. 

There is a large collection of geological, hydrogeological, hydrological, geochemical, and water-quality 

data available. A multi-phased Release Characterization Study (RCS) was conducted by the U.S. Army ~ 

Corps of Engineers Waterways Experiment Station (USACEWES) between 1990 and 1993. From 1995 

to 1997, additional soil, surface water, sediment, spring, and ground water samples were collected to 

supplement the 1990-1993 samples. Some of the pre-1993 data was determined to be insufficient for risk 

assessment by the EPA because its quality was unknown, therefore the data were used only in a 

qualitative manner for this investigation. All of the 1995-1997 data were found to be acceptable and were 

used for this investigation, as necessary. 

PHASE III RFI PROGRAM 

The most recent investigation, which is the subject of this report, was a Phase III RFI. The objectives of 

this investigation were to: 

• Establish the nature and extent of contamination. 

• Evaluate human health risks through a baseline risk assessment. 

• Estimate risks to the environment through an ecological risk assessment. 

It has already been determined that a Corrective Measures Study (CMS) is necessary to address soil and 

ground water contamination at the ABG Main Treatment Area. The purpose of this RFI was to determine 

whether contamination from the OJT and LSC should also be addressed in that CMS. 

Following is a brief description of the field and analytical program for the OJT and LSC. 

The sampling and analysis program for the OJT and LSC was developed based on the chemical 

categories represented by the list of detected chemicals of Interest that were identified during various 

historical site investigations, plus the knowledge of site operations and physical setting of the site. Soil, 

sediment, surface water, and ground water samples were collected and analyzed for various 

• combinations of 40 Code of Federal Regulations (CFR) Part 264 Appendix IX constituents [volatile 

060208/P ES-2 CTa 0159 



• 

• 

NSWCCrane 
RCRA RFI Report 

Revision: 0 . 
Date: October 2003 

Section: Executive Summary 
Page 3 of 6 

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

biphenyls (PCBs), and metals], as well as explosives and miscellaneous inorganics. Select surface water 

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

samples were analyzed for total organic carbon (TOG) to assist in assessing the potential risks for 

ecological receptors. Additionally, soil characteristic parameters [cation exchange capacity (CEG), pH, 

. and TOG] were collected to determine the potential fate and transport of contaminants at the site (and the 

potential for risks outside the site boundaries). Sediment samples were divided into shallow sediment (0 

to 6 inches) and deep sediment (6 t012 inches). Surface water samples were divided into low flow and 

high flow samples. This particular site also contains seven fresh water springs. Samples were collected 

and analyzed to detect movement of contaminants associated with the spring system, as necessary. 

NATURE AND EXTENT OF CONTAMINATION 

Chlorinated solvents were found to be most prevalent In ground water with the maximum concentrations 

detected in a south-centrally located well (03-07). The concentrations of chlorinated solvents from wells 

sampled further downgradient from 03-07 decrease with distance. Polycyclic Aromatic Hydrocarbons 

(PAHs) were generally found in greatest concentrations in soils near the burn area and burn pit, 

suggesting that they are operationally related contaminants. Energetics were widely detected throughout 
-

the OJT and LSC, and primarily near the burn pit and burn area in all soils. Pesticides and PCBs were 

not analyzed in subsurface soils or ground water, and no pesticides were detected in surface soil, deep 

sediment, or high-flow and low-flow surface water. The pesticide Methoxychlor was detected at a 

concentration that was slightly greater than the risk-based screening level in one sample in shallow 

sediment. These observations indicate that pesticides and PCBs are probably not site-related 

contaminants or that any pesticide release was very limited. Herbicides were detected at the OJT and 

LSC, but low concentrations are consistent with general herbicide use rather than an indication of being 

operationally related. Metals were detected at concentrations exceeding naturally occurring 

concentrations at the OJT and LSC, particularly in the burn Pit and burn area. The locations of relatively 

high metal concentrations appear to represent small, contaminated areas that should have little effect on 

receptor exposures. 

HUMAN HEALTH RISK ASSESSMENT 

The human receptors evaluated for the OJT and LSC were the construction worker, maintenance worker, 

occupational worker, adolescent trespasser, off-site residents, recreational users, and future adult and 

child residents. Human exposure pathways for the OJT and LSC that were evaluated were surface sOil, 

• subsurface soil, ground water, surface water (high- and low-flow), and sediment (surface and deeper). 
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Two exposure units of different sizes were evaluated. These units were the 1-acre exposure unit 

described in the Quality Assurance Project Plan (QAPP) which encompasses the burn arelburn pit, and 

the entire 6-acre OJT/LSC study area. 

ECOLOGICAL RISK ASSESSMENT 

An ecological risk assessment was conducted at the OJT and LSC. The ecological receptors that were 

evaluated in the assessment included: 

• Those directly exposed to chemicals in the surface water, sediment, and surface soil (Le., plants, 

invertebrates in soil and sediment, and aquatic organisms), and 

• Those indirectly exposed to chemicals via the food chain (Le., through the ingestion of plants, fish, 

and invertebrates). 

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 

of background concentrations to select chemicals as COPCs was done In accordance with the approved 

QAPP for SWMU 03 (TtNUS, April 2001); 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 

The project decision rules presented in Section 1 of the QAPP Indicate the levels of risk at which the 

implementation of a Corrective Measures Study (CMS) would be reqUired. For example, unless 

mitigating Circumstances eXist, an Incremental lifetime cancer risk In excess of 1 x 10.4 would trigger a 

CMS (see Table 1-23 of the QAPP, TtNUS, 2001b). If the human health risks were less than 1 x 10-4 , no 

further action would be required. Based on evaluation of the data obtained during this investigation, 

conSideration of site operational hiStOry, data generated dUring past investigations, and results of the 

baseline human health risk assessment and ecological risk assessment for the OJT and LSC, the 

following conclusions were reached: 

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

support the development of baseline human health and ecological risk assessments for the OJT and 

LSC. 
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Under current land use, no significant potential human health risks are expected for exposures to soil, 

sediment, surface water, or ground water. 

• Under future land use, noncarcinogenic risks exceeding a Hazard Index (HI) of 1.0 and/or incremental 

lifetime carcinogenic risks exceeding 1 E-04 were identified for on-site child afld adult residents using 

surface water as a potable water source, mainly as a result of samples collected from location 

03SWSD17. This location is downstream of Spnng A, which is a direct condUit for contaminant 

transport from the ABG. 2-Amino-4,6-dlnitrotoluene, 4-amino-2,6-dinitrotoluene, and RDX were the 

major contributors to the elevated risks for surface water. A summary of the major contributors to risks 

at OJTILSC is provided in Table ES-1; 

• Under future land use, noncarcinogenic nsks exceeding a Hazard Index (HI) of 1.0 and/or Incremental 

lifetime carcinogenic risks exceeding 1 E-04 were calculated for occupational workers, child recreational 

users, and on-site child and adult residents using ground water as a potable water source. 

Tetrachloroethane, trichloroethene, and 2-amino-4,6-dinitrotoluene were the major contnbutors to the 

elevated risks for ground water. A summary of the major contributors to risks at OJT/LSC is provided 

in Table ES-1. 

• 

• 

Unacceptable exposure of the future child resident to surface SOils was Identified, primarily as a result 

of high lead concentrations at surface soil sampling location 03SB24. 

Several chemicals were retained as COPCs In the initial ecological screening process in surface soil 

due to exceedances of direct contact, risk-based COPC screening levels, or because no current 

media specific EDQLs are available. DUring the Step 3a evaluation, no chemicals Initially selected as 

COPCs were retained for further evaluation. Table ES-1 presents a summary of the nsk results. The 

majority of elevated detections were found at locations 03SS22 and 03SS24. Both of these sample 

locations are in the southern burn pit/area along the fringe of the road where the habitat for plants and 

invertebrates is poor. Based on the field sheets and boring logs, the surface SOil sample (0 to 2 feet) 

from 03SS24 conSisted of a clayey Silt, sand, gravel (top 1.5 feet) and silty clay (bottom 0.5 foot), and 

trace ash, while the surface SOil sample (0-2 feet) from 03SS22 conSisted of sand and gravel (top 0.4 

foot) and clay With trace Silt and sand (bottom 1.6 feet). Ash and burnt matenals/cinders were found 

in the subsurface SOil immediately below the surface SOil samples. Therefore, It IS not likely that a 

large earthworm population would inhabit this area because of the large amount of sand and gravel In 

the soil. It does not appear that plants are being adversely Impacted because herbaceous plants are 
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present along the road. Significant impacts to plants and invertebrates, therefore, are not expected 

because the poor habitat would limit the numbers of receptors that would inhabit this area, especially 

earthworms. Although risks to plants and invertebrates from COPCs in the soil are possible, the 

potential risks from chemicals initially selected as COPCs are not great enough to warrant further 

evaluation. 

• Several chemicals were retained as COPCs in the Initial ecological screening process in sediment 

and surface water due to exceedances of direct contact, risk-based COPC screening levels, or 

because no current media specific EDQLs are available. During the Step 3a evaluation, no 

chemicals initially selected as COPCs were retained for further evaluation. Table ES-1 presents a 

summary of the risk results. Currently, the highest contamination concentrations in LSC are in areas 

where the creek IS Intermittent and there is little viable aquatic habitat, and chemicals present in the 

perennial portion of LSC do not appear to be adversely impacting aquatic receptors. Various aquatic 

insects, fish, crayfish, frogs, and salamanders were observed in the perennial portion of LSC dUring a 

June 2004 site visit. Additional uncertainties associated with nsk are described in Section 8.7. 

• Chemicals detected in the surface soil, sediment, and surface water that are considered persistent, 

bioaccumulative, and toxic (PST) were retained as COPCs for evaluation in terrestrial wildlife food 

chain models. DUring the Step 3a evaluation, no PST chemicals were retained for further evaluation 

because NOAEL-based EEQs using the average exposure assumptions were near or less than 1.0. 

Table ES-1 presents a summary of the risk results. In the herbivorous/insectivorous models, only 

lead in the American robin model had a NOAEL EEQ of significance (EEQ = 24) using the average 

exposure scenario; however, the EPC used in the model was elevated due to the maximum 

concentration detected at location 03SS24. This location is not likely to support earthworms due to 

the poor habitat in and surrounding the former Burn PIt. The NOAEL EEQ excluding location 03SS24 

IS 0.6. Several metals had NOAEL-based EEQs greater than 1.0 uSing the average exposure 
I 

assumptions In the PISCIVOroUS mammal food chain model. However, LSC IS small and is not likely 

capable of supporting 100% of the raccoon's diet, espeCially conSidering the large home range of this 

wildlife receptor. When an area use factor (AUF) of 10% is applied to the food chain models, 

NOAEL-based EEQs are less than 1.0. 

• A CMS should be Implemented to evaluate remedial alternatives to reduce the Identified 

unacceptable nsks. This CMS should conSider all sources of contamination at the ASG, the OJT, and 

LSC because ground water, surface water, and sediment flow from the ASG toward the OJT and 

LSC. 
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Receptor 
Population 

Current/Future 
Trespasser 
(Adolescent) 

Current/Future Off-
Site Resident (Child) 

Current/Future Off-
Site Resident (Adult) 

Current/Future Off-
Site Resident 
(Lifelong) 

Future Construction 
Worker (Adult) 

Future Maintenance 
Worker (Adult) 

Future Occupational 
Worker (Adult) 

• • 
TABLE ES-1 

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 5 

Overall 
Carcinogenic Overall 

Environmental Risk Hazard Index Lead Overall Risk Critical Pathways & 
Media (Human) (Human) Exposure(l) (Ecological)(4) Chemicals of Concern Recommendations 

Surface SOil, Surface 5E-07 0.04 No unacceptable N/A N/A NFA 
Water and Sediment exposure to 

lead(2) 

Surface Water 9E-06 1 No unacceptable N/A N/A NFA 
exposure to 

lead(2) 

Surface Water 1 E-05 0.3 No unacceptable N/A N/A NFA 
exposure to 

lead(2) 

Surface Water 2E-05 N/A No unacceptable N/A N/A NFA 
exposure to 

lead(2) 

SOil and Ground 4E-07 0.5 No unacceptable N/A N/A NFA 
Water exposure to 

lead(3) 

Surface Soil, Surface 1E-07 0.02 N/A N/A N/A NFA 
Water, and Sediment 

Surface Soil and 1E-04 2 No unacceptable N/A Ingestion of ground water Proceed to CMS 
Ground Water exposure to (tnchloroethene) 

lead(3) 
------ --------------
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Receptor 
Population 

Future Recreational 
User (Child) 

Future Recreational 
User (Adult) 

Future Recreational 
User (Lifelong) 

Future On-Site 
Resident (Child) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Child) 
6 Acre Exposure Unit 

• • 
TABLE ES-1 

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS 
SWMU 03 - OLD JEEP TRAILJLITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F 5 

Overall 
Carcinogenic Overall 

Environmental Risk Hazard Index Lead Overall Risk Critical Pathways & 
Media (Human) (Human) Exposure(1) (Ecological)(4) Chemicals of Concern Recommendations 

Surface Soil, Ground 3E-OS 2 No unacceptable N/A Ingestion of ground water Proceed to CMS 
Water, Surface exposure to (trichloroethene) 
Water, and Sediment lead(2) 

Surface Soil, Ground 2E-OS O.S - No unacceptable N/A N/A NFA 
Water, Surface exposure to 
Water, and Sediment lead(2) 

Surface SOil, Ground SE-OS N/A No unacceptable N/A N/A NFA 
Water, Surface exposure to 
Water, and Sediment lead(2) 

Surface SOil, Surface 2.E-04 33 Blood lead N/A Incidental ingestion and Proceed to CMS 
Water, and Sediment > 10 ug/dL for dermal contact with surface 

surface soil; soil (2,4,6-trinitrotoluene; 
<10 ug/dL for RDX; lead) 

sediment. Ingestion of surface water 
Surface water (2-amino-4,6-dinitrotoluene; 
was evaluated 4-amino-2,6-dinitrotoluene; 

qualitatively RDX) 
Surface Soil, Surface 6.E-OS 11 No unacceptable N/A Ingestion of surface water Proceed to CMS 
Water, and Sediment exposure to (2-amino-4,6-dinitrotoluene; 

lead(2) 4-amino-2,6-dinitrotoluene; 
RDXJ 

I 
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Receptor 
Population 

Future On-Site 
Resident (Child) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Child) 
6 Acre Exposure Unit 

Future On-Site 
Resident (Adult) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Adult) 
6 Acre Exposure Unit 

Future On-Site 
Resident (Adult) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Adult) 
6 Acre Exposure Unit 

~--

• 
TABLE ES-1 

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS 
SWMU 03 - OLD JEEP TRAILILITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE30F 5 

Overall 
Carcinogenic Overall 

Environmental Risk Hazard Index Lead Overall Risk Critical Pathways & 

• 

Media (Human) (Human) Exposure(1) (Ecological)(4) Chemicals of Concern Recommendations 
Surface SOil, Ground 5.E-04 45 N/A N/A Incidental ingestion and Proceed to CMS 
Water, and Sediment dermal contact with surface 

soil (2,4,6-trinitrotoluene) 
Ingestion of ground water 
(trichloroethene; 4-amino-

2,6-dinitrotoluene) 

Surface Soli, Ground 3.E-04 23 N/A N/A Ingestion of ground water Proceed to CMS 
Water, and Sediment (trichloroethene; 4-amino-

2,6-dinitrotoluene) 
; 

Surface SOil, Surface 1.E-04 5 No unacceptable N/A Incidental ingestion of Proceed to CMS 
Water, and Sediment exposure to surface soil (2,4,6-

lead(2) trinitrotoluene) 
Ingestion of surface water 

(4-amino-2 ,6-dinitrotol uene) 

Surface Soil, Surface 7.E-OS 3 No unacceptable N/A Ingestion of surface water Proceed to CMS 
Water, and Sediment exposure to (4-amlno-2,6-dinitrotoluene) 

lead(2) 

Surface SOil, Ground 4.E-04 9 N/A N/A Incidental ingestion of Proceed to CMS 
Water, and Sediment surface soil (2,4,6-

trinitrotoluene) 
Ingestion of ground water 

(trichloroethene) 
Surface SOil, Ground 4.E-04 7 N/A N/A Ingestion of ground water Proceed to CMS 
Water, and Sediment (trichloroethene) 

~---.-

1/28/05 



• 

Receptor 
Population 

Future On-Site 
Resident (Lifelong) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Lifelong) 
6 Acre Exposure Unit 

Future On-Site 
Resident (Lifelong) 
1 Acre Exposure Unit 

Future On-Site 
Resident (Lifelong) 
~6 Acre Exposure Unit 

Terrestrial Plants and 
Invertebrates 
Aquatic Organisms 

• • 
TABLE ES-1 

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE40F5 

Overall 
~ 

Carcinogenic Overall 
Environmental Risk Hazard Index Lead Overall Risk Critical Pathways & 

Media (Human) (Human) Exposure(1) (Ecological)(4) Chemicals of Concern Recommendations 
Surface SOil, Surface 3.E-04 N/A No unacceptable N/A Incidental mgestJon and Proceed to eMS 
Water, and Sediment exposure to dermal contact with surface 

lead(2) soil (RDX) 
Ingestion of surface water 

(RDX) 
Surface Soil, Surface 1.E-04 N/A No unacceptable N/A Ingestion of surface water NFA 
Water, and Sediment exposure to (RDX) -

lead(2) 

Surface SOil, Ground 9.E-04 N/A N/A N/A Incidental ingestion and Proceed to eMS 
Water, and Sediment dermal contact with surface 

soil (RDX) 
Ingestion of ground water 
(1 ,1 ,2,2-trichloroethane; 

trichloroethene) 
Surface Soil, Ground 7.E-04 N/A N/A N/A Ingestion of ground water Proceed to eMS 
Water, and Sediment (1 ,1 ,2,2-trichloroethane; 

trichloroethene) 

Surface Soil N/A N/A N/A low N/A NFA 

Surface Water and N/A N/A N/A low N/A NFA 
Sediment 

----"._-

i 

: 

, 

i 
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Receptor 

• 
TABLE ES-1 

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE50F 5 

Overall 
Carcinogenic Overall 

Environmental Risk Hazard Index Lead Overall Risk Critical Pathways & 

• 

Population Media (Human) (Human) Exposure(l) (Ecological)(4) Chemicals of Concern Recommendations 
Mammals and Birds Surface Soil and N/A N/A N/A American Robin Incidental ingestion of 

Surface Water(S) Lead: 24 (all surface soil through worms 
samples); by birds (lead) 

0.6 (excluding 
sample 03SS24) 

Mammals and Birds Sediment and N/A N/A N/A Raccoon Incidental ingestion of 
Surface Water(S) AUF-100% sediment through fish and 

Copper: 2.76 invertebrates by piscivirous 
Selenium: 1.99 mammals (copper. 

Zinc: 1.55 selenium. Zinc) 
AUF-10% 

Copper: 0.276 
Selenium: 0.199 

Zinc: 0.155 
---- -

1 The IEUBK model was used for evaluating child exposures and the Adult Lead Model was used for evaluating adult exposures. Refer to Section 7.0. 
2 This receptor evaluated for exposure to lead In surface water only. 
3 This worker evaluated for exposure to lead in soil only. 
4 The LOAEL average is shown because it was used in defining the risk drivers at SWMO 03. 

NFA 

NFA 

5 Ingestion of surface water is included in the food-chain mOdels for evaluating risks from sOil and sediment. However. the surface water component does not contribute 
appreciably to the overall risks to birds or mammals. 

N/A = Not applicable 
NFA = No further action 
CMS = Corrective Measures Study 
AUF = Area use factor 

: 

I 

I 
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This RFI Report was prepared for the NSWC Crane facility, located in Crane, Indiana, through the U.S. 

Navy Southern Division NAVFAC Engineering Command under CTO 0159, for the CLEAN 3, Contract 

Number N62467-94-D-0888. This report presents the results of an investigation of the OJT, also know as 

Jeep Trail 25, and of LSC. 

The OJT is an inactive area that is adjacent to and down-valley (south-southeast) of the ABG. The ABG 

is designated as RCRA SWMU 03/10. Open burning of explosives and explosives-contaminated 

materials took place at the ABG and two general areas at the Jeep Trail site. In one portion of the OJT, 

the Burn Area, empty bomb casings were burned, using black powder, to remove any explosive residues. 

In the second area (the Burn Pit), explosive-contaminated materials, including small munitions items and 

components, solvent-contaminated rags, and packaging material, were burned using wood dunnage In a 

pit. Ash was periodically removed from the pit and taken to the main ABG treatment area for disposal. 

The pit was closed by removal of ash and backfilling with dirt. The term "pit" may be a misnomer because 

it may have been more of a natural topographic depression than an excavated pit. Former operations at 

the OJT were directly associated with operations at the ABG; the operational history of the OJT is 

presented in greater detail in Section 1.2.4. Due to the close proXimity of the ABG to the OJT Area and 

LSC, a significant amount of information gathered previously for the ABG is discussed in the current 

document. Because of its relationship to the ABG, the OJT area is considered to be an extension of 

SWMU 03/10. LSC is a small stream whose headwaters originate in channels on the north, west, and 

south of the ABG. These ephemeral channels run through the ABG area and converge on the eastern 

Side of the ABG. From the ABG, LSC runs southeastward through the OJT area and then southward to 

the NSWC Crane property boundary. Based on previous samples collected from LSC and springs 

located In the LSC valley, the stream and spnngs have been impacted by releases from ABG and 

possibly OJT (Murphy, 1994; Murphy and Wade, 1998a). 

The follOWing RCRA RFI reports were prepared previously by the U.S. Army Corps of Engineers 

(USACE) for the ABG and approved by the U.S. Environmental Protection Agency (U.S. EPA): 

• Phase III Ground Water Release Characterization (Murphy, 1994) 

• Phase II Release Assessment for Surface Water (Murphy and Wade, 1998a) 

• Part 2 Phase III Soils Study (Albertson et aI., 1998) 
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The purpose of this RFI Report is to present and Interpret the results of the investigations for the 

OJTILSC areas and to evaluate the potential human health and ecological risks associated with these two 

areas. The risk assessments were performed using the data collected during the recent field 

investigations (2001-2002). 

This Phase III investigation was conducted in accordance with applicable RCRA corrective action 

requirements, including the need for RFls to be conducted at the NSWC Crane. Investigation 

requirements are specified in the NSWC Crane RCRA hazardous waste management permit, originally 

issued by the U.S. EPA on December, 29 1989 and renewed on September 14, 1995 (U.S. EPA, 1995), 

and in approval letters issued by U.S. EPA Region 5 for two RFls conducted at the ABG (SWMU 03/10). 

The approval letters were issued by U.S. EPA Region 5 (U.S. EPA, 199ge, 1999f) for two final reports 

(Phase II Release Assessment for Surface Water and Phase III Ground water Release Characterization) 

cited above. This current investigation provides data on select organic and inorganic chemical 

concentrations in surface soils, subsurface soils, sediment, surface water, and ground water in the OJT 

area and LSC. Although some samples were taken within the ABG area during this investigation, these 

samples were u§ed to assess the impact of surface soil washout into Little Sulphur Creek. This 

investigation addresses potential risks associated with the OJT and LSC only. 

1.1.1 Project Objectives 

The objective of thiS RFI was to conduct the site characterization and environmental sampling activities 

necessary to complete the RFI, including a baseline human health risk assessment (HHRA) and a 

screening-level ecological risk assessment (SERA). The plan was to establish the nature and extent of 

contamination and to complete the risk assessments, then draw conclusions concerning whether further 

activities are warranted at the site. 

A decision has already been made to perform a CMS for the contaminated sOils and ground water 

(including OJT and LSC) (U.S. EPA, 199ge, 1999f). The identification and evaluation of remedial 

alternatives will be performed in this CMS. 

1.1.2 Project Problem Statement 

Because operationally related chemical releases occurred at the ABG and OJT, human and ecological 

receptors could be exposed to unacceptable health risks. The health risks are expected to be confined 
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primarily to aqueous and solid media because only minimal airborne release pathways (e.g., occasional 

minor resuspension of dust or release of volatile chemicals) are anticipated. 

The degree of risk to a human or ecological receptor is determined based on the nature of contamination 

and the frequency, ... duratlon, and nature of exposure to contaminants. Consequently, it is important to 

understand where receptors could be exposed to the contaminants. This requires that the extent of 

contamination be established. In this context, extent was established relative to numerical risk-based 

criteria. A risk evaluation was conducted for human and ecological receptors in contaminated areas to 

determine whether risks posed by exposure of those receptors to site contaminants are unacceptable. 

Plausible land use scenarios were considered when identifying the receptors that could be at risk. 

1.1.3 Organization of the Report 

This report was prepared in the following format, standard for an RFI Report. Section 1.0 of the report is 

the introduction, including the project scope, objectives, background information, site geology, and 

hydrogeology. Section 2.0 describes field sampling activities and procedures associated with the data 

collection described in the approved QAPP (TtNUS, 2001 b). Section 3.0 is a summary of the data 

evaluation procedures and a summary of data quality for the data collected as part of this investigation. 

Section 4.0 desCribes the procedures and results of selecting the chemicals of potential concern 

(COPCs). Section 5.0 presents an evaluation of the nature and extent of contamination detected at 

OJT/LSC. Section 6.0 presents a discussion on the fate and transport of the COPCs and other chemicals 

or parameters germane to that discussion. Sections 7.0 and 8.0 present the human health and ecological 

risk evaluations, respectively. Section 9.0 presents the overall project conclusions and recommendations 

that were formulated after review of all the data collected at OJT/LSC. Supporting documentation for this 

report is attached as Appendices A through I. Although this investigation focuses on the OJT area and 

LSC, information concerning the ABG is provided where appropriate to provide perspective on OJT/LSC. 

1.2 BACKGROUND 

1.2.1 Facility Location and Description 

NSWC Crane is located In a rural, sparsely populated region of south-central Indiana, approximately 

75 miles southwest of Indianapolis, 60 miles northwest of LouiSVille, Kentucky and immediately east of 

Burns City and Crane Village, Indiana (Figure 1-1). NSWC Crane encompasses approximately 

62,463 acres or approximately 98 square miles of the northern portion of Martin County and smaller 

portions of Greene, Daviess, and Lawrence Counties. 
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The ABG and OJT are located in a remote hilly area in the eastern portion of the installation along Little 

Sulphur Creek (Figure 1-2). The OJT area is located in the valley of LSC, approximately one-half mile 

south-southeast of the ABG on Jeep Trail 25. These areas lie within the Sulphur Creek drainage basin, 

which is one of five main drainage basins that carry surface water off the installation (Figure 1-2). 

Photographs of the ABG, the OJT area, and the LSC watershed are included in Figure 1-3. The locations 

and direction of view for these photographs are presented in Figures 1-4, 1-5, and 1-6 for the ABG, OJT 

area, and LSC, respectively. The photographs are referred to throughout the remainder of the report. 

1.2.2 History of NSWC Crane Ownership and Operations 

NSWC Crane provides materiel, technical, and logistical support to the Navy for equipment, weapons 

systems, and expendable and non-expendable ordnance items. Early in 1940, Congress passed the first 

supplemental National Defense Appropriation Act. This act provided $5 million for new inland ammunition 

production facilities, $3 million of which were earmarked to build a Navy ammunition depot at Burns City 

on the site of the White River Project. Factors weighing in favor of the Burns City site were a remote 

• 

location that was free of congested areas, hilly terrain ideal for magazine construction and camouflage, • 

Lake Greenwood that could supply water for the facility, and the distance from the eastern seaboard, 

which minimized the danger of enemy attack. 

The facility was commissioned on December 1, 1941 as the Naval Ammunition Depot (NAD), Burns City. 

Its initial mission was to prepare, load, renovate, receive, store, and issue all types of ammunition, 

including pyrotechnics and illuminating projectiles, and act as a principal supply source at a most critical 

time during the early days of World War II. In May 1943, the depot was renamed the Naval Ammunition 

Depot, Crane, m honor of Commodore Wilham Montgomery Crane, the Navy's first chief of the Bureau of 

Ordnance. The name changed again in 1975 to the Naval Weapons Support Center (NWSC) Crane to 

reflect the facility's growing involvement in high-technology weapons systems. In 1977, the Secretary of 

Defense combined all conventional ammunition acquisition under the responsibility of a Single service. 

The ammunition production and storage function was given to the Army, and the Crane Army Ammunition 

Activity (CAM) was established as a Crane tenant to accomplish this task for Naval ammunition. In 

1992, based on changing missions and alignment, the facility name was changed to NSWC Crane. 

The Army has assumed ordnance production, storage, and related responsibilities under the single­

service management directive. All environmental activities on the installation, includmg permitting 

activities, remain the responsibility of the Navy. Although ordnance production and storage are still on • 
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base, Crane serves a modern and sophisticated Navy as a recognized leader in diverse and highly 

technical product lines, such as microwave devices, acoustic sensors, small arms, microelectronics 

technology, and more. The Army currently exists as a tenant activity on the base, as do other major 

branches of the Department of Defense, the U.S. Coast Guard (Department of Transportation), and the 

Defense Aeutilization and Marketing Operations (DAMO). 

1.2.3 Operational History of the ABG 

The ABG has been used for thermal treatment of munitions since the 1940s. The burning ground is used 

extensively to destroy unwanted materials contaminated with explosives, bulk e~plosives and propellants, 

rocket motors, pyrotechnic candles, flares, organic solvents, detonators, and fuse materials. Several 

separate burning areas are located within the site proper. 

The largest quantities of materials were treated at the main treatment area (Figures 1-3a, 1-3b, and 1-4) 

from 1956 to 1960, when 15,000 pounds per day of smokeless powder were flashed. In the same period, 

about 46,000 pounds per day of high explosives were burned. The area is also used to flash the residue 

from bombs and projectiles after they have been subjected to melt-out or drill-out operations to remove 

• the bulk of the explosive (Murphy, 1994). 

• 

Prior to the construction and use of steel pans (lined and unlined) for open burning operations, explosives 

and propellants and materials contaminated with explosives and propellants were spread and ignited on 

pads or in pits at the main treatment area of the ABG. These burn pads and pits were reportedly located 

in the area now occupied by the clay-lined steel burn pans (Figure 1-3a). 
{ , 

Three unlined surface impoundments (no longer present) were used to remove liquids from otherwise 

combustible sludges resulting from the blending and loading of mUnitions. In 1982, each impoundment 

was modified to include a liner and leachate collection system. Each of the impoundments was 

approximately 40 feet in diameter. Two impoundments held 2,4,6-trinitrotoluene (TNT), 

hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine (ADX), and breakdown compounds In water from a facility 

munitions plant (Aockeye) and other locations within NSWC Crane. A third impoundment held 

phosphorus compounds. The three impoundments have been replaced by dewatering units (Figure 

1-3a). The impoundments are now empty and are scheduled for closure. 

Two empty underground storage tanks (USTs) were used to store runoff and leachate from the three 

former impoundments. One tank was located immediately east of the phosphorus impoundment. The 
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other tank contained runoff from the two adjacent TNT and RDX impoundments. The tanks were 

removed in 1994 and are currently undergoing closure pursuant to a RCRA closure plan. 

The "ash pile" area (see Figure 1-4) was the site of a former stockpile of burn residue. The pile was 

removed between July 1986 and February 1987, pursuant to a RCRA closure plan. The pile consisted of 

approximately 12,290 pounds of burn residue. 

Prior to approximately 1985, pink water sludge was placed and burned in an unlined pit in the location of 

the pink water tanks. This flashing process was relocated to the burn pads in approximately 1985. The 

pink color of the water and sludge is caused by the presence of explosives and related chemicals. 

The former primer burn box was used for thermal treatment of ammunition components (for example, 

small impact-sensitive primers) and pyrotechnic munitions. The burn box has been decommissioned, and 

these activities are now performed at the primer pit and the incendiary cage (Figure 1-4). 

The following operations currently occur at the ABG. The locations of many of these ABG activities are 

shown on Figure 1-4. 

• Solid bulk propellant and explosives are open burned in 18 clay-lined steel pans at the ABG. 

• The primer pit operation involves treatment of small explosive components such as hand grenade 

fuses and cartridge primers. 

• Solvents contaminated with propellants, explosives, and pyrotechnics are burned in one unlined steel 

pan at the ABG. 

• Waste scrap pyrotechnics, which have been desensitized in No. 2 fuel oil, are burned in a second 

unlined steel pan at the ABG. 

• A third pan is used to burn scrap black powder desensitized with water. 

• Two sets of four pans each are used at Area 6 for the treatment of a waste mixture contaming red 

phosphorus and No.2 fuel oil. 
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• The incendiary cage at the ABG is set up primarily to allow the open burning of pyrotechnic devices 

and components. 

• The flashing and thermal treatment of suspect explosive-contaminated materials is carried out at 

three concrete-lined burn pads at the ABG. 

• Explosive- and pyrotechnic-contaminated sludges from production operations are treated at thee 

sludge burning pans. RDX-contaminated sludge and phosphorus-contaminated sludge are currently 

burned at this unit. 

1.2.4 Operational History of the Old Jeep Trail 

An area in the valley of Little Sulphur Creek, the OJT area (Figures 1-3g and 1-3h), was used to burn out 

bombs and flash powder from the mid-1970s through 1983. Matenals were treated at two separate 

regions of the Jeep Trail Area, the burn area and the burn pit. The approximate boundaries for these two 

areas are shown on Figure 1-7. At the burn area, bomb casings from which the bulk explosives had been 

removed were fil/ed with initiating powder, tilted on-end toward a hillside east of the Jeep Trail in the 

direction of the adjacent hillside, and flashed to complete the demilitarization process. Some munitions 

are thought to have been lashed to a horizontally positioned utility pole (that may have been creosote 

treated) prior to flashing: 

The burn pit was a trench or natural depression, approximately 100 feet long, 30 feet wide, and 10 to 

12 feet deep, located just south-southeast of the burn area (Figure 1-7). Powder was flashed and 

explosives-contaminated materials were burned in this pit. The contaminated material may have included 
I 

cardboard, paper, wood, and metal packaging that may have come into contact with explosives, solvents-

contaminated rags, or aDY other material that may have been contaminated with explosives. Some of the 

wooden packaging material may have contained pentachlorophenol. Small munition items and 

components were also reportedly treated. The area has not been used for any operations since 1983. In 

1983, the burn pit was fil/ed with clean fill material and revegetated. The area is now overgrown with 

brush, trees, and grasses (Figures 1-3g and 1-3h). 

The exact size, shape, and locations of the burn pit and the burn area are not known. Their approximate 

locations have been outlined on Figure 1-7. However, descriptions of the treatment areas in previous 

reports and interviews with base personnel during the first field event of this investigation indicate that the 

treatment areas may have covered a larger area, extending from Jeep Trail 25 westward to the LSC 
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stream channel and southward as far as well 03:'07 (Figure 41 in Dunbar, 1982; Murphy, 1996). Although 

inactive as a treatment area, Jeep Trail 25 is still used as an active vehicle route. 

1.2.5 Previous Investigations 

Multiple environmental investigations and surveys have been conducted at the ABG, the OJT area, and 

LSC. These past investigations are summarized in Table 1-1. The amount of geological, 

hydrogeological, hydrological, geochemical, and water-quality data and information gathered for this 

watershed is quite large. 

, 
A multi-phased RCS was conducted by the USACE between 1990 and 1993 to identify the nature, 

degree, and extent of hazardous constituents in the soils, surface water, sediments, springs, and ground 

water at the ABG. In 1995-1997, in preparation for a Current Contamination Conditions Risk Assessment 

(CCCRA), additional soil, surface water, sediment, spring, and ground water samples were taken to 

supplement the 1990-1993 samples (TtNUS, 1999). 

Many of the historical data (pre-1995) were collected through programs that did not require independent 

• 

data validation, so most of these chemical data never underwent validation to the extent necessary for • 

use in a risk assessment. The U.S. EPA reviewed select data packages from these historical databases 

in 1997 and concluded that much of the pre-1993 data could not be used for risk assessment purposes 

due to a lack of quality control (QC) information. All the 1995 through 1997 data were found to be 

acceptable for use in risk assessments because they had been independently validated. 

1.3 SITE CHARACTERISTICS 

1.3.1 Physiography and Topography 

NSWC Crane is located in the nonglaciated area of the Crawford Uplands Physiographic Province. This 

province is a rugged, highly vegetated, dissected plateau bounded by the Mitchell Plain Physiographic 

Province to the east and the Wabash Lowland Physiographic Province to the west (Murphy, 1996). The 

Mitchell Plain is 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-weathenng 

features can be found along this escarpment and on the eastern edge of the NSWC Crane facility. The 

boundary between the Crawford Upland and the Wabash Lowland near the western boundary of NSWC 

Crane is gradual (Murphy and Wade, 1998a). The terrain is predominantly roiling, with moderately incised 

stream valleys throughout and occaSional flat areas in the central and northern portions of NSWC Crane. 
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The elevations across NSWC Crane range from about 500 feet above mean sea level (amsl) to about 

850 feet amsl. Topographic relief in the Crawford Upland generally ranges from 100 to 350 feet. Greater 

relief exists in the eastern part of NSWC Crane near the Chester Escarpment (Murphy and Wade, 

1998a). 

The LSC watershed containing ABG and OJT is characterized by rugged relief, with ground surface 

elevations ranging from about 600 to 800 feet amsl in the headwaters of LSC (Figure 1-8). At the OJT, 

ground surface elevations range from approximately 550 to 800 feet amsl. The surface elevation is 

approximately 500 feet amsl where LSC exits the southern border of the installation. 

The ABG treatment area is essentially devoid of vegetation (Figures 1-3a and 1-3b) in order to minimize 

the potential for fires during open burning treatments. However, areas along LSC within the ABG have 

been seeded with grass to minimize erosion of soil into LSC (Figures 1-3c through 1-3f). The OJT site is 

located in a gravel-covered area on the western side of the gravel access road (Jeep Trail 25), where the 

road widens in excess of 50 feet (Figures 1-3g and 1-3h). The OJT and the remainder of the LSC valley 

are surrounded by wooded areas along the hillsides to the east and west, with miscellaneous natural 

ground vegetation under the tree canopy and along the creek banks . 

1.3.2 Climate and Meteorology 

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 89°F to an average minimum January temperature of 26°F. 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, consisting 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 Apnl through December and from the northwest during January through 

March [National Oceanic and Atmospheric Administration (NOAA), 1988]. 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. Figure 1-9 is a wind rose diagram that summarizes the wind direction and mean wind 

speed distribution for the Indianapolis International Airport over a 5-year period (1985 through 1989) . 
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Bedrock underlying the Crane facility consists of sedimentary rocks from the Lower Pennsylvanian age 

Mansfield Formation (Raccoon Creek Group) and the Upper Mississippian age Stephensport and West 

Baden Groups (Figure 1-10). Due to erosion and the moderate relief in the area, the Lower 

Pennsylvanian and Upper Mississippian rock units crop out on the ridgetops and along the stream 

valleys. A map showing the uppermost bedrock units in the LSC watershed is provided in Figure 1-11. 

The USACE, the Indiana Geological Survey, and Indiana University have been investigating the geology 

and hydrogeology of this watershed since the early 1980s. Based on boring logs drilled to various depths 

throughout the LSC watershed, the USACE has developed a detailed understanding of the geologic units 

in the watershed. Several existing USACE geologic cross-sections are reproduced in this report. The 

lines of section for these figures are presented in Figure 1-8. The actuai cross-sections are presented in 

Figures 1-12 (cross-section A-A'), 1-13 (cross-section AA-AA') , 1-14 (cross-section C-C'/O·O'), 1·15 

(cross-section K'-K"), and 1-16 (cross~section P-P'). Cross-section A·A' is the shortest cross-section and 

traverses in a northeast-southwest direction directly through the OJT area. This cross-section is most 

pertinent to the discussions of the OJT area. Cross-section P-P' (Figure 1-16) also traverses in a 

• 

northeast-southwest direction, but covers a greater distance. It extends from the Dye Burial Grounds • 

(SWMU 02) in the northeast, through the southeastern corner of the ABG, and southwestward to well 

03C25, located on the western side of the watershed. Cross-section C·C'/O-O' (Figure 1-14) lies in a 

semicircle around the northern and eastern edges of the ABG. Cross-section AA-AA' (Figure 1·13) 

traverses from the northwestern to the southeastern portions of the watershed. Cross-section K'-K" 

(Figure 1-15), the longest cross-section, traverses from north of ABG to the southern end of the study 

area near the NSWC Crane property line. These cross-sections are referred to throughout the remainder 

of this subsection and the next subsection on "Hydrogeology." 

The uppermost (youngest) bedrock units in the LSC watershed belong to the Lower Pennsylvanian 

Mansfield Formation of the Raccoon Creek Group. This formation consists of alternating beds of shales 

(e.g., black shale and carbonaceous shale), sandstone, mudstone, siltstone, and thin discontinuous coal 

units and is typically about 110 feet thick or more (Murphy and Wade, 1998a). For example, over 

120 feet of Pennsylvanian strata occur in well 03C29 on the western side of the watershed (see Figure 

1-13), in well 03C31 located about 800 feet south of ABG and 2,400 feet west of OJT (see Figure 1-16), 

and in well 03C16 located on the northwestern side of ABG (see Figure 1·14). In the area negr the Dye 

Burial Grounds (Murphy and Wade, 1998a; TtNUS, 2002) and throughout much of the LSC watershed, 

thick sandstone units are the predominant component of the ~ansfleld Formation. The Pennsylvanian 

age sedimentary rocks are absent where LSC and its tributaries have eroded into the Mississippian 
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strata. As a result, the Mansfield sandstones and coal units crop out in the uppermost portions of the 
ridges (Figures 1-13 through 1-16). The Pennsylvanian sedimentary rocks were also deposited on an 
erosional surface that developed on the Mississippian rock units, so the basal elevation of the 
Pennsylvanian rocks is spatially variable (Barnhill, 1993a; Kvale and Barnhill, 1994). The base of the 
Pennsylvanian age strata has the highest elevation (about 670 to 680 feet amsl) near the Dye BUrial 
Grounds in the northeastern portion of the watershed (Figure 1-16). The paleoerosion surface generally 
lies between 640 to 660 feet amsl in the central and southeastern portions of the watershed (Figures 
1-13, 1-15, and 1-16). The base of the Pennsylvanian decreases to its lowest elevation (about 615 to 
620 feet amsl) on the northwestern side of the ABG near wells 03C16 and 03C19 (Figure 1-14). This 
agrees with the pre-Pennsylvanian paleosurface that has been mapped to NSWC Crane (Barnhill, 1993a; 
Kvale and Barnhill, 1994). 

The Stephensport Group (uppermost Mississippian) lies beneath the Pennsylvanian strata and includes a 
number of sandstone and limestone formations, including (from top to bottom) the Glen Dean Limestone, 
the Hardinsburg Formation, the Haney (also called Golconda) Limestone, the Indian Springs Shale and 
the Big Clifty Sandstone member of the Big Clifty Formation, and the Beech Creek Limestone (Figure 
1-10). The Stephensport Group is generally 120 to 190 feet thick . 

A thin layer of Glen Dean Limestone is found directly beneath the Mansfield Formation in isolated areas 
of the watershed: near well 03C31 south of the ABG (Figures 1-15 and 1-16) and east of the LSC valley 
near well 03C35 and the NWSC Crane property line (Figure 1-13). This limestone is considered to be a 
productive aquifer unit in other parts of the NSWC Crane installation, but in this watershed It was 
extensively eroded prior to Pennsylvanian deposition. The maximum observed thickness was 4 feet in 
well 03C31. Hence, it is not considered as an aquifer unit in the remainder of this report. 

The Hardinsburg Formation is found immediately below the Mississippian-Pennsylvanian unconformity in 
the northeastern, central, and southern portions of the watershed (Figures 1-13 and 1-16). This unit IS up 
to 50 feet thick and contains primarily shale. Near well 03C31 south and southwest of the ABG, a 
sandstone lens is present in the middle of the formation (Figure 1-16). The Hardinsburg Formation 
typically acts as an aquitard between the Mansfield sandstone units above and the underlying Haney 
Limestone. However, this unit is absent in areas north and northwest of the ABG due to pre­
Pennsylvanian erosion (Figures 1-14). 

The underlYing Haney Limestone (also referred to as Golconda Limestone) is characterized by shaly 
limestone and limey shales. The thickness ranges from several feet to almost 20 feet. The 
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Golconda/Haney (G-H) Limestone is thinnest northwest of the ABG where it has been partially eroded 

due to pre-Pennsylvanian erosion. 

The Big Clifty Formation underlies the Haney Limestone and includes two distinctly different lithologic 

members. The upper member is known as the Indian Springs Shale and is approximately 20 feet thick 

(Figures 1-13 through 1-16). The lower member of the Big Clifty Formation is referred to as the Big Clifty 

Sandstone and consists of 35 to 45 feet of tan to green-gray, massive to thick-bedded, fine-grained, 

friable sandstone. Barnhill and Ambers (1994) discuss the lithologic characteristics and sedimentary 

facies of this sandstone in detail. The Big Clifty Sandstone is the uppermost bedrock unit in the central 

and southeastern portions of the ABG and along the floodplain of LSC southward to the NSWC Crane 

property line (Figures 1-11 through 1-16). 

The Beech Creek Limestone Formation consists of fossiliferous, hard, and dense limestone, when 

unweathered. The thickness of this unit ranges from 20 to 25 feet. The lithologic characteristics and 

sedimentary facies of this limestone are discussed In detail by Barnhill and Ambers (1994). Joints and 

bedding-plane fractures in the limestone are sparse to numerous in cores recovered from this formation 

and surface outcrops (Barnhill and Ambers, 1994). As mentioned in the previous paragraph, erosion has 

• 

removed the Indian Springs Shale from above the Big Clifty Sandstone in the central and southeastern • 

portions of the ABG area and from the floodplain south of the ABG. In the areas where the Indian 

Springs Shale is absent, the fractures and joints have been enlarged due to solutioning of the limestone. 

Fracture widths measured in creek bed exposures range from 2 to 25 cm (1 to 10 inches); these fractures 

were found to be filled with cobbles, gravel, and sand (Barnhill and Ambers, 1994). Some outcrops show 

large [up to 30 cm (12 inches)] wide solution channels along the bedding-plane fractures. Drilling logs for 

wells along the LSC valley show a mass of weathered sandstone and limestone blocks, gravel, Silt, and 

clay that is 10 to 30 feet thick (Figures 1-12 through 1-14). This ~one along Little Sulphur Creek 

downstream of the ABG has been Interpreted by the USACE to represent a zone where the Beech Creek 

Limestone was intensely fractured and karstified (Hunt, 1988; Murphy and Ciocco, 1990; Murphy, 1994; 

and Murphy, 1996). The development of solution channels was so intense that the Beech Creek and 

overlying Big Clifty Sandstone collapsed in the geologic past, and all that remains is the valley filled with 

weathered rubble and alluvium (Figures 1-12 through 1-16). 

The Elwren Formation (uppermost unit of the West Baden Group) lies below the Beech Creek Limestone 

and below the collapse zone material that lies in the LSC valley (Figures 1-12 through 1-16). It consists 

of massive to thinly bedded, dark gray to green shale with interbedded red-brown claystone. The 

formation averages approximately 20 feet in thickness. The Reelsville Formation lies just below the • 

Elwren Shale and is approximately 10 feet thick. It consists of dark gray to gray-green shale, with thin 
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(less than 3 feet thick) beds of fine-grained sandstone. The Sample Formation is just below the Reelsville 

and it consists 40 to 45 feet of dark gray to black, thinly bedded, platy to fissile shale with some interbeds 

of fine-grained sandstone. Together, the Elwren, Reelsville, and Sample Shales form an aquiclude that is 

approximately 75 feet thick (Figures 1-14 and 1-15). These shales virtually prevent the vertical seepage 

of shallow ground water downward into the underlying Beaver Bend limestone. 

The Beaver Bend limestone is the deepest geologic unit in the ABG/OJT/LSC area that is considered a 

significant aquifer and that has been investigated or monitored in the past. The Beaver Bend ranges from 

10 to 12 feet thick and consists of medium gray-brown, medium to coarsely crystalline, very hard and 

dense limestone. This limestone has numerous intersecting joints. 

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 

(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 to the southwest in the Sulphur Creek watershed (Kvale, 1992). A structure 

contour map for the top of the Elwren Shale (Le., base of the Beech Creek Limestone) is presented in 

Figure 1-17. It shows that the Beech Creek lim~stone is generally dipping to the southwest. Superimposed 

on the general structural dip to the southwest is an anticlinal structure trending through the OJT area that 

plunges to the southwest. Parallel to thiS, two synclinal structures trend through the ABG area and the 

southern end of the watershed and also plunge to the southwest. These structural features may have had 

some effect on the orientation and frequency of fracturing in the limestones and the initial development of 

solution features along the fractures. The regional structure also has a significant effect on the ground water 

flow system within the Beech Creek limestone, as will be discussed in the next subsection. 

The unconsolidated overburden deposits at NWSC Crane generally consist of two types: Quaternary and 

Pleistocene age alluvial and colluvial deposits near the floodplains of primary streams and unconsolidated 

residual soils and loess on sides and tops of ridges. 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 solis consist of clay, silt, sand, and 

fragmented and/or partially weathered bedrock. The residual soils developed on the ridgetops and upper 

sideslopes of the ridges were derived from the weathering of Pennsylvanian strata. The reSidual soils in 

the lower elevations of the LSC valley were derived from the weathering of the MissiSSippian sandstones, 

limestones, and collapse fill materials. 

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. Each 
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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. 

Chemical characteristics of soils at NSWC Crane were evaluated during a basewide background soils 

investigation conducted by TtNUS in 2001 (TtNUS, 2001 a). The objectives of the investigation were to 

identify and chemically 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 at NSWC Crane, based on the 

mapped geologic parent material: Pennsylvanian bedrock, Mississippian bedrock, alluvium, and loess. 

Three predominant grain sizes (clay, silt, ,and sand) and two depths (surface and subsurface) were also 

identified as factors possibly contributing to soil chemical characteristics. Soil samples were collected to 

establish representative background metals concentrations for each of the 16 soil types. 

Based on the classification scheme developed in the base-wide background soil study (TtNUS, 2001 a), 

the soils encountered at SWMU 03 fall into three different soil groups. The surface soils 0 to 2 feet below 

ground surface (bgs)] all belong to Group 3 (surface soils, undifferentiated). The subsurface soils (2 to 

• 

10 feet bgs) are all derived from weathered Mississippian bedrock and belong to soil groups 6 and 7. • 

These groupings are discussed further in Section 3.0. 

1.3.4 Hydrogeology 

Description of Aquifers and Aquitards 

Ground water in the nonglaciated southwestern portion of Indiana is generally contained in fractures and 

joint openings of limestone and sandstone aquifers. Aquifers are generally isolated from one another 

vertically by less permeable shale and Siltstone units. Ground water enters the aquifers as Infiltration In 

outcrop areas and flows by gravity down the dip of the strata or locally in directions controlled by the 

potentiometric gradients, which are in most cases influenced by topography and locations of stream 

channels (I.e., ground water discharge areas). 

Based on 20 years of drilling and hydrogeological investigations in the LSC watershed (most notably in 

the ABG area), the hydrostratigraphic units and hydrogeologic conditions in the watershed are well 

characterized and documented. However, because of the fractured rock units and karstic nature of the 

limestone formations present in the watershed, the ground water flow system is very complex and 
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therefore there are some uncertainties concerning the details of the flow system in localized areas at a 

small scale. 

Four primary aquifers in the LSC watershed have been identified in the Pennsylvanian and Upper 

Mississippian strata: 

• Pennsylvanian sandstones 

• the Haney Limestone [also referred to as the Golconda-Haney (G-H) aquifer] 

• the Big Clifty Sandstone/Beech Creek Limestone (BC/BC) aquifer 

• the Beaver Bend Limestone 

The Pennsylvanian sandstone aquifer is the uppermost aquifer and is present only along the tops of 

ridges at ~Ievations above 615 feet amsl. Typically, the base of the Pennsylvanian Mansfield Formation 

is even higher (about 650 to 660 feet amsl). The Pennsylvanian rocks are up to 120 feet thick (Figures 

1-13 through 1-16). The Pennsylvanian sandstone aquifer actually consists of two or more irregular 

sandstone units that are commonly separated by shale, siltsone, and clay lenses and some coal beds. 

The stratigraphy, lithologic characteristics, and hydraulic characteristics of the Pennsylvanian strata of this 

area are discussed in detail by Barnhill and Hansley (1993), Kvale and Barnhill (1994), Fisher (1996), and 

Murphy and Wade (1998a). The hydrogeologic characteristics of the Pennsylvanian aquifer were also 

presented in the draft RFI report for SWMU 02 - Dye Burial Grounds (TtNUS, 2002). This SWMU is 

located in the far northeastern corner of the LSC watershed (Figure 1-8). The Pennsylvanian sandstone 

aquifer is not present in the ABG area, OJT area, or the LSC valley floor. 

The Glen Dean Limestone is present beneath the Pennsylvanian aquifer in isolated areas of the 

watershed. Because of its limited presence in the watershed and its complete absence from the ABG, 

OJT area, and LSC valley, it is not considered a separate aquifer unit and is not discussed further in this 

report. 

The Hardinsburg Shale is up to 50 feet thick and contains mostly shale with some low-permeability 

sandstone in the middle. This formation forms a nearly continuous, relatively impermeable barrier to 

ground water flow between the Pennsylvanian sandstones above and the Golconda-Haney Limestone 

below. 

The G-H Limestone aquifer crops out on the sides of LSC and Johnson Hollow (Figure 1-11). This 

limestone aquifer is up to 20 feet thick. A small spring (location 02SWSD07, Figure 1-8) located south-
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southwest of the Dye Burial Grounds discharges ground water from the G-H aquifer (Murphy and Wade, 

1998a; TtNUS, 2002). 

The Indian Springs Shale aquitard (the 20-foot-thick upper member of the Big Clifty Formation) underlies 

the G-H Limestone throughout the watershed and minimizes vertical movement of ground water 

downward into the Big Clifty Sandstone. In places where the Indian Springs Shale and higher strata have 

been removed by post-Pennsylvanian erosion, surface recharge into the Big Clifty Sandstone is relatively 

rapid. 

The Big Clifty Sandstone and the underlying Beech Creek Limestone are both permeable rock units and 

are in direct hydraulic communication with one another. Together, they form the most important aquifer 

unit in the watershed. The porosity and permeability of the Big Clifty Sandstone are due to intergranular 

pore spaces and to fractures (Le., it has both primary and secondary permeability). The Beech Creek 

Limestone is very dense and well cemented; all of its permeability and porosity are due to vertical 

fractures, bedding- plane fractures, and solution openings along the fractures. The lithology, fracture 

patterns, and permeability characteristics of the Big Clifty Sandstone and the Beech Creek Limestone are 

detailed in reports by the USACE (Hunt, 1988; Murphy and Ciocco, 1990; Murphy, 1994) and the Indiana 

Geological Survey (Barnhill and Ambers, 1994). The BC-BC aquifer is exposed near the ground surface 

in the eastern half of the ABG, down along the LSC valley, and in the lower elevation of Johnson Hollow 

(Figure 1-11). Beneath the ridges, the aquifer is approximately 60 feet thick and fracture flow is dominant 

in the limestone. Solution openings and cavities become larger and hydraulically more significant close to 

the stream valleys where conduit systems in the limestone have developed. Starting in the eastern half of 

the ABG and continuing down the LSC valley to the facility property line, the solutioning of the Beech 

Creek Limestone was so extensive that the overlying limestone has collapsed in the geologic past and 

the Big Clifty Sandstone has collapsed with it. The collapsed zones extend down the centers of the LSC 

valley and Johnson Hollow, are permeable, and form a hydraulic continuum with the BC-BC aquifer on 

both sides of the valleys (e.g., Figures 1-12 through 1-16). 

The Elwren, Sample, and Reelsville Formations lie beneath the BC-BC aquifer and have a combined 

thickness of about 75 feet. The permeability of the shales in these formations is so low that a significant 

hydraulic head difference (about 46 feet) exists between the BC-BC aquifer above and the Beaver Bend 

Limestone aquifer below (Baedke, 1998). The chemistry of the ground water in the BC-BC and Beaver 

Bend aquifers is also significantly different (Baedke, 1998). Based on the geological, hydrogeological, 

and geochemical evidence mentioned above and on previous reports, the hydrological separation of the 

BC-BC aquifer from lower strata in the LSC watershed appears to be significant. Ground water flows 
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laterally through the BC-BC aquifer on top of the Elwren Shale and discharges as springs along the valley 

bottoms where this aquifer is exposed. 

The Beaver Bend Limestone forms an important aquifer below the Elwren-Sample-Reelsville aquiclude. 

The Beaver Bend aquifer is about 12 feet thick. Five monitoring wells and one ground water production 

well have been drilled and screened in the Beaver Bend aquifer, all within the ABG area. Ground water 

. samples collected from the monitoring wells in 1987 through 1992 have shown minor contamination by 

trichloroethylene (TCE) and the explosive compound RDX (Murphy, 1994). However, a ground water 

sample collected from the ABG "Break Room Water Well" (Figure 1-8) in 1999 showed the ground water 

in the Beaver Bend aquifer did not contain detectable concentrations of RDX or TCE or any other organic 

contaminants (TtNUS, 2000). Because of its depth, hydraulic isolation, and lack of significant 

contamination, this aquifer unit is not discussed further in this report. 

Hydraulic Properties of the Aquifers 

Most of the bedrock units (including the limestone aquifers) are well cemented and have relatively low 

values of intergranular porosity and permeability (Barnhill and Ambers, 1994; Fisher, 1996). The 

Pennsylvanian sandstone and the Big Clifty Sandstone aquifers are exceptions. They do have moderate 

values of intergranular porosity and permeability. Most of the overall porosity and permeability present in 

the aquifers are due to vertical fractures, bedding-plane fractures, solution openings in the limestones, 

and large openings where the BC-BC aquifer has collapsed along the bottom of the LSC valley and 

Johnson Hollow. 

Slug tests and pumping tests have been performed in numerous monitoring wells in the ABG and Dye 

Burial Grounds by the USACE (Murphy, 1995) and the Indiana Geological Survey (Fisher, 1996). Low­

flow pumping tests were performed in monitoring wells within the OJT area for this RFI. Monitoring data 

and data evaluation for the tests conducted in June 2001 for this RFI are included in Appendix B-11. 

Results of all these tests are summarized in Table 1-2. Based on 11 slug tests performed in the Dye 

Burial Grounds area, the hydraulic conductivities of the Pennsylvanian sandstones are moderate to low; 

they range from 1.0 x 10.4 up to 0.56 feet/day (Table 1-2). One pumping test performed in the G-H 

aquifer also yielded a relatively low value of hydraulic conductivity (0.24 fee~ay). Pumping tests and 

low-flow purge tests conducted in the Big Clifty Sandstone, Beech Creek Limestone, and the collapse 

breccia material have yielded hydraulic conductivity values that are slightly higher than those measured 

for the upper aquifers. Based on the results of 25 tests, the calculated hydraulic conductivity values for 

the BC-BC aquifer ranged from 0.058 up to 4.08 feet/day (Table 1-2). The lowest value was determined 

for well 03-10, which is screened in the collapse breccia in the OJT area. The highest value was 
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determined for well 03-23, which is screened in the Beech Creek Limestone and the collapse breccia in 

the OJT area. These test results reflect the low to moderate permeabilities that are present in the 
, 

fractured rock and brecciated collapse materials, but not in the rock that contains open cavities and 

solution channels. Well 03-24 is screened in competent limestone and does contain solution cavities. 

The hydraulic conductivity determined at this location was 2.53 feet/day, which is at the upper part of the 

measured range for hydraulic conductivity (see Table 1-2). However, it does not reflect the high 

conductivity values that are present where the karst conduits are well developed. 

The solution openings and cavities in the Beech Creek Limestone have formed ground water conduits 

that roughly trend north to south on both sides of the L~C valley. These conduit systems have been 

investigated extensively by the USACE (Murphy and Ciocco, 1990; Murphy, 1994; May et aI., 2002) and 

Indiana University (Baedke, 1998; Krothe, 2002). Based on the results of dye tracer studies, ground 

water enters these karst conduits, which allow rapid flow of ground water southward roughly parallel to 

LSC but in the valley walls where the BC-BC aquifer has not collapsed. The hydraulic conductivity values 

of these conduits are extremely large and cannot be measured using standard field methods typically 

employed for an RFI. These conduits and conduit outlets (I.e., springs) along the valley walls south of the 

OJT area are discussed below. 

Ground Water Flow Directions 

In general, the shallow ground water flow patterns mimic topography; highest ground water elevations are 

typically found along ridge crests, and ground water flow is toward the major stream or tributary valleys. 

Recharge to the shallow ground water system generally occurs over most of the uplands and sideslopes. 

Ground water moves downward and then laterally, where it discharges to the deeper stream valleys as 

springs, seeps, and baseflow. 

A total of four aquifers are present in the LSC watershed, consisting primarily of sandstone and 

limestone. These aquifers are separated by shale and siltstone aquitards. The upper aquifers, which ' 

include the Pennsylvanian sandstones and the G-H Limestone, are exposed in outcrops on the upper 

hillsides surrounding the ABG, OJT area, and LSC valley bottom. The G-H limestone is underlain by the 

Indian Springs Shale. Ground water in the G-H aquifer is prevented from seeping downward into the 

BC-BC aquifer by the intervening Indian Springs Shale. Instead, perched ground water In the G-H aquifer 

flows on top of the shale toward nearby outcrops. In the northeastern portion of the watershed (by the 

Dye Burial Grounds), ground water in the G-H aquifer is generally flowing toward the southwest toward an 

unnamed tributary of LSC (TtNUS, 2002). The aquifer also dips to the southwest. A small spring located 

southwest of the Dye Burial Grounds (northeast of the ABG) is a discharge point for the G-H aquifer, 
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where the aquifer crops out on the hillside. In the ABG area, ground water in the G-H aquifer is generally 

flowing inward toward the ABG from the northern, western, and southern sides (Hunt, 1988; Murphy, 

1994; Duwelius et aI., 1995). When the ground water reaches the cropline of this aquifer (see Figure 

1-11), the ground water is apparently seeping near the ground surface through residual soils and 

weathered shale until it reaches the cropline of the Big Clifty Sandstone. There, it infiltrates into the Big 

Clifty Sandstone. No visible surface seeps or springs have been reported emanating from the G-H 

aquifer in the vicinity of the ABG. 

The next lower aquifer, the Big Clifty-Beech Creek aquifer, has the most monitoring wells screened in it 

and more effort has gone into characterizing the hydrogeology of this aquifer than any of the other three 

aquifers. The BC-BC aquifer has been studied the most because: 

• It lies directly under the ABG and OJT treatment areas. 

• It is the aquifer where the highest concentrations of contaminants have been detected during 

previous investigations. 

• It contains the conduits that feed the majority of springs and baseflow in LSC. 

Potentiometric surface maps for the BC-BC aquifer in the LSC watershed have been presented in 

previous reports (Murphy and Ciocco, 1990; Murphy, 1994). In general, the highest ground water 

elevations (560 to 565 feet amsl) in this aquifer were found at the northern end of the LSC watershed 

(north of ABG and in the vicinity of the Dye Burial Grounds). Ground water was generally flowing from 

north to south in the watershed, and the flow direction was also inward toward LSC (i.e., from the 

perimeter of the watershed in toward the creek and Johnson Hollow). The elevation at which ground 

water discharges from Spring C is about 530 feet amsl. The lowest ground water elevations (about 510 

to 515 feet amsl) were recorded at the southern end of the watershed at Spring A and well 03810. A 

comprehenSive set of elevations was measured on June 12 and 13,2002. Table 1-3 lists all the known 

wells and stream gaging locations in the watershed, physical characteristics of each well, and the spatial 

coordinates and reference elevations for each location. The water elevations measured in June 2002 are 

also listed in this table. Water levels were measured in a total of 120 monitoring wells and at four stream 

gage locations at this time. A total of 64 monitoring wells are screened in the Big Clifty Sandstone, Beech 

Creek Limestone, or the collapse breccia material along LSC. The water levels measured in these 64 

wells, along with the water levels at three stream gage locations, were used to map the potentiometric 

surface in the BC-BC aquifer. These water levels and potentiometric contours are presented in Figure 

1-18, which shows the highest ground water elevation (577.59 feet amsl) was measured in the Dye Burial 

Grounds (well 02C20) at the northeast end of the watershed. The lowest elevations (511 to 512 feet 

amsl) were measured at the southern end of the watershed, close to LSC (wells 03B10 and 03C37 and 
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Spring A). The wells in the ABG area had ground water levels of 543 to 560 feet amsl. Wells in the OJT 

area had water levels ranging from 535 to 543 feet amsl. The ground water potentiometric map, based 

on the June 2002 set of measurements, shows that ground water flow is from north to south and from the 

perimeter of the watershed inward toward two stream karst ground water conduit systems. The two 

known conduits run from north to south, one on each side of the valley. The approximate locations of 

these karst conduits are shown on Figure 1-18. The contours indicate that LSC is a losing stream (Le., 

recharging the ground water system) in the northern part of the watershed and is a gaining stream (Le., 

receives round water discharge) near and south of Spring C. These ground water flow directions are 

similar to those presented by Murphy (1994). 

In the smaller area surrounding the OJT study site, a localized flow system in the BC-BC/breccia zone 

aquifer is contrary to the overall flow system for the watershed described above. Measurements of 

ground water elevations at OJT in the past (Murphy and Ciocco, 1990; Murphy, 1996) and measurements 

made during this RFI show that a ground water ridge runs from the northwest to the southeast beneath 

LSC. The ground water elevations measured in June and September 2001 are listed in Table 1-4 and 

are presented in Figures 1-19 and 1-20, respectively. Potentiometric contours indicate that ground water­

is flowing away from this ridge under the streambed toward the northeast and the south-southwest. As 

• 

stated in previous investigations, LSC is a losing stream between ABG and OJT and probably southward • 

toward Spring C. In this section of the watershed, the streambed is usually dry and ground water is 

flowing either through the breccia zone materials parallel to the stream (i.e., underflow) or it is flowing 

back into the bedrock valley wall, as is suggested by Figures 1-19 and 1-20. These localized flow 

directions (Le., away from the Creek toward the northeast and southwest) are in contrast to the overall 

watershed flow directions, which are toward the stream valley (Figure 1-18). The apparent contradiction 

in flow directions can be explained, however, by the presence of the karst conduits that run in a north-

south direction on both sides of the stream valley. The majority of ground water in the OJT area is likely 

flowing toward the karst conduits. In June 2001, there were relatively large horizontal hydraulic gradients 

toward the northeast (0.0219 foot/foot between wells 03-07 and 03-24) and southwest (0.0414 foot/foot 

between wells 03-07 and 03-17). In September 2001, the gradients were much lower (0.0253 foot/foot 

toward the northeast and 0.00684 foot/foot toward the southwest). 

Ground water in the BC-BC aquifer and the conduits eventually discharge back into the stream at springs 

A, A', B, C, smaller springs, and diffuse seepage through the streambed. All this discharge occurs at 

Spring C and south of Spring C, where the top of the Elwren Shale intersects the streambed and LSC 

becomes a gaining stream (Le., flow of water is from the ground into the stream). LSC becomes a 

perennial stream at Spring C, where the flow of ground water to the stream is sufficient to maintain flow In 

the stream continuously. More details r~garding the conduits and springs are presented below. 
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The Beaver Bend limestone is 10 to 12 feet thick and comprises the lowest aquifer that has been 
investigated in this watershed. Five monitoring wells in the ABG area are screened in the Beaver Bend 
Limestone. Based on data from these five wells, the Beaver Bend is fully saturated and flowing 
southward at a very gentle gradient (Murphy, 1994). The Beaver Bend is considered to be isolated 
hydraulically from the BC-BC aquifer above, based on the following: 

• The thickness (approximately 70 feet) and low permeability of the intervening Elwren-Reelsville­
Sample aquiclude. 

• The large hydraulic head difference (approximately 46 feet) that exists between the two aquifers. 

• The large difference in basic chemical composition of ground waters that have been found in the two 
aquifers. The ground water in the BC-BC aquifer contains mostly calcium, magnesium, bicarbonate, 
and some sulfate as its primary ions. However, the Beaver Bend ground water clearly has a sodium 
and bicarbonate composition (Baedke, 1998) . 

Based on these findings, the Beaver Bend aquifer was not investigated during this current RFI for the 
OJT area and LSC. 

Ground Water Discharge and Springs of the Big Clifty-Beech Creek Aquifer 

As stated above, the BC-BC aquifer discharges to the ground surface from both sides of the valley via 
numerous springs and baseflow in LSC downstream of Spring C. These springs and baseflow are forced 
to the ground surface because, at this point in the watershed, the stream has incised down to the 
underlying Elwren Shale. Springs A, A', B, and C are the largest in this watershed area. The locations of 
these springs are shown on Figures 1-8 and 1-18. Springs A, A', and B are located on the western side 
of the valley, approximately 6,000 to 6,800 feet south of the ABG. Spring C is located on the eastern side 
of the creek, about 2,000 feet south of the OJT area. Presumably, Springs A, A', and B are draining the 
portion of the BC-BC aquifer west of the creek, and Spring C is draining the aquifer positioned on the east 
side of the creek. These springs flow year round; however, flow rates fluctuate rapidly due to rainstorm or 
large snowmelt events. Flow rates of Springs A and C were measured continuously in March and April 
1996 (Figure 1-21). As shown in this figure, the flow rates of the two springs rose rapidly in response to 
rain events and declined fairly rapidly within a few days. The peak flows in these two springs during the 
2-month time period were approximately 10,000 gallons per minute (gpm), or 22.3 cubic feet per second 

• (fels). It has been noted In previous reports (e.g., Hunt, 1988; Murphy and Ciocco, 1990) that the springs 
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become turbid during high flow events and then clear up and return to normal flow within a day or two 

after a storm event. The flashiness of the spring flows and the fact that the discharge becomes turbid 

during a storm indicate that the springs are linked to conduit systems that take surface recharge and 

transfer it through the conduit systems quickly. The suspended solids contained in the discharge waters 

likely come from the areas of recharge and gradually move through the conduit system, primarily during 

storm events. 

Dye Tracer Studies 

During early ground water investigations in the LSC watershed, the investigators (Hunt, 1988; Murphy 

and Ciocco, 1990) surmised that springs at the southern end of the watershed were linked to karst 

conduits originating to the north. Several dye tracer studies have been performed in order to study the 

pathways in these conduits and the velocity of travel. The first dye tracer investigation was performed by 

Murphy and Ciocco (1990). They placed one gailon of fluorescein solution into well 03C02P2 at 10:35 on 

the morning of January 20, 1990. Approximately 1,200 gallons of water were added to the well during the 

next 60 minutes (about 20 gpm). The well accepted the water without overflowing. Two gallons of Direct 

Yellow 96 dye and Phorwrite AR mixture were added to well 03C03P2 at 12:25, also on January 20, 

1990. About 500 gallons of water were added to this well at a rate of about 7 gpm. The rate of water 

addition in this well was less in order to prevent overflowing. Light rain occurred on January 19, 

preceding the tests, and on January 20, during the tests. Thus, the stream flow and spring flows were 

above average during the testing. The fluorescein dye appeared in springs A and A' over a penod of 5 to 

28 hours after injection. The dye persisted in these two springs for at least five days following injection. 

Based on a mean travel time of 16 hours and assuming a sinuous travel distance of about 8,000 feet, 

Murphy and Ciocco (1990) estimated a ground water velocity of approximately 500 feet per hour through 

the conduit system. They detected a weak but inconclusive presence of dye in Springs Band C and in 

springs located north of ABG in another watershed. They attributed these weak detections possibly to 

background coloration of the water. Based on these results, it was clear that the ABG was directly linked 

to a karst conduit system that transfers water from the ABG south to Springs A and A' through the Beech 

Creek Limestone. The Direct Yellow 96 dye and Phorwrite AR were not detected in any of wells or 

springs monitored. 

Indiana University initiated a second tracer test on the western side of LSC on May 3, 1997 (Baedke, 

1998). Between 12:32 pm and 12:59 pm, 1.6 kg of Rhodamine WT dye and 18.3 kg of bromide ion were 

added to well 03C02P2. At 1 :04 pm, 1.6 kg of eosin dye was injected into well 03C10. The springs and 

the stream were at relatively high flow rates because 2.5 inches of rain fell the previous day. Rhodamine 

• 

• 

WT dye was visually detected at springs A and A' at 8:00 pm, 7.5 hours after injection at ABG. The • 
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bromide tracer appeared at the same time as the Rhodamine WT. Baedke (1998) calculated a travel 

velocity of 938 feet per hour between well 03C02P2 and Spring A, which is faster than the velocity 

calculated by Murphy and Ciocco (1990). Although the Rhodamine WT was detected at these two 

springs up to four days after injection, the bromide tracer dissipated quickly (within 14 hours), presumably 

because the bromide ion does not sorb and is therefore flushed from the conduit system more quickly. 

Rhodamine WT was not detected during the entire test period in any other springs that were monitored. 

Eosin was not detected at all, even in springs A and A'. Therefore, it does not appear that the portion of 

the BC-BC aquifer located near well 03Cl0 is directly connected to the conduit system feeding springs A 

and A'. 

On October 11, 2000, Rhodamine WT dye was again injected into well 03C02P2, but the flow rates in the 

stream and the springs were relatively low during this test (Krothe, 2002). Monitoring showed that the 

dye took 18.5 hours to travel from the well to Springs A and A'. The peak of dye arrived 28 hours after 

injection. Thus, the travel velocity was slower during dry weather conditions. 

Previous dye tracer tests all showed that the ABG area does not seem to be hydraulically connected to 

Spring C, which is a major spring located on the eastern side of the creek, downstream of the OJT area. 

• Ground water elevations indicate a flow direction from the OJT burn pits to the east-northeast toward well 

03-24 (Figures 1-19 and 1-20). The geologic log for well 03-24 (see Figure 1-12) shows solution cavities 

in the limestone intercepted by the well screen. It was hypothesized that these solution channels might 

be linked to a conduit system that leads southward to Spring C, which is separate from but analogous to 

the conduit system investigated previously on the western side of the creek. A dye tracer test has been 

performed recently on the eastern side of LSC to determine whether there is a link between the OJT area 

and Spring C (Jock and Krothe, 2002). Fluorescein dye was injected into well 03-24 on May 24, 2002. 

The dye was first detected in Spring C 17 hours after injection. The dye concentration peaked 28 to 

38 hours after Injection and dissipated 58 hours after injection. Thus, the OJT area is linked to the Spnng 

C conduit system in the vicinity of well 03-24. However, thiS conduit system does not seem to be as well 

developed, and travel velocities are not as fast as the conduit system on the weste'rn side of the creek 

feeding Springs A and A'. 

•• 

Appendix I presents the May 23, 2002 quantitative dye test to determine the relationship between the flow 

of ground water at the ABG and OJT relative to Springs A, A', and C. The dye test determined that well 

03-24 at the OJT is directly related to Spring C only and the swallow hole in the LSC channel is 

connected to Springs A and A'. This dye study supports previous dye traces that indicate all ground 

water flowing from the ABG and OJT areas ~Itimately discharge to the LSC Drainage (Jack and Krothe, 

2002). 
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The surface drainage,at NSWC Crane has formed a dense, dendritic pattern throughout the installation. 

Most of the major streams flow in a general southward or southwestward direction. Seven primary creeks 

in five drainage basins carry surface water off the installation, where they eventually drain into the East 

Fork of the White River and then to the Wabash River to the southwest. Figure 1-2 shows the main 

drainage basins of NSWC Crane. The OJT study area lies within the Sulphur Creek drainage basin. The 

Sulphur Creek basin drains roughly 30 percent of NWSC Crane. 

Little Sulphur Creek is a tributary of Sulphur Creek and is approximately 4.6 miles long from its 

northernmost headwaters to its intersection with Sulphur Creek south of the installation. The creek 

consists of a north and a south fork from the headwaters to approximately the center of the ABG 

Treatment Area (Figures 1-4 and 1-8). From the ABG, a single channel meanders south-southeastward a 

distance of approximately 0.5 mile to the OJT area and then continues another 0.6 mile until it reaches 

the installation boundary (Figure 1-8). Several intermittent tributaries discharge into LSC from both sides 

of the stream, including the Johnson Hollow tributary, which intersects with LSC near the NSWC Crane 

boundary (Figure 1-8). The Dye Burial Grounds (SWMU 02) are located north of the OJT, and surface 

drainage from this site enters several ephemeral gullies, which drain into LSC between ABG and OJT. 

The LSC channel is usually dry north (upstream) of Spring C. During dry periods of summer and fall the 

flow rate in the creek between Springs C and A IS typically less than about 50 gpm. Downstream of 

where the discharge from Spring A enters the creek, the dry weather flow in the creek is typically greater 

than 100 gpm. Flow rates in the creek were visually estimated on June 19,2001. The flow estimate for 

03SG05 was about 20 gpm. Downstream of Spring A at 03S06, the flow.rate in the creek can increase 

by two to three orders of magnitude, due in large part to the rapid increases in the flow rates of the 

springs along the creek. 

From the installation boundary, LSC flows southward about two miles before it enters Sulphur Creek. 

Sulphur Creek then flows southward and empties into Indian Creek, which drains into the East Fork of the 

White River and then southwestward into the Wabash River. 

1.3.6 Land Use and Demography 

The economic base of communities surrounding NSWC Crane is in transition from agriculture, mining, 

and quarrying to manufacturing and service industries. The patterns of settlement, population statistics, 
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and median income are similar throughout the region (TtNUS, 2000a). Because most of the region is 

covered by vegetation, the area is classified as rural (TtNUS, 2000a). 

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

regulations are in the municipalities in the region. None of the municipalities are close enough to impact 

NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and zoning is not anticipated in 

the near future. No known land use or community actions are being considered or proposed at this time 

(TtNUS, 2000a). 

1.3.7 Ecology 

NSWC Crane is a heavily forested facility 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, Including 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 at 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 

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 [Naval Energy and Environmental Support Activity (NEESA), 1983]. Cleared areas at the 

facility have various stages of grassland, oldfield, and scrub/shrub vegetational forms. Dominant tree 

species include black oak, white oak, pignut hickory, and yellow poplar. These stands are relatively 

young; the average diameter ranges from 6 to 12 inches. No scrubs or shrubs are present; leaf litter, 

limbs, and fallen saplings cover the understory. 

The wildlife habitats and vegetation types present at NSWC Crane (many stages of forest succession, 

streams, ponds, Greenwood Lake, and grassy open spaces) support a diverse terrestrial and aquatic 

fauna. The abundance of wildlife on the site is due in large measure to the mixture of land forms and 

vegetation types 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. 
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There is an adequate amount of forage materials, concealment opportunities, and shelter locations to 

support a highly diverse wildlife community at the site. 

Terrestrial habitats (Le., wooded areas and grasses) near the site may provide shelter and food sources 

for various species of mammals such as white-tailed deer, coyote, red fox, rabbits, raccoons, and mice 

and of birds such as ducks, geese, wild turkey, bobwhite quail, red-tailed hawks, and American robins. 

The threatened and endangered Indiana bat may be a potential receptor at either the ABG or OJT sites. 

The white-tailed deer is the most conspicuous large wild mammal at 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 

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

threatened and endangered Indiana bat may be present in the viCinity of the LSC watershed. 

The birds at NSWC Crane are diverse. Previous studies at the facility have identified over 100 species 

present at the site during breeding seasons (Hengeveld, 1987). Because the facility is largely forested, 

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 facility, especially in the vicinity of Lake Greenwood • 

(Figure 1-2). A large number of bird species frequent the non-forested grassland, oldfield, and 

scrub/shrub vegetation present over portions of NSWC Crane. 

Previous studies conducted at NSWC Crane (Nelson et aI., 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 dunng a 1987 Inventory of the fish 

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

of individual fish species were recorded from the largest stream (Boggs Creek) and 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, big mouth 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. 
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The channel of Little Sulphur Creek has a nffle-and-pool structure, and standing water is often limited only 

to deeper pool areas during low-flow conditions. A biological survey was conducted In the fall 1995 

during low-flow conditions (TtNUS, 1999) and included identification of fish and benthic 

macroinvertebrates at two locations on Little Sulphur Creek. A deep pool (over 6 feet deep at the time of 

the 1995 biological survey) was located in the LSC channel near Spring A. A shallow pool (about 1.5 feet 

deep) was located in the LSC channel upstream near Spring C. Low flow conditions prevailed throughout 

the survey. 

Fish were captured for identification using an electrofishing backpack unit. Near Spring A, the bluntnose 

minnow (Pimenthales notatus) was noted as abundant, the gizzard shad (Dorosoma cepedianum) and 

creek chub (Semotilis atromaculatus) were noted as common, and the largemouth bass (Micropterus 

salmoides) was noted as uncommon. Near Spring C, the gizzard shad, silverjaw minnow (Ericymba 

buccata) , and bluntnose minnow (Pimenthales notatus) were noted as common, and the ribbon shiner 

(Notropus fumeus) and blacknose dace (Rhinichthys atratulus) were noted as uncommon. 

Benthic macroinvertebrates were collected using a D-frame kick net and preserved using 70-percent 

isopropanol. At the Spring A pool, a total of 71 individuals in seven taxa were observed. The 

Ephemeroptera, Plecoptera, and Trichoptera (EPT) Index was calculated to be 0.429, which is indicative 

of a relatively unpolluted stream. At the Spring C pool, a total of 81 individuals in eight taxa were 

observed. The EPT Index was calculated to be 0.375, indicative of a relatively unpolluted stream. For a 

riffle in Little Sulphur Creek adjoining the Spring C pool, a total of 40 indiViduals in four taxa were 

observed, and the EPT Index was calculated to be 0.500, which is also indicative ef a relatively 

unpolluted stream. The methodology for bioassessments of streams IS discussed in Section 8.0. 

The 1995 aquatic survey of LSC was conducted as part of the Baseline Ecological Risk Assessment 

(BERA) completed in 1999 (TtNUS, 1999). 

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

Plan (Comarco Systems, Inc., 2000). 

There are numerous species of wildlife located throughout NSWC Crane. Of these species, some are 

listed as endangered and threatened species or species of special concern. The Indiana oat is listed as 

the only federal endangered mammal and is potentially present at SWMU 03. The bald eagle is listed as 

a federal threatened species. The presence of the bald eagle is also unlikely because the preferred 

hunting habitat for this bird of prey (Le., vast expanses of open water) is absent at SWMU 03. 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. 

NSWC Crane occupies three counties In Indiana (Green, Lawrence, and Martin counties). The Indiana 

bat is listed as federally endangered In all three 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 plgtoe are listed as federally endangered 

species In Martin County. These Invertebrate species are not likely to be present at SWMU 03 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. 

A larger number of species are Included as state endangered species in the Endangered Species 

Management Plan (Comarco Systems, Inc., 2000). The state endangered species list includes two 

mammals (bobcat and Indiana bat), one reptile (timber rattlesnake), and several birds (bald eagle, 

osprey, loggerhead shrike, yellow-crowned night-heron, Virginia rail, king rail, and Henslow's sparrow. 

The Rare Animals of Indiana list (Indiana DNR, 2002) was also 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. 

1.4 CONSTITUENTS OF INTEREST 

The follOWing sections deSCribe the available historical data for each environmental medium that was 

investigated. 
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In 1990, 12 sOil bOrings were made at the ABG (none at the Jeep Trail Area), with samples taken from the 
following depth intervals at each bonng: 3 to 6 inches, 12 to 18 inches, 18 to 24 inches"36 to 42 inches, 
and 6 inches above bedrock. According to a U.S. EPA technical memorandum (U.S. EPA, 1997a), only 
the explosives data from this sampling event were deemed acceptable for use in risk assessments. 
Table 1-5 presents a summary of the explosives data, showing that 2-amino-4,6-dintrotoluene (2-ADNT), 
4-amino-2,6-dinitrotoluene (4-ADNT), TNT, tetryl, dinltrobenzene (DNB), 1,3,5-trinitrobenzene (TNB), 
RDX, and HMX were detected at the ABG. The data are presented in Appendix A of the QAPP (TtNUS, 
2001 b). 

In 1993, an additional 33 surface soil grab samples were collected, along with another 32 soil borings, as 
part of the RCRA Phase II Part II soils investigation. Samples were taken frpm depths of 1 to 30 inches, 
30 to 60 inches, 60 to 90 Inches, and/or at refusal. These samples were not analyzed for explosives. All 
other analytical data from these samples were found to be unacceptable for use in risk assessment by the 
U.S. EPA (1997a) . 

It was noted in the original review of the historical data In 1993 that none of the sOil samples previously 
collected at ABG by the USACE were analyzed for chlorinated dioxins and furans and that no soil 
samples had been collected from the OJT. In 1995, three surface soil samples from around the burn 
pans and pads were collected and analyzed for polychlorinated dibenzo paradioxins 
(PCDD)/polychlorinated dlbenzofurans (PCDF), and five surface soil samples were collected from the' 
OJT area and analyzed for explosives, Inorganics, and SVOCs. All these data were determined to be 
acceptable for use In risk assessments by the U.S. EPA (1997a). A summary of these data is found in 
Table 1-5. The data were presented In Appendix A of the QAPP (TtNUS, 2001 b). 

Based on the validation of the historical data for this medium, another round of supplemental surface and 
subsurface soil samples was collected in 1997. Twenty-one surface sOil and five subsurface soil samples 
were collected at a subset of the previous sampling locations. All these samples were analyzed for 
inorganics; seven were analyzed for VOCs, SVOCs, and pesticides. These data are summarized in 
Table 1-5. 

1.4.2 Surface Water/Sediment 

Surface water and sediment sampling In LSC was also conducted near the ABG as part of the RFI that 
• . was prepared by the USACE (Murphy and Wade, 1998a). Eleven locations were selected by the USACE 
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for two sampling events: three upstream (background) samples, three locations within the SWMU, and 

five locations situated progressively downstream of the ABG (and ultimately downstream of the OJT 

area). Based on the U.S. EPA technical memorandum on data validation (U.S. EPA, 1997a), only the 

explosives data collected for these samples were determined to be acceptable for risk assessments. 

Three explosives [2,4-dlnitrotoluene (2,4-DNT), HMX, and RDX] were detected in the downstream surface 

water samples. The greatest frequency of surface water detections, as well as the greatest parameter 

concentrations, occurred in two samples directly downstream of the OJT Area. A summary of the data is 

presented in Table 1-5. The data were presented in Appendix A of the OAPP (TtNUS, 2001 b). 

Based on the onginal review conducted in the historical data, several new sampling locations along LSC 

were recommended for sampling, specifically to address potential impacts near the OJT area. Two 

downstream samples near the OJT area and three additional upstream samples were collected in 1995, 

and analyzed for inorganics, VOCs, SVOCs, explosives and pesticides. The data are summarized in 

Table 1-5. The data were presented in Appendix A of the OAPP (TtNUS, 2001 b). 

After the samples were collected in 1995, four additional samples were collected In 1997 to fill data gaps 

resulting as a consequence of the 1997 U.S. EPA Technical memorandum. All four samples were 
~ 

analyzed for inorganics, three for pesticides, and two for VOCs, and SVOCs. All sediment samples were , 
also analyzed for explosives. Table 1-5 also summarizes these data. The data were presented in 

Appendix A of the OAPP (TtNUS, 2001b). 

1.4.3 Springs 

As part of the USACE RFI, seven spnngs were sampled for water-quality parameters between 1987 and 

1992. One of these springs (Spring A) was sampled a total of seven times. Springs B, C, and 0 were 

sampled a total of five times each during the time period. According to the U.S. EPA (1997), only the 

explosives analyses from these samples were found to be acceptable for nsk assessments. 

Between1992 and 1995, Spnngs A, B, and C were sampled four additional times: twice in 1993, once in 

1994, and once In 1995. Only the 1994 data were found to be acceptable for risk assessments. 

Parameters analyzed in this sampling event included inorganics, explosives, VOCs, SVOCs, and 

pesticides. Table 1-5 presents a summary of the analytical data. The data were presented in Appendix A 

of the OAPP (TtNUS, 2001 b). 

In 1995, additional sampling was conducted to fill data gaps for the CCCRA (TtNUS, 1999). Spring A 

was selected for sampling for Inorganlcs, VOCs, SVOCs, and explosives. Springs Band C were selected 
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for sampling for metals, cyanide, semivolatile organics, and explosives. Two off-facility springs (Springs 8 

and 10) were selected for sampling for inorganics, explosives, VOCs, SVOCs, pesticides and PCBs. A 

summary of these data is presented in Table 1-5. The data were presented in Appendix A of the QAPP 

(TtNUS, 2001 b). 

1.4.4 Ground Water 

A total of 98 monitoring wells exist at the ABG. Sampling has been performed on a sporadic basis at 71 

of these wells since 1987. The four main aquifers and/or geologic units at ABG are (from the deepest to 

the shallowest): 

• Beaver Bend Limestone 

• Big Clifty Sandstone/Beech Creek Limestone 

• Golconda-Haney Limestone 

• Alluvium 

Following is a discussion of the sampling and analyses performed for each aquifer at the ABG . 

The Beaver Bend aquifer is the deepest ground water Unit that is currently monitored at the ABG. Five 

wells are screened in thiS aquifer. Sampling of these wells has occurred over an 8-year period. Based 

on U.S. EPA's data review (U.S. EPA, 1997a), the only valid historical sampling and analysis data for the 

Beaver Bend wells are those from 1993 at three wells (03C03, 03C08A, and 03C09). The 03C01 well 

was sampled again In 1997 as a result of these findings. Data for the acceptable analyses are 

summarized In Table 1-5. 

Quarterly sampling has also been performed cat one Beaver Bend well at the ABG as part of the ABG 

ground water monitoring program. This program began in the fall of 1998. The samples have been 

analyzed for inorganlcs, VOCs, and explosives. A summary of these data IS also provided in Table 1-5. 

The data were presented In AppendiX A of the QAPP (TtNUS, 2001 b). 

The majority of the wells at the ABG and the LSC watershed are screened In the Big Clifty/ Beech Creek 

aquifer. Although sampling and analysIs of these wells has occurred frequently since 1987 as part of 

various investigations, only the data from one event prior to 1995 (23 wells sampled In 1993) were found 

to be acceptable for risk assessment use (U.S. EPA, 1997a) . 
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Based on the original data review for the CCCRA, 16 wells were sampled to supplement the original data 

(including 15 wells In the vicinity of the OJT area). Also, based on the data validation findings, five 

additional wells for the Beech Creek aquifer were resampled in 1997. Data from all acceptable analyses 

are summarized in Table 1-5. The data were presented in Appendix A of the QAPP (TtNUS, 2001 b). 

As part of the quarterly mOnitoring at selected ABG wells, 15 Beech Creek monitoring wells have been 

monitored quarterly since the fall of 1998. The samples have been analyzed for inorganics, VOCs, and 

explosives. A summary of these data is also provided in Table 1-5. The data were presented in 

Appendix A of the QAPP (TtNUS, 2001 b). 

The G-H Limestone aquifer occurs near the northern, southern, and western edges of the ABG. This unit 

has been removed by erosional processes in the central portions of ABG and in the valleys of Little 

Sulphur Creek and Johnson Hollow. Historical (pre-1995) data exist for all the G-H wells at ABG and for 

the three off-SWMU wells screened in this formation, but none of the pre-1995 data were found to be 

acceptable for risk assessment use (U.S. EPA, 1997a). As a result of these data validation findings, 

three wells screened in the G-H aquifer were resampled in 1997. The results are summarized in Table 

1-5. The data are presented in Appendix A of the QAPP (TtNUS, 2001 b). No G-H aquifer wells at the 

ABG are currently included in the ABG quarterly monitoring program. 

Since 1992, only a few allUVial wells located at the southern end of the watershed have been sampled. 

The acceptable histOrical database for these wells (based on the U.S. EPA technical memorandum) 

includes the single well sample (03B02) obtained in 1993. In 1997, two additional alluvial wells were 

sampled as a consequence of the U.S. EPA memorandum. Two alluvial wells are currently included in 

the quarterly monitoring program. The samples have been analyzed for inorganics, VOCs, and 

explosives. The data for wells screened in allUVium were presented in AppendiX A of the QAPP (TtNUS, 

2001 b). 

1.5 CONCEPTUALIZED HYDROLOGIC MODEL FOR CONTAMINANT MIGRATION IN THE 

WATERSHED 

Surface water runoff from the ABG and the OJT area enters Little Sulphur Creek. DUring Significant 

rainfall and snowmelt events, thes~ intermittent flows may be transporting some soil and dissolved 

materials into the stream. However, the land surface near the waterways in the ABG is now revegetated 

with grasses and the OJT IS heaVily overgrown with trees, brush, and grass, because It has not been 

used for waste treatment activities for nearly two decades. Thus, current overland migration of salls and 

dissolved matenals from the ABG and OJT treatment areas IS assumed to be very small. 

06020S/P 1-32 CTO 0159 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: 1 
Page 33 of 34 

There are four primary aquifers in the LSC watershed. The Pennsylvanian sandstones are at higher 
elevations only and are not present at the ABG or OJT areas. The western part of the ABG area lies over 
the G-H aqUifer. Contaminated ground water in the G-H flows eastward until it reaches the area where 
the Indian Springs Shale is absent. It then moves downward and enters the GC-GC aquifer flow system. 
Based on several dye tracer studies, there is a significant karst conduit system on the western side of the 
creek that rapidly conducts ground water from the ABG southward to Springs A and A'. Based on the 
potentiometric surface map for the BC-BC aquifer (Figure 1-18), ground water within the ABG area is also 
flowing east-southeastward within the col/apse breccia matenal toward the OJT area. Such a flow 
pathway could affect ground water quality along the LSC valley near the OJT. 

Five VOCs and two energetic compounds were previously detected in monitoring wells located at OJT 
(Murphy, 1996). The chlonnated VOCs were found at greatest concentrations In well 03-07, located near 
the southern end of OJT. The VOC plum'e extends about 220 feet to the northeast, passing through wells 
03-15 and 03-24. The concentrations decrease toward the northeast, and the potentiometric surface for 
this area (see Figures 1-19 and 1-20) indicates that ground water is flowing toward the northeast. A 
recent dye tracer test uSing well 03-24 as the injection point has shown that well 03-24 IS connected to a 
karst conduit system that leads southward along the eastern side of the LSC valley to Spring C (see 
Figure 1-18). Thus, the VOC plume is migrating through this second conduit system located on the 
eastern side of the creek, is being greatly diluted with other noncontaminated ground water, and then 
discharges from Spring C into LSC . 

RDX and HMX have been detected In approximately one-half the monitoring wells at OJT In the past 
(Murphy, 1994). The greatest concentrations of explosives were found In well 03-21, located on the 
eastern side of the creek. However, these compounds were detected on the western side of the creek 
and south of the OJT area (i.e., wells 03-13, 03-14, and 03-17). It appears that HMX and RDX are 
moving southward in the col/apse breccia material beneath LSC and/or movmg back mto the western 
hillside where ground water and contaminants travel southward in the western condUit system to Springs 
A and A' (Figure 1-18). 

The watershed potentiometric map for the BC-BC aquifer (Figure 1-18) shows that the regional flow of 
ground water IS toward the south and inward toward the creek. Springs A, A', B, C, smaller springs and 
seeps along the LSC banks, and seepage directly up through the creekbed all contnbute ground water to 
the creek downstream of Spnng C. This is where the creek first becomes a perennial stream. There IS 
strong eVidence that none of the contaminated ground water In the BC-BC aquifer is migrating downward 
Into the Beaver Bend aqUifer or IS flowing laterally beneath the ridges into another watershed (I.e., cross-
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valley fI9W}. All surface water, sediments, and ground water leaving the ABG and OJT areas eventually 

enter Little Sulphur Creek. All soils, sediment, and dissolved materials that do migrate out of the ABG 

and OJT areas via surface water, sediment, or ground water also eventually end up m Little Sulphur 

Creek. 

A high percentage of the LSC watershed on NSWC Crane property is wooded and relatively pristine (i.e., 

not contaminated). The fact that numerous tributaries, springs, and seeps drain the "clean" areas causes 

rapid dilution of contaminants during transit in the stream water, stream sediments, and ground water 

within the watershed. Based on previous monitoring of the springs and stream water, the concentrations 

of contamination in water at the southern end of the watershed are very low, due In part to the amount of 

dilution that occurs while surface water and ground water are in transit. 

The primary purposes of this current investigation are to determine whether 

• Current or future human health or ecologic risks are unacceptable in the OJT area and LSC. 

• Soils at the OJT are a source of contaminants and still affecting ground water quality in the valley. 

• The conceptual model of contaminant distrrbution and migration pathways presented in this 

introduction and previous reports IS stili valid, or the conceptual model needs to be refmed. 
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• 
Period of 

Investigation 

1981-1984 

1986-1987 

1990 

1990 

1990-1994 

1993 

1994 

1994-1995 

• 1993-1995 

1994-1996 

1987-1993 

1992-1996 

1993-1996 

1993-1998 

1995-1999 

1998-2002 

1993-2001 

2002 

2001-2002 

• 1998-2002 

TABLE 1-1 

SUMMARY OF PREVIOUS INVESTIGATIONS 
SWMU 03--0LD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

Area Investigated Nature of Investigation 

Installation of monitoring wells, 
hydrogeologlcalmvestlgatlons, ground water 

ABG and OJT sampling 
Installation of 66 monitoring wells, 

ABG, OJT, and LSC hydrogeological Investigations, ground water 
Watershed sampling 

Dye tracer test to assess possible hydraulic 
connection of ABG with various spring 

ABG and Springs locations 

ABG RCRA Phase III Part 1 sOils study 
RCRA Phase III ground water release 

Primarily ABG characterization 

Monitored ground water elevations and flow 
ABG directions In Golconda-Haney Limestone 

Geology, lithologic characteristics, and 
hydraulic properties of the Big Clifty 

Primarily ABG Sandstone and Beech Creek Limestone 

ABG Four pumping tests were performed 

Hydrogeological Investigations and 
OJT Area evaluation of ground water contamination 

Evaluation of sedimentary faCies and relation 
to hydrogeologic properties In Mansfield 

DBG Area Formation 

RCRA Phase III ground water release 
DBG Area characterization 

RCRA Phase II surface water release 
ABG and LSC Watershed assessment 

ABG RCRA Phase III Part 2 SOils study 

Ground water geochemical Investigation and 
ABG and LSC Watershed dye tracer study 

Screening-level human health and 
environmental risk assessment was 

ABG and LSC Watershed performed based on eXisting data 

Ground water, spring, and surface water 
monitoring, SOils Investigations, and 
phytoremedlatlon studies related to natural 

ABG and LSC Watershed attenuation of contaminants 
Geophyslcalmvestlgatlon of ABG, dye tracer 
Investigation, and Investigation of 

ABG and LSC Watershed contaminants In Spring A 

OJT and Spring C Dye tracer study of OJT and Spring C 

DBG Area RCRA RFI 

Quarterly surface water and ground water 
ABG and LSC Watershed monitoring program 

Reference 

Dunbar, 1982, 1983, 
1984 

Hunt, 1988 

Murphy and CIOCCO, 1990 

USACE,1992 

Murphy, 1994 

Duwellus et aI., 1995 

Barnhill and Ambers, 
1994 

Murphy, 1995 

Murphy, 1996 

Fisher, 1996 

Murphy and Wade, 1998 

Murphy and Wade, 1998 

Albertson et al , 1998 

Baedke, 1998 
I) 

TtNUS, 1999 

May et al , 2002 

Krothe, 2002 

Jock and Krothe, 2002 

TtNUS, 2002 

quarterly reports 



TABLE 1-2 

SUMMARY OF AQUIFER TESTING RESULTS 
SWMU 03 -- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 

Formation Area 

Mansfield Formation 
(Pennsylvanian) DBG 

DBG 
DBG 
DBG 
DBG 
DBG 
DBG 
DBG 
DBG 
DBG 
DBG 

Golconda-Haney 
Limestone ABG 

Big Clifty/Beech Creek ABG 

Beech Creek Limestone ABG 
ABG 
OJT 
OJT 

Collapse Breccia OJT 

OJT 
OJT 

OJT 
OJT 
OJT 

, 
OJT 
OJT 

OJT 

OJT 

OJT 

Beech Creek Limestone 
and Breccia OJT 

OJT 

DBG = Dye BUrial Grounds 
ABG = Ammunition Burning Grounds 
OJT = Old Jeep Trail. 
JSL = Jacob Straight Line method 

Well No 

02-03 (1) 
02-03 (2) 

02-04 
02-08 

02C10P3 
02C11P3 
02C12P3 
02C14P3 
02C17P2 
02C18P2 
02C20P3 

03PMP08 

03PMP20 

03PMP03 
03PMP11 

03-24 
03-25 

03-07 

03-10 
03-11 

03-12 
03-13 
03-14 

03-16 
03-17 

03-18 

03-20 

03-22 

03-15 
03-23 

CRANE, INDIANA 

Hydraulic 
Method of Conductivity 

Test Ty[le Data Analysis (feeVdaTI 

Slug JSL 00001 
Slug JSL 00238 
Slug JSL 0.3260 
Slug JSL 00686 
Slug JSL 05556 
Slug JSL 01488 
Slug JSL 01517 
Slug JSL 01412 
Slug JSL 02027 
Slug JSL 0.1100 
Slug JSL 09411 

SW Pump Test JSL 02387 

SW Pump Test JSL 00870 

SW Pump Test JSL 17008 
SW Pump Test JSL 01879 
LF Purge Test Ogden 253 
LF Purge Test Ogden 00658 

JSL 00887 

LF Purge Test Ogden 367 
JSL 209 

LF PU!ge Test Ogden 00582 
LF Purge Test Ogden 0113 

JSL 0118 
LF Purge Test Ogden 00223 
LF Purge Test Ogden 0122 
LF Purge Test Ogden 00775 

JSL 0068 
LF Purge Test Ogden 0563 
LF Purge Test Ogden 106 

JSL 0689 
LF Purge Test Ogden 0639 

JSL 0502 
LF Purge Test Ogden 1 80 

JSL 0706 
LF Purge Test Ogden 0156 

JSL 0123 

LF Purge Test Ogden 1 48 
LF Purge Test Ogden 408 

• 
Source of Data 

Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 
Fisher, 1996 

Murphy, 1995 

Murphy, 1995 

Murphy, 1995 
Murphv, 1995 

ThiS report 
ThiS report 
ThiS report • 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 
ThiS report 

ThiS report 
ThiS report 

• 



• 

MOnitoring Date 
Well Number Installed 

02-01 8/26/1981 
02-02 9/2/1981 
02-03 9/3/1981 
02-04 9/4/1981 
02-05 9/5/1981 
02-06 9/23/1981 
02-07 9/24/1981 
02-08 9/24/1981 
02C09 1/23/1987 

02C09P2 1/26/1987 
02Cl0 2/13/1988 

02Cl0P2 2/16/1988 
02Cl0P3 2/22/1988 

02Cll 2129/1988 
02CllP2 3/2/1988 
02Cl1P3 3/5/1988 

02C12 3/14/1988 
02C12P2 3/21/1988 
02C12P3 3/18/1988 

02C13 3/28/1988 
02C13P2 3/29/1988 
02C13P3 3/30/1988 

02C14 4/13/1988 
02C14P2 4/15/1988 
02C14P3 4/19/1988 

02C15 5/10/1988 
02C15P2 5/11/1988 

02C16 5/16/1988 
02C16P2 5/17/1988 

02C17 5/23/1988 
02C17P2 5/26/1988 
02C17P3 5/27/1988 

02C18 6/6/1988 
02C18P2 61711988 
02C18P3 6/7/1988 

02C19 6/14/1988 
02C19P2 6/15/1988 
02C19P3 6/16/1988 

02C20 6/29/1988 
02C20P2 6/2211988 

• 
TABLE 1-3 

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002 
SWMU 03 -- OLD JEEP TRAIULITILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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HOrizontal Location Top of Riser or Well Screen Interval Well Screen Interval 

Ground Surface Measuring 
North Coord. East Coord. 

Elevation" Reference POint 
Depth to Depth to Elevation" Elevation" 

MOnitored Unit 
(feet (feet 

(feelamsl) Elevation" 
Top Bottom of Top of Bottom 

NlAD 27) NIAD 27) 
(feetamsl) 

(feet btor) (feet btor) (feetamsl) (feetamsl) 

49138448 59655097 74347 74617 2352 3312 72265 71305 UDDer Pennsvlvanlan 
491143 00 59607400 72467 72767 4270 5230 68497 67537 Lower Pennsvlvanlan 
491058 00 59591600 71938 72238 5420 6330 66818 659 08 Hardlnsbura 
490919 00 59591500 71602 71902 3890 4810 680 12 67092 Lower Pennsylvanian 
491491 00 59664500 73828 74128 5320 6270 688 08 67858 Lower PennsylYanian 
49129824 59638494 74256 74465 5948 6878 68517 67587 Lower Pennsylvanian 
49119273 59623283 73555 73842 5336 6156 68506 67686 Lower Pennsylvanian 
49109255 59622465 730 06 73220 4888 5614 68332 67606 Lower Pennsylvanian 
491331 00 59705600 73786 74036 16950 17950 57086 56086 Beech Creek 
49133100 59705600 73816 74066 9450 9950 64616 641 16 Golconda 
491789 00 59614200 71397 71647 14450 15450 57197 56197 Beech Creek 
491789 00 59614700 71389 71639 64 00 7400 65239 64239 Golconda 
491784 00 596142 00 71386 71636 3420 3920 68216 67716 Lower Pennsylvanian 
490987 00 59582900 71281 71531 15050 16050 56481 55481 Beech Creek 
490987 00 59582300 71286 71536 7230 8230 64306 63306 Golconda 
490987 00 59581700 71316 71566 3880 4380 67686 67186 Lower Pennsylvanian 
49149600 59667000 73907 74157 17410 18410 56747 55747 Beech Creek 
49149600 596681 00 73932 74182 9570 10570 64612 63612 Golconda 
491496 00 59667600 73933 74183 3150 3650 71033 70533 UDDer Pennsvlvanlan 
491692 00 59643600 72261 72511 7180 8180 65331 64331 Golconda 
491695 00 59643900 72228 72478 3650 4650 68828 67828 Lower Pennsylvanian 
491698 00 596434 00 72301 72551 1750 2250 70801 70301 Upper Pennsylvanian 
490671 00 59596400 71390 71640 15640 16640 56000 55000 Beech Creek 
49067500 59596400 71393 71643 7690 8690 63953 62953 Golconda 
49066500 59596400 71376 71626 3960 4960 67666 66666 Lower Pennsvlvanlan 
49118600 59588000 71338 71588 6880 7880 64708 63708 Golconda 
49118100 59588000 71327 71577 3170 4170 68407 67407 Lower PennsylYanian 
49089300 596177 00 72286 72536 81 10 91 10 64426 63426 Golconda 
49089900 596177 00 72268 72518 4600 5600 67918 66918 Lower Pennsvlvanlan 
491022 00 59647300 73046 73296 8860 9850 64436 63446 Golconda 
491027 00 59647300 73034 73284 5220 6220 68064 67064 Lower Pennsylvanian 
491022 00 59647300 73034 73338 2310 2810 71028 70528 Upper Pennsylvanian 
49110300 596611 00 73481 73731 9080 10080 64651 63651 Golconda 
49110700 59661400 73474 73724 5490 6490 68234 67234 Lower Pennsvlvanlan 
49110700 59661400 73474 73745 1550 2050 72195 71695 Upper Pennsylvanian 
49133800 59622500 73085 73335 8270 9270 65065 64065 Golconda 
49133200 59622500 73078 73328 4810 5810 68518 67518 Lower Pennsylvanian 
491338 00 59622500 73078 73363 1320 1820 72043 71543 UDDer Pennsylvanian 
49211400 59676900 71256 71506 13471 14470 58035 57036 Beech Creek 
492120 00 59676300 71242 71492 5850 6850 65642 64642 Golconda 

• 
Ground Water Depth & Elevation 

June 2002 

Ground Water 
Depth to Water 

Elevation.(l) 
(feet btor) 

(feetamsl) 

2576 72041 
4531 68236 
4309 67929 
3777 68125 
5643 68485 
5987 68478 
5437 68405 
4852 68368 
17026 57010 

N/A N/A 
14656 56991 
4046 67593 
2877 68759 
14913 56618 
7355 64181 
3465 68101 
17122 57035 
8922 65260 
2331 71852 
6182 66329 
3982 684 96 
1023 71528 

14910 56730 
6360 65283 
3658 67968 
6988 64600 
3302 68275 
8490 (64046) 
4267 68251 
8453 64843 
4853 68431 

Dry Dry 
8873 64858 
5253 68471 
2098 71647 
8710 64625 
4862 68466 

Dry Dry 
13747 577 59 
5769 65723 



MOnitoring Date 
Well Number Installed 

02C20P3 6/23/1988 
02C21 9/12/1990 
02C22 10/15/1990 

02C22P2 1011711990 
02C22P3 10/18/1990 

03COl 1211211986 
03C01P2 9/22/1986 
03C01P3 04/--/86 

03C02 10/24/1986 
03C02P2 10/29/1986 

03C03 9/13/1986 
03C03P2 10/23/1986 

03C04 11/25/1986 
03C05 10/29/1986 
03C06 10/16/1986 
03C07 10/2111986 

03C08AP2 11/26/1986 
03C08A 4/3/1987 

03C08AP3 4/5/1987 
03C09 12/5/1986 

03C09P2 12nt1986 
03Cl0 1/22/1987 
03Cll 1/28/1987 
03C12 2/3/1987 
03C13 2/9/1987 
03C14 2/20/1987 
03C15 2126/1987 

03C15P3 4/--/87 
03C16 3/12/1987 
03C17 3/19/1987 
03C18 4/--/87 
03C19 5/8/1987 

03C19P3 5/13/1987 
03C20 5/24/1987 
03C21 5/28/1987 

03C21P2 5/29/1987 
03C22 6/4/1987 
03C23 6/9/1987 
03C24 6/16/1987 
03C25 6/18/1987 

• 

TABLE 1-3 

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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Horizontal location Top 01 Riser or Well Screen Interval Well Screen Interval 

Ground Surface Measuring 
North Coord. East Coord. Elevation' Relerence Point Depth to Depth to Elevation' Elevation' MOnitored Unit 

(Ieet (Ieet (Ieetamsl) Elevation' 
Top Bottom 01 Top 01 Bottom 

N/AD 27) N/AD27) 
(Ieet amsl) (Ieet btor) (Ieet btor) (leet8msl) (leet8msl) 

49212000 59676900 71227 71478 3050 4050 68428 67428 Lower Pennsylvanian 
49100400 59718700 72648 N/A N/A N/A N/A N/A N/A 

49012900 59761000 74013 74299 17920 18920 56379 55379 Beech Creek 
49012400 59761300 74013 74263 10250 10750 64013 63513 Golconda 
49011900 597617 00 74000 74250 6110 7110 68140 67140 Lower Pennsylvanian 
49006400 59314000 62458 62728 17670 18670 45058 44058 Beaver Bend 
49006800 59314600 62435 62685 9450 10450 53235 52235 Beech Creek 
490061 00 59314700 62400 62650 2210 2710 60440 59940 Golconda 
489931 00 59479300 58099 58349 12200 13200 46149 45149 Beaver Bend 
489931 82 59479808 58065 58315 4050 5050 54265 53265 Beech Creek 
49020294 59405553 59758 60008 14150 15150 45858 44858 Beaver Bend 
49020800 59405600 59770 60020 5830 6830 54190 53190 Beech Creek 
49026055 59478322 62192 62442 7600 8600 54842 53842 Beech Creek 
48978200 59511400 57886 58136 3450 4450 54686 53686 Beech Creek 
489581 00 59459600 62290 62540 8950 9950 53590 52590 Beech Creek 
49042252 59437095 63397 63647 9120 10120 54527 53527 Beech Creek 
489701 00 59401400 62684 62934 9250 10250 53684 52684 Beech Creek 
48968000 59405100 62800 63050 17350 18350 45700 44700 Beaver Bend 
48968500 59404700 62793 63043 17 00 2200 61343 60843 Golconda 
49061500 59377700 60089 60339 14750 15750 45589 44589 Beaver Bend 
49061957 59377583 60106 60356 6450 7450 53906 52906 Beech Creek 
49024271 59365693 60553 60803 6850 7850 53953 52953 Beech Creek 
49002465 59444055 58966 59236 5000 6000 54236 53236 Beech Creek 
48995737 59457422 56470 56720 4150 5150 54570 53570 Beech Creek 
490901 00 59386000 61525 61775 7270 8270 54505 53505 Beech Creek 
48993200 59357500 64029 64279 10700 117 00 53579 52579 Beech Creek 
48984954 59314629 61851 62134 9133 10133 53001 52001 Beech Creek 
48985500 59314300 61861 62111 1810 2310 60301 59801 Golconda 
49047800 59336200 66075 68325 14850 15850 53475 52475 Beech Creek 
49276363 59437109 69365 69615 14100 15100 55515 54515 Beech Creek 
48999200 59296700 62259 62509 1800 2300 60709 60209 Golconda 
49144200 59335100 64800 65050 11330 12330 53720 52720 Beech Creek 
491431 00 59335400 64720 64970 3950 4450 61020 60520 Golconda 
48988021 59377334 64412 64662 11050 12050 53612 52612 Beech Creek 
48992500 59335600 63972 64222 11090 12090 53132 52132 Beech Creek 
48992500 593361 00 63972 64222 3610 4110 60612 601 12 Golconda 
49009000 59331900 61508 617 58 1250 17 50 60506 60008 Golconda 
49025900 59346200 61611 61861 1100 1600 60761 60261 Golconda 
48515900 59261500 55064 55324 2460 2960 52864 52364 Beech Creek 
48714851 59261007 59453 59703 6220 7220 534 83 52483 Beech Creek 

• 

Ground Water Depth & Elevation 
June 2002 

Ground Water 
Depth to Water Elevatlon,(1) 

(Ieet btor) 
(Ieet 8msl) 

1730 69748 
N/A N/A 
Dry Dry 
Drv Drv 

5833 68417 
11486 51242 
6990 55695 
1415 61235 
7128 51221 
3754 54561 
8750 51258 
4155 55865 
7695 54747 
3475 54661 
7676 54864 
7861 55786 
7448 55486 
11847 51203 
1648 61395 
9105 51234 
4517 55839 
4985 55818 
4375 54861 
4165 54535 
5946 55829 
8492 55787 
6437 55697 
620 61491 

12517 55808 
13797 55818 
449 62060 
9213 55837 
3274 61696 
8929 55733 
8496 55726 
34 08 60814 
966 60792 
570 61291 

2150 53174 
4668 55035 

• 



• 

MOnitoring Date 
Well Number Installed 

03C26 8/3/1987 
03C27 8/14/1987 
03C28 8/2211987 
03C29 9/1/1987 
03C30 9/17/1987 
03C31 1111/1987 
03C32 11/14/1987 
03C33 11/31/87 
03C34 8/11/1989 
03C35 8/19/1989 
03C36 9/6/1989 
03C37 9/21/1989 
03C38 9/29/1989 
03801 6/19/1987 
03802 6/27/1987 
03B03 6/29/1987 
03B04 6/30/1987 
03B05 7/1/1987 
03B06 7/2/1987 
03B07 8/4/1987 
03B08 8/5/1987 
03B09 81711987 
03Bl0 10/22/1987 
03-01 9/4/1981 
03-02 91711981 
03-03 9/8/1981 
03-04 9/24/1981 
03-05 9/29/1981 
03-06 10/6/1981 

03-07 10/8/1981 
03-08 10/9/1981 
03-09 10/28/1981 
03-10 11/3/1982 
03-11 11/4/1982 
03-12 11/4/1982 
03-13 11/5/1982 
03-14 11/6/1982 

03-15 11/2211982 

• 
TABLE 1-3 

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002 
SWMU 03 -- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE30F 4 

HOrizontal Location Top of RIser or Well Screen Interval Well Screen Interval 

Ground Surface Measuring 
North Coord East Coord. 

Elevation' Reference Po lOt Depth to Depth to Elevation' Elevation' MOnitored Unit 
(feet (feet (feetamsl) Elevat,on' Top Bottom of Top of Bottom 

N/AD 27) NlAD 27) (feetamsl) (feet btor) (feet btor) (feetamsl) (feet amsl) 

49069518 59413416 63807 64057 9650 10650 54407 53407 Beech Creek 
48965833 59476737 60134 60384 6300 7300 54084 53084 Beech Creek 
48988400 59526900 61076 61296 6720 77 20 54576 53576 Beech Creek 
48852900 59109500 79467 79737 27020 28020 52717 51717 Beech Creek 
48896744 59240275 77641 77891 25300 26300 52591 51591 Beech Creek 
48849200 59374300 78970 79210 25740 26740 53470 52470 Beech Creek 
49105600 59447100 70906 71156 16650 17650 54506 53506 Beech Creek 
486651 00 59422400 78253 78503 24100 25100 54403 53403 Beech Creek 
48787000 599301 00 72457 72707 18000 19000 54707 53707 Beech Creek 
48534700 59808200 69550 69700 16600 17600 53100 52100 Beech Creek 
48520300 59920200 71574 71824 17150 18150 54674 53674 Beech Creek 
48393300 596471 00 61778 62028 10700 11700 51328 50328 Beech Creek 
48530900 59595100 57047 57297 4550 5550 52747 51747 Beech Creek 
48259000 59558400 50197 50447 10 00 1500 49447 48947 AlluvIum 
48257303 59550544 50146 50396 1210 17 10 49186 48686 AlluvIum 
48257800 59540600 50246 50496 1100 1600 49396 48896 AlluvIum 
48263095 59529256 50397 50647 1200 1700 49447 48947 AlluvIum 
48262300 59519200 50455 50705 1150 1650 49555 49055 AlluvIum 
48266600 59496000 50676 50926 1050 1550 49876 49376 AlluvIum 
48267200 59476800 50822 51072 650 1150 50422 49922 AlluvIum 
48266700 59459400 51090 51340 850 1350 50490 49990 AlluvIum 
48265700 59441700 51354 51604 800 1300 50804 50304 AlluvIum 
48260700 59420900 55946 56196 5100 6100 51096 50096 Beech Creek 
49074800 59368800 60167 60467 4460 5380 56007 55087 BIg Clifty and Beech Creek 
48994000 59306000 61967 62267 650 1300 61617 60967 MansfIeld 
48983800 59484300 58129 58429 8890 9800 49539 48629 Sample Shale 
489791 00 59461000 591 17 59417 5810 6750 53607 52667 Beech Creek 

N/A N/A 59275 59575 4840 5770 54735 53805 Beech Creek 
48979600 59463600 58671 58971 4030 4960 54941 54011 Beech Creek 

AlluvIum and Beech Creek 
48783791 59631543 55346 55648 1542 2472 54106 53176 (breccIa zone) 

N/A N/A 58376 58676 3540 4480 55136 54196 Beech Creek 
48990900 59304700 62172 62472 6890 7810 55582 54662 BIg Clifty 
48782120 59651584 55494 55799 1525 2455 54274 53344 Beech Creek (breccIa zone) 
48770867 59643459 55005 55341 906 1846 54435 53495 Beech Creek (breccIa zone) 
48776538 59623191 55499 55824 1545 2485 54279 53339 Beech Creek (breccIa zone) 
48763396 59637632 54924 55226 1502 2442 53724 52784 Beech Creek (breccIa zone) 
48767286 59642054 54937 55241 824 1774 54417 53467 Beech Creek (breccIa zone) 

BreCCIa zone and Beech 
48787492 59634666 55609 55931 1892 2832 54039 53099 Creek+K158 

• 
Ground Water Depth & ElevatIon 

June 2002 

Ground Water 
Depth to Water Elevation,(l) 

(feet btor) 
(feetamsl) 

8244 55813 
6078 54306 
6741 54555 

24240 55497 
22323 55568 
23806 55404 
15365 55791 
23448 55055 
17856 54851 
17485 52215 

Dry Dry 
10847 51181 
5515 51782 
696 49751 
610 49786 
574 49922 
692 49955 
705 50000 
775 50151 
660 50412 
845 50495 
982 50622 
5060 51136 I 

4578 55889 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

1193 54455 
N/A N/A 

6780 55692 
1660 54139 
977 54364 
1655 54169 
1295 53931 
1157 54084 

1798 54133 



TABLE 1-3 

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002 
SWMU 03 - OLD JEEP TRAILJLlTILE SULPHUR CREEK 

HOrizontal Location 

MOnitoring Date North Coord 
Well Number Installed (feet 

N/AD 27) 

03·16 11/23/1982 48856676 
03-17 11/24/1982 48765031 
03-18 1/14/1983 48750818 
03-19 1/15/1983 N/A 
03-20 1/17/1983 48767448 
03-21 1/27/1983 48803900 
03-22 1/27/1983 48779108 
03-23 1/28/1983 48795848 
03-24 2/6/1983 48801265 
03-25 21711983 487901 68 
03-26 10/1/1983 N/A 
03-27 10/3/1983 48996400 
03-28 10/6/1983 48970500 
03-29 10/8/1983 48999200 
03-30 10/4/1985 49081800 
03-31 10/10/1985 48978800 
03-32 10/11/1985 48985700 
03-33 10/13/1985 48992300 
03-34 10/21/1985 48984400 
03-35 10/23/1985 48983000 
03-36 10/25/1985 489691 00 
03-37 10/27/1985 48989000 
03-38 11/2/1985 49067600 
03-39 111211985 49070000 

03SG01 6/9/2001 49012427 
03SG02 6/9/2001 48857067 
03SG03 6/9/2001 48733050 
03SG04 6/9/2001 48564658 
03SG05 6/9/2001 48474020 
03SG06 6/9/2001 48369426 
03SG07 6/9/2001 48263216 

ams) = Above mean sea level 
N/A = Not available or not applicable 
btor = Below top of riser 

East Coord. 
(feet 

NlAD 27) 

59578662 
59626468 
59628823 

N/A 
59611927 
59624609 
59636915 
59605594 
59646197 
59649801 

N/A 
59396700 
59400600 
593981 00 
59363000 
59480400 
59482200 
59483600 
59466200 
59456100 
59460300 
59461800 
59374400 
59379200 
59431310 
59572688 
59643667 
59632842 
59610974 
59551808 
59554526 

Ground Surface 
Elevation' 
(feet amsl) 

56861 
55044 
54980 
55637 
55183 
55712 
55572 
55934 
58604 
57064 
59289 
59608 
62449 
59561 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

55550 
54107 
52594 

N/A 
N/A 
N/A 

1 = Ground water elevallon estimated due to well riser damage 

Top of Riser or 
Measuring 

Reference POint 
Elevation' 
(feetamsl) 

57170 
55347 
55312 
55937 
55476 
56011 
55868 
56249 
58928 
57397 
59589 
59908 
62749 
59861 
60860 
58284 
58354 
58339 
58506 
58660 
617 54 
58652 
60479 
60325 
58720 
56184 
54742 
53332 
52505 
51357 
49995 

, All elevations are based on Nalional Geodelic Vertical Datum of 1929 (NGVD 29) 

• 

NSWCCRANE 
CRANE, INDIANA 

PAGE 4 OF 4 
~ 

Well Screen Interval Well Screen Interval 

Depth to Depth to Elevation' Elevation' MOnitored Unit 
Top Bottom ofTop of Bottom 

(feet btor) (feet btor) (feet amsl) (feetamsl) 

2629 3569 54541 53601 Beech Creek (breccia zone) 
1533 2473 53814 52874 Beech Creek (breccia zone) 
1792 2722 53520 52590 Beech Creek (breccia zone) 
2310 3250 53627 52687 Beech Creek (breccia zone) 
1733 2663 53743 52813 Beech Creek (breccia zone) 
1579 2509 54432 53502 Beech Creek 
1746 2686 54122 53182 Beech Creek (breccia zone) 
1805 2645 54444 53604 Breccia zone and Beech Creek 
4524 5464 54404 53464 Beech Creek 
2753 3683 54644 53714 Beech Creek 
3890 4800 55699 54789 Big Chfty 
2150 3060 577 58 56848 BI9. Chft' 
1550 2460 61199 60289 Hardinsburg/Gol 
3960 4860 55901 55001 BlgChfty 
N/A N/A N/A N/A Big Chfty 
N/A N/A N/A N/A Big Chfty 
N/A N/A N/A N/A Big Chfty 
N/A N/A N/A N/A Big Clifty 
N/A N/A N/A N/A BI9.Ch~ 
N/A N/A N/A N/A Beech Creek 
N/A N/A N/A N/A Beech Creek 
N/A N/A N/A N/A Beech Creek 
N/A N/A N/A N/A Big Clifty 
N/A N/A N/A N/A Big Chfty 
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 N/A. I 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 N/A N/A 

• 

Ground Water Depth & Elevation 
June 2002 

Ground Water 
Depth to Water ElevatlOn,lll 

(feet btor) 
(feet amsl) 

2914 54256 
1618 53729 
17 71 53541 
N/A N/A 

1828 53648 
1892 541 19 
1658 54210 
1810 54439 
4934 53994 
3280 541 17 
N/A N/A 
N/A N/A 

11 16 61633 
N/A N/A 

5015 55845 
3773 54511 
N/A N/A 

3667 54672 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

4625 55854 
4436 55889 
280 58440 
Dry Dry . 
Dry Dry 
Dry DIY. 
693 51812 
630 50727 
104 49891 

• 



• • 
TABLE 1-4 

GROUND WATER ELEVATIONS MEASURED IN 1994 AND 2001 IN MONITORING WELLS LOCATED IN THE OLD JEEP TRAIL AREA 
SWMU 03 -- OLD JEEP TRAIULITTLE SULPHUR CREEK 

Ground Water Depth & Elevation 
September 1994 

Monitoring 
Depth to Ground Water 

Well Number 
Water Elevation 

(feet btor) (feet amsl) 

03-07 13.36 54272 

03-10 17.00 54059 

03-11 11.80 541.21 

03-12 1745 540.39 

03-13 13.46 538.40 

03-14 1242 539.59 

03-15 1846 540.45 

03-16 29.67 541 63 

03-17 1645 536.62 

03-18 17.98 53474 

03-19 NF NF 

03-20 19.20 53556 

03-21 19.08 540.63 

03-22 1761 54067 

03-23 18.30 54379 

03-24 49.32 539.56 

03-25 33.06 54051 

NF = Not found, presumed to be destroyed 
amsl = Above mean sea level. 
btor = Below top of riser. 

NSWCCRANE 
CRANE, INDIANA 

Ground Water Depth & Elevation Ground Water Depth & Elevation 
June 2001 r September 2001 

Ground Water Depth to Ground Water 
Depth to Water : I 

Eley~tion Water Elevation 
(feet btor) 

(feet ~msl) (feet bor) (feet amsl) 
I 

11.62 54446 1502 541.06 

16.63 54096 17.00 540.59 

9.81 543.20 1304 539.97 

1685 54099 17.53 540.31 

13.01 538.85 13.53 53833 

11.58 540.43 13.58 53843 

1798 540.93 18.46 54045 

29.29 542.01 29.47 541.83 

16.22 536.85 16.98 53609 

17.73 534.99 18.15 53457 

NF NF NF NF 

18.00 53676 19.00 535.76 

18.90 540.81 1914 540.57 

16.58 541.70 17.41 540.87 

17.50 544.59 19.47 54262 

49.35 539.53 4936 539.52 

3300 540.57 33.04 540.53 

Survey coordinates for all wells except 03-19 were taken from the TTNUS survey performed in 2001. 
Vertical elevations are based on National Geodetic Vertical Datum of 1929 (NGVD 29). 

• 



Media Area 
SOil OJT 

ABG 

Ground OJT 
Water 

ABG 

Spring A 

Creek 
Water 

Creek 
Sediment 

TABLE 1-5 

SUMMARY OF HISTORICAL CHEMICAL. DATA 
SWMU 03 -- OLD JEEP TRAILJLITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

Maximum 
Year of Primary Organic Concentration 

Sampling Contaminants Detected 
1995 2,4-dinitrotoluene 76 

2,6-dlnltrotoluene 4.0 
HMX 2.31 
RDX 2.07 

1990-1993 2,4,6-tnnltrotoluene 2,030 
2,4-dinitrotoluene 11.6 
2,6-dmitrotoluene 0.575 

2-ammo-4,6-dlmtrotoluene 565 
4-amino-2,6-dlnltrotoluene 8.2 

1,3,5-trimtrobenzene 37.5 
HMX 232 
RDX 1,820 
tetryl 0.7 

1994 1 ,1 ,1-tnchloroethane 1.0 
1,1,2,2-tetrachloroethane 2,100 

tnchloroethene 4,000 
cis-1 ,2-dlchloroethene 1,000 

trans-1 ,2-dichloroethene 1.2 
HMX 134 
RDX 365 

1987-1998 1,2-dlchloroethane 29 
tnchloroethene 3,700 

cls-1,2-dichloroethene 120 
trans-1,2-dlchloroethene 8.8 

vinyl chlonde 80 
2,4,6-tnnltrotoluene 0.54 
2,6-dinitrotoluene 094 

2-amlno-4,6-dlmtrotoluene 12 
4-amIn0-2,6-dlnitrotoluene 19 

1,3,5-tnmtrobenzene 67 
HMX 38 
RDX 190 

1987-1995 tnchloroethene 0.6 
2,4,6-tnnltrotoluene 1 8 

2-amlno-4,6-dlmtrotoluene 2.1 
4-amino-2,6-dimtrotoluene 4.9 

HMX 31 
RDX 120 

1992 2,4-dinitrotoluene 9 
HMX 45 
RDX 37 

1992 2,4,6-tnmtrotoluene 1.13 
2,4-dlmtrotoluene 0.55 

HMX 10.2 
RDX 1.78 

1 ,3,5-trimtrobenzene 0.2 

• 
Units Source of Data 
mQ/kQ TtNUS, 2001 b 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mglkg 

mJ1l~ 
mg/kg 
mg/kg 
m~ 
mglkQ 
mg/kg 
mg/kg 

ug/L TtNUS,2001b 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L • ug/L 
uJ1lL 
ug/L 
ug/L 
uQ/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
uJ1lL 

ug/L TtNUS, 2001 b 
uQ/L 
ug/L 
ug/L 
ug/L 
u_glL 

Murphy and Wade, 
ug/L 1998 
ug/L 
ug/L 

mg/kg TtNUS, 2001 b 
mg/kg 
mg/kg 
mg/kg • mg/~ 
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FIGURE 1- 3 

SITE PHOTOGRAPHS (6-16-02) 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF9 

Figure 1-3a - Overview of Ammunition Burning Ground (ABG) showing rolling terrain, main burn pan grid, 
and dewatering units in the background. 

Figure 1-3b - Overview of ABG showing roll ing terrain, storage areas, and break building in the 
background. 
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Figure 1-3c - Little Sulphur Creek tributary enters the ABG from the west (bottom of photo) . This 
tributary flows through the site at a moderate rate in an easterly di rection. Note steep slope to the right of 
photograph is terraced and well-vegetated to retard surface water run-off and erosion. 

Figure 1-3d - The same easterly-flowing tributary stream (from Figure 1-3c) is shown prior to flowing 
under Highway 462. More than a dozen minnows were observed in this section of the tributary. 
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Figure 1-3e (facing northwest) - The tributary of Little Sulphur Creek located in the northern portion of the 
ABG is shown flowing in a southeasterly direction at a slow to moderate rate. This photograph was taken 
just north (upstream) of its confluence with the tributary shown in Figures 1-3c and 1-3d. 

Figure 1-3f (facing northwest) - The upper reaches of Little Sulphur Creek as it flows through the southern 
portion of the ABG at a slow to moderate rate in a southeasterly direction. This photograph was taken 
just south (downstream) of its confluence with the tributaries shown in Figures 1-3c, 1-3d, and 1-3e. 
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Figure 1-3g (facing southeast) - View of the northern portion of the Old Jeep Trail 's former burn area 
showing open storage areas on both sides of the Jeep Trail 25. 

Figure 1-3h (facing northwest) - View of the southern portion of the OJT's former burn pit showing the 
storage trailer and travel trai ler on the left side (west side) of the Jeep Trail , and open storage on the right 
side (east side) of the Jeep Trail 25. 
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Figure 1-3i -Monitoring well 03-07 (photo center) is shown and is almost overgrown by vegetation . This 
location on the Jeep Trail is the most likely place that was used as a truck turn-around at the former burn 
pit. 

Figure 1-3j (facing upstream and north) - View of Little Su lphur Creek, showing a dry streambed just west 
of the OJT's former burn area and north of sediment sampling location 03S010. Surface depositional 
material is gravel size and larger, fines not observed - most likely washed away. Bedrock surface is 
exposed at this location (see brown area right and below of photo's center). 
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Figure 1-3k (facing upstream and northwest) - View of Litt le Sulphur Creek showing a dry streambed just 
west of the trailers located at the OJT's former burn pit and near sediment sampling location 03S011. 
Metal debris was observed at this location. 

Figure 1-3f - Close-up of typical metal debris found in the dry streambed of Little Sulphur Creek, between 
sediment sampling locations 03S01 1 and 03S0 12. Note that some of the pieces are fused as a result of 
burning. 
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Figure 1-3m - Close-up of Spring C, which contributes to the flow in Little Sulphur Creek. 

Figure 1-3n - Weir for measuring flow rate discharging from Spring AI, which also contributes to the flow in 
Little Sulphur Creek. 
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Figure 1-30 - Weir for measuring flow rate discharging from Spring A (just south of Spring A'), which 
likewise contributes to the flow in Little Sulphur Creek. 

Figure 1-3p - Close-up of Spring A, where it discharges from the Beech Creek Limestone in the hillside. 
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Figure 1-3q (facing upstream and north) - Moderate flow in Little Su lphur Creek streambed just 
downstream of Springs A and AI, and just upstream of staff gauge 03SG06. 

Figure 1-3r (facing upstream and north) - Moderate stream flow in Little Sulphur Creek just prior to 
leaving the southern boundary of NSWC Crane (just south of staff gauge 038G07). Numerous minnows 
were observed in the creek at this photo location. 
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2.0 FIELD INVESTIGATIONS 

NSWC Crane 
RFI 

RevIsion 0 
Date October 2003 

Section' 2 
Page 1 of 20· 

This section discusses sampling activities, procedures, and documentation utilized dunng field operations 

periormed In 2001 and 2002 for the Old Jeep Trail/Little Sulphur Creek (part of SWMU 03) at NSWC 

Crane DIvIsion, Crane, Indiana. 

2.1 OVERVIEW 

The flel.d activities were conducted from June through September 2001 (Round 1) and June 2002 (Round 

2) In accordance with the procedures and methodologies descnbed In the QAPP (TtNUS, 2001 b). 

Referenced standard operating procedures (SOPs) were included in Appendix H of the QAPP (TtNUS, 

Apnl 2001 b). These SOPs were followed dunng the course of the field activities. Copies of the field 

logbooks and all field notes are provided In Appendices A through D of this document, as follows: 

• A Correspondence, Bonng Logs, and MOnltonng Well Construction Sheets 

• A-1 Correspondence Regarding the Collection of Additional SOil Samples 

• A-2 Bonng Logs of SOil Borings Dnlled In June 2001 

• A-3 Bonng Logs and Well Construction Sheets of EXisting Wells 

• B Sample Log Sheets and Other Field Forms 

• B-1 SOil Sample Log Sheets 

• B-2 Monltonng Well Inspection Sheets 

• B-3 Monltonng Well Development Records 

• B-4 Ground Water Sample Log Sheets, Low-Flow Purge Data Sheets, and Field Analytical Log 

Sheets 

• B-5 Suriace Water Sample Log Sheets with Field Analytical Log Sheets 

• B-6 Sediment Sample Log Sheets 

• B-7 Chaln-of-Custody Records 

• B-8 Equipment Calibration Logs 

• B-9 Monitoring Well Water-Level Measurement Sheets 

• B-10 Suriace Water Flow Measurement Sheets 

• B-11 Hydraulic Conductivity Calculations 

• C Field Log Books 

• C-1 Master Site Log Book, No. 1330 

06020S/P 2-1 CTO 0159 



• C-2 

NSWCCrane 
RFI 

RevIsion 0 
Date October 2003 

Section. 2 
Page 2 of 20 

Field Notebooks, No. 2493 (Sampling),. 2494 (Geology), unexploded ordnance (UXO), and 

1340 (High-Flow Surface Water Sampling, September 2001, and Round 2 Water Levels 

(June 2002) 

• D SUNeyD~a 

2.2 MOBILIZATION I DEMOBILIZATION 

Following approval of the work plan, TtNUS began mobilization activities. All field team members 

reviewed the QAPP, particularly the field sampling plan (FSP) and the health and safety plan (HASP), 

prior to the start of project activities. In addition, the field operations leader (FOL) held a field team 

orientation meeting upon arnval at NSWC Crane on June 4, 2001 to ensure that personnel were familiar 

with the scope of the field activities. The site safety officer held a second meeting at NSWC Crane, also 

on June 4, 2001, to review the HASP, safety procedures specific to NSWC Crane, and emergency 

numbers for the site. The equipment required for the field activities was shipped to the site from the 

TtNUS Pittsburgh warehouse and from vendors that rent environmental equipment. 

Before fieldwork began, the FOL coordinated utility clearance of all proposed bOring locations through 

NSWC Crane Public Works. All soli bOring activities and the majority of field sampling actiVities and site 

characterization work were performed from June 5 through July 11, 2001 After these actiVities were 

completed, the FOL decontaminated and demobilized of all equipment and cleaned the field office. 

Additional work was performed at OJT/LSC on September 9, 2001. Between September 8 and 6:20 pm 

on September 9, 2001, a total of 1.25 Inches of rain were recorded at the rain gauge at BUilding 3245. 

Stream water samples were collected on September 9, 2001 at 14 sampling locations dUring this storm 

event, and a second round of ground water elevations was also measured on thiS date. Work performed 

on September 9, 2001 is conSidered to be part of the Round 1 activities. 

In June 2002, a second round of site characterization work was performed. Ground water elevations 

were measured In 120 monitoring wells located throughout the LSC watershed. In addition, photographs 

of the site were taken and a Checklist for Ecological Assessment was completed to support the ecological 

risk assessment deSCribed in Section 8.0. 

06020B/P 2-2 eTO 0159 

• 

• 

• 



• 2.3 

2.3.1 

SUBSURFACE INVESTIGATION METHODOLOGIES AND PROCEDURES 

Avoidance of Unexploded Ordnance at Drilling Locations 

NSWCCrane 
RFI 

RevIsion 0 
Date October 2003 

Section' 2 
Page 3 of 20 

The former burn Pit and burn area were believed to be depressions with possible buned anomalies no 

deeper than 8 to 10 feet bgs. Pnor to and dunng dnlling [Including direct push technology (DPT) and 

hand augunng], all bonng locations In and around the burn pit and burn area were screened for UXO. 

UXO avoidance consisted of the following steps: 

• Scan the ground surface at the proposed drilling location with a magnetic locator (this step is also 

performed at surface sOil sampling locations). 

• Dnll vertically and sample 2 feet of sOIL 

• Remove all drilling and ~oll sampling equipment from the borehole. 

• Move all dniling and sOil sampling equipment at least 20 feet away from borehole to avoid any 

• Interference with the monltonng equipment. 

• 

• Scan (down hole) for magnetic anomalies In the newly dnlled section of the borehole. 

• Repeat steps 2, 3, 4, and 5 until a depth of 10 feet IS reached. 

A technician qualified for explosive ordnance disposal (EOD) conducted all UXO avoidance activities. 

Details regarding UXO avoidance are contained In Attachment VI (UXO SOP Number HS-2-0) of the 

HASP (TtNUS, 2001) The types of geophysical equipment used to perform UXO aVOidance are listed In 

Section 13 of Attachment VI of the HASP. 

Dunng the drilling actiVities, several bonng locations were moved due to surface Interference (I.e., the 

storage trailer, travel trailer, etc.) with geophysical equipment and detected subsurface anomalies. For 

example, the former burn Pit and burn area locations were littered with Widespread underground 

anomalies. As a precaution, a backhoe was used to clear bonngs 03SB19, 03SB22, and 03SB24, 

located within the former burn Pit area. Backhoe cleanng proceeded with Navy approval and Navy-EOD 

oversight on June 21, 2001. At each of the three bonng locations within the former burn pit area, the 

backhoe was used to scratch away the compacted gravel (about an Inch at a time) down to a depth of 

approximately 6 inches. The sOil was Inspected Visually for UXO after each pass of the backhoe bucket. 
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This process continued until confirmation could be made that the detected anomalies were non-UXO 

(mostly metal pallet strapping). Following this confirmation, sampling resumed using the standard 

avoidance procedure described in the beginning of this section. 

2.3.2 Drilling 

The QAPP Initially specified that 83 SOil samples would be collected from 33 soil borings (TtNUS, 2001 b, 

Table 4-2). However, dUring the field sampling activities, several site conditions were encountered that 

altered the locations where borings were placed, increased the total number of borings that were drilled, 

and Increased the total number of soil samples that were collected. Metallic objects, including empty 

shell casing fragments, were identified in the burn area and the burn pit by geophysical tools and visual 

observations. The risk of encountering UXO caused some of the boring locations to be moved. The 

need to collect soil samples from additional locations arose as a result of Information obtained from 

Interviews with NSWC Crane personnel; these interviews occurred dUring Round 1 site characterization 

work (see Appendix A-1). The amended SOil sampling plan called for 116 SOil samples to be collected 

from 48 soil bonngs (Table 4-2A In Appendix A-1). 

A total of 48 SOil borings (03SB01 through 03SB48, see Figure 1-7) were drilled In June 2001 during 

Round 1 of the RFI. Of these 48 SOil bOrings, 28 were advanced uSing OPT) to depths of 10 to 15 feet 

bgs. Twenty other SOil borings were advanced 1 to 10 feet bgs uSing hand augers. Table 2-1 lists each 

SOil bOring, the date each was drilled, the method of advancement used, and the depth interval(s) from 

which SOil samples were collected. BOrings were drilled In accordance With SOP CT0126-04, contained 

In Appendix H of the QAPP (TtNUS, 2001 b), for soil sampling and lithologic descriptive purposes. 

When finished, the SOil sampling activities resulted In 48 bonngs as planned, but only 110 soil samples 

were collected. The deepest soil samples In SIX bOrings (03SB09, 03SB18, 03SB23, 03SB25, 03SB26, 

and 03SB28) could not be collected because the hand auger or OPT core barrel encountered refusal 

before the Intended sampling depth was reached. 

2.3.3 Boring and Sample Logging 

All SOil samples collected from the SOil bOrings were monitored immediately after the sample tool was 

opened and the acetate liner was cut open (for OPT bOrings only). A photolonizatlon detector (PIO) was 

passed along the length of the exposed SOil core to mOnitor for the presence of VOCs. All PIO readings 

were recorded on the bonng logs. SOil samples collected for chemical analYSIS were handled in 

accordance With the procedures outlined In Section 2.5.1. 
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A lithologic description of each sOil sample (Appendix B-1) and a complete log of each soil bonng 

(Appendix A-2) were maintained by the TtNUS geologist in accordance with SOP CT0126-07, contained 

In Appendix H of the QAPP. BOring logs were not completed for 14 of the hand auger bOrings (03SB01, 

03SB03, 03SB12, 03SB29, 03SB30, 03SB31, 03SB32, 03SB33, 03SB35, 03SB37, 03SB38, 03SB41, 

03SB43, 03SB45) because they were all drilled to 2.0 feet deep or less, and the description of matenals 

encountered were recorded on the sOil sample collection log sheets (see Appendix B-1) instead of boring 

log sheets. For sOil bOrings greater than 2.0 feet deep, information on the location, type of drilling 

equipment, bonng number, and a complete description of materials that were encountered dUring drilling 

were entered onto each bOring log sheet. In addition, depths of changes In lithology, sample moisture 

observations, depth to water, presence of organic vapor (I.e., PIO readings), visual observance of sOil 

discoloration, and total depth of each bOring were Included on each bOring log, as well as any other 

pertinent observations. SOil bOring logs are included in Appendix A-2 

2.3.4 Boring Abandonment 

When a bonng was completed to the desired depth and the appropnate samples were collected, the 

bonng was backfilled. All sOil matenals In OPT cores were scanned with a PIO and the readings were all 

o ppm. Thus, excess sOil matenals were considered to be clean for backfilling purposes. Each boring 

was backfilled with a mixture of excess sOil core matenals and bentonite pellets, which were hydrated In 

accordance with the manufacturer's speCifications. 

2.4 MONITORING WELL INSPECTION AND REDEVELOPMENT 

Sixteen eXisting monitoring wells In the OJT area (Figure 1-7) were Identified In the QAPP to be sampled. 

These wells wer~ Inspected for their physical condition and Integnty dunng well redevelopment and prior 

to sampling, In accordance with SOP CT0126-09 (contained in Appendix H of the QAPP). Monitoring 

well inspection sheets are Included In AppendiX B-2 of this report. 

Each of the 16 eXisting wells were redeveloped In early June 2001 prior to sampling. The wells were 

developed by surging and pumping uSing a surge block and a small submersible pump (Whale pump). 

Approximate recharge rates were noted. Temperature, specifiC conductance, pH, turbidity, and ground 

water levels were measured at approximately 10-mlnute Intervals during development and recorded on a 

mOnitoring well development record form. All well development was performed In accordance with SOP 

CT0126-10, contained In AppendiX H of the QAPP. Well development records can be found in Appendix 

• B-3. 
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Development water was containerized and discharged Into the NSWC Crane permitted sanitary sewer 

system, in accordance with the OAPP. 

2.5 SAMPLING OPERATIONS 

This section presents the sampling methodology for all surface sOil, subsurface sOil, ground water, 

surface water, and sediment sampling activities performed at OJT/LSC in June and July, 2001. A 

summary of the samples collected and analytical program is Included In Table 2-2. This section also 

desCribes the OC samples that were collected In the field and shipped to the laboratory In conjunction 

with the normal environmental samples. Sample handling, packaging, shipping, and custody procedures 

are desCribed at the end of thiS section. 

2.5.1 Soil Sampling 

A total of 110 soil samples were collected from the 48 soil bOrings (Table 2-1). The sOil bOrings ranged in 

depth from 1.1 to 15 feet bgs. Surface sOil samples were collected from the 0- to 2-foot interval at all 48 

bOring locations. Sixty-two subsurface sOil samples were collected from depth intervals greater than 

2 feet In 34 of the 48 sOil bonngs. 5011 boring locations are shown on Figure 1-7. The depth Intervals that 

were sampled In each bonng are listed In Table 2-1. All sOil samples were collected in accordance with 

SOP CT0126-08. 5011 sample log sheets can be found In AppendiX 8-1. 

2.5.1.1 Surface Soil Sampling 

A total of 48 surface sOil samples were collected, one from each sOil bonng. The samples were collected 

uSing either a OPT core barrel with acetate liner or a decontaminated hand auger. At bOring locations 

where a hand auger was used, the ground surface was cleared of vegetation and debris first and a VOC 

sample was collected uSing an Encore sampling deVice pnor to the use of the hand auger. When a soil 

core was collected uSing a OPT ng, the VOC sample was collected directly from the sOil core uSing an 

Encore sampler. All surface sOil samples were monitored with a PID, placed Into the appropriate sample 

containers, labeled, sealed In a plastiC bag, and placed In a cooler containing ice immediately after 

collection. The parameters that were analyzed for each sample are listed In Table 2-2. 

2.5.1.2 Subsurface Soil Sampling 

A total of 62 subsurface sOil samples were collected from 34 soil bonngs using either 4-foot clear plastic 

sleeves placed inSide the direct-push core sampler or a hand auger. The depth Intervals sampled in each 
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boring are identified in Table 2-1. All samples collected from the borings were screened with a PID, 

placed In the appropriate sample containers, labeled, and placed in a cooler containing ice immediately 

after collection. Samples for VOC analysIs were collected directly from the soil core materials using an 

Encore sampler. If detectable levels of VOCs wee measured, the EnCore samples were collected from 

the core Interval with the greatest VOC concentration. 

2.5.2 Ground Water Sampling 

Prior to sampling of monltonng wells, the wells were redeveloped, a synoptic set of water levels was 

measu~ed on June 12, 2001, and the wells were purged uSing the low-flow purge technique (SOP 

CT0126-16 found in Appendix H of the OAPP). Ground water samples were collected between June 7 

and July 11, 2001 from the 16 eXisting mOnitoring wells In accordance with SOP CT0126-05, which is 

contained In Appendix H of the OAPP. Ground water sample log forms can be found In Appendix 8-4. 

2.5.2.1 Well Purging 

Purging was accomplished uSing low-flow techniques, In accordance with SOP CT0126-16, with either a 

surface peristaltic pump or downhole bladder pump. The peristaltic and bladder pumps were 

decontaminated between each monitoring well. New Teflon tubing for was placed on the pumps for each 

well. In addition, a new Teflon bladder was used each time a well was purged and sampled using a 

bladder pump. Water temperature, pH, specific conductance, dissolved oxygen (DO), oXidation-reduction 

potential (ORP), turbidity, and water levels were measured at approximately 10-mlnute time Intervals 

dUring the purging process. 

When the well cap was opened, a PID reading within the riser pipe was taken prior to purging. FollOWing 

collection and recording of the PID reading, the water level and the total depth of the mOnitoring well were 

measured to within 0.01-foot accuracy from the marked location on the top of the well riser pipe, using the 

electronic water-level indicator. Water levels were monitored every 5 to 10 minutes as purging occurred. 

Initially, the pumping rate was set at approximately 100 milliliters (mL) per minute, or lower when possible. 

If little or no drawdown occurred, the pumping rate was increased to a maximum of about 160 mL per 

minute. The pumping rates were adjusted to prevent drawdown from exceeding 0.3 foot, If possible, 

dUring purging. DUring purging, water-quality parameters (pH, turbidity, specific conductance, 

temperature, ORP, and DO) were measured and recorded every 5 to 10 minutes on a low-flow purge 

data sheet (see Appendix 8-4) uSing a multi-parameter meter. Well purging continued until all parameters 

stabilized and the minimum purge volume (static well volume plus the extraction tubing volume) had been 

06020S/P 2-7 CTO 0159 



NSWC Crane 
RFI 

RevIsion 0 
Date. October 2003 

Section 2 
Page S of 20 

removed. A well was considered stabilized when the field parameter measurements stayed within the 

following tolerance limits during three consecutive measurements: 

• Temperature ± 3% 

• pH ± 0.1 standard units 

• Turbidity < 10 nephelometric turbidity units (NTUs) 

• Specific conductance ± 3% 

• DO ± 10% 

The pumping rate was reduced below 100 mL per minute If turbidity exceeded 10 NTUs after all the other 

field parameters had stabilized If the field parameters did not stabilize within 4 hours, the water-quality 

parameter values were recorded on the well purge log sheets and the sample collection log sheets and 

sampling was Initiated. 

Purge water was collected In appropriate containers and discharged into the NSWC-permltted sanitary 

sewer system, In accordance With the QAPP 

2.5.2.2 Monitoring Well Sampling 

All mOnitoring wells were sampled uSing low-flow purging and sampling techniques. The mOnitoring wells 

were sampled uSing the same decontaminated pump (peristaltic or bladder) and new tubing that were 

used during well purging Immediately follOWing the purging process and before sampling, the 

temperature, pH, speCific conductance, DO, ORP, and turbidity of the well water were measured and 

recorded on the ground water sample log form. Results of these field measurements are presented in 

Figure 6-1. 

All sample containers were filled by plaCing the pump discharge tube at the top of a partially tipped 

container (Without actually touching the container) and allOWing the discharge water to gently flow down 

the InSide of the container With minimal turbulence. Immediately after collection, these samples were 

labeled, tagged, sealed in a plastiC bag, and placed In a cooler containing ice prior to shipment to the 

fixed-base laboratory. In addition, a sample aliquot was also collected for field analYSIS of nitrite and 

nitrate. These allquots were also sealed and placed In a cooler containing Ice immediately after 

collection. Upon' arriving at the field office, all nltnte and nitrate samples were either analyzed 

Immediately or were refrigerated at 4°C and analyzed Within 24 hours. Ground water samples were 

analyzed for the parameter groups listed In Table 2-2. 
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In the QAPP (TtNUS, 2001 b, Figures 4-2 and 4-3), 15 surface water sampling locations were identified for 

sampling. During June 2001, very little rain fell at NSWC Crane and most portions of the LSC streambed 

were dry and surface water could not be sampled at all the locations Identified in the QAPP (only 9 of 15 

stream locations could be sampled In June 2001). Surface water sampling locations are shown on Figure 

1-8. 

Between September 8 and 9, 2001, 1.25 Inches of rain fell at NSWC Crane. A set of high-flow surface 

water samples was collected on September 9, 2001 to represent chemical conditions in the stream dunng 

high flow. These samples were collected at 14 of the 15 stream sampling locations identified In the 

QAPP A surface water sample was not collected at location 03SW04 because thiS upgradlent location, 

which IS positioned at the head of an unnamed tnbutary above the ABG (see TtNUS, 2001 b, Figure 4-2), 

did not have flow In the channel at the time of either sampling event (i.e., low flow or high flow). 

Surface water samples were collected as grab samples from LSC and its tnbutanes In accordance with 

SOP CT0126-19 (Appendix H of the QAPP, TtNUS, 2001 b). A surface water sample was collected 

before the sediment sample at each sampling location In order to minimize the possibility of Introducing 

sediment into the water column The surface water sample bottles were filled directly in the flOWing water, 

uSing the direct-fill method. The aliquot for dissolved metals analyses was collected In an unpreserved 

high-density polyethylene (HOPE) container; the sample was then filtered through a disposable 0.45-um 

filter cartridge. A peristaltic pump and new Teflon tubing for each sample were used to perform the 

filtration Within 4 hours or less after sample collection. The filtrate was collected directly Into the sample 

container containing aCid preservative. 

Immediately after collection, all sample containers were sealed, properly labeled, tagged, sealed In plastiC 

bags, and placed In a cooler containing Ice. For each sample, the sampling location description and all 

pertinent field data were recorded on a surface water sample log sheet, including DO, ORP, pH, specific 

conductance, water temperature, and turbidity measurements. The surface water sample log sheets are 

Included in Appendix B-5. 

Surface water samples were analyzed for the parameter groups listed in Table 2-2 . 
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Thirty-eight sediment samples were collected at 19 sampling sites located along LSC and its unnamed 

tributaries. A surface sediment sample (0 to 6 inches deep) and a near-surface sample (6 to 12 mches 

deep) were collected from each of the 19 stream sampling stations. These locations were shown on 

Figures 4-2 and 4-3 m the QAPP (TtNUS, 2001 b) and on Figure 1-8 of this report. Each pair of sediment 

samples was collected m a I depositional area of the stream channel, where fine sediment has 

accumulated. The samples were collected usmg disposable trowels and a decontammated shovel. The 

sediment samples were collected in accordance with SOP CT0126-20, contained in Appendix H of the 

QAPP. Sediment samples were collected from two different depths to determine whether contaminated 

sediment IS limited to the uppermost 6 inches. Based on field conditions, sediment samples (e.g., 

03S010) may have been collected in areas that were slightly different from the planned locations. These 

conditions mclude sampling location accessibility, availability of sediments, and predominant sediment 

gram size. Unless otherwise noted, the actual sampling locations are viewed to be as representative of 

drainage channel sediments as the orlgmally planned locations. 

After collection, all sample containers were sealed, properly labeled, tagged, bagged, and placed m a 

cooler containing Ice. A sample collection log sheet was completed for each sample. These logs 

included mformatlon on the date, time, sampling personnel, flow conditions at the sampling location, and 

a description of the sample. The sediment sample log sheets are found In Appendix B-6. 

A 2- by 2-mch wooden stake was driven mto the stream bank opposite the sample location, and a piece 

of brightly colored flaggmg was attached. The sampling site Identification number was marked on each 

stake with a black waterproof marker. ThiS was done so that sampling locations could be reVisited at a 

later date for surveYing and, if necessary, resampllng. 

Sediment samples were analyzed for the parameter groups listed m Table 2-2. 

2.5.5 Quality Control Samples 

QC samples were collected or generated during enVIronmental sampling activities to monitor both field 

and laboratory procedures. QC samples mcluded field duplicates, eqUipment rlnsate blanks, batch 

blanks, source water blanks, matrix spikes, and temperature blanks. These types of QC samples are 

briefly described below: 
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• Field Duplicates - Field duplicates were two samples collected either Independently at a single 

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 and were used to assess the overall precIsion of the 

sampling and analysis program. Duplicates were analyzed for the same parameters in the laboratory 

and were each labeled with a unique sample number so the Identify of the duplicate sample would be 

unknown to the laboratory (I.e., blind duplicates). During the field investigation of OJT/LSC, field 

duplicates were collected for five surface sOil samples, nine subsurface soil samples, two ground 

water samples, three surface water samples, and four sediment samples. 

• Equipment Rlnsate Blanks and Batch Blanks - Equipment nnsate blanks were obtained under 

representative field conditions by collecting the rinse water generated by running analyte-free water 

through or over sample collection equipment, after it was decontamlned and before It was used. One 

equipment nnsate blank per 10 samples per aqueous matnx and 20 samples per solid matrix were 

collected for each type of sampling equipment used (I.e., macro-core sampling barrel). Equipment 

nnsate blanks were analyzed for the same chemical constituents as the associated environmental 

samples. Dunng the field investigation, a total of four nnsate samples were collected and analyzed . 

Two nnsate samples were collected on different dates from a DPT cutting shoe, one collected from a 

hand auger bucket and one from a stainless-steel mixing bowl. 

When pre-cleaned, dedicated, or disposable sampling equipment was used (i.e., tubing, disposable 4-foot 

plastiC sleeves, disposable plastiC trowels, etc.), one equipment nnsate blank was collected as a batch 

blank for each type of sampling equipment. During thiS field investigation, a total of four batch blank 

samples were collected and analyzed. One batch blank was collected for the silicon and Teflon tubing 

used for ground water sampling, one was collected from a disposable Teflon-lined bladder (used In 

bladder pumps), one was collected from a disposable plastiC trowel, and one was collected from a DPT 

plastiC liner. 

• Source Water Blanks - Source water blanks were obtained by sampling and analyzing the water used 

for decontamination of sampling equipment. Two source water blanks were collected to verify the 

quality of water used to decontaminate sampling equipment: SB06230101 was the sample of 

deionized water and SB06230102 was a sample of tap water from Building 3245 (the field office used 

for select chemical measurements) . 

• Matrix Spikes - Matrix spikes (MS) are investigative samples analyzed to provide information about 

the effect of the sample matnx on the analytical process. All matnx spikes for organic constituents 
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were analyzed In duplIcate (matrix spike duplIcate; MSD); matrix spikes duplicates for inorganic 

constituents are not performed. MS/MSD samples were collected at a frequency of one per every 20 

samples for each of the two media sampled (soil, water). Dunng this RFI Investigation, MS/MSD 

samples were collected for SIX soil, two sediment, two surface water, and two ground water samples. 

• Trip Blanks - Trip blanks were prepared by the fixed-base laboratory by completely filling 40-mL vials 

with analyte-free water. One blank was placed In each cooler that contained soil or water samples 

Identified for analysIs of VOCs. The triP blank remains with those samples placed in the cooler dUring 

sample collection, packaging, shipping, and In the laboratory. If VOCs are detected in a trip blank, 

then thiS may be eVidence that there was cross-contamination between samples or there was an 

Introduction of VOCs to the samples between the time they were collected and the time they were 

analyzed. During thiS RFI, a total of nine trip blanks were sent to the laboratory and analyzed for 

VOCs. 

• Temperature Blanks - Temperature blanks were used to determine whether samples were adequately 

cooled dUring shipment. Temperature blanks consisted of analyte-free water poured In a sample 

container. One temperature blank was submitted to the laboratory in each cooler and the 

temperature was checked upon receipt at the laboratory. The fixed-base laboratory reported that all 

coolers were received with Ice and that the temperature blanks were all within the acceptable range 

of 4 ± 2°C. 

2.5.6 Sample Handling, Packaging, and Shipping 

The sample containers, preservatives, reqUired analyses, and allowable holding times for each sample 

aliquot were speCified In the OAPP. The supplier of the containers added the appropriate chemical 

preservatives. Sample Identification nomenclature was addressed in SOP CT0126-02 (Appendix H of 

the OAPP). 

Once sample matenal was placed In a sample container, the date and time of sample collection, the 

initials of the sample collector, and other pertinent information were completed on the sample label and 

tag. Glass sample containers were wrapped in plastiC bubble wrap to minimize the possibilIty of 

breakage and secured In a sealed Ziploc-type plastic bag. The secured sample containers were then 

placed In a sturdy cooler lIned with a large plastiC garbage bag. The cooler was packed With a 

noncombustible, cushioning material (bubble wrap) to minimize container breakage. Samples were 

cooled With bagged Ice placed around the shoulders of the sample containers. A temperature blank was 

placed in the cooler before shipment. The inSide plastiC bag lIner was sealed With a knot, and the chaIn-
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of-custody form was placed In a Ziploc-type plastic bag and taped to the Inside of the cooler lid. The 

cooler was sealed at both ends using strapping tape, and a signed and dated custody seal was applied to 

the cooler (both front and back at opposite ends), beneath the last wrap of strapping tape, to provide a 

tamper-evident seal. A Federal Express airbill was applied to the shipping cooler. TtNUS maintained 

custody of the samples until they were relinqUished to the carrier. The Federal Express tracking number 

(alrbill number) was recorded on the chaln-of-custody form, and the sender's copy of the alrblll was 

maintained for shipment tracking. All samples were shipped to the laboratories uSing overnight Priority 

shipping and were received within sample holding times. The procedures for sample preservation, 

packing, and shipment can be found In Section 4.7 of the QAPP and SOP CT0126-01, which is located In 

Appendix H of the QAPP (TtNUS, 2001 b). 

2.5.7 Field Sample Documentation 

Sample documentation consisted of the completion of field logbooks (Section 2.13), sample logsheets, 

sample labels, and the chaln-of-custody forms. The sample log sheets contain information such as 

container source and description; sample type; and time, date, field parameters, and method of sample 

collection. The sample label contains Information on the sample Identification number, medium type, and 

analyses required. The chaln-of-custody forms (Appendix 8-7) track each sample from collection to 

receipt and analyses at the laboratory. The field samples were documented In accordance with SOP 

CT0126-01 (Sample Labeling), CT0126-02 (Sample Identification Nomenclature), and CT0126-03 

(Sample Custody and Documentation of Field Activities), which are contained In Appendix H of the QAPP 

(TtNUS, 2001 b). 

2.6 FIELD MEASUREMENTS 

Field measurements were taken and recorded dUring field sampling operations. Ambient air quality was 

measured uSing a PID. Ambient air-quality 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, borings, and well casings. SOP CT0126-06 (found in AppendiX 

H of the QAPP) prOVides additional details concerning the calibration, maintenance, and use of a PID. 

The YSI Model 650, a multi-parameter water-quality meter, was used for both ground water and surface 

water field measurements. Water-quality parameters included water temperature, pH, specifiC 

conductance, ORP, and DO. A LaMotte 2020 turbidity meter was used to measure turbidity In water 

samples. SOP CT0126-14 (found in AppendiX H of the QAPP) proVides details concerning the 

• calibration, operation, and maintenance of the water-quality meters. 
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Water-level measurements were obtained using an electronic water-level indicator. SOP CT0126-18 

(found In Appendix H of the QAPP) provides details concerning the maintenance and use of the water­

level indicator. 

Nitrate and nitrite were measured in the field office uSing Hach field test kits and a Hach DR-850 

colorimeter. The calibration and use of the colorimeter are described by the manufacturer's user's 

manual. 

2.6.1 Equipment Calibration 

Instruments used In the field were calibrated using procedures and frequencies according to 

manufacturer's specifications. Field equipment calibration was documented on equipment calibration log 

sheets, which are proVided In Appendix B-8. 

2.6.2 Field Instrument Preventive Maintenance Procedures/Schedule 

The field Instruments for thiS project Included the PID, water-level indicator, two water-quality meters, and 

field test kits for nitrate and nitrite. The specific preventive maintenance procedures that were followed 

for field equipment were those recommended by the manufacturer. 

An appropriate maintenance check was performed dally on each piece of equipment prior to use. If 

damaged or defective parts were Identified during the maintenance check and it was determined that the 

damage could have an Impact on the Instrument's performance, the Instrument was removed from service 

until the defective parts were repaired or replaced. Critical spare parts were kept on site to reduce 

downtime. Spare parts Included batteries, a DO-probe membrane kit (membranes and a bottle of 

solution), and in line dust and moisture filters for the PID. Back-up instruments and equipment were 

available on site or were shipped Within 1 day via overnight courier to aVOid delays In the field schedule. 

2.7 WATER-LEVEL AND STREAM FLOW MEASUREMENTS 

2.7.1 Water-Level Measurements 

One round of synoptic water-level measurements was obtained on June 12, 2001 in the 16 monitoring 

wells located closest to the OJT/LSC (Table 1-4). These data were used to provide information regarding 

ground water flow patterns and flow gradients in the Immediate area dUring dry, low stream flow 

conditions. The synoptic round of water-level measurements was taken Within a 3-hour period. The 
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results of these water-level measurements and a potentiometric surface map are presented In Figure 

1-19. 

A second round of synoptic water-levels In the 16 monitoring wells located closest to the OJT site was 

measured on September 9, 2001 (Table 1-4) toward the end of a relatively large storm event (1.25 Inches 

of rain fell dUring a 24-hour penod). This second set of measurements represents wet weather (high flow) 

ground water conditions. The ground water elevations and potentiometric surface map for this date are 

presented In Figure 1-20. 

A third, much more comprehenSive set of water levels (ground water and surface water) was measured 

on June 12 and 13, 2002, dunng a penod of no rainfall that was preceded by a penod of moderate 

rainfall. Water levels were measured In 120 monltonng wells and four stream gaging stations, which were 

dlstnbuted through a large portion of the LSC watershed. The mOnitoring wells are screened In four 

different aquifers, as discussed In Section 1.3.4. This large set of synoptic water levels was used to 

charactenze and evaluate the regional nature of the flow system In the BC-BC aqUifer. Ground water 

elevations and potentlometnc contours for the measurements In the BC-BC aqUifer are presented in 

Figure 1-18 . 

Water-level measurements were taken with an electronic water-level Indicator, uSing the top of the nser 

pipe as the reference pOint for determining depths to water. A notch or mark was placed on the top of the 

riser pipe to ensure that measurements were taken from the same reference pOint between measunng 

events. All measurements were made in accordance with SOP CT0126-18, contained in Appendix H of 

the QAPP. Water-level measurements were recorded on water-level measurement sheets, which are 

Included In Appendix B-9 of this report. 

2.7.2 Staff Gage Installation and Estimation of Stream Flow 

Seven staff gages were Installed along LSC, starting at a pOint along the ABG Treatment Area (03SG01) 

and extending downstream to the facIlity boundary (03SG07). The locations of these stream flow gaging 

stations are shown on Figure 1-8. The staff gages were placed at approximately equidistant locations in 

order to collect spaCial distribution of flow rate In the stream channel. EXisting permanent structures, 

such as culverts and bndge abutments, were used as much as possible as staff gage locations so that 

flow was constncted to a simple geometry. A mark and staff gage Identification number were placed on 

these permanent structures, denoting the point where measurements were taken. If a permanent 

structure was not available, a metal pipe was pounded Into the sediment with a sledge hammer and the 

top of the pipe was used as the reference pOint. 

060208/P 2-15 CTO 0159 



NSWCCrane 
RFI 

RevIsion 0 
Date' October 2003 

Section 2 
Page 16 of 20 

The stream water surface elevation was measured at each gaging station by measuring the vertical 

distance between the water surface and the reference pOint and subtracting that distance from the 

reference pOint elevation (assuming there was flowing water at the gaging station). All surface water 

elevations were measured at the same time as the ground-water-Ievel measurements in monitoring wells. 

Staff gages and mOnitoring well water levels were measured three times during the course of the 

OJT/LSC RFI field work In 2001 and 2002 (June 12, 2001; September 09, 2001; and June 12 and 13, 

2002). These data are Included In Appendix 8-9. 

The approximate flow rates of surface water at four staff gage locations (03SG01 and 03SG05 through 

03SG07) were estimated for June 19, 2001 by measuring the cross-sectional depth profile of the stream 

bed and the surface water flow velocity, In accordance With SOP CT0126-21 (found in Appendix H of the 

QAPP). The creek was dry at three of the staff gages (03SG02 through 03SG04) on this date. The 

calculated flow rates (see Appendix 8-10) were used to qualitatively evaluate gains and losses of stream 

flow through the watershed. 

2.7.3 Hydraulic Testing of Monitoring Wells 

During the low-flow purging of monitoring wells prior to collection of ground water samples, water levels 

were measured In the well at the beginning of purging and about every 5 to 10 minutes dUring purging 

(Appendix 8-11, Attachment 1). The data were later analyzed by two different procedures to obtain 

hydraulic conductiVity values for the geologic materials In contact With the well screens. The first method 

used for data analYSIS was the Ogden method. as described by Kasenow and Pane (1995). This method 

uses the steady-state drawdown value, pumping rate, and other parameters In order to calculate a 

hydraulic conductiVity (see Appendix 8-11, Attachment 2). The Ogden method does not make use of the 

transient water levels dUring purging; It only uses the final drawdown value. This type of data analYSIS 

was performed for data from 15 of the mOnitoring wells that were sampled. There was zero drawdown in 

well 03-21 dUring 'purging; the hydraulic conductiVity IS presumably too great to be calculated With testing 

data available. The results of the 15 other tests are reported In Appendix 8-11 (Attachment 3) and Table 

1-2. 

The second method used for data analysis is the Jacob straight-line method, as described by Fetter 

(1988). The tranSient water levels measured during purging were used to construct a graph on semi-log 

paper, and the straight-line portion of each graph was used to calculate a hydraulic conductivity value for 

the well (see Appendix 8-11, Attachment 4). Data from only eight of the wells resulted in straight-line 
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sections that could be evaluated. The results of these analyses are presented In Appendix B-11 

(Attachment 5) and Table 1-2. 

Hydraulic conductivity values resulting from the low-flow purge tests range from 0.058 to 4.08 feet/day. 

For the eight mOnitoring wells where the drawdown data could be analyzed by two different methods, the 

results were very comparable for each well. 

2.8 FIELD CORRECTIVE ACTION 

Corrective action IS the process of IdentifYing, recommending, approving, and Implementing measures to 

counter unacceptable procedures or "out of quality control" performance that can affect data quality. 

Corrective action In the field resulted when the sample network was changed (Le., more or fewer samples 

collected, sampling locations other than those specified, etc.) and sampling procedures and/or field 

analytical procedures required modification. Project personnel were responsible for reporting all 

suspected technical or quality assurance (QA) nonconformances or suspected deficiencies of any activity 

or Issued document by reporting the situation to the FOL or designee. The task order manager (TOM) 

was responsible for assessing the suspected problems In consultation with the project QA/QC manager 

and for making a decISion based on the potential for the situation to affect the quality of the data. If It was 

determined that the situation warranted a reportable nonconformance requiring corrective action, then a 

nonconformance report was Initiated by the TOM. Nonconformances, suspected deficiencies, or field 

task modification requests did not occur dUring this field investigation. 

DUring the field sampling activities, several site conditions were encountered that altered the locations 

where bOrings were placed, Increased the total number of bOrings that were drilled, and increased the 

total number of sOil samples that were collected. Metallic objects, including empty shell casing fragments, 

were Identified In the burn area and the burn pit by geophysical tools and visual observations. Because 

of the risk of possibly encountering UXO, some of the bOring locations were relocated. The need to 

collect sOil samples from additional locations arose as a result of information that was obtained from 

Interviews with NSWC Crane personnel that occurred on June 21, 2001, during Round 1 site 

characterization work. These situations are described In previous sections of this report (see Section 

2.3.1 ) . 
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All monitoring wells, sOil bOrings, staff gages In the creek, and surface soil, surface water, and sediment 

sample locations associated with this RFI were surveyed by an Indiana-licensed surveyor. All ground 

surface elevations were surveyed to the nearest 0.01 foot. Vertical elevations were referenced to the 

1929 National Geodetic Vertical Datum (NGVD29). 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 1927 North American 

Datum (NAD27). The results of the engineering survey are Included as Appendix D. 

2.10 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 the OPT rig 

and down-hole tools and soil, sediment, and ground water sampling eqUipment. 

All nondedlcated reusable sampling equipment used to collect samples was decontaminated both before 

field sampling, between samples, and before leaVing the site. This equipment Included OPT rods, macro­

core sampler, and bladder pumps. The follOWing decontamination steps were taken: 

• Potable water, phosphate-free detergent wash (scrub If necessary) 

• Potable water rinse 

• DeiOnized (01) water rinse 

• Air dry (If possible) 

• Wrap in aluminum foil (If not used immediately) 

The OPT rig was cleaned upon site arrival and prior to leaVing the site. Additional guidance for 

decontamination was supplied in SOP CT0126-17 (Appendix H of the OAPP). 

Disposable equipment used for sampling activities was decontaminated uSing a detergent wash and 

potable water rinse, placed in plastic garbage bags, and discarded in dumpsters on the NSWC Crane 

faCIlity In accordance With procedures described In SOP CT0126-15 of the OAPP. 

Field analytical equipment such as pH, conductiVity, and temperature probes was rinsed With analyte-free 

water. Water-level measurement deVices were also rinsed With analyte-free water after each use. 
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This investigation generated four types of potentially contaminated residues or investigation-derived 

waste (IDW): 

• Personal protection equipment (PPE) 

• Teflon ground water sample tubing, teflon well bladders, DPT soil core liners, and plastic trowels 

• Well development and purge fluids 

• EqUipment decontamination fluids 

IDW was handled as descnbed below and in SOP CT0126-15: 

PPE, Tubing, Teflon Pump Bladders, DPT Soil Core Liners, Plastic Trowels - All PPE, tubing, DPT 

sample liners, and plastic trowels were decontaminated and double bagged and placed in trash 

receptacles at the facility 

Well Development and Purge Fluids - All well development and purge fluids were collected and stored. on 

• site in a 500-gallon plastic holding tank. The development and purge flUids were discharged into the 

NSWC-permltted sanitary sewer system, In accordance with the QAPP. 

• 

EqUipment Decontamination Fluids - All DPT and sampling decontamination fluids were combined with 

well development and purge fluids and handled In the same manner as described for well development 

and purge fluids. 

2.12 SITE MANAGEMENT AND FACILITY SUPPORT 

The FOL was deSignated as the lead in coordinating all day-to-day activities during the investigation. The 

FOL was responsible for ensunng that all field team members (Including subcontractors) were familiar 

With the FSP and site-specific HASP. Additionally, the FOL was responSible for all sampling operations, 

QAlQC, field documentation requlrement~, and field change orders. The FOL regularly reported to the 

TOM regarding the status of fieldwork. 

All site preparation, mobilization/demobilization, and sampling activities were coordinated through NSWC 

Crane personnel. 
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Various hardcover, bound record books were maintained for each field activity In accordance with SOP 

CT0126-03 (Appendix H of the QAPP). The Master Site Logbook served as the overall record of field 

activities. Information recorded dally In the Master Site Logbook included daily field activities, weather 

conditions, Identity of and arrival and departure times of personnel, management issues, etc. Various 

field notebooks were also maintained. For example, the site geologist supervising DPT operations 

maintained a field notebook and recorded all relevant field activities associated with DPT operations and 

hand augenng. Copies of field logbooks are Included In Appendix C. 

The FOL was responsible for the maintenance and security of all field records. Eventually, all field 

records (chaln-of-custody forms, sample log sheets, field forms, logbooks, and notebooks) were docketed 

and Incorporated In the central project file. 
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TABLE 2-1 

DATES AND DEPTHS OF SOIL BORINGS AND SOIL SAMPLES COLLECTED 
SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

Bonng No. 
Total Depth Dniling 

Date Dnlled 
Depth Interval(s) of SOil 

(feet bgs) Method (1) Samples (feet bgs) 

03SB01 2 HA 8-Jun-01 0-2 
03SB02 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03SB03 2 HA 8-Jun-01 0-2 
03SB04 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03SB05 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03SB06 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03SB07 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03S808 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03S809 3.5 HA 23-Jun-01 0-2,2-3.5 
03S810 10 DPT 20-Jun-01 0-2, 2-6, 6-10 
03S811 10 DPT 19-Jun-01 0-2, 2-6, 6-10 
03S812 2 HA 8-Jun-01 0-2 
03S813 10 DPT 20-Jun-01 0-2,2-6,6-10 
03S814 10 DPT 20-Jun-01 0-2, 2-6, 6-10 
03S815 10 DPT 20-Jun-01 0-2, 2-6, 6-10 
03S816 10 DPT 20-Jun-01 0-2, 2-6, 6-10 
03S817 15 DPT 20-Jun-01 0-2, 4-6, 12-14 
03SB18 4 HA 24-Jun-01 0-2,2-4 
03S819 15 DPT 21-Jun-01 0-2, 2-4, 12-15 
03S820 15 DPT 20-Jun-01 0-2,8-10,12-15 
03S821 15 DPT 20-Jun-01 0-2,10-12,12-15 
03S822 15 DPT 21-Jun-01 0-2, 2-4, 12-15 
03S823 10 HA 24-Jun-01 0-2,6-10 
03S824 15 DPT 21-Jun-01 0-2, 4-6, 12-15 
03S825 135 DPT 20-Jun-01 0-2,6-8 
03S826 10 HA 24-Jun-01 0-2,6-10 
03S827 7 HA 24-Jun-01 0-2,2-6,6-7 
03S828 4 HA 24-Jun-01 0-2,2-4 
03S829 1 1 HA 8-Jun-01 0-1.1 
03S830 1 65 HA 8-Jun-01 0-1.65 
03S831 2 HA 8-Jun-01 0-2 
03S832 2 HA 8-Jun-01 0-2 
03SB33 1.1 HA 8-Jun-01 0-1.1 
03SB34 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S835 2 HA 23-Jun-01 0-2 
03S836 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S837 2 HA 23-Jun-01 0-2 
03S838 2 HA 23-Jun-01 0-2 
03S839 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S840 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S841 2 HA 23-Jun-01 0-2 
03S842 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S843 1 HA 23-Jun-01 0-1.0 
03S844 10 DPT 20-Jun-01 0-2, 2-6, 6-10 
03S845 2 HA 23-Jun-01 0-2 
03S846 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S847 10 DPT 22-Jun-01 0-2, 2-6, 6-10 
03S848 10 DPT 22-Jun-01 0-2,2-6,6-10 

1 HA = Hand auger, DPT = Direct-push technology 



TABLE 2-2 

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES 
SWMU 03 - OLD JEEP TRAIL I LlTILE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 5 

Sample Number(1) I Analytical Fraction 
DIoxin EXP HERB Metals NTA NTI NTIA 08 OV PCB PCl PE8T LpH 

Surface Soil Samples 
0388010002 X X X X X 
0388020002 X X X X X X 
0388030002 X X X X X 
0388040002 X X X X X X 
0388050002 X X X X X X 
0388060002 X X X X X X 
0388070002 X X X X X X 
0388080002 X X X X X X 
0388090002 X X X X X X 
0388100002 X X X X X X 
0388110002 X X X X X X 
0388120002 X X X X X 
0388130002 X X X X X X 
0388140002 X X X X X X 
0388150002 X X X X X X 
0388160002 X X X X X X 
0388170002 X X X X X X X X X 
0388180002 X X X X X X X X 
0388190002 X X X X X X X X 
0388200002 X X X X X X X X X 
0388210002 X X X X X X X X 
0388220002 X X X X X X X X 
0388230002 X X X X X X X X X 
0388240002 X X X X X X X X 
0388250002 X X X X X X X X X 
0388260002 X X X X X X X X X 
0388270002 X X X X X X X X 
0355280002 X X X X X X ,X X 
0388290002 X X X X X X X X X X X 
0388300002 X X X X X X X X X X X 
0388310002 X X X X X X X X X X X 
0388320002 X X X X X X X X X X X 
0388330002 X X X X X X X X X X X 
0388340002 X X X X X X X 
0388350002 X X X X X X X 
0388360002 X X X X X X X 
0388370002 X X X X X X X 
0388380002 X X X X X X X 
0388390002 X X X X X X X 
0388400002 X X X X X X X 
0388410002 X X X X X X X 
0388420002 X X X X X X X 
0388430002 X X X X X X X 
0388440002 X X X X X X X 
0388450002 X X X X X X X 
0388460002 X X X X X X X X 
0388470002 X X X X X X X X X 
0388480002 X X X X X X X X 
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SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES 
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Sample Number(1) DIoxin 
Analytical Fraction 

EXP HERB Metals NTA NTI NTIA 08 OV PCB PCl PE8TloH 
Subsurface Soil Samples 
038B020206 X X X X X X 

038B020610 X X X X X X 
038B040206 X X X X X X 
038B040610 X X X X X X 
038B050206 X X X X X X 
038B050610 X X X X X X 
0388060206 X X X X X X 
038B060610 X X X X X X 
038B070206 X X X X X X 
0388070610 X X X X X X 
0388080206 X X X X X X 
038B080610 X X X X X X 
038B090204 X X X X X X 
038B100206 X X X X X X 
038B100610 X X X X X X 
0388110206 X X X X X X 
0388110610 X X X X X X 

038B130206 X X X X X X 
038B130610 X X X X X X 
0388140206 X X X X X X 
038B140610 X X X X X X 
038B150206 X X X X X X 
038B150610 X X X X X X 
038B160206 X X X X X X 
038B160610 X X X X X X 
038B170406 X X X X X X X X 
038B171214 X X X X X X X X 
038B180204 X X X X X X X X 
038B190204 X X X X X X X X 
038B191215 X X X X X X X X X 
0388200810 X X X X X X X X 
0388201215 X X X X X X X X 
038B211012 X X X X X X X X 
038B211215 X X X X X X X X 
0388220204 X X X X X X X X 
0388221215 X X X X X X X X 
0388230610 X X X X X X X X 
0388240406 X X X X X X X X 
0388241215 X X X X X X X X X 
0388250608 X X X X X X X X 
038B260610 X X X X X X X X 
038B270206 X X X X X X X X 
038B270607 X X X X X X X X 
0388280204 X X X X X X X X 
038B340206 X X X X X X X 
038B340610 X X X X X X X 
038B360206 X X X X X X X 
038B360610 X X X X X X X 
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SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES 
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Sample Number(l) 
Analytical Fraction 

Oloxln EXP HER8 Metals NTA NTI NTIA 08 OV PC8 PCl PE8T 'pH 
0388390206 X X X X X X X 
0388390610 X X X X X X X 
0388400206 X X X X X X X 
0388400610 X X X X X X X 
0388420206 X X X X X X X 
0388420610 X X X X X X X 
0388440206 X X X X X X X 
0388440610 X X X X X X X 
0388460206 X X X X X X X X 
0388460610 X X X X X X X X 
0388470206 X X X X X X X X 
0388470610 X X X X X X X X 
0388480206 X X X X X X X X 
0388480610 X X X X .X X X X 
Sediment Samples 
0380010006 X X X X X X X X X X X X 
0380010612 X X X X X X X X X X X X 
0380020006 X X X X X X X X X X X X 
0380020612 X X X X X X X X X X X X 
0380030006 X X X X X X X X X X X X 
0380030612 X X X X X X X X X X X X 
0380040006 X X X X X X X X X X X X 
0380040612 X X X X X X X X X X X X 
0380050006 X X X X X X X X X X X X 
0380050612 X X X X X X X X X X X X 
0380060006 X X X X X X X X X X X X 
0380060612 X X X X X X X X X X X X 
0380070006 X X X X X X X X X X X X 
0380070612 X X X X X X X X X X X X 
0380080006 X X X X X X X X X X X X 
0380080612 X X X X X X X X X X X X 
0380090006 X X X X X X X X X X X X 
0380090612 X X X X X X X X X X X X 
0380100006 X X X X X X X X X X X X 
0380100612 X X X X X X X X X X X X 
0380110006 X X X X X X X X X X X X 
0380110612 X X X X X X X X X X X X 
0380120006 X X X X X X X X X X X X 
0380120612 X X X X X X X X X X X X 
0380130006 X X X X X X X X X X X X 
0380130612 X X X X X X X X X X X X 
0380140006 X X X X X X X X X X X X 
0380140612 X X X X X X X X X X X X 
0380150006 X X X X X X X X X X X X 
0380150612 X X X X X X X X X X X X 
0380160006 X X X X X X X X X X X X 
0380160612 X X X X X X X X X X X X 
0380170006 X X X X X X X X X X X X 
0380170612 X X X X X X X X X X X X 
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TABLE 2-2 

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES 
SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE40F 5 

Sample Number(1) 
Analytical Fraction 

DIOXin EXP HERB Metals NTA NTI NTIA as OV PCB PCl PE8T pH 
0380180006 X X X X X X X X X X X X 
0380180612 X X X X X X X X X X X X 
0380190006 X X X X X X X X X X X X 
0380190612 X X X X X X X X X X X X 
Ground Water Samples 
03GW0701 X X X X X X X 
03GW1001 X X X X X X X 
03GW1101 X X X X X X X 
03GW1201 X X X X X X X 
03GW1301 X X X X X X X 
03GW1401 X X X X X X X 
03GW1501 X X X X X X X 
03GW1601 X X X X X X X 
03GW1701 X X X X X X X 
03GW1801 X X X X X X X 
03GW2001 X X X X X X X 
03GW2101 X X X X X X X 
03GW2201 X X X X X X X 
03GW2301 X X X X X X X 
03GW2401 X X X X X X X 
03GW2501 X X X X X X X 
03GW2501-F X 
Surface Water Samples(1) 
038W0101 X X X X X X X X 
038W0101-F X 
038W0102 X X X X X X X X 
038W0102-F X 
038W0201 X X X X X X X X 
038W0201-F X 
038W0202 X X X X X X X X 
038W0202-F X 
038W0301 X X X X X X X X 
038W0301-F X 
038W0302 X X X X X X X X 
038W0302-F X 
038W0601 X X X X X X X X 
038W0601-F X 
038W0602 X X X X X X X X 
038W0602-F X 
038W0802 X X X X X X X X 
038W0802-F X 
038W0902 X X X X X X X X 
038W0902-F X 
038W1102 X X X X X X X X 
038W1102-F X 
038W1302 X X X X X X X X 
038W1302-F X 
038W1402 X X X X X X X X 
038W1402-F X 

PAH TOC T88 
X X 
X X 
X X 
X X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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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 



TABLE 2-2 

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES 
SWMU 03 - OLD JEEP TRAIL I UTILE SULPHUR CREEK 

Sample Number(1) 

03SW1501 
03SW1501-F 
03SW1502 
03SW1502-F 
03SW1601 
03SW1601-F 
03SW1602 
03SW1602-F 
03SW1701 
03SW1701-F 
03SW1702 
03SW1702-F 
03SW1801 
03SW1801-F 
03SW1802 
03SW1802-F 
03SW1901 
03SW1901-F 
03SW1902 
03SW1902-F 

EXP - Explosives 
HERB - Herbicides 
NT A - Nitrate 
NTI - Nltnte 
NTIA - Nltrate/nltnte 
as -Semlvolatlles 
OV - Volatiles 

DIoxin EXP 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PCB - Polychlonnated biphenyls 
PCl - Perchlorate 
PEST - Pesticide 

HERB 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PAH - Polynuclear aromatic hydrocarbon 
TOC - Total organic carbon 
TSS - Total suspended solids 

Metals 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Analytical Fraction 
NTA NTI NTIA as OV PCB PCL PEST pH 

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 X 

X X X X X 

X X X X X 

PAH TOC TSS 
X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

1 - low flow samples end with 01 and high flow samples end with 02. "-F" indicates a filtered sample aliquot was 
analyzed for dissolved metals 
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This section contains a description of the data review procedures used to determine whether analytical 

laboratory data are of acceptable technical quality before decIsions are made. The review begins with 

data validation, which IS a comparison of data quality indicators against prescribed acceptance criteria. 

The data quality indicators are measures used to assess the bias and precision of the analytical 

calibrations and sample analyses. The output of this review is a set of alphabetic flags such as "U," "J," 

"R," or combinations thereof that may be assigned to each result based on the validation effort. These 

flags are used to Infer the general quality of the data. The data validation is followed by a summary of 

quantitative data quality measures to provide the user with a more quantitative estimate of any bias or 

Imprecision associated with the data. Also evaluated are the measures of data completeness, sensitivity, 

comparability and representativeness. 

Sections 3.1 and 3.2 provide an overview of the data validation process. Section 3.3 presents an 

evaluation of the data quality beyond data validation. Appendix E contains all the qualified data and the 

associated reasons for the data qualifications . 

3.1 OAT A VALIDATION PROCESS 

Assignment of data qualification flags conformed to the U.S. EPA Region 5 Standard Operating 

Procedures for Validation of Contract Laboratory Program Organic Data (U.S. EPA, 1993c) and Region 5 

Standard Operating Procedures for Validation of Contract Lab~ratory Program (CLP) Inorganic Data 

(U.S. EPA, 1993d), the U.S. EPA Contract Laboratory Program National Functional GUidelines for 

Organic Data Review (U.S. EPA, 1994a), and the U.S. EPA Contract Laboratory Program National 

Functional GUidelInes for Inorganic Data Review (U.S. EPA, 1994b) to the greatest extent practicable for 

non-CLP data. 

One hundred percent of the analytical laboratory samples were validated according to these data 

validation specifications. The various data qualifiers are defined, as follows: 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific 

detection limit) noted. Non-detected 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 - Indicates that the chemical was not detected. However, the detection limit (sample-specific detection 

limit) IS considered estimated based on problems encountered dunng laboratory analysIs. The 

associated numerical detection limit is regarded as Inaccurate or impreCise. 

J - Indicates that the chemical was detected. However, the associated numencal result IS not necessarily 

an accurate representation of the amount that is actually present in the sample. The laboratory-reported 

concentration IS considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The non-detected analytical result reported 

by the laboratory IS considered to be unreliable and unusable. This qualifier IS applied In cases of gross 

technical deficiencies (I.e., holding times missed by a factor of two times the specified time limit, severe 

calibration non-compliances, and extremely low analyte recovenes). 

R - Indicates that the chemical mayor may not be present. The positive analytical result reported by the 

laboratory IS considered to be unreliable and unusable. This qualifier is applied In cases of gross 

technical deficiencies. 

• 

The preceding data qualifiers may be categonzed 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, or UJ data validation qualifiers. Estimated 

analytical results are considered to be sUitable for deCISion-making purposes unless the data use 

requirements are very stnngent and the qualifier indicates a deficiency that is Incompatible with the 

Intended data use. It is noteworthy that a "U" qualifier does not necessanly indicate that a data deficiency 

eXists because all non-detect values are flagged with the "U" qualifier even when no deficiency eXists. 

A "8" flag IS aSSigned by the laboratory to organic analYSIS results that could represent an Influence from 

laboratory contamination. In accordance with the EPA Region 5 organic data validation critena, no "8s" 

were removed from the laboratory data. Therefore, organic data qualified due to blank contamination 

contain combinations of the "8" qualifier (8, 8U, or 8J). 

3.2 DATA VALIDATION OUTPUTS 

After data were validated, a list was developed of non-conformities requiring data qualifier flags, which 

were used to alert the data user to inaccurate or impreCise data. For situations in which several quality • 
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control criteria were out of specification, the data valldator 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. Valldators incorporated data qualifiers Into the electroniC database 

and submitted the information to the data management group. A complete printout of the data with 

validation flags IS presented in Appendix E. Some of these results are summarized In a more quantitative 

and manageable format In the following section. 

3.3 GENERAL DATA QUALITY REVIEW 

Data quality indicators (DOls) are parameters that are monitored to help establish the quality of data 

generated during an investigation. Some of the DOls are generated from analysis of field samples (e.g., 

field duplicates) and some are generated from the analYSIS of laboratory samples (e.g., laboratory 

duplicates). Individually, field and laboratory DOls proVide measures of the performance of the respective 

Investigative operations (field or laboratory). Taken together, the DOls provide a more quantitative 

measure of the overall analytical performance than that proVided by data validation flags . 

All IndiVidual OC results have been considered In qualifying the data. If no outliers are discussed for a 

particular DOl, all data associated With that DOl were acceptable as compared to DO control criteria 

specified by the laboratory performing the analYSIS or by the analytical method performed. However, the 

data quality review IS not meant to Identify data that are acceptable or unacceptable according to DO 

control criteria. Instead, It IS designed to proVide a quantitative measure of analytical performance that IS 

not proVided by data validation. The use of average RPDs is explicitly identified In the text of this section; 

In all other cases, RPDs refer to individual RPD values for Individual analytes. 

The data for the OJT/LSC site were of generally good quality, with the follOWing exceptions: 

Nitrite - The percent completeness for the nitrite analyses was 72.9 percent due to an extremely low 

matrix spike recovery. However, the nltnte analyses were not used in the nsk assessment and were not 

considered cntical to the success of the project. 

Semlvolatlle - The compounds 1 A-phenylenediamine, 4-nltroquinollne-1-oxlde, and kepone constitute the 

majonty of the results rejected for the semlvolatile analyses. The rejections were because these 

compounds yield poor analytical responses. ThiS IS a systematic problem that occurs in the majonty of 

the samples analyzed from OJT/LSC. 
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Volatile - The compounds acrolein and acrylonitrile were the majority of the results rejected for the volatile 

analyses. The rejections were because these compounds Yield poor analytical responses. This IS a 

systematic problem that occurs in the majority of the samples analyzed from the OJT/LSC. 

Herbicides - The percent difference between chromatographic columns of greater than 100 percent for 

compounds 2,4-0 and pentachlorophenol was the reason for their rejection In the majority of samples 

analyzed from the OJT/LSC. Spot checks of several chromatograms show Interferences co-elutmg with 

these compounds. 

Several data were rejected and the rejected data are identified in the following sections. Rejection of data 

for this project does not appear to have adversely affected the achievement of project objectives for one 

or more of the followmg reasons' 

• The affected compound (e.g., 1 ,4-phenylenediamlne, 3,3'-dlmethylbenzldine, 4-nltroqUinollne-1-oxide, 

acrolein, acrylonitrile, methacrylonltrlle, kepone, and methyl Iodide) IS not expected to have been 

associated with SWMU 03 operations or otherwise released at the SWMU. 

• The affected compound IS Inherently unstable, volatile, or reactive (e.g., acrolein and acrylonitrile in 

all media and 2-butanone In surface water) and not likely to persist In the environment ur)less large 

quantities had been released. 

• Just a few data POints were rejected (4-chloroanillne, cls-1,2-dlchloroethene, HMX, and select 

phenols) at a few locations. 

• The rejected data were primarily for field ac samples or common laboratory contaminants (acetone). 

Nitrite, a chemical for which several data POints were rejected, is not critical to the success of the project 

so rejection of that data IS unfortunate but not a serious handicap. 

Rejection of data for these chemicals IS not discussed further unless such diSCUSSion IS warranted in a 

particular context. 

The vanous Dais are discussed m detail below. In addition to the Dais discussed below, temperature 

blanks that accompanied each cooler containing samples were used to assess whether the samples had 
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been stored at the appropriate temperature during shipping. All temperature blanks fell within the 

acceptance range of 4°C ± 2°C, indicating no deficiencies with regard to shiPPing temperature. 

3.3.1 Completeness 

Completeness is measured according to sample completeness, field completeness, and laboratory 

completeness. Completeness is expressed as a percentage. 

Sample Compieteness 

Sample completeness IS a measure of the number of samples proposed In the OJT/LSC QAPP (TtNUS, 

2001 b) and the number of samples actually collected. Table 3-1 compares the samples collected to the 

samples proposed in the Jeep Trail QAPP (TtNUS, 2001 b). The percent completeness for ground water 

and sediment samples was 100 percent. The percent completeness for soli samples was 94.8 percent; 

SIX sOil bOring samples (5.2 percent of the total number of samples) were not collected because refusal 

was encountered before the planned sampling depth was reached. There IS no negative impact; the 

entire sOil column will be represented adequately by the samples that were collected. The calculated 

percent completeness for surface water samples was 76.7 percent; seven samples were not collected 

due to dry sample locations. The samples not collected were samples of opportunity that were to be 

collected If water was available, and they do not adversely affect attainment of project obJectives. 

Field Completeness 

Field completeness is a measure of the amount of valid field measurements obtained. A completeness 

criterion of 100 percent applies to these measurements. The percent completeness for field 

measurements was 100 percent with one exception. The DO result for well 03-25 ground water was 

reported as 19.3 mg/L, but the field crew had difficulty with the field Instrument during the analysis of this 

sample. The DO result was rejected. All other field measurements were valid. 

Laboratory Completeness 

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: 
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Under Ideal conditions, the laboratory completeness objective would be 100 percent. However, samples 

can be rendered unusable dunng shipping and preparation (e.g., bottles broken or extracts accidentally 

destroyed) or analysIs (e.g., loss of Instrument sensitivity or strong matnx effects). Laboratory 

completeness objectives are 90 percent for each critical target analyte per sample matnx. Table 3-2 

presents the percent completeness between analytical fractions for solid samples and aqueous samples. 

It IS possible for individual analytes to exhibit very low completeness values but for the overall 

completeness goals to be satisfied on the basIs of analytical fraction. This occurred In a few cases and is 

discussed In more detail below for the affected analytes and fractions. 

Percent completeness for laboratory analytical data collected dunng the field investigation IS greater than 

the 90 percent completeness required by the OJT/LSC QAPP (TtNUS, 2001 b), with the exception of 

nltnte In sediment samples. The calculated percent completeness for laboratory analytical data is 

72.9 percent for nitnte in sediment samples. The nitnte results were rejected due to an extremely low 

matnx spike recovery (8 percent). Low matnx spike recovenes are Indications that the analyte (In this 

case, nitnte) results may be biased low. The nitnte analyses are not considered to be cntlcal to the 

success of the project and are not used In risk assessment. Therefore, failure to attain the completeness 

goal in the case of nitnte analyses does not adversely affect attainment of project objectives. The 

herbicide analyses just met the completeness requirement at 90.3 percent. The majonty of herbicide 

rejections were due to a percent difference between chromatographic columns of greater than 

100 percent for 2,4-D and pentachlorophenol. A spot check of the associated chromatograms for the 

rejected samples shows Interferences co-eluting with the compounds of concern. ThiS Imposes a 

Significant degree of uncertainty In the Identification and the quantification of these two compounds. The 

volatile and semlvolatile rejections were mostly due to poor calibration responses for acrolein and 

acrylonitrile for the volatile analyses and 1,4-phenylenediamlne, 4-nitroqUinollne-1-oxide, and kepone for 

the semlvolatile analyses. Table 3-3 lists all the rejected data and the reasons for the rejections. The 

1,4-phenylenedlamine, 4-nltroqulnoline-1-oxlde, and kepone compounds are known to Yield poor 

analytical responses and are likely only to be detectable at high concentrations. The Impact of not having 

attained completeness goals because of these few compounds IS discussed in Sections 7.6.1 and 8.6 of 

the human health and ecological nsk assessments, respectively. 

060208/P 3-6 CTO 0159 

• 

• 

• 



• 

• 

3.3.2 Sensitivity 

NSWCCrane 
RFI 

RevIsion 0 
Date October 2003 

Section 3 
Page 7 of 28 

Table 3-4 compares the observed minimum and maximum reporting limits achieved during laboratory 

analyses to the target laboratory reporting limits contained In Table 1-11 of the OJT/LSC OAPP (TtNUS, 

2001 b). Exceedance of the target laboratory reporting limits occurs In several Instances. The Impact of 

these exceedances IS discussed in Sections 7.6.4 and 8.7.6 of the human health and ecological risk 

assessments, respectively. 

3.3.3 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 absolute value of 

the ratio of the data range to the data mean. RPDs, which are tYPically expressed as percentages, are 

used to evaluate both field and laboratory duplicate precision and are calculated as follows: 

IV1- V21 
RPD = ( ) x 100 

V1 + V2 /2 

where RPD = relative percent difference 

V1, V2 = two results obtained by analyzing duplicate samples 

Field duplicates for OJT/LSC soils and sediments were a single sample that was homogenized, split into 

two portions, and placed Into separate sample bottles. Each sample bottle was assigned a unique 

nomenclature so as to be blind to the laboratory. Field duplicates were collected dunng a single act of 

sampling and analyzed for chemical constituents to measure the precIsion of the sampling and analysIs 

program. Field duplicates were collected at a rate of no less than one duplicate per 10 enVIronmental 

samples. Eighteen field duplicates were collected for 110 surface/subsurface soil samples and 38 

sediment samples. Five field duplicates were collected for 16 ground water and 23 surface water 

samples. Therefore, the 10 percent frequency cntenon for field duplicates specified in the OJT /LSC 

OAPP (TtNUS, 2001 b) was achieved. The precision estimates encompass 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 
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analyzing duplicate laboratory samples Incorporate only homogenization, subsampling, preparation for 

analysIs, laboratory storage (If applicable), and analysis uncertainties. 

Laboratory precision QC samples (i.e., laboratory duplicates for inorganic chemicals and MSDs for 

organic chemicals) were scheduled to be analyzed at a rate of no fewer than one QC sample per 20 

environmental samples. This 5 percent rate, as specified In the OJT/LSC QAPP (TtNUS, 2001 b), was 

achieved for aqueous, soil, and sediment samples; SIX aqueous laboratory duplicates were analyzed per 

39 aqueous samples and eight sOil laboratory duplicates were analyzed per 148 soil and sediment 

samples. Laboratory preCision IS measured by comparing RPD values to precision control limits specified 

In the a'pplicable analytical SOPs. 

For this general data quality reView, the preciSion POints of reference of ±50 percent for solid matrices and 

±30 percent for aqueous matrices were employed for both field and laboratory duplicates to assess the 

degree of precIsion. An RPD value of zero percent indicates perfect repeatability; increasingly greater 

values represent increasingly greater degrees of Imprecision. 

Explosives in Soil and Sediment 

RPD values for the spiked compounds ranged from 0 percent to 94.1 percent across all spiked analytes 

In MS/MSD pairs. The compound HMX exhibited a Single occurrence of 94.1 RPD, whereas the 10 other 

RPD values were less than 8 percent, indicating generally good performance. 

The high RPD value for HMX is not indicative of the overall recovenes. It IS an indication that the HMX 

result for sample 03SD11 0006 may exhibit greater uncertainty than the other target analytes. However, 

the potential for a high degree of Imprecision IS very limited. 

Explosives in Ground Water and Surface Water 

RPD values for the spiked target compounds ranged from 0 percent to 30.8 percent across all spiked 

analytes in MS/MSD pairs; most values were less than 10 percent. These RPD values Indicate no 

unexpected uncertainty associated with the analYSIS of ground water and surface water. 

Volatiles in Soil and Sediment 

RPD values for the spiked target compounds ranged from 0 percent to 200 percent across all spiked 

analytes In the MS/MSD pairs. ASide from a Single value for acetone of 200 percent, the next greatest 

RPD was 93.6 percent. All other RPD values were less than 45 percent, indicating generally good 
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performance. The high RPD values were associated with acetone (200 percent In sample 

03SB241215MS) and methylene chloride (93.6 percent in sample 03SB241215MS). The high RPD 

values for acetone and methylene chloride are not Indicative of the overall recoveries. It is an indication 

that acetone and methylene chloride results for sample 03SB241215 and other samples analyzed with 

that sample exhibit greater uncertainty than the other target analytes. 

The field duplicates associated with samples 03SB280204 and 03SD050006 had high RPDs for 

1,1 ,1-tnchloroethane (167 percent) and acetone (74 percent). The high RPD value for 

1 ,1 ,1-tnchloroethane is because the results are near the laboratory detection limit and the uncertainty of 

the values IS therefore greater than would otherwise be expected. The high RPD value for 

1,1, 1-trlchloroethane is an indication that the 1,1, 1-tnchloroethane result for sample 03SD050006 exhibits 

greater uncertainty than the other target analytes. 

No unexpected uncertainty IS observed for volatiles In sOil or sediment except for the samples specified 

above. 

Volatiles in Ground Water and Surface Water 

No RPD values In the MS/MSD pairs were greater than 30 percent and most RPD values were less than 

10 percent. This kind of performance IS tYPical for water samples, which are relatively homogeneous by 

nature. Based on these results, no unexpected uncertainty IS observed for volatiles In aqueous samples. 

Semivolatiles in Soil and Sediment 

RPD values for the spiked target compounds ranged from 0 percent to 200 percent across all spiked 

analytes In the MS/MSD pairs. The greatest RPD values are all associated with 3,3'-dichlorobenzldine 

and 2,4-dlmethylphenol. The next greatest RPD value, excluding these two compounds, was 

108.9 percent for bls(2-ethylhexyl) phthalate In sample 03SB470206. Sample 03SB260610 had a high 

RPD for anthracene (71 percent). SOil can exhibit RPD values greater than 50 percent due to the lack of 

homogeneity present In most samples. With the number of analytes quantified In the number of samples 

collected, an occasional exceedance of an RPD crltenon IS not unexpected, although repeated 

exceedance of a criterion for a particular analyte Indicates a systematic Imprecision for the affected 

analyte. 

The high RPD values (and the low percent recoveries, discussed In Section 3.3.4) in the majority of 

• MS/MSD pairs for 3,3'-dichlorobenzidlne and 2,4-dlmethylphenol indicate that these compounds have 
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poor extraction efficiencies and exhibit greater uncertainty than the other target analytes In all solid 

samples. The high RPD value for anthracene in sample 03S8260610 and the associated field duplicate 

indicates uncertainty In the anthracene result for these samples and potentially In the anthracene results 

of other samples analyzed with sample 03S826061 O. The effects of the ImprecIsion are addressed In the 

risk assessment uncertainty sections of this report (Sections 7.6.1 and 8.6). 

Semivolatiles in Ground Water and Surface Water 

RPD values for the spiked target compounds ranged from 0 percent to 60 percent across all spiked 

analytes In three MS/MSD pairs. All the RPD values greater than 32 percent were associated With aCidic 

compounds except for a Single 60 percent RPD for hexachlorocyclopentadlene and a Single 34 percent 

RPD for hexachloroethane. 

The 34 percent RPD for hexachloroethane IS no cause for concern because It IS barely greater than 

30 percent and the two other RPD values for thiS compound were less than 5 percent. 

Hexachlorocyclopentadlene IS a special case. One of three RPD values is 60 percent and the other two 

values are disqualified because the percent recoveries used to compute the RPDs were reported as "-1." 

Hexachlorocyclopentadlene IS known to Yield a poor response, and it appears from the poor recoveries 

that thiS compound would not be detected consistently unless the sample concentration was greater than 

the spike concentration. Poor recoveries are discussed In Section 3.3.4. 

The high RPD values In the MS/MSD pairs for acid compounds Indicate that these compounds exhibit 

greater uncertainty than the other target analytes. 

Pesticide/PCB in Soil and Sediment 

The MS/MSD performed on sample 03SD1 00612 was not used for precIsion analYSIS because the MS 

extract was bOiled to dryness during the solvent evaporation extraction step. 

RPD values for the spiked target compounds ranged from 0.8 percent to 46.7 percent across all spiked 

analytes in the MS/MSD pairs. All the RPD values greater than 20 percent were associated With one 

MS/MSD pair. 

The MS/MSD performed on sample 03SS31 0002 had RPD values between 30 and 40 percent for most 

compounds. ThiS indicates that the results for sample 03SS31 0002 may exhibit greater uncertainty than 
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results from other samples, although the observed RPDs are within expectations for 5011 and sediment 

samples. 

Pesticide/PCB in Ground Water and Surface Water 

RPD values for the spiked target compounds ranged from 0 percent to 20 percent across all spiked 

analytes In the MS/MSD pairs. These RPD values Indicate no unexpected uncertainty associated with 

the analysIs of ground water and surface water. 

Herbicide in Soil and Sediment 

RPD values for the spiked target compounds ranged from 0 percent to 67 percent across all spiked 

analytes In the MS/MSD pairs The highest RPD values were associated with dinoseb (66.7 percent) and 

sllvex (55.4 percent) in sample 03SD11 0006; all other RPD values were less than 25 percent indicating 

generally good performance. SOils occasionally exhibit RPD values greater than 50 percent due to 

general lack of homogeneity, and occasional individual exceedances of 50 percent RPD for a particular 

analyte are not a concern . 

Based on these results, no unexpected uncertainty IS observed for herbicides in soil and sediment. 

Herbicide in Ground Water and Surface Water 

RPD values for the spiked target compounds ranged from 3.1 percent to 45.3 percent across all spiked 

analytes In the MS/MSD pairs. The single high RPD value (45.3 percent) was associated with dlnoseb; 

all other RPD values were less than 15 percent, indicating generally good performance. 

Based on these results, no unexpected uncertainty is observed for herbicides In ground water and 

surface water. 

Metals in Soil and Sediment 

All average RPDs were less than 50 percent for indiVidual metals across laboratory and field duplicates 

except for antimony (76.6 percent) and Silver (86.7 percent) In a laboratory duplicate and antimony 

(64.2 percent) and calCium (51.5 percent) in a field duplicate pair. Individual RPD values ranged from 

o percent to 162.9 percent across laboratory duplicates and 0 percent to 169.7 percent across field 

duplicates. The laboratory and field RPD values are comparable, indicating that the obser;ved data 

variability 15 a manifestation of sample heterogeneity on a relatively small scale (sub-samples ·of 
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approximately 1 gram are removed from each soil sample for analysIs). Although several individual RPD 

values indicate moderate uncertainty, the average RPD for individual metals IS less than 50 percent 

Indicating uncertainty typical of sOil samples. 

Metals in Ground Water and Surface Water 

All average RPDs were less than 30 percent for individual metals except for aluminum (35.1 percent) and 

zinc (35.7 percent) In a single pair of laboratory duplicates and chromium (60.3 percent), iron 

(31.5 percent), and ZinC (44.2 percent) In a single pair of field duplicates. Individual RPD values ranged 

from 0 percent to 150.7 percent In the laboratory duplicates and 0 percent to 191.4 percent in the field 

duplicates. 

Although there are two notable exceptions, the RPDs that showed the greatest variance occurred In 

samples that had results near the laboratory's detection limit where uncertainty Increases. Based on 

these results, no unexpected uncertainty IS generally observed for metals in aqueous samples. Two 

exceptions are chromium and nickel In sample 03GW01. The replicate chromium values were 2 Ilg/L and 

90.B Ilg/L. The replicate nickel values were 2.4 Ilg/L and 91.2 Ilg/L. Given that the large RPD values 

occurred only once out of five duplicate pairs for each of these metals, widespread Imprecision is not 

expected. Nevertheless, a potential for wide variations In the measurement of chromium and nickel 

concentrations In aqueous samples has been demonstrated and should be considered dUring data use. 

Dioxins in Soil and Sediment 

RPD values for the spiked target compounds ranged from 0.1 percent to 149.5 percent across all spiked 

analytes In the Single M8/M8D performed on sample 0388310002 and from 0 percent to 12 percent 

across all spiked analytes In the laboratory control sample/laboratory control sample duplicate 

(LC8/LC8D). The greatest RPD value in the M8/M8D IS associated With 1,2,3,4,6,7,B,9-0CDD. No other 

RPD values exceed 21 percent In that sample. 

These RPD values Indicate no unexpected uncertainty associated with the diOXin results, with the 

possible exception of 1,2,3,4,6,7,B,9-0CDD In sample 0388310002 and potentially In other samples 

analyzed with that sample. 

Dioxins in Ground Water and Surface Water 

DIOXinS were not analyzed in the ground water or surface water samples and are not discussed in thiS 

data quality review. 
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Perchlorate - Perchlorate was not detected In any field duplicate samples so precision could not be 

evaluated. 

Toe - RPD values for the spikes ranged from 5.0 percent to 13.7 percent in the MS/MSDs. Field 

duplicate RPD values for TOe (four results) ranged from 5.8 percent to 26.7 percent. 

Based on these results, no unexpected uncertainty IS observed for the TOe analyses. 

Nitrate/nitnte - Field duplicate RPD values for nitrate (17 values) ranged from 0 percent to 76.5 percent, 

Indicating generally good performance. Three RPD values greater than 50 percent occurred in the nitrate 

analyses for the follOWing samples: 03SS430002 (61.2 percent), 03SD050006 (66.7 percent), and 

03SB191215 (76.5 percent). 

Overall, no unexpected uncertainty IS observed for the nitrate/nitrite analyses, with the exception of the 

• nitrate results for samples 03SS430002, 03SD050006, and 03SB191215. 

• 

pH - pH IS a loganthmic measurement and RPD, which IS a linear measure of preCision, was not 

assessed. 

Miscellaneous Parameters in Ground Water and Surface Water 

Perchlorate - Perchlorate was not detected in any field duplicate samples so ImpreCISion could not be 

determined. 

Nitrate/nitrite - The RPD value for the MS/MSD associated with the nitrite analyses was 1.1 percent, 

indicating no unexpected uncertainty In aqueous nitrate/nltnte data. 

TSS - Field duplicate RPD values (two results) ranged from 13.3 percent to 148.7 percent. The 

148.7 RPD IS based on values of 5 mg/L and 34 mg/L. The other field duplicate values were 8 mg/L and 

7 mg/L. The 34 mg/L value Indicates a potential for Widely varying suspended solids content of surface 

water samples and IS consistent with the vanability In TSS values observed across the site (2 mg/L to 

100 mg/L) . 
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pH - pH IS a logarithmic measurement and RPD, which is a linear measure of precIsion, was not 

assessed. 

3.3.4 Accuracy 

Accuracy IS the degree of agreement between an observed value and an accepted reference value. 

Accuracy measurements are designed to detect biases resulting from sample handling and analysis. 

This parameter IS assessed by measuring spiked samples (e.g., MSs) or well-characterized samples of 

certified analyte concentrations (e.g., LCSs) and by measuring blanks. 

Accuracy requirements for field measurements are typically ensured through control over the sample 

collection and handling and through routine Instrument calibration. Field accuracies were monitored 

through the use of blanks to detect cross-contamination and by monitoring adherence to procedures that 

prevent sample contamination or degradation. Source blanks were collected from analyte-free water and 

potable water sources to assess the water sources used to decontaminate sampling equipment. 

EqUipment rlnsate blanks were collected for thiS Investigation to assess cross-contamination via sample 

collection equipment. These blanks were obtained under representative field conditions by collecting the 

rinse water generated by running analyte-free water through sample collection equipment after 

decontamination and before use. Rlnsate blanks were obtained for each type of sampling eqUipment for 

each day that the sampling equipment was decontaminated. Where pre-cleaned, dedicated sampling 

equipment was used, one rlnsate blank was collected as a "batch blank." Rlnsate blanks were analyzed 

for the same chemical constituents as the associated environmental samples. Qualification of data due to 

laboratory blank contamination was limited mostly to the common laboratory contaminants (I.e., acetone, 

methylene chlOride, bls(2-ethylhexyl) phthalate, etc.}. Although common laboratory contaminants were 

detected at low levels sporadically throughout the OJT ILSC no significant bias IS anticipated from blank 

contamination. Tables 3-5 and 3-6 present the sOil and aqueous qualification rates for all the data 

qualified, including data qualified due to laboratory or field blank contamination. 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 was also assessed by 

mOnitoring the analytical recovery of select surrogate compounds added to samples that are analyzed by 

organic chromatographic methods. LCSs were used to assess the accuracy of laboratory operations with 

minimal sample matrix effects. MS and surrogate compound analyses measure the combined accuracy 

• 

• 

effects of the sample matrix, sample preparation, and sample measurement. Spiking concentrations • 
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equaled or approximated the default concentrations detailed in the applicable sample preparation or 

analysIs SOPs. LCS and MS analyses were performed at a frequency of one per 20 associated samples 

of like matrix, as required by the OJT/LSC QAPP (TtNUS, 2001 b). Laboratory accuracy was assessed by 

companng calculated percent recovenes to accuracy control limits specified in the applicable laboratory 

SOP. 

Percent recovery is calculated uSing the following equation: 

where %R 

Ss 

So 

S 

= 
= 

= 
= 

%R = Ss - So x 100 
S 

percent recovery 

result of spiked sample 

result of non-spiked sample 

concentration of spiked amount. 

In general, a percent recovery range of 75 percent to 125 percent defines the accuracy objective for the 

analytical data It should be noted, however, that the analytical laboratory establishes analyte-specific 

percent recovenes when evaluating performance. 

Surrogate data for these samples were not Included In the laboratory electronic deliverable and were not 

assessed In the data quality review; however, the surrogate results were contained In the data hard 

copies used In the data validation process Data were stili validated with regard to surrogate recovenes, 

and those qualifications are depicted along with qualifications for MS and LCS recoveries in Appendix E. 

Consistent with Industry standards, the bias indicator analyses are reported in terms of percent recovery. 

Absence of bias is represented as a recovery of 100 percent. Mean recovery values less than 

100 percent indicate a low bias, and recovery values greater than 100 percent indicate a high bias. 

Because measurement uncertainty eXists In all bias estimates, a bias IS not considered to be significant 

unless It falls outside the range of 100% ± 25%. The more extreme the bias value, the more significant 

the bias. When evaluating biases greater weight IS given to matnx spike recovenes than LCS recovenes 

because matnx spikes reflect the actual sample matnx . 
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The mean explosives target compound recoveries in sOil and sediment LCS, MS, and MSD samples were 

generally acceptable. LCS recoveries ranged from 86.5 percent to 118.4 percent, and MS/MSD target 

compound recoveries ranged from 95.2 percent to 125.4 percent, with the exception of nitrocellulose. 

The mean nitrocellulose recovery In LCS samples was 24.9 percent and in matrix spike samples it was 

75.5 percent. The mean LCS and MS recoveries for nitrocellulose are low but within the laboratory-stated 

quality control limits. 

Excluding nitrocellulose, no significant bias IS anticipated for explosives In sOil or sediment samples. 

Nitrocellulose results appear to exhibit a slight to moderate low bias. 

Explosives in Ground water and Surface Water 

The mean explosives target compound recoveries in ground water and surface water LCS, MS, and MSD 

samples were acceptable. LCS target analyte recoveries ranged from 83.8 percent to 100.7 percent and 

MS/MSD target analyte recoveries ranged from 65.0 percent to 102.7 percent. 

Based on these results, no significant bias IS anticipated for explosives In ground water or surface water 

samples. 

Volatiles in Soil and Sediment 

The mean volatiles target compound recoveries In sOil and sediment LCS, MS, and MSD samples were 

generally acceptable. LCS target analyte recoveries ranged from 71.6 percent to 90.8 percent, and 

MS/MSD target analyte recoveries ranged from 60.5 percent to 118.8 percent, with the exception of 

methylene chloride. The mean methylene chlonde recovenes ranged from 40.3 percent to 44.8 percent 

in MS/MSD samples, respectively. The mean MS/MSD recoveries indicate a moderately low bias for 

methylene chlonde. Acetone had zero percent recovery In three of 12 matrix spikes. The low recoveries 

are attributed to contamination In the laboratory method blanks, WhiCh, in the cases of the three matrix 

spikes with 0 percent recovery, were at concentrations comparable to the spike amount. Due to the 

concentration of the laboratory method blank contamination, all acetone results are considered to be 

suspect and potentially less than reported. Otherwise, for the remaining VOCs there could be a slight low 

bias. 
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The mean volatiles target compound recoveries In ground water and surface water LCS, MS, and MSD 

samples were acceptable. LCS target analyte recoveries ranged from 82.6 percent to 105.6 percent, and 

MS/MSD target analyte recoveries ranged from 72.7 percent to 123.7 percent. 

Based on these results, no significant bias IS anticipated for volatiles in ground water or surface water 

samples. 

Semivolatiles in Soil and Sediment 

The mean semlvolatlles target compound recoveries in soil and sediment LCS, MS, and MSD samples 

were moderately low and typical for thiS class of compounds. LCS target analyte recoveries ranged from 

43.9 percent to 57.2 percent, and MS/MSD target analyte recoveries ranged from 7.3 percent to 

68.6 percent. 

The following mean recovery values for MS/MSD samples show the poorest performing compounds: 

MS MSD 

2,4-Dlmethylphenol 9.3% 7.3% 

2,4-Dlnttrophenol 39.3% 38.3% 

2-Methylphenol 32.0% 32.7% 

3&4-Methylphenol 31.3% 29.0% 

3-Nltroanlline 33.0% 32.0% 

4-Nltroantline 37.0% 34.7% 

4-Chloroantline 26.7% 25.3% 

3,3' -Dlchlorobenzldlne 8.3% 7.4% 

Hexachlorocyclopentadiene 23.0% 23.9% 

N-nltrosodlphenylamlne 13.0% 14.3% 

These compounds generally exhibit a moderate low bias, with 2,4-dlmethylphenol, 3,3'-dlchlorobenzidine, 

and N-nltrosodiphenylamlne Indicating a severe low bias. 

The mean polynuclear aromatic hydrocarbon target compound recoveries In SOil and sediment LCS, MS, 

and MSD samples were slightly low. LCS target analyte recoveries ranged from 65.7 percent to 

83.4 percent, and MS/MSD target analyte recoveries ranged from 56.5 percent to 83.3 percent. 
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A slight to moderately low bias eXists for semlvolatiles in general, with a severe low bias for 

2,4-dlmethylphenol, 3,3'-dlchlorobenzldlne, and N-nltrosodlphenylamine In sOil and sediment samples. 

Semivolatiles in Ground Water and Surface Water 

The mean semlvolatlles target compound recovenes In ground water and surface water LCS, MS, and 

MSD samples were moderately low, with one occurrence of an extremely low bias. Moderate low biases 

with occasional extreme low biases are typical with this class of compounds. LCS target analyte 

recovenes ranged from 33.0 percent to 69.4 percent, and MS/MSD target analyte recoveries ranged from 

1.7 percent to 78.0 percent. 

The follOWing mean recovery values for MS/MSD samples show the poorest performing compounds: 

MS MSD 

1,2,4-Tnchlorobenzene 37.0% 39.7% 

1,2-Dlchlorobenzene 33.7% 36.0% 

1.3-Dlchlorobenzene 28.7% 31.7% 

1,4-Dlchlorobenzene 29.0% 33.0% 

2,4-Dlmtrophenol 32.7% 39.0% 

3,3'-Dlchlorobenzldlne 33.0% 32.3% 

Hexachlorobutadlene 31.7% 31.0% 

Hexachlorocyclopentadlene 1.7% 3.7% 

Hexachloroehtane 24.7% 27.3% 

N-nltrosodlphenylamine 32.3% 31.7% 

These compounds exhibit a moderate low bias, with hexachlorocyclopentadlene Indicating an extreme 

low bias. 

The mean polynuclear aromatic hydrocarbon target compound recoveries In ground water and surface 

water LCS, MS, and MSD samples were slightly low. LCS target analyte recovenes ranged from 

49.1 percent to 86.6 percent, and MS/MSD target analyte recoveries ranged from 39.3 percent to 

84.7 percent. 

A slight to moderately low bias eXists for semlvolatiles In general, with a severe low bias for 

1,2,4-trichlorobenzene, 1 ,2-dlchlorobenzene, 1,3-dichlorobenzene, 1,4-dlchlorobenzene, 

2,4-dlmtrophenol, 3,3' -dlchlorobenzldlene, hexachlorobutadlene, hexachloroethane, and 

N-mtrosodlphenylamlne and an extremely low bias for hexachlorocyclopentadlene. 
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The mean pesticide/PCB target compound recoveries in ground water and surface water LCS, MS, and 

MSD samples were acceptable. LCS target analyte recoveries ranged from 92.8 percent to 

100.4 percent, and MS/MSD target analyte recoveries ranged from 49.8 percent to 116.8 percent. 

Based on these results, a slightly low bias IS anticipated for pesticide/PCB In soil or sediment samples. 

Pesticide/PCB in Ground Water and Surface Water 

The mean pesticide/PCB target compound recoveries In soil and sediment LCS, MS, and MSD samples 

were generally acceptable. LCS target analyte recoveries ranged from 46.7 percent to 95.7 percent, and 

MS/MSD target analyte recoveries ranged from 90 percent to 124.5 percent. 

Based on these results, no significant bias IS anticipated for pesticide/PCB In ground water or surface 

water samples . 

Herbicide in Soil and Sediment 

The mean herbicide target compound recovenes In sOil and sediment LCS, MS, and MSD samples were 

low to moderately low. LCS recovenes ranged from 76.8 percent to 97.3 percent, and MS/MSD target 

compound recoveries ranged from 13.8 percent to 59.3 percent. The LCS recovenes were acceptable in 

all cases, but the MS/MSDs were low in all cases. ThiS could be an indicator of a difficult sample matnx 

as opposed to laboratory problems. 

Based on these results, the herbicide analyses exhibit a severe to moderately low bias for soil and 

sediment samples. 

Herbicide in Ground Water and Surface Water 

The mean herbicides target compound recoveries In sOil and sediment LCS, MS, and MSD samples were 

generally acceptable with a slightly low bias In select cases. LCS recoveries ranged from 56.7 percent to 

124.7 percent, and MS/MSD target compound recovenes ranged from 39.0 percent to 102.0 percent. 

The mean MS/MSD recoveries for dlnoseb (48.5 percent and 39.0 percent), hexachlorophene 

(46.0 percent and 47.0 percent), and pentachlorophenol (45.5 percent and 47.0 percent) exhibit a 

moderately low bias. 
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Overall, a slight to moderate low bias is anticipated for herbicides In sOil and sediment samples. 

Metals in Soil and Sediment 

One or more of the matnx spike percent recoveries was not included In the mean matrix spike percent 

recovery calculation because the spike amount was not appropriate for the spiked sample concentration 

for the following metals: aluminum, arseniC, calcium, iron, lead, magnesium, manganese, nickel, and 

potassium. The inappropriateness of the spiking level IS a consequence of the relatively high native 

analyte concentration in the sample and is not a laboratory deficiency. 

Excluding the Inappropnate spikes, the mean metals percent recovenes In sOil and sediment LCS and MS 

samples were within the acceptable range. LCS recoveries ranged from 90.8 percent to 105.6 percent, 

and MS recoveries ranged from 77.2 percent to 105.8 percent. 

Based on these results, no Significant bias IS anticipated for metals in sOil or sediment samples. 

Metals in Ground Water and Surface Water 

The mean LCS and MS percent recovenes for total metals were within the acceptable ranges across all 

ground waters and surface water sample delivery groups (SDGs) except for tin. The tin mean LCS 

percent recovery was 72.7 percent. This recovery IS barely outSide the expected recovery limits of 

100 percent ±25 percent so no adverse Impact to data usability IS expected. 

The mean filtered metals percent recoveries In ground water and surface water MS samples were within 

the acceptable range. MS recoveries ranged from 83.7 percent to 113.2 percent. 

Based on these results, no Significant bias is anticipated for metals In ground water or surface water 

samples. 

Dioxins in Soil and Sediment 

The mean dioxin target compound recovenes in sOil and sediment LCS, LCSD, MS, and MSD samples 

were generally acceptable. LCS/LCSD target analyte recoveries ranged from 91.0 percent to 

112.5 percent, and MS/MSD target analyte recoveries ranged from 83.9 percent to 110 percent, with the 

exception of 1,2,3,4,6,7,8,9-0CDD. The 1,2,3,4,6,7,8,9-0CDD recoveries were 19.2 percent and 

, 
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133 percent In the MS/MSD sample, respectively. Only one MS/MSD pair was analyzed and no 

directional bias can be obtained from the recovery range. 

Based on the LCS/LCSD results, no significant bias IS anticipated for dioxin In soil or sediment samples. 

Based on the MS/MSD results, an unexpectedly high degree of imprecIsion IS anticipated but no 

significant net bias. 

Dioxins in Ground Water and Surface Water 

DIoxins were not analyzed In the ground water or surface water samples and are not discussed in this 

data quality review. 

Miscellaneous Parameters in Soil and Sediment 

Perchlorate - The mean perchlorate percent recoveries In soil and sediment LCS and MS samples were 

within the 75 percent to 125 percent range, indicating no signl!lcant bias In the perchlorate analyses. 

TOC - The mean TOC percent recoveries In soil and sediment LCS and MS/MSD samples were within 

the 75 percent to 125 percent range, Indicating no significant bias In the TOC analyses. 

Nitrate/nitrite - The mean nitrite percent recoveries In sOil and sediment MS samples for nitrite analyses 

was 46.5 percent, below the 75 percent to 125 percent range, Indicating a moderately low bias. The 

nitrate and the nitrate + nitrite analysIs percent recoveries were within the 75 percent to 125 percent 

range. 

Based on these results, a moderately low bias eXists for the mtnte analyses. 

pH - Bias Indicators are not analyzed. 

Miscellaneous Parameters in Ground Water and Surface Water 

Perchlorate - The mean perchlorate percent recoveries In ground water and surface water LCS and MS 

samples were within the 75 percent to 125 percent range, Indicating no significant bias in the perchlorate 

analyses. 

TSS - Bias indicators are not analyzed . 
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Nltrate/nitnte - The mean nltnte percent recoveries In ground water and surface water MS samples was 

46.5 percent, below the 75 percent to 125 percent range. indicating a moderately low bias. The nitrate 

percent recovenes were within the 75 percent to 125 percent range. 

Based on these results, a moderately low bias eXists for the nitrite analyses. 

pH - Bias Indicators are not analyzed. 

3.3.5 Comparability 

Comparability IS defined as the confidence With which one data set can be compared With another (e.g., 

among sampling pOints; among sampling events). Comparability was achieved by usmg standardized 

sampling and analYSIS methods, as well as data reportmg formats. Comparability of laboratory 

measurements was achieved primarily through the use and documentation of standard sampling and 

analytical methods. Results were reported In units that ensure comparability With previous data and with 

current state and federal standards and gUidelines. Comparability of field data was ensured by following the 

OJT/LSC (FSP) and the associated SOPs. Comparability of laboratory measurements was assessed 

primarily through the use of spike recoveries and RPD values and through adherence to the laboratory 

quality assurance plan No comparability problems were detected. The prevIous sections of this report 

provide data quality summaries that may be used to assess future comparability. 

Laboratory data were generated uSing methodologies specified in the OJT/LSC QAPP (TtNUS, 2001 b). 

All data qualified in the data validation process are located in Tables 3-5 and 3-6. These tables use 

qualification codes to indicate the reasons certain parameters have been qualified. An explanation of the 

qualification codes accompanies the tables. 

3.3.6 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 (work 

plan, field and laboratory SOPs) and the use of standardized sampling, handling, analytical, and reportmg 

procedures were designed so that the final data are accurate representations of actual site conditions. 

Data were collected from the speCified locations usmg sampling, handling, analytical, and reporting 

procedures, as specified in the OJT/LSC QAPP (TtNUS, 2001 b). Therefore, no data representativeness 
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concerns have been raised, and the data are sUitable for use as part of the monitoring program. 

Consideration should be given to precision and bias concerns identified In Sections 3.3.3 and 3.3.4. 

3.4 STATISTICAL METHODOLOGY AND RESULTS OF STATISTICAL ANALYSES 

Data from this investigation were subjected to statistical analyses to determine whether the 

concentrations at the sites represented by the sampling are similar to background/upgradient 

concentrations. Tables summariZing these statistical results are in Appendix F. Contrary to Section 

1.4.2.2 of the QAPP, duplicate sample results were not averaged per past agreements with U.S. EPA 

Region 5 to use duplicate samples as QC samples only. The QAPP IS in error. This was corrected In 

Section 1.5.1 of the QAPP. 

3.4.1 Outlier Analysis 

After data validation, the data sets for this investigation were compiled based on similarities of factors 

such as environmental matrix and geographical location In order to yield data sets representing 

distinguishable populations of environmental media and time frames. The data sets were then analyzed 

for statistical outliers Outliers are extreme high or low measurements that are very different from the 

main pool of data Because outliers may confound the statistical analyses, they are sought out with the 

Intention of expunging them from the data set. Detected outliers were scrutinized for non-statistical 

causes such as transcription errors, errors In sampling technique, and analysIs errors. If a verifiable and 

correctable cause was Identified, the affected data were corrected. If a non-statistical cause for an outlier 

could not be found, the outlier was retained In its data set. All data outliers detected for this project either 

could not be verified to be the r~sult of a non-statistical error or they were reporting errors that were 

corrected. 

To conduct the outlier testing, the discordance test for outliers was performed, as recommended in the 

GUidance for EnVironmental Background AnalysIs - Volume I: Soil (NAVFAC, 2002). This process is 

described below. 

1. Let x(1), x(2), ... , x(n) be the n measurements In the dataset after they have been listed in order 

from smallest to largest. The parenthetical values indicate the measurements are ordered from 

smallest to largest. 

2. x(n) (the largest measurement) IS suspected of being an outlier . 
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Specify the tolerable decISion error rate, a (or significance level), desired for the test. a may only 

be set to 0.01 or 0.05 for the Discordance test. A value of 0.05 was chosen as a tolerable 

decision error rate. This represents a 5% probability or less of classifYing a result as an outlier 

when it IS not an outlier. 

4. Compute the sample arithmetiC mean, x, and the sample standard deviation, s. 

5. Compute D = [xn-x]/s 

If D exceeds the Critical value for the specified n and a, then declare that xn IS a statistical outlier and 

should be Investigated further. 

3.4.2 BaCkground Comparisons for Soil 

Soil samples for thiS investigation were classified according to the SOil types defined in the NSWC Crane 

Basewlde SOil Background Study (TtNUS, 2001 a). Each soil type is defined by the characteristics of soil 

parent matenal (depOSitional enVIronment), depth (surface or subsurface), and dominant grain size (sand, 

Silt, or clay). The SOil types were gathered Into soil groups that reflect different clasSifications of soil 

throughout NSWC Crane There are nine different background soil groups; however, only three SOil types 

were found Within OJT/LSC: SOil Group 3 - Alluvial, MIssissippian, and Pennsylvanian surface SOil; Soil 

Group 6 - MISSIssIppian Silt subsurface SOil; and Soli Group 7 - MiSSISSIppian clay subsurface SOIl. Metal 

concentrations In each soil group sampled at the OJT/LSC 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 analyzed for metals of the corresponding 

SOil group. The outcome of each comparison was a statistical determination of each metal at the 

OJT ILSC as being elevated or not elevated relative to background concentrations. Summary statistics for 

chemicals In background SOils are presented In Appendix F for each of the three SOil groups found at 

SWMU 03 and for all SOils combined (Tables F-9 through F-12). A list of SWMU 03 SOil samples and 

associated SOil groups IS also presented In AppendiX F (Table F-13). 

It was assumed that the concentrations of all organic compounds are zero In each of the background soil 

groups. Therefore, the detections of organic compounds at OJT/LSC are considered to be site related 

unless data indicate that they are contaminants (e.g., laboratory contaminated) from non-slte-related 

sources. 
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The analysIs of variance (ANOVA) technique IS generally the basic approach used to compare data from 

background (upgradlent or upstream) and site locations. The ANOVA technique IS used to test whether 

there IS statistically significant evidence of contamination associated with site activities. 

There are two types of ANOVA: parametric and non-parametric. Parametric ANOVA methods make two 

Important assumptions: The data residuals are normally (or log normally) distributed, and the group 

variances are homogeneous. If these assumptions are not met, the parametric ANOVA is a less powerful 

test than the non-parametric ANOV A and, typically, the assumptions are not met for a majority of the data 

sets. The parametric ANOVA IS only marginally more powerful than the non-parametric ANOVA even 

when these assumptions are met. For these reasons, a non-parametric ANOVA technique was chosen to 

compare site and background concentrations. 

The Wilcoxon Rank-Sum (WRS) test (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 WRS test. 

The null hypothesIs (HO) that IS tested IS 

. Ho The site concentratIOn IS NOT statistically higher than the background concentratIOn. 

The alternate hypothesIs (HA) IS 

HA The site concentration IS statistically higher than the background concentration. 

If Ho IS rejected, then HA IS accepted. If Ho IS not rejected. the data set IS consistent with the Ho 

hypothesIs. 

• 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: 

n 1 
W = IEI--n(n+1) 

1=1 2 
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where E, 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 distnbutlon IS used. The expected value and standard deViation (SO) of W under the null 

hypothesis (I.e., no contamination exists) are given by the formulas: 

1 
E(W)==-mn; 

2 

1 
SO(W) == 12mn(N + 1) 

An approximate Z-score for the WRS test may be calculated by the following equations 

W -E(W)-J. 
Z== 2 

SO(W) 

The factor of 1/2 In the numerator serves as a continuity correction because the discrete distnbutlon 

of the statistic W IS being approximated by the continuous normal distnbutlon. If n or m is greater 

than 10 and ties are present, an adjustment to the approximate Z-score must be made: 

where: SO' (W)== 

g == 

1 
W -E(W)--

2 
ZRS== SO'(W) 

1 

[ f 
ftl(t~--1)j]2 _m_n N+1-..:...I=_1 __ _ 

12 N(N-1) 

the number of tied groups and tj is the number of tied data in the jth 

group. 

• Step 4. Reject Ho when ZADJUSTEO > + 1.645, which corresponds to the 95th percentile of the normal 

dlstnbution. 
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Wells from the most recent sampling effort were scrutinized for relationship of the wells to the ground 

water flow direction uSing potentiometric surface contour maps. The upgradlent well 03GW160 was 

selected to represent chemical concentrations unaffected by OJT ILSC operations because it is 

Immediately upgradlent of the OJT/LSC. Analytical data for the sample collected from this well were used 

as a pOint of reference to determine whether OJT I.LSC ground water has been affected by site 

operations. 

Because there was only one concentration for each parameter for thiS well, no rigorous statistical 

comparison of site conditions to upgradlent or down gradient concentrations could be performed. Instead, 

indiVidual downgradlent concentrations were compared to the lone upgradient concentration. If the 

downgradlent concentration was greater than the upgradlent concentration, the alternate hypothesis, that 

the site concentration IS statistically greater than the upgradient concentration, was accepted. If the 

downgradlent concentration was less than or equal to the upgradient concentration, the null hypothesis, 

that the site concentration IS not statistically greater than the upgradlent concentration, was accepted . 

3.4.4 Upstream Comparisons for Surface Water 

Locations from the most recent sampling effort were examined to determine which surface water locations 

were upstream of the OJT/LSC. The three upstream locations chosen for surface water were 03SW01, 

03SW02, and 03SW03 

A fourth surface water sample at sampling location 03SW/S004 was planned, but no water was present 

at the time of sampling. 

Surface water results were compared to background results uSing the WRS test described In Section 

3.4.2. 

3.4.5 Upstream Comparisons for Sediment 

Locations from the most recent sampling effort were examined to determine which sediment locations 

were upstream of the OJT/LSC. The four upgradlent locations chosen for sediment were 03S001, 

03SD02,03SD03,and03S004 

Sediment results were compared to upgradlent results uSing the WRS test outlined In Section 3.4.2 . 
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Additional Scrutiny of Background and UpstreamlUpgradient Comparisons 

In some cases where the WRS test showed that site chemical concentrations were not statistically greater 

than background concentrations, the site concentrations appeared to be incongruous with the background 

concentrations. In an effort not to Ignore any chemicals whose concentrations truly exceed background 

levels, further investigation was undertaken In those cases. 

Probability plots were created uSing both site and background concentrations. Figures 3-1 and 3-2 are 

examples of the plots that were made. In such plots, if the data sets being compared come from a 

statistically similar population, then the plotted POints should approximate a straight line. Furthermore, 

the ranges of site and background concentrations should be comparable, especially when the data sets 

contain many data values. If the data sets derive from dissimilar populations, the plots Will exhibit an 

inflection pOint or break pOint and the values In one data set will tend to be greater than the values of the 

other data set. The prominence of an Inflection pOint depends on the degree of dissimilarity between the 

data sets, With very diSSimilar data sets, Yielding a very pronounced inflection. The probability plot In 

Figure 3-1 shows data for mercury In surface SOIL ThiS plot supports the theory that two distinct 

populations exist. A Significant inflection pOint occurs near 0.03 mg/kg. All background concentrations 

fall into the lowest 25 percent of the concentration range. The linear regression line for all the data IS 

represented by a dashed line, and the best-fit linear regression line for the two indiVidual populations is 

represented by solid lines. The result of the WRS test was rejected; mercury in surface SOil was 

conSidered to have site concentrations greater than background levels. The probability plot in Figure.3-2 

shows data for ZinC In low flow surface water. This plot supports a one-population theory. Background 

concentrations fall In both ends of the concentration range. All POints fall along the best-fit linear 

regression line for all the data, which are represented by a solid line. The result of the WRS test was 

accepted; mercury In surface SOil was conSidered to have site concentrations Similar to background 

levels. 

All of ~he plots were Inspected and profeSSional judgment was used to determine whether site results 

displayed Significant Inflection POints and whether differences between site and background 

concentrations were Significant If the background and site data were judged to be significantly different, 

the result of the WRS test was rejected and the parameter being Investigated was conSidered to have site 

concentrations greater than background levels. The parameters that were evaluated In thiS manner are 

represented in Table 3-7. 
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TABLE 3-1 

SAMPLES COLLECTED VERSUS SAMPLES PROPOSED 
SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

Soil(l,2) SD(l) GW SW(4) 

Analytical Fraction (collected! (collected! (collected! (collected! 
proposed) 

Explosives 110/116 
Volatiles 40/45 
Semivolatiles 107/113 
Pesticide/PCB 5/5 
Herbicide 5/5 
Dioxins 13/13 
Metals 69/75 
Metals (F) NA 
Perchorate 110/116 
TOC 
N itrate/N itrite 
TSS 
pH 

TOC - Total organic carbon. 
TSS - Total suspended solids. 
SS - Surface sOil samples. 
S8 - Soil bonng samples. 
SO - Sediment samples. 
GW - Ground water samples. 
SW - Surface water samples. 

NA 
NA 
NA 
NA 

proposed) proposed) proposed) 

38/38 16/16 23/30 
38/38 16/16 23/30 
38/38 16/16 23/30 
38/38 NA 23/30 
38/38 NA 23/30 

NA NA NA 
38/38 16/16 23/30 

NA 1/1 (3) 23/30 
38/38 16/16 23/30 
38/38 NA NA 
38/38 16/16 23/30 

NA NA 23/30 
38/38 NA NA 

1 - All samples analyzed for 40 Code of Federal Regulations Part 264 Appendix IX 
organics and U.S. EPA Target Analyte List + tin for metals. 

2 - MiSSing samples were due to encountenng refusual at SIX soil bonng locations 
(03-88-09, 03-88-18, 03-88-23, 03-S8-25, 03-S8-26, and 03-S8-28). 

3 - Sample required filtered metals analyses due to high turbidity. 
4 - Seven out of 30 sample locations were dry . 



Analytical Fraction Total Data Points 
DIOXin 375 
Explosive 2,805 
Herbicide 288 
Metals 2,856 
Nitrite 166 
Nitrate 166 
Nitrate/nitrite 166 
Semlvolatlle 14,647 
Volatile 4,784 
Pesticide/PCB 1,344 
Perchlorate 166 
TSS NA 
TOC 42 
IpH 42 

NA - Not applicable . 

• 

TABLE 3-2 

PERCENT COMPLETENESS FOR ANALYTICAL FRACTIONS 
SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

Soil and Sediment Ground water and Surface water 
Rejected Data Points % Completeness Total Data Points Rejected Data Points % Completeness 

0 100% 150 0 100% 
3 99.9% 918 2 99.8% 

28 90.3% 162 11 93.2% 
0 100% 1,944 0 100% 

45 72.9% 8 0 100% 
0 100% 8 0 100% 
0 100% 8 0 100% 

367 97.5% 4,860 128 97.4% 
168 96.5% 3,300 156 95.3% 

3 99.8% 740 0 100% 
0 100% 54 0 100% 

NA NA 26 0 100% 
0 100% NA NA NA 
0 100% NA NA NA 

---

• • 
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SAMPLE 10 

03GW0701 

03GW0701-D 

03GW1001 

03GW1101 

03GW1201 • 
03GW1201-D 

03GW1301 

03GW1401 

03GW1501 

03GW1601 

• 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 22 

PARAMETER BASIS OF REJECTION 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
NITROBENZENE %0 between columns> 100% 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
METHYL IODIDE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-'oXIDE ,Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
2-AMINO-4,6-DINITROTOLUENE %0 between columns> 100% 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
HEXACHLOROCYCLOPENT ADIENE MS/MSD noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompJlance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
METHYL IODIDE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration and hold time noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration and hold time noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration and hold time noncompliance 
METHYL IODIDE Calibration noncompliance 



SAMPLE 10 
03GW1701 

03GW1801 

03GW2001 

03GW2101 

03GW2201 

03GW2301 

03GW2401 

03GW2501 

038B020206 

038B020610 

038B040206 

038B040610 

038B04061 0-0 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncoml)ilance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncomj>liance 
KEPONE Calibration noncomj>llance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
METHYL IODIDE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
METHYL IODIDE Calibration noncomj)lIance 
1,4-PHENYLENEDIAMINE Calibration noncom_!:>Hance 
ACROLEIN Calibration noncom~lIance 
KEPONE Calibration noncom211ance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom~lIance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncomj>llance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomj>liance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncomj>liance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomj>llance 
KEPONE Calibration noncomj>llance 

• 

• 

• 



• 
SAMPLE 10 

0388050206 

0388050610 

0388060206 

0388060610 

0388070206 

0388070610 • 0388080206 

0388080206-D 

0388080610 

0388090204 

0388100206 

0388100610 

0388100610-D 

0388110206 

0388110610 

0388130206 

0388130610 

• 0388140206 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 3 OF22 

PARAMETER BASIS OF REJECTION 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
2,4-DIMETHYLPHENOL Calibration noncompliance 
3,3'-DICHLOR08ENZIDINE M8/M8D noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
818(2-ETHYLHEXYL)PHTHALATE M8/M8D noncompliance 
DI-N-8UTYL PHTHALATE M8/M8D noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncom211ance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom211ance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE M8/M8D noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom2llance 
KEPONE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 



SAMPLE 10 
03S8140610 

03S8150206 

03S8150206-D 

03S8150610 

03S8160206 

03S8160610 

03S8170406 

03S8171214 

03S8180204 

03S8190204 

03S8191215 

03S8191215-0 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 4 OF 22 

PARAMETER BASIS OF REJECTION 
Ol-N-OCTYL PHTHALATE Calibration noncomQliance 
KEPONE Calibration noncom~lance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSO noncomQllance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompJiance 
KEPONE Calibration noncompliance 
NITRITE MS/MSO noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom~lance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom~lIance 
KEPONE Calibration noncom_(Jhance 
NITRITE MS/MSO noncom2liance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration 'noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomQliance 
ACROLEIN Calibration noncom~lance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncomQliance 
ACRYLONITRILE Calibration noncom~lance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration and surrogate noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncom~lance 
ACROLEIN Calibration noncompJiance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 

• 

• 

• 
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SAMPLE 10 

03S8200810 

03S8200810-D 

03S8201215 

03S8211012 

• 
03S8211215 

03S8220204 

03S8221215 

03S8230610 

03S8240406 

• 

, ' 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-N ITROQUI NOLI N E-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
HMX %D between columns> 100% 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
HMX %D between columns> 100% 
KEPONE Calibration noncompliance 



SAMPLE 10 
0358241215 

0358250608 

0358260610 

0358260610-D 

0358270206 

0358270607 

0358280204 

035B280204-D 

0358340206 

0358340610 

0358360206 

0358360610 

0358390206 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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PARAMETER BASIS OF REJECTION 
4-NITROQUINOLlNE-1-0XIDE CalibratIon noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLON ITRILE CalibratIon noncompliance 
KEPONE Calibration noncompliance 
ACROLEIN CalibratIon noncompliance 
ACRYLONITRILE CalibratIon noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
ACRYLONITRILE CalibratIon noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACETONE CalibratIon noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACETONE CalibratIon noncom~lIance 
ACRYLONITRILE CalibratIon noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
ACRYLONITRILE CalibratIon noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
ACETONE CalibratIon noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE CalibratIon noncompliance 
DI-N-OCTYL PHTHALATE CalibratIon noncompliance 
KEPONE CalibratIon noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE CalibratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
4-NITROQUINOLlNE-1-0XIDE CalibratIon noncompliance 
KEPONE CalIbratIon noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE M5/M5D noncompliance 
1,4-PHENYLENEDIAMINE CalibratIon noncompliance 
4-NITROQUINOLlNE-1-0XIDE CalibratIon noncompliance 
KEPONE CalibratIon noncompliance 
NITRITE M5/M5D noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03S8390610 

03S8400206 

03S8400610 

03S8420206 

03S8420610 

• 03S8440206 

03S8440610 

03S8460206 

03S8460610 

03S8460610-D 

03S8470206 

• 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 7 OF22 

PARAMETER BASIS OF REJECTION 
1 A-PHENYLENEDIAMINE Calibration and hold time noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration and hold time noncompliance 
KEPONE Calibration and hold time noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE , I Calibration noncompliance 
NITRITE MS/MSD noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncomQllance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
2A-DIMETHYLPHENOL MS/MSD noncompliance 
3,3'-DICHLOR08ENZIDINE MS/MSD noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
HEXACHLOROCYCLOPENT ADIENE MS/MSD noncompliance 
KEPONE Calibration noncompliance 



SAMPLE 10 
03SB470610 

03SB480206 

03SB480610 

03SD010006 

03SD010612 

03SD020006 

03SD020612 

03SD030006 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 80F22 

PARAMETER BASIS OF REJECTION 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompJiance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-DINITROPHENOL Calibration and surrogate noncompliance 
3,3'-DICHLOROBENZIDINE MS/MSD noncompliance 
4-CHLOROANILINE MS/MSD noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncom~lance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SD030612 

03SD040006 

03SD040612 

• 03SD050006 

03S D050006-D 

03SD050612 

03SD060006 

03SD060612 

• 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 9 OF22 

PARAMETER BASIS OF REJECTION 
1 A-PHENYLENEDIAMINE Calibration noncom~lance 
2A-D %D between columns> 100% 
ACROLEIN Calibration noncom~lance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
2,4-D %D between columns >100% 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncom~liance 
KEPONE Calibration noncomQliance 
NITRITE MS/MSD noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE .. MS/MSD noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
2A,5-T %D between columns> 100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncomEJiance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncom~lance 
KEPONE Calibration noncom~lance 



SAMPLE 10 
03SD070006 

03SD070612 

03SD080006 

03SD080612 

03SD090006 

03SD090006-D 

03SD090612 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 10 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncomflJiance 
PENTACHLOROPHENOL %0 between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncomj:>Hance 
PENTACHLOROPHENOL %0 between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncomJ:)hance 
2,4-0 %0 between columns> 100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
PENTACHLOROPHENOL %0 between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-0 %0 between columns> 100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DINOSEB %0 between columns> 100% 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
CIS-1,2-DICHLOROETHENE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
PENTACHLOROPHENOL %0 between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SD100006 

03SD100612 

03SD110006 

• 03SD110612 

03SD120006 

03SD120612 

03SD130006 

03SD130612 

• 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 11 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncomJlhance 
2,4-D %D between columns> 100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncomgliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
ENDRIN %D between columns> 100% 
KEPONE Calibration noncomJ:>Hance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncomgliance 
3,3'-DICHLOROBENZIDINE MS/MSD noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncom2liance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
GAMMA-CHLORDANE %D between columns> 100% 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncom2ilance 
ACROLEIN Calibration noncom2ilance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
METHAPYRILENE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 



SAMPLE 10 
038D140006 

038D140006-D 

038D140612 

038D150006 

038D150612 

038D160006 

038D160612 

038D170006 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 12 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4,5-TP (8ILVEX) %D between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncom()hance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D Field Duplicate / %D between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncom~iance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns> 100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
ALDRIN %D between columns >100% 
KEPONE Calibration noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SD170612 

03SD180006 

03SD180612 

03SD190006 

• 03SD190006-D 

03SD190612 

03SS020002 

03SS040002 

03SS050002 

03SS060002 

03SS060002-D 

03SS070002 

03SS080002 

• 03SS090002 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 13 OF22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncomQliance 
KEPONE Calibration noncom2!lance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncom2!iance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncomQliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-0 %0 between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-0 %0 between columns >100% 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncom2!iance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncom~liance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom2!lance 
KEPONE Calibration noncompliance 



SAMPLE 10 
03SS090002-D 

03SS100002 

03SS110002 

03SS130002 

03SS140002 

03SS150002 

03SS160002 

03SS170002 

03SS180002 

03SS190002 

03SS200002 

03SS21 0002 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITILE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 14 OF 22 

PARAMETER BASIS OF REJECTION 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomQhance 
KEPONE Calibration noncompJlance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
2,4-DIMETHYLPHENOL MS/MSD noncompliance 
3,3'-DICHLOROBENZIDINE MS/MSD noncompliance 
4-CHLOROANILINE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
3,3'-DICHLOROBENZIDINE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncomQhance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration nonComl)hance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncomQliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncomQllance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomQliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SS220002 

03SS230002 

03SS240002 

03SS250002 

• 
03SS260002 

03SS270002 

03SS280002 

03SS290002 

03SS300002 

• 03SS31 0002 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 15 OF 22 

PARAMETER BASIS OF REJECTION 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration and surr~ate noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration and surro_gate noncompliance 
ACROLEIN Calibration noncom2liance 
ACRYLONITRILE Calibration noncom2liance 
KEPONE Calibration and surrogate noncompliance 
2,3,4,6-TETRACHLOROPHENOL surrogate noncompliance 
2-CHLOROPHENOL surrogate noncompliance 
2-METHYLPHENOL surrogate noncompliance 
2-NITROPHENOL surrogate noncompliance 
3&4-METHYLPHENOL surrogate noncompliance 
4,6-DINITRO-2-METHYLPHENOL surrogate noncompliance 
4-CHLORO-3-METHYLPHENOL surrogate noncom~liance 
4-NITROPHENOL surrC?gate noncom~liance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
PHENOL surrogate noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
DINOSEB %D between columns >100% 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
KEPONE Calibration noncompliance 



SAMPLE 10 
03SS310002-D 

03SS320002 

03SS330002 

03SS340002 

03SS350002 
03SS360002 

03SS370002 

03SS370002-D 

03SS380002 

03SS390002 

03SS400002 

03SS41 0002 
03SS420002 

03SS430002 
03SS430002-D 

03SS440002 

03SS450002 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 16 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
DINOSEB %D between columns> 100% 
KEPONE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns >100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
KEPONE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
3,3'-DICHLOROBENZIDINE MS/MSD noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom2llance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
HMX %D between columns >100% 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
NITRITE MS/MSD noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
KEPONE Calibration noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SS460002 

03SS470002 

03SS480002 

03SW0101 

• 
03SW0102 

03SW0201 

03SW0202 

• 

TABLE 3-3 
\ ,', 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 17 OF 22 

PARAMETER BASIS OF REJECTION 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncom2llance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
DI-N-OCTYL PHTHALATE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
CIS-1,2-DICHLOROETHENE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLON ITRILE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
CIS-1,2-DICHLOROETHENE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 



SAMPLE 10 
03SW0301 

03SW0302 

03SW0601 

03SW0602 

03SW0602-D 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 18 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
CIS-1,2-DICHLOROETHENE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
2-BUTANONE Calibration noncom~hance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncom2liance 
ACETONE Calibration noncom2liance 
ACROLEIN Calibration noncom21iance 
ACRYLONITRILE Calibration noncom2liance 
KEPONE Calibration noncom2liance 
METHACRYLONITRILE Calibration noncom2liance 
PENTACHLOROPHENOL %0 between columns> 100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncom~liance 
CIS-1,2-DICHLOROETHENE Calibration noncomllhance 
KEPONE Calibration noncom~liance 
METHACRYLONITRILE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncom~hance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
PENTACHLOROPHENOL %0 between columns >100% 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomj.lliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLON ITR ILE Calibration noncompliance 
PENTACHLOROPHENOL %0 between columns >100% 

• 

• 

• 



• 
SAMPLE 10 

03SW0802 

03SW0902 

03SW1102 

• 03SW1302 

03SW1402 

03SW1501 

• 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 19 OF 22 

PARAMETER BASIS OF REJECTION 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncomJ~liance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncomQllance 
METHACRYLONITRILE Calibration noncomjlliance 
2-BUTANONE Calibration noncomgllance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns >100% 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE t Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
2-BUTANONE Calibration noncom2ilance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
2,4,5-T %D between columns> 100% 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncomQllance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
PENTACHLOROPHENOL %D between columns >100% 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 



SAMPLE 10 
03SW1502 

03SW1601 

03SW1602 

03SW1701 

03SW1702 

03SW1801 

03SW1802 

03SW1901 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 20 OF22 

PARAMETER BASIS OF REJECTION 
2-BUTANONE Calibration noncomjlliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompHance 
ACETONE Calibration noncomjlliance 
ACROLEIN Calibration noncom~liance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns> 100% 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncomj)lIance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomj)liance 
ACETONE Calibration noncomj)lIance 
ACROLEIN Calibration noncomjlllance 
ACRYLONITRILE Calibration noncomj)liance 
KEPONE Calibration noncomjlliance 
METHACRYLONITRILE Calibration noncom211ance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4,5-T %D between columns> 100% 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncomj)hance 
ACETONE Calibration noncomj)lIance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE Calibration noncomJ:>liance 
METHACRYLONITRILE Calibration noncomjlliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncomj>liance 
KEPONE Calibration noncomj>llance 
METHACRYLONITRILE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns> 100% 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 

• 

• 

• 



• 
SAMPLE 10 

03SW1901-D 

03SW1902 

03SW1902-D 

• RB06080101 

RB06080102 

RB06200101 

RB06200102 

RB06220101 

RB06230101 

RB06240101 

RB07110101 

• 

',1, 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 21 OF 22 

PARAMETER BASIS OF REJECTION 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
2,4-D %D between columns> 100% 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
HEXACHLOROCYCLOPENTADIENE Calibration and MS/MSD noncompliance 
KEPONE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
KEPONE i ~', Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncomj)hance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
DINOSEB %D between columns >100% 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncomj>liance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncomj>llance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncolT!pJlance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1,4-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncomj>llance 
KEPONE Calibration noncompliance 
METHYL IODIDE Calibration noncompliance 



SAMPLE 10 
SB06230101 

SB06230102 

TB06070101 
TB06090101 
TB06110101 

TB06200101 
TB06220101 
TB06230101 
TB06250101 
TB07100101 

TB09090101 

TABLE 3-3 

REJECTED DATA 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
PAGE 22 OF22 

PARAMETER BASIS OF REJECTION 
1 A-PHENYLENEDIAMINE Calibration noncompliance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
1 A-PHENYLENEDIAMINE Calibration noncom2llance 
4-NITROQUINOLlNE-1-0XIDE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
KEPONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACROLEIN Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
CIS-1,2-DICHLOROETHENE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACROLEIN Calibration noncompliance 
METHYL IODIDE Calibration noncompliance 
2-BUTANONE Calibration noncompliance 
ACETONE Calibration noncompliance 
ACROLEIN Calibration noncompliance 
ACRYLONITRILE Calibration noncompliance 
METHACRYLONITRILE Calibration noncompliance 

• 

• 

• 



• • 
TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 12 

Aqueous Matrix Solid Matrix 

Observed Observed Laboratory Risk-Based Observed Observed Laboratory 

Parameter Min DL Max DL MDUIDL(l) Target Level (2) Min DL Max DL MDUIDL(l) 

(I1g1L) (I1g1L) (l1g/L) (l1g/L) (mg/kg) (mg/kg) (mglkg) 

EXPLOSIVES (SW-846 METHOD 8330) 

1,3,5-Tnmtrobenzene 035 035 035 1100 025 025 025 

1,3-Dlnltrobenzene 035 035 035 236 025 025 025 

2,4,6-Tnnltrotoluene (TNT) 035 035 035 22 025 025 025 

2,4-Dlmtrotoluene 035 035 035 1 2 
, 

025 :~:!:ilO~:33~P: 025 

2,6-Dlnltrotoluene 035 035 0.35 1 2 025 025 025 

2-Amlno-4,6-dlnltrotoluene 012 035 035 2 025 025 025 

2-Nitrotoluene 0.35 035 035 61 025 0.25 025 

3-Nltrotoluene 035 035 035 61 025 025 025 

4-Amino-2,6-dlnltrotoluene 035 035 035 -- 025 il'r?~;;5'i:: 025 

4-Nltrotoluene 035 035 035 61 025 0.25 025 

Hexahydro-1 ,3,5-tnnltro-1 ,3,5-tnazlne (RDX) 035 035 0.35 061 025 025 025 

Methyl-2,4,6-trimtrophenylmtramlne (Tetryl) 035 035 035 360 025 025 025 

Nitrobenzene 035 035 035 34 025 025 025 

Octahydro-1 ,3,5,7 -tetramtro-1 ,3,5,7 -tetrazoclne (HMX) 035 035 035 1800 0.25 wnWFv;.,.tl,.1 025 

Pentaerythntol Tetramtrate (PETN) .O35<~~' 'AN H • ~X1"""f~J .IJ'C)135"·'·'iA ¥ ! L1(",~' Ilio;025. F0!"':114:1 

Nltroglycenn 350 350 350 --- 25 25 25 

EXPLOSIVES (EPA METHOD 353.21MODIFIED ARMY CORPS METHOD) 

Nitrocellulose 

APPENDIX IX METALS 

• 

Lower of Soil and 

Sediment RBTLs 

(mglkg) 

1800 

0000924 

16 

000004 

000003 

--
370 

370 

--
370 

44 

610 

0007 

3100 

---



Parameter 

TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 12 

MISCELLANEOUS METALS (SW-846 METHOD 60108 Trace) 

Aluminum 26 1e::r,':~rO(r\7;~ 81 87 81 

Calcium ~~t£500dYi'6J~ filf500P]~i6 150 15 

Iron I::':W" wO irr~:" :f0:' '. i10Qt:,o;'\' 13 300 1.3 

Magnesium '}~it50P01tl!::l utJ.5000:<v::?! 76 076 

Manganese / ;~075~O'1~~T ~1:~,~5?OO~\~}? 02 50 002 

Potassium !j;;1i50bo:h~:: "·~5000:jt::<, 16 1.6 

Sodium ~1'?\1':~50b~~ ~~?500~ 76 340 "'~""1%\~ . 237%,,'h 76 

APPENDIX IX VOLATILE ORGANIC COMPOUNDS (SW-846 METHOD 82608 WITH 25 mL PURGE FOR WATER, 5 9 PURGE FOR SOIL or 80158) 

1,1,1-Tnchloroethane 050 050 05 88 00009 .OYOJ3:~ 0001 

1,1,1,2-Tetrachloroethane 030 030 03 043 00009 \;:;/·O:·O'1a.~ 
.}::. '~~. 7'<>,$,,- 0,001 

1,1,2,2-Tetrachloroethane 030 030 0.3 0055 00009 .P:Q:13kl!i 0001 

1,1,2-Trichloroethane 030 030 03 02 0.0009 ilf!!fO!of~.i 0001 

1,2,3-Tnchloropropane 030 030 03 00016 0.0009 .lO;b:13»~1 0,001 

1 , 1-Dlchlor~ethane 050 050 05_ 47 0.0009 'i1~O:01&_ 0001 

• • 

76000 

23000 

1800 

01 

001089 

0.0002 

00009 

00014 

0000575 

• 



• 

Parameter 

• 
TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTls AND EDQls 
SWMU 03- OLD JEEP TRAIULITTlE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 12 

Risk-Based I Observed 

• 



Parameter 

• 

TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 12 

Risk-Based 

• • 



• 

Parameter 

• 
TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

Observed 

Min DL 

(llglL) 

NSWCCRANE 
CRANE, INDIANA 

PAGE 5 OF 12 

Aqueous Matrix 

Observed Laboratory Risk-Based I Observed 
Max DL MDUIDL(l) Target Level (2) Min DL 

(llglL) (llglL) (llglL) 

Solid Matrix 

Observed Laboratory 
Max DL MDUIDL(l) 

(mglkg) (mglkg) 

APPENDIX IX SEMIVOLATILE ORGANIC COMPOUNDS /o;;W_A4R 

• 

Lower of Soil and 

Sediment RBTLs 

(mglkg) 

, 
1 



TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

. PAGE 6 OF 12 

Aqueous Matrix Solid Matrix 

Observed Observed Laboratory Risk-Based Observed Observed Laboratory Lower of Soil and 

Parameter Min DL Max DL MDUIDL(l) Target Level (2) Min DL Max DL MDUIDL(l) Sediment RBTLs 

(j.lglL) (j.lglL) (j.lglL) (j.lg/L) (mglkg) (mglkg) (mglkg) (mglkg) 

3,3'-Dlmethylbenzldme 0 94 !~JHa.1b. _, 1 00073 0 067 :":.Q~1°J¥;}~ 0 067 0002 

3-Methylcholanthrene 0 94 1~il!.~~1~10lllli 1 00891 0 067 ,:p~PVo:W~;~£':-'1 0067 007794 

3-Methylphenol(4) 0 94 :!:;ii(p1rfo';"~q1J 1 1800 0 067 .~2~iO~1j¥iF!i 0067 0000808 

4-Methylphenol(4) 0 94 1~;;9;i::;f31:0}~_'~;' 1 180 0067 cY':; ,m~~'"' ,"Hi 0 067 0000845 

3-Nltroanlline 0 94 r~~: '1:::r(r~1'.:11 1 -- 0 067'::::~b.l",.Ht~:Zz 0 067 0000222 

4,6-Dmltro-2-methylphenol 0 94 1'_:;$,~1:;fO.6~;:+ 1 23 0067 'f,'tfW[V::FIYG"h,( 0 067 001038 

4-Amlnoblphenyl 0 94i;;'::H:;116!;~:~" 1 -- 0 067 ;li;~o1:1:1;~i~1A 0067 000305 

4-Bromophenyl phenyl ether 094 lij.d· ,1-:;10;.;>. 1 1 5 0 067>:;;'~~o~tW.-4~ 0067 1,68 I 

4-Chloro-3-methylphenol 0 94 lil1·~ic1irolm;~ 1 20 0067 ;Ml<:U;.l,'t?,., 0067 038818 

4-Chloroanlhne 0 94 l~t:~;1';1 ~(1 150 0 067 \i!\?;\\(1 '1:1'f:;~~! 0 067 0.03 

4-Chlorophenyl phenyl ether 0 94 ~t:)ltfOi~:i'~~ 1 -- 0 067 (Gr,' i 0 067 0 656112 I 

4-Nltroanlhne 0 94 I';)~:/ l:JQN:r;< 1 -- 0 067 ~[~'6!'1'~~:;; 0067 0000222 

4-Nltrophenol 0 94 I~~ 1 35 0 067 I!O~1,1~ 0067 000778 

4-N'I<oq",noi,,0-'-0.do 094 11" :':1!,O":<' -- _ij:073~~'1 'ill 0 067 0.00124 
5-Nltro-o-toIUldlne 0 94 :;~i~;j?1'~~d 1 2 0067',,,iU:l,T 0 067 0 000845 

7,12-Dlmethylbenz(a)anthracene 0 94 1~~IW:101. 1 -- 0067 nFi 0.067 --

Acenaphthene (81M) 0 019 ~J:}bio.a1r:,: 002 99 0 0013 ~:O:055'f:';iA 00013 0.00671 

Acenaphthylene (81M) 0 019 {.O.·62~f~ 002 370 00013 Rg;:2JO;05.S1I' 00013 000587 I 

Acetophenone 0 94 1t:"j~jt1~10!;'{t1f 1 0 042 0067 .£0:2"21£;: 0067 0246 I 
Aniline 0 94 1~;~:~1:(f:~:(3: 1 044 0.067 ",I'/t 0 067 00000338 

Aramlte 0 94 1~1I:;1.1'b~~} 1 2 7 0.067~";{Q.~~11&ii\2 0 067 0 00000111 

Anthracene (81M) 0019 :; ,~:'f1~oi021\. 0 02 0029 0 0013 !fIf«of3!i~. 0 0013 0.0469 

Benzo(a)anthracene (81M) 0 019 ti~O~02~ <y 002 0092 ' 0.0013 l~.~O:3ark~'8ff 0.0013 00317 I 
Benzo(a)pyrene (81M) 0.019 !l1=:;O:02~~ 002 00092 0 0013 \i;rO:'"055~~ 00013 00319 I 
Benzo(b)fluoranthene (81M) 0 019 ~Z!O;02~'" 0.02 0092 00013 iEiltO;055,'$}$':$ 0.0013 02 

Benzo(g,h,i)perylene (81M) 0 019 ~5~O.'02'iNl 0 02 6 2_ '--- 0 0013 .O':655"~ 0 0013 0 17 I 

• • • 



• 

Parameter 

• 
TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
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CRANE, INDIANA 
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Risk-Based 

• 



Parameter 

• 

TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION liMITS VERSUS RBTls AND EDQls 
SWMU 03- OLD JEEP TRAIULITTlE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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Risk-Based 

• • 



• • 
TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

Parameter 

Pronamide 

Pyrene (SIM) 

Pyndlne 

Safrole 

Observed 

Min DL 

(I1g1L) 

094 

0019 

NSWC CRANE 
CRANE, INDIANA 

PAGE 9 OF 12 

Aqueous Matrix 

Observed Laboratory 
Max DL MDUIDL(l) 

(11g1L) (I1g1L) 

1
,,:,,,'1'1' ":1'"O···;;:"g"l 
~ ;l- -,'\. ":'. fitt";....'::" 

ftlltb~021~41 0 02 

o 94 1*'l~~1';,10;£'ff·.1l 

o 94 t~1¥10"'{;)'~;; 
0-TolUidine 0 94 ,:T'\:::Z"(1.1'o ;:lA;ijl 
O,O,O-Tnethyl phosphorothloate 0 94 1,:'\\~i:j\\lOl?"il 
APPENDIX IX ORGANOCHLORINE PESTICIDES and PCBs (SW-846 METHOD 8081A and 8082) 

IAldnn 
IAlnh~-AHr. 

Risk-Based 
Target Level (2) 

(I1g1L) 

160 

03 

37 

40 

028 

5825 

Solid Matrix 

Observed Observed Laboratory 
Min DL Max DL MDLJIDL(l) 

(mg/kg) (mglkg) (mglkg) 

0.067 1~~0?'1;1~"1 0 067 
00013 

00013 

o 067 L;~:"·:cl:~~1;;:;~1' 0 067 

0.067 I$J\~O::I~1i~T5~' 0067 

o 067 Irr."011~1t;6:::f,1 0 067 

Alpha-chlordane 0 014 ;:i;O:O~~7;. 0.015 0 00029 ':;:'0~00098'1t :st'Wfifnn11i::'M1f1il n 

• 

Lower of Soil and 

Sediment RBTLs 

(mglkg) 

00016 

0053 

0.10617 

016486 

0000199 

Seta-SHe 0014 i©1fitMrfY . ,r 0015 0037 '. '0:00098 :.,; i";:f.O:b6~5.1 0.0009 I 0.0001 

4,4'-000 _______ 0 024 fK{Q.02~++'1 0 025 0 0011 :}$fi:o:'()('ji9~?j 'B6IQ02811:f 00017 000553 

14,4'-DDE . 0024 m h:4\';; O.o2S"?1 0 025 4.51 E-09 112!().()o192~:tP.0!()9gt31,;~1 0.0017 L 000142 

4,4'-DDT 0 024 <»O.028Y;.'!' 0 025 0 001 ;'iiJo1'9bJi):';,: .: :/:CHJ028i\1 0 0017 0.00119 

Delta-SHe 0 024 : /."J;0.02S;7·! 0 025 0 011 :;4{0;00098';;£1 ~;;;O;O'015. 0 0009 9 94 

Dleldnn 0 009 ;1Zf,,6.bf:1 ';i;Cl 0 01 0.000026 !IfO:OOHj~'l:f r.O:6()28~,r\t~ 00017 0 0002 

Endosulfan I 0 024 ;:!'f~~~O.()28¥1i{~ 0025 0003 51FoiOO09Sliif. ~el~:o~ci6J5~;j£~ 0 0009 0.000175 

Endosulfan" 0 024 J~!:":6:b28if~~ 0 025 0 003 1'>':O:OO19~,Ktl: ~ofOb28~ 00017 0000104 

Endosulfan sulfate 0 047 ,='it~';o:056It;7;:' 0.05 0 22{~fo:Olm~: •• oro6281~ 00017 00346 

Endnn 0 028 ~i!41!,61~3,j~fti 003 0 002 .O:'OQ~9~ ;'~1):6028r;:t 00017 000267 

Endnn aldehyde 0 047 ::,~~d.056 ;,;:: 005 0 15 ':!-?({O!OO~_~ ~~o:6628~t~ 0.0017 0.0105 

Gamma-SHe (Lindane) 0 024 ,;~~::b.028Z:'~{: 0025 0 01 JJ~O:00098rti, ~0;clol5~f~~ 0 0009 00005 

Gamma-chlordane 0 014 ,:?:f;O.017Jl;~ 0015 000029 i:'X,;p!0009Sa IIOT6015;:~ 00009 0.0045 

Heptachlor 0 014 Y;i~(j:Qf7~{1h 0015 0 00039 :f~:6f(j6098!11.a:d01:5B 00009 0.0006 

Heptachlor epoxlde 0 0047 ¥.O:*006'Y;:>~ 0005 0.00048 .'T®098.1~1W6:oo15iU 00009 00006 

I Methoxychlor 0057 ;;r:f!O.067,s:/t, 006 0 005 ~07009~~ 1~!f.o:o'f5~ 0009 000359 



TABLE 3-4 

SOLID AND AQUEOUS MINIMUM AND MAXIMUM DETECTION LIMITS VERSUS RBTLs AND EDQLs 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 10 OF 12 

Aqueous Matrix Solid Matrix 

Observed Observed Laboratory Risk-Based Observed Observed Laboratory 

Parameter Min DL Max DL MDUIDL(1) Target Level (2) Min DL Max DL MDUIDL(1) 

(llglL) (Ilg/L) (I1g/L) (I1g/L) (mg/kg) (mg/kg) (mg/kg) 

Toxaphene 14 ~iJ.':Z¥4"t'W::f~~'P'0"( 1.5 00002 ~:6Y098~ ';l!fO;15~\~ft: 009 

Aroclor-1016 024 :?%.Oi28S~' 025 0000029 _ltO:19. f\~,,\'0:028;&~!l 0017 

Aroclor-1221 024 
.'~Y({"'»!>"<_,J><~ 

' :wA0.28:,\,1'; ; 025 0000029 ~:>!\:o1b37i;;i'~ ~%1;aiO:056~~ 0034 

Aroclor-1232 024 
:I" ,,,-w ,.,,,, '1l 
'~~,\0,28"i'';i ~ 025 0,000029 BLO:(19)bD~ ItIO:028i:~if\ 0017 

Aroclor-1242 024 r~;~i< ~bY28~1J: 025 0000029 IIJolbl9ttl tIY;!:0;02i:P~i 0017 

Aroclor-1248 024 !.Oi2!f'U1f ,: 025 0000029 ~ir'(io'!O:19~' '~::;;'6':028t~ 0017 

Aroclor-1254 024 ~~10l28t;.~~ 025 0,000029 ~bt{xlti:o~9f<t,>~: ~\t~o'.(j28'~ 0.017 

Aroclor-1260 . _ 024 "~ '\"""~ 025 0000029 .~ (- " Jhj{f' .Oi'02S'!·?fJ'i 0017 '.'",.0:28 .+' ,,;0.019, "tl 
-- - --- -- --

APPENDIX IX HERBICIDES (SW-846 METHOD 8151A) 

2,4-D 004 004 004 70 !~Jl(5:001S~yrf'; <\iiitiiOO211 00014 

2,4,5-T 004 004 004 360 1['110;0015' ~:0~ i~~OtOO23';j~' 0,0014 

2,4,5-TP (Sllvex) 004 004 004 50 .:O:60~'5m~ Vf;~1'0·OO23. ~';\ .. a."- 00014 
Dlnoseb(7) 004 004 004 039 ":r.~'iO?0015~'~ , ~'t:rd023;(!r~ 00014 

Pentachlorophenol 001 001 001 056 156:60037 :;';l .d~OOQ4ih;(j 000034 

DIOXINS/FURANS (SW-846 METHOD 8290)(8) 

2,3,7,8-Tetrachlorodlbenzodloxln (2,3,7,8-TCDD) ANA ANA 600E-08 200E-04 

1 23 7.8-Pentachlorodlbenzodloxln (1 ,2,3,7,8-PeCDD) ANA ANA 700E-08 200E-04 

1,2,3,6,7,8-Hexachlorodlbenzodloxln (1 ,2,3,6,7,8-HxCDD) ANA ANA 100E-07 760E-04 

1 ,2,3,4,7,8-Hexachlorodlbenzodloxln (1 ,2,3,4,7,8-HxCDD) ANA ANA 1 00E-07 740E-04 

1 ,2,3,7,8,9-Hexachlorodlbenzodloxln (1 ,2,3,7,8,9-HxCDD) ANA ANA 1.00E-07 760E-04 

1 ,2,3,4,6,7,8-Heptachlorodlbenzodloxln (1 ,2,3,4,6,7,8-HpCDD) ANA ANA --- ---
1,2,3,4,6,7,8,9-0ctachlorodlbenzodloxln (OCDD) ANA ANA --- ---
2,3,7,8-Tetrachlorodlbenzofuran (2,3,7,8-TCDF) ANA ANA 5.00E-08 850E-04 

1 237 8-Pentachlorodlbenzofuran (1 ,2,3,7,8-PeCDF) ANA ANA 600E-08 380E-04 

2,3,4,7,8-Pentachlorodlbenzofuran (2,3,4,7 ,8-PeCDF) ANA ANA 6.00E-08 670E-04 

1,2,3,6,7,8-Hexachlorodlbenzofuran (1,2,3,6, 7,8-HxCDF) ANA ANA 600E-08 200E-04 

• • 

Lower of Soil and 

Sediment RBTLs 

(mg/kg) I 

0000109 

00341 I 

00341 

00341 

0,0341 

00341 

00341 

00341 

000579 I 

059634 1 
01088 I 

0.01178 

0001 1 

390E-06 

390E-06 

390E-05 

390E-05 

390E-05 

390E-04 

390E-02 

390E-05 

780E-05 

780E-06 

390E-05 J 

• 
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NSWC CRANE 
CRANE, INDIANA 
PAGE 11 OF 12 

Aqueous Matrix Solid Matrix 

Observed Observed Laboratory Risk-Based Observed Observed Laboratory 

Parameter Min DL Max DL MDUIDL(1) Target Level (2) MmDL Max DL MDUIDL(1) 

(llglL) (llg/L) (llg/L) (llglL) (mglkg) (mg/kg) (mglkg) 

1,2,3,7,S,9-Hexachlorodlbenzofuran (1,2,3,7,S,9-HxCDF) ANR ANR S OOE-OS 6 SOE-04 

1,2,3,4,7,S-Hexachlorodlbenzofuran (1,2,3.4,7 ,S-HxCDF) ANR ANR 700E-OS 21OE-03 

2,3.4,6,7,S- Hexachlorodlbenzofuran (2,3.4,6,7 ,S-HxCDF) ANR ANR 700E-OS 1 30E-04 

1,2,3.4,6,7,S-Heptachlorodlbenzofuran (1,2,3.4,6,7,S-HpCDF) ANR ANR 1 OOE-07 710E-04 

1,2,3.4,7,S,9- Heptachlorodlbenzofuran (1,2,3.4, 7,S,9-HpCDF) ANR ANR 100E-07 400E-04 

1,2,3.4,6,7,S,9-0ctachlorodlbenzofuran (OCDF) ANR ANR 200E-07 21OE-03 

Total Tetrachlorodlbenzodloxln (Total TCDD) ANR ANR 1E-S S OOE-OS 7 SOE-03 

Total Pentachlorodlbenzodloxln (Total PCDD) ANR ANR SE-S S,OOE-OS 104E-02 

Total Hexachlorodlbenzodloxln (Total HxCDD) ANR ANR SE-S 1 60E-07 S 91E-02 

Total Heptachlorodlbenzodloxln (Total HpCDD) ANR ANR SE-S 200E-07 690E-03 

Total Tetrachlorodlbenzofuran (Total TCDF) ANR ANR 1E-S S OOE-OS 2 S9E-02 

Total Pentachlorodlbenzofuran (Total PCDF) ANR ANR SE-S 600E-OS 209E-02 

Total Hexachlorodlbenzofuran (Total HxCDF) ANR ANR SE-S 700E-OS 612E-02 

Total Heptachlorodlbenzofuran (Total HpCDF) ANR ANR SE-S 100E-07 939E-02 

• 

Lower of Soil and 

Sediment RBTLs 

(mglkg) 

390E-OS 

390E-OS 

390E-OS 

SE-6 

SE-6 

1E-S' 

1E-6 

SE-6 

SE-6 

SE-6-,· 

1E-6'· 

SE-6 

SE-6 

SE-6 
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Aqueous Matrix Solid Matrix I 

Observed Observed Laboratory Risk-Based Observed Observed Laboratory Lower of Soil and I 

MDUIDL(l) Target Level (2) MDUIDL(l) Parameter 

MISCELLANEOUS PARAMETERS 

Perchlorate (EPA Method 314 0) 

Nitrate (SW-846 Method 9056) 

Nltnte (SW-846 Method 9056) 

MDL = Method detection limit 

IDL = Instrument detection limit 

RL = Reporting limit 

Ilg/L = Micrograms per liter 

mg/kg = Milligrams per kilogram 

mg/L = Milligrams per liter 

Min DL 

(l1g/L) 

4 

ANR 

ANR 

Max DL 

(I1g1L) (I1g1L) 

4 

ANR 

ANR 

Min DL 

(l1g/L) (mglkg) 

18 002 

--- 06 

--- 2 

Max DL 

(mg/kg) (mglkg) 

0033 

1 3 

110 

TBD = To be determined. 

NA = Not applicable 

ANR = Analyte not required 

Method Detection Limits (MDLs) (all parameters except metals) and Instrument detection limits (IDLs) (metals only) as provided by Laucks Testing 

Laboratories, Inc and Tnangle Laboratories, Inc (dloxlns/furans only) 

Sediment RBTLs I 

(mglkg) 

---

2 Value IS based on the lowest human health or ecological risk-based cntena as presented In Appendix B, Tables B-1 (aqueous) and B-2 (solids) OJT I LSC QAPP (TtNUS April, 2001) 

3 These are not Appendix 9 metals They are being analyzed for general ground-water-quallty Information 

If these elements are within linear range on the ICPMS analysIs, they will be quantitated by ICPMS, rather than ICP Trace. 

4 3-Methylphenol and 4-methylphenol coelute, therefore, one analytical result for 3-methylphenol plus 4-methylphenol will be reported 

5 This compound does not recover well through the extraction technique Periodically, the extraction exhibits zero recovenes at low spiking levels (typical of MDL determination levels) 

6 N-Nitrosodlphenylamlne IS more tOXIC than diphenylamine However, n-mtrosodlphenylamlne rapidly degrades to diphenylamine Therefore, only diphenylamine will be reported, 

but results for diphenylamine will be treated as n-nitrosodlphenylamlne dUring risk assessment 

7 Laucks Low Calibration Standard IS 2 7 ug/kg (soil) for Dlnoseb, but Laucks prefers not to report below 5 4 ug/kg (soil) 

8 The target level IS calculated uSing the target level for 2,3,7,8-TCDD and the toxIcity equivalent factor (TEF) presented In current U S. EPA gUidance (U.S. EPA, March 1989) 

• • • 
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HERBICIDES 

• 
TABLE 3·5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PAGE 1 OF 24 

PARAMETER 
QUALIFICATION I -_. __ n. .. 

CODE i 

1,3,5-TRINITROBENZENE R 0 0 100 0 
2,4,6-TRINITROTOLUENE P 0 0 100 0 

R 0 0 100 0 
2,4-DINITROTOLUENE B ~ 0 0 0 0 

R 0 0 100 0 
U 0 0 100 0 

2-AMI NO-4,6-D I N ITROTOLU EN E P 0 0 100 0 
R 0 0 100 0 

2-NITROTOLUENE P 0 0 100 0 
4-AMINO-2,6-DINITROTOLUENE B 0 0 0 0 

P 0 0 100 0 
UR 0 0 100 0 

HMX B 0 0 0 0 
P 0 0 100 0 
R 0 0 100 0 
U 0 0 0 100 

NITROCELLULOSE E 0 0 0 0 
NITROGLYCERIN H 0 0 0 0 
PETN . H 0 0 0 0 
RDX P 0 0 100 0 

R 0 0 100 0 
U 0 0 100 0 

2,4,5-T G 0 0 50 0 
GU 0 0 100 0 
R 0 0 0 0 
U 0 0 100 0 

• 

0 0 0 
0 0 0 
0 0 0 

100 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 O. 
0 0 0 

100 0 0 
0 0 0 
0 0 0 

100 0 0 
0 0 0 
0 0 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 0 0 
0 0 0 

0 50 0 
0 0 0 
0 100 0 
0 0 0 



FRACTION 

TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 24 

PARAMETER 
QUALIFICATION I __ n_ ... - .. 

CODE I 

HERBICIDES (Continued) 
2,4,5-TP (SILVEX) G 0 0 100 0 

P 0 0 100 0 
R 0 0 0 0 
U 0 0 83.3 167 

2,4-0 G 0 0 100 . 0 
U 0 0 583 41.7 

UR 0 0 100 0 
OINOSEB 0 0 0 0 0 

DU 0 0 100 0 
G 0 0 0 0 

GP 0 0 100 0 
P 0 0 100 0 
R 0 0 0 0 
U 0 0 57.1 42.9 

HEXACHLOROPHENE 0 0 0 0 0 
R 0 0 0 0 
U 0 0 100 0 

PENTACHLOROPHENOL 0 0 0 0 0 
U 0 0 28.6 714 

UR 0 0 100 0 
METALS 

ALUMINUM AF 0 0 100 0 
B 0 0 100 0 
BI 0 0 100 0 
F 0 0 100 0 

FA 0 0 100 0 
I 0 0 100 0 

• • 

0 0 0 
0 0 0 
0 100 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 i 

0 100 0-
0 0 0 I 
0 100 0 
0 0 0 
0 0 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

• 



• 

FRACTION 
METALS (Continued) 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

• 
TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PARAMETER 
QUALIFICATION I --~-... _ .. 

CODE I 

A 0 0 23.4 0 
AFG 0 0 100 0 
AG 0 0 0 0 
F 0 0 0 0 

FA 0 0 100 0 
A 0 0 86.7 0 

ADFI 0 0 100 0 
D 0 0 100 0 

DFI 0 0 100 0 
A 0 0 100 0 

AD 0 0 100 0 
AFI 0 0 100 0 
B 0 0 100 0 

BG 0 0 100 0 
F 0 0 100 0 
FI 0 0 100 0 
I 0 0 100 0 
I 0 0 100 0 
F 0 0 100 0 
A 0 0 100 0 

ADGI 0 0 100 0 
ADI 0 0 100 0 
AGI 0 0 100 0 
AI 0 0 100 0 

BFI 0 0 100 0 
G 0 0 100 0 

• 

76.6 0 0 
0 0 0 

100 0 0 
0 100 0 
0 0 0 

13.3 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 -

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



FRACTION 
METALS (Continued) 

CHROMIUM 

COBALT 

COPPER 

IRON 

-

• 
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QUALIFICATION I --- __ n -I--
PARAMETER CODE 

AFI 0 0 100 0 
AI 0 0 100 0 
B 0 0 100 0 

BDI 0 0 100 0 
BG 0 0 100 0 
AI 0 0 100 0 
FI 0 0 100 0 
G 0 0 100 0 
I 0 0 100 0 
A 0 0 100 0 

AD 0 0 100 0 
ADF 0 0 100 0 
ADFI 0 0 100 0 
ADG 0 0 100 0 
AFI 0 0 100 0 
B 0 0 100 0 
A 0 0 100 0 

AF 0 0 100 0 
AFI 0 0 100 0 
AI 0 0 100 0 
BI 0 0 100 0 
I 0 0 100 0 

~- -

• 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

• 



• 

FRACTION 
METALS (Continued) 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

• 
TABLE 3-5 
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PARAMETER 
QUALIFICATION I -_ .. _ ... _ .. 

CODE I 

A 0 0 100 0 
ADFI 0 0 100 0 
AG 0 0 100 0 
D 0 0 100 0 

DF 0 0 100 0 
DFI 0 0 100 0 

I 0 0 100 0 
AFGI 0 0 100 0 
AFI 0 0 100 0 
AGI 0 0 100 0 
AI 0 0 100 0 

BDF 0 0 100 0 
F 0 0 100 0 
I 0 0 100 0 
A 0 0 100 0 

AF 0 0 100 0 
AFGI 0 0 100 0 
AFI 0 0 100 0 
AI 0 0 100 0 

BFGI 0 0 100 0 
I 0 0 100 0 

DH 0 0 100 0 
E 0 0 100 0 

EH 0 0 100 0 
H 0 0 85.7 0 
----

• 

0 0 0 ! 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 14.3 0 

-_. __ .... _-



FRACTION 
METALS (Continued) 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

TIN 

VANADIUM 

• 

TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PARAMETER 
QUALIFICATION I _____ n .---

CODE I 

AFI 0 0 100 0 
AI 0 0 100 0 
B 0 0 100 0 

BDI 0 0 100 0 
I 0 0 100 0 
A 0 0 100 0 

ADI 0 0 100 0 
ADIK 0 0 100 0 
AFI 0 0 100 0 
AI 0 0 100 0 
B 0 0 100 0 
BI 0 0 100 0 
A 0 0 0 0 
0 0 0 70.6 0 
I 0 0 100 0 
A 0 0 29.3 0 

AD 0 0 100 0 
A 0 0 10.9 0 

AE 0 0 100 0 
B 0 0 42.9 0 
A 0 0 11.1 0 
B 0 0 6.8 0 

BF 0 0 100 0 
ADI 0 0 100 0 
AI 0 0 100 0 
FI 0 0 100 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 

70.7 
0 

89.1 
0 

57.1 
88.9 
93.2 

0 
0 
0 
0 

I 0 0 100 0 _ .. ----2.. 

• 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

29.4 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

• 



• 

FRACTION 

• 
TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PARAMETER 
QUALIFICATION I __ .. _u .-•• 

CODE I 

METALS (Continued) 
ZINC B 0 0 100 0 

BO 0 0 100 0 
BOK 0 0 100 0 
BGO 0 0 100 0 

BI . 0 0 100 0 
BIK 0 0 100 0 
FI 0 0 100 0 

MISCELLANOUS 
NITRATE H 0 0 66.7 0 
NITRITE 0 0 0 56 0 

OH 0 0 167 0 
H 0 0 7.1 0 

HO 0 0 25 0 
NITRITE/NITRATE H 0 0 97.1 0 
PERCHLORATE C 0 0 100 0 

H 0 0 43 0 
PH H 0 0 100 0 
TOTAL ORGANIC CARBON 0 0 0 100 0 

SEMIVOLATILES 
1,2,4,5-TETRACHLOROBENZENE H 0 0 0 0 

R 0 0 0 0 
1,2,4-TRICHLOROBENZENE 0 0 0 0 0 

H 0 0 0 0 
R 0 0 0 0 

1,2-0ICHLOROBENZENE H 0 0 0 0 
R 0 0 0 0 

. ,--- ---_._--

• 

0 0 0 ! 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 33.3 0 
0 18-5 75.9 
0 83.3 0 
0 92.9 0 
0 75 0 
0 2.9 0 
0 0 0 
0 95.7 0 
0 0 0 
0 0 0 

0 100 0 J 
0 100 0 I 

0 100 0 
0 100 0 
0 100 0 I 

0 100 0 ! 

0 100 0 



FRACTION 

TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PARAMETER 
QUALIFICATION I -_ .. _n ._ .. 

CODE I 

SEMIVOLATILES (continued) 
1,3-DICHLOROBENZENE H 0 0 0 0 

R 0 0 0 0 
1,4-DICHLOROBENZENE H 0 0 0 0 

R 0 0 0 0 
1,4-NAPHTHOQUINONE H 0 0 0 0 

R 0 0 0 0 
1,4-PHENYLENEDIAMINE C 0 0 0 0 

CH 0 0 0 0 
CP 0 0 100 0 
CR 0 0 0 0 

1-NAPHTHYLAMINE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,2'-OXYBIS( 1 OO-CHLOROPROPANE) C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,3,4,6-TETRACHLOROPH ENOL C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,4,5-TRICHLOROPHENOL D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,4,6-TRICHLOROPHENOL C 0 0 0 0 
H 0 0 0 0 
R 0 0 _ 0 _ 0 

-- --~ - --

• • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 37.6 62.4 
0 0 100 
0 0 0 
0 80 20 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 93.8 6.3 

0 100 0 
0 100 0 

0 100 0 
0 100 0 
0 100 0 
0 100 0 

• 
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PAGE 9 OF24 

FRACTION 
QUALIFICATION I -_ .. _n ., .. 

CODE PARAMETER 
SEMIVOLATILES (continued) 

2,4-0ICHLOROPHENOL C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,4-0IMETHYLPHENOL C . 0 0 0 0 
0 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,4-0INITROPHENOL C 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2,6-0ICHLOROPHENOL C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2-ACETYLAMINOFLUORENE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2-CHLORONAPHTHALENE 0 0 0 0 0 
DR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2-CHLOROPHENOL 0 0 0 0 0 
DR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

-------- L-

• 

0 100 0 
0 100 0 
0 100 0 
0 0 100 
0 71.4 28.6 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 90.9 9.1 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 93.3 7.7 
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SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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NSWC CRANE 
CRANE, INDIANA 
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PARAMETER 
QUALIFICATION I ..... 

CODE i 

SEMIVOLATILES (continued) 
2-METHYLNAPHTHALENE H 0 0 0 0 
2-METHYLPHENOL 0 0 0 0 0 

DR 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

2-NAPHTHYLAMINE H 0 0 0 0 
R 0 0 0 0 

2-NITROANILINE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2-NITROPHENOL C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

2-PICOLINE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

3&4-METHYLPHENOL 0 0 0 0 0 
DR 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

• • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 923 7.7 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 933 6.7 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 92.9 7.1 

• 



• 

FRACTION 

• 
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SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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NSWC CRANE 
CRANE, INDIANA 
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PARAMETER 
QUALIFICATION I -_ .. _ ... _ .. 

CODE i 

SEMIVOLATILES (continued) 
3,3'-DICHLOROBENZIDINE C 0 0 0 0 

D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 
C 0 0 0 0 

CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

~METHYLCHOLANTHRENE H 0 0 0 0 
N 0 0 0 0 
R 0 0 0 0 

3-NITROANILINE C 0 0 0 0 
D 0 0 0 0 

DR 0 0 0 0 
H 0 0 0 0 

NR 0 0 0 0 
R 0 0 0 0 

4,6-DINITRO-2-METHYLPHENOL C 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

4-AMINOBIPHENYL H 0 0 0 0 
R 0 0 0 0 

~BROMOPHENYLPHENYLETHER D 0 0 0 0 
H 0 0 0 0 

R 0 0 0 0 
~- -- ~-- -

• 

0 100 0 
0 12.5 87.5 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 929 7.1 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
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SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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PARAMETER 
QUALIFICATION I ... .. 

CODE i 

SEMIVOLATILES (continued) 
4-CHLORO-3-METHYLPHENOL 0 0 0 0 0 

DR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

4-CHLOROANILINE 0 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

~CHLOROPHENYLPHENYLETHER H 0 0 0 0 
R 0 0 0 0 

4-NITROANILINE 0 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

4-NITROPHENOL C 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

4-NITROQUINOLlNE-100-0XIDE C 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 

5-NITRO-O-TOLUIDINE H 0 0 0 0 
N 0 0 0 0 
R 0 0 o .... 0_ 

. - --

• • 

0 100 0 
0 100 0 
0 100 0 
0 92.9 7 1 
0 71.4 28.6 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 93.3 6.7 

0 425 57.5 
0 0 100 
0 80 20 
0 100 0 
0 100 0 
0 100 0 

• 



• • 
TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 13 OF 24 

FRACTION 
QUALIFICATION I --- __ n -," 

PARAMETER CODE 
SEMIVOLATILES (continued) 

7,1002-DIMETHYLBENZ(A)ANTHRACENE C 0 0 0 0 
H 0 0 0 0 
N 0 0 0 0 

NR 0 0 0 0 
R 0 0 0 0 

A,A-DIMETHYLPHENETHYLAMINE C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

ACENAPHTHENE H 0 0 0 0 
ACENAPHTHYLENE H 0 0 0 0 
ACETOPHENONE A 0 100 0 0 

C 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

ANILINE H 0 0 0 0 
R 0 0 0 0 

ANTHRACENE H 0 0 0 0 
ARAMITE C 0 0 0 0 

H 0 0 0 0 
R 0 0 0 0 

BENZO(A)ANTHRACENE H 0 0 0 0 
N 0 0 0 0 

BENZO(A)PYRENE H 0 0 0 0 
N 0 0 0 0 

• 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
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TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 14 OF 24 

PARAMETER 
QUALIFICATION I --_._ .. --.. 

CODE i 

SEMIVOLATILES (continued) 
BENZO(B)FLUORANTHENE H 0 0 0 0 

N 0 0 0 0 
BENZO(G,H,I)PERYLENE H 0 0 0 0 

N 0 0 0 0 
BENZO(K)FLUORANTHENE CH 0 0 0 0 

H 0 0 0 0 
N 0 0 0 0 

BENZYL ALCOHOL H 0 0 0 0 
R 0 0 0 0 

BIS(2-CHLOROETHOXY)METHANE D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

BIS(2-CHLOROETHYL)ETHER H 0 0 0 0 
R 0 0 0 0 

BIS(2-ETHYLHEXYL) PHTHALATE A 0 58.3 8.3 0 
D 0 0 0 0 
G 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 

PR 0 0 100 0 
R 0 0 0 0 

BUTYL BENZYL PHTHALATE D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

CHLOROBENZILATE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

• • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

33.3 0 0 
0 50 50 
0 100 0 
0 100 0 
0 0 0 
0 0 0 
0 100 0 
0 100 0 
·0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

• 



• 

FRACTION 

• 
TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 15 OF 24 

PARAMETER 
QUALIFICATION I -_ .. _ ... _ .. 

CODE I 

SEMIVOLATILES (continued) 
CHRYSENE H 0 0 0 0 

N 0 0 0 0 
DIALLATE C 0 0 0 0 

H 0 0 0 0 
R 0 0 0 0 

DIBENZO(A,H)ANTHRACENE H 0 0 0 0 
N 0 0 0 0 

DIBENZOFURAN D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

DIETHYL PHTHALATE H 0 0 0 0 
R 0 0 0 0 

DIMETHYL PHTHALATE H 0 0 0 0 
R 0 0 0 0 

DI-N-BUTYL PHTHALATE A 0 100 0 0 
D 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 
C 0 0 0 0 

CPR 0 0 100 0 
G 0 0 0 0 
H 0 0 0 0 
N 0 0 0 0 

NR 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

- ----.---~ 

• 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 0 100 
0 100 0 
0 0 0 
0 100 0 
0 0 100 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
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TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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QUALIFICATION I,· 
PARAMETER CODE 

SEMIVOLATILE (continued) 
DIPHENYLAMINE D 0 0 0 0 

H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

ETHYL METHANE SULFONATE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

ETHYL PARATHION C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

FLUORANTHENE G 0 0 100 0 
H 0 0 0 0 

FLUORENE H 0 0 0 0 
HEXACHLOROBENZENE H 0 0 0 0 

R 0 0 0 0 
HEXACHLOROBUTADIENE H 0 0 0 0 

R 0 0 0 0 
HEXACHLOROCYCLOPENTADI ENE C 0 0 0 0 

CD 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 
D 0 0 0 0 

DR 0 0 0 0 
R 0 0 0 0 

HEXACHLOROETHANE D 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

- - - -----

• • 

0 100 0 
0 100 0 I 
0 0 0 
0 100 0 I 
0 100 0 I 
0 100 0 

I 

0 100 0 I 
0 100 0 I 
0 100 0 I 

0 100 0 I 
0 0 0 
0 100 0 I 
0 100 0 I 
0 100 0 ! 

0 100 0 I 
0 100 0 
0 100 0 
0 100 0 ! 

0 100 0 
0 100 0 
0 100 0 
0 80 20 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

• 



• 

FRACTION 

• 
TABLE 3-5 

SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
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CRANE, INDIANA 
PAGE 17 OF24 

PARAMETER 
QUALIFICATION I -- - --

CODE I 

SEMIVOLATILE (continued) 
HEXACHLOROPROPENE H 0 0 0 0 

R 0 0 0 0 
INOENO(100,2,3-CO)PYRENE C 0 0 100 0 

H 0 0 0 0 
N 0 0 0 0 

ISOORIN H 0 0 0 0 
R 0 0 0 0 

ISOPHORONE H 0 0 0 0 
R 0 0 0 0 

ISOSAFROLE H 0 0 0 0 
R 0 0 0 0 

KEPONE C 0 0 0 0 
CH 0 0 0 0 
CR 0 0 0 0 

METHAPYRILENE C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

METHYL METHANE SULFONATE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

METHYL PARATHION C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

NAPHTHALENE H 0 0 0 0 
- - ---

• 

0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 100 
0 0 100 
0 0 100 
0 976 2.4 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
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PARAMETER 
QUALIFICATION I -- - --

CODE I 

SEMIVOLATILE (continued) 
N-NITROSOOIETHYLAMINE C 0 0 0 0 

H 0 0 0 0 
R 0 0 0 0 

N-NITROSOOIMETHYLAMINE C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

N-NITROSO-OI-N-BUTYLAMINE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

N-NITROSO-OI-N-PROPYLAMINE C 0 0 0 0 
CR 0 0 0 0 
0 - 0 0 0 0 

DR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

N-N ITROSOMETHYLETHYLAMI NE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

N-NITROSOMOR PHOLI N E C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

N-NITROSOPIPERIOINE C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

-

• • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

• 



• • 
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SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
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QUALIFICATION I --- ---- -I--
FRACTION PARAMETER CODE 

SEMIVOLATILES (continued) 
N-NITROSOPYRROLIDINE C 0 0 0 0 

.CH 0 0 0 o. 
R 0 0 0 0 

O,O,O-TRIETHYL PHOSPHOROTHIOATE H 0 0 0 0 
R 0 0 0 0 

0-TOLUIDINE H 0 0 0 0 
R 0 0 0 0 

P-(DIMETHYLAMINO)AZOBENZENE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

PENTACHLOROBENZENE H 0 0 0 0 
R 0 0 0 0 

PENTACHLOROETHANE H 0 0 0 0 
R 0 0 0 0 

PENTACHLORONITROBENZENE C 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

PHENACETIN H 0 0 0 0 
R 0 0 0 0 

PHENANTHRENE G 0 0 100 0 
H 0 0 0 0 

PHENOL DR 0 0 0 0 
H 0 0 0 0 
P 0 0 100 0 
R 0 0 0 0 

PRONAMIDE H 0 0 0 0 
R 0 0 0 0 

------

• 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 92_3 7.7 
0 100 0 
0 100 0 
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PARAMETER 
QUALIFICATION I --- ---- '," 

CODE 
SEMIVOLATILES (continued) 

PYRENE C 0 0 167 0 
CH 0 0 0 0 
H 0 0 0 0 

PYRIDINE C 0 0 0 0 
CR 0 0 0 0 
H 0 0 0 0 
R 0 0 0 0 

SAFROLE H 0 0 0 0 
R 0 0 0_ 0 

-- --- --- --

VOLATILES 
1,1,1-TRICHLOROETHANE G 0 0 0 0 

P 0 0 100 0 
1,1,2,2-TETRACHLOROETHANE D 0 0 0 0 

P 0 0 100 0 
1,1,2-TRICHLOROETHANE D 0 0 0 0 
1,1-DICHLOROETHANE D 0 0 0 0 

D 0 0 0 0 
1,2-DICHLOROPROPANE D 0 0 0 0 
1,4-DIOXANE R 0 0 0 0 
2-BUTANONE C 0 0 5 0 

CD 0 0 0 0 
CP 0 0 100 0 

D 0 0 0 0 
-

• • 

0 83.3 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

0 100 0 
0 100 0 
0 100 0 
0 100 0 

0 100 0 

0 0 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 

0 100 0 
0 100 0 
0 95 0 
0 100 0 
0 0 0 
0 100 0 

• 



• 

FRACTION 

• 
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SOIL AND SEDIMENT PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
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PARAMETER 
QUALIFICATION I --~-.. . - .. 

CODE I 

VOLATILES (Continued) 
2-HEXANONE C 0 0 0 0 

CD 0 0 0 0 
D 0 0 0 0 
G 0 0 0 0 
P 0 0 100 0 

3-CHLOROPROPENE C 0 0 0 0 
4-METHYL-2-PENTANONE C 0 0 0 0 

CD 0 0 0 0 
CGP 0 0 100 0 

P 0 0 100 0 
ACETONE A 0 64 12 0 

AC 100 0 0 0 
C 0 0 0 0 

ACETONITRILE R 0 0 0 0 
ACROLEIN C 0 0 0 0 
ACRYLONITRILE C 0 0 0 0 

CR 0 0 0 0 
BENZENE D 0 0 0 0 
BROMOFORM C 0 0 0 0 

D 0 0 0 0 
BROMOMETHANE C 0 0 0 0 

CD 0 0 0 0 
D 0 0 0 0 

CARBON DISULFIDE C 0 0 0 0 
CG 0 0 0 0 
CP 0 0 83.3 0 
D 0 0 0 0 

• 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 0 0 

24 0 0 
0 0 0 
0 50 50 
0 100 0 
0 1 5 98.5 
0 0 100 
0 0 100 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

_0 100 0 
0 100 0 
0 16.7 0 
0 100 0 
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PARAMETER 
QUALIFICATION I -_ .. _ ... - .. 

CODE I 

VOLATILES (Continued) 
CARBON TETRACHLORIDE C 0 0 0 0 
CHLOROBENZENE 0 0 0 0 0 
CHLOROOIBROMOMETHANE 0 0 0 0 0 
CHLOROETHANE C 0 0 0 0 
CHLOROMETHANE 0 0 0 0 0 
CHLOROPRENE C 0 0 0 0 
CIS-100,2-0ICHLOROETHENE 0 0 0 0 0 

P 0 0 100 0 
CIS-100,3-0ICHLOROPROPENE 0 0 0 0 0 
OICHLOROOIFLUOROMETHANE C 0 0 0 0 
ETHYLBENZENE 0 0 0 0 0 
ISOBUTANOL R 0 0 0 0 
METHYL IODIDE C 0 0 0 0 

CV 0 0 0 0 
METHYLENE CHLORIDE A 0 81.8 0 0 
PROPIONITRILE R 0 0 0 0 
STYRENE 0 0 0 0 0 
TETRACHLOROETHENE 0 0 0 0 0 

OP 0 0 100 0 
P 0 0 100 0 

TOLUENE 0 0 0 0 0 
TOTAL XYLENES 0 0 0 0 0 
TRANS-100,2-0ICHLOROETHENE 0 0 0 0 0 
TRANS-100,3-0ICHLOROPROPENE 0 0 0 0 0 
TRANS-100,4-0ICHLORO-2-BU}ENE C 0 0 0 0 

• • 

0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

182 0 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 

• 



• • 
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QUALIFICATION I -_. __ n --;--

FRACTION PARAMETER CODE 
VOLATILES (Continued) 

TRICHLOROETHENE S 0 167 83.3 0 
SD 0 0 100 0 
SP 0 0 100 0 
D 0 0 100 0 

TRICHLOROFLUOROMETHANE C 0 0 0 0 
P 0 0 100 0 

VINYL ACETATE C 0 0 0 0 
PESTICIDES/PCBs 

4,4'-DDD C 0 0 0 0 
4,4'-DDT C 0 0 0 0 
ALDRIN U 0 0 0 100 
ALPHA-SHC C 0 0 0 0 
AROCLOR-100260 C 0 0 0 0 
DIELDRIN C 0 0 0 0 
ENDOSULFAN I C 0 0 0 0 
ENDOSULFAN II C 0 0 0 0 
ENDRIN C 0 0 0 0 

U 0 0 0 100 
ENDRIN ALDEHYDE D 0 0 0 0 
ENDRIN KETONE C 0 0 0 0 
GAMMA-SHC (LINDANE) C 0 0 0 0 
GAMMA-CHLORDANE U 0 0 0 100 
HEPTACHLOR C 0 0 0 0 

------_ .. _--

• 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 100 0 
0 0 0 
0 ___ 100 0 

0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
0 100 0 
0 100 0 
0 0 0 
0 100 0 
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PESTICIDES/PCBs (Continued) 
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PARAMETER 
QUALIFICATION I -_ .. --- '," 

CODE 

IMETHOXYCHLOR COO 0 0 0 100 I~-O-J 
U 0 0 100 0 0 0 0 

Qualifier Code Definitions: 
%Ds = Percent difference. 
%Rs = Percent recovery. 
%RSDs = Percent relative standard deviations. 
A = Lab blank contamination. 
B = Field blank contamination. 
C = Calibration (I.e., % RSDs, %Ds, ICVs, CCVs, RPDs, 
or RRFs, etc.) are noncompliant With analytical method 
requirements. 
CROL = Contract-required quantltatlon limit 
D = MS/MSD noncompliance. 
E = LCS/LCSD noncompliance. 
F = Lab duplicate Imprecision. 
G = Field duplicate impreCIsion. 
GC = Gas chromatography. 
H = Holding time exceedance. 
HPLC = High performance liquid chromatography. 
I = ICP serial dilution noncompliance. 
ICP = Inductively coupled plasma. 
ICSAB = Interference check sample A and B. 
ICVs = Initial calibration verification. 
IDL = Instrument detection limit 

K = ICP Interference -
LCS = Laboratory control 
MS = MatriX spike. 
MSD = Matrix spike 
N = Internal standard 
P = Uncertainty near 
detection limit « 2 x IDL 
for Inorganics and 
R = Surrogates recovery 
RPDs = Relative percent 
RRFs = Relative 
U = Percent difference between columns I detectors for positive results is >25% 
for GC I HPLC methods. 

For Qualifier Definitions - see Section 3.1, Data Validation Process of the RFI Report 

• • • 
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FRACTION 
EXPLOSIVE 

• 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

1,3,5-TRINITROBENZENE D 0 0 0 0 0 

1,3-DINITROBENZENE D 0 0 0 0 0 

2,4,6-TRINITROTOLUENE C 0 0 0 0 0 

2,4-DINITROTOLUENE C 0 0 0 0 0 

2,4-DINITROTOLUENE D 0 0 0 0 0 

2,4-DINITROTOLUENE P 0 0 0 100 0 

2,6-DINITROTOLUENE C 0 0 0 0 0 

2,6-DINITROTOLUENE D 0 0 0 0 0 

2-AMINO-4,6-DINITROTOLUENE P 0 0 0 100 0 

2-AMINO-4,6-DINITROTOLUENE PU 0 0 0 100 0 

2-AMINO-4,6-DINITROTOLUENE U 0 0 0 50 50 

2-NITROTOLUENE D 0 0 0 0 0 

4-AMINO-2,6-DINITROTOLUENE GU 0 0 0 100 0 

4-AMINO-2,6-DINITROTOLUENE P 0 0 0 100 0 

4-AMINO-2,6-DINITROTOLUENE U 0 0 0 100 0 

4-NITROTOLUENE D 0 0 0 0 0 

HMX P 0 0 0 100 0 

HMX U 0 0 0 100 0 

NITROBENZENE U 0 0 0 0 100 

NITROGLYCERIN C 0 0 0 0 0 

RDX D 0 0 0 100 0 

RDX U 0 0 0 100 0 

2,4-D C 0 0 0 77 0 

2,4-D CU 0 0 0 100 0 

2,4-D U 0 0 0 0 100 

DINOSEB U 0 0 0 0 100 

PENTACHLOROPHENOL U 0 0 0 20 80 

• 

U UJ UR 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

0 0 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 0 0 

0 923 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 



FRACTION 
METALS 

• 

TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

ALUMINUM A 0 0 0 20 0 

ALUMINUM AI 0 0 0 100 0 

ANTIMONY A 0 0 0 133 0 

BARIUM A 0 0 0 100 0 

BARIUM B 0 0 0 100 0 

CALCIUM A 0 0 0 100 0 

CALCIUM B 0 0 0 100 0 

CALCIUM BI 0 0 0 100 0 

CALCIUM I 0 0 0 100 0 

CHROMIUM A 0 0 0 591 0 

CHROMIUM B 0 0 0 0 0 

CHROMIUM G 0 0 0 100 0 

COBALT A 0 0 0 0 0 

COPPER A 0 0 0 545 0 

COPPER B 0 0 0 333 0 

IRON A 0 0 0 100 0 

IRON B 0 0 0 100 0 

IRON DF 0 0 0 100 0 

IRON DFG 0 0 0 100 0 

IRON E 0 0 0 100 0 

IRON EG 0 0 0 100 0 

IRON I 0 0 0 100 0 

LEAD A 0 0 0 0 0 

MAGNESIUM A 0 0 0 100 0 

MAGNESIUM AI 0 0 0 100 0 

MAGNESIUM B 0 0 0 - 100 0 

MAGNESIUM BI 0 0 0 100 0 

• 

U UJ UR 

80 0 0 

0 0 0 

867 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

409 0 0 

100 0 0 

0 0 0 

100 0 0 

45.5 0 0 

667 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

100 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

• 



e 

FRACTION 

METALS (FILTERED) 

e· 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

MAGNESIUM I 0 0 0 100 0 

MANGANESE A 0 0 0 857 0 

MANGANESE AG 0 0 0 100 0 

MANGANESE AK 0 0 0 100 0 

MANGANESE B 0 0 0 100 0 

MERCURY H 0 0 0 0 0 

NICKEL A 0 0 0 100 0 

NICKEL AG 0 0 0 100 0 

NICKEL B 0 0 0 100 0 

POTASSIUM A 0 0 0 100 0 

POTASSIUM B 0 0 0 100 0 

POTASSIUM BA 0 0 0 100 0 

POTASSIUM D 0 0 0 100 0 

POTASSIUM I 0 0 0 100 0 

SELENIUM E 0 0 0 100 0 

SILVER A 0 0 0 0 0 

SODIUM A 0 0 0 100 0 

SODIUM B 0 0 0 100 0 

THALLIUM C 0 0 0 0 0 

TIN A 0 0 0 367 0 

TIN B 0 0 0 0 0 

VANADIUM A 0 0 0 0 0 

ZINC A 0 0 0 0 0 

ZINC B 0 0 0 50 0 

ALUMINUM A 0 0 0 0 0 

ANTIMONY A 0 0 0 227 0 

BARIUM A 0 0 0 100 0 

• 

U UJ UR 

0 0 0 

143 0 0 

0 0 0 

0 0 0 i 
0 0 0 

0 100 0 I 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

100 0 0 

0 0 0 

0 0 0 

0 100 0 

633 0 0 

100 0 0 

100 0 0 

100 0 0 

50 0 0 

100 0 0 

773 0 0 

0 0 0 



FRACTION 

MISCELLANOUS 

• 

TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE 8 8J 8U J R 

CALCIUM A 0 0 0 100 0 

CHROMIUM A 0 0 0 50 0 

CHROMIUM G 0 0 0 100 0 

COPPER A 0 0 0 100 0 

IRON DF 0 0 0 100 0 

IRON F 0 0 0 100 0 

LEAD E 0 0 0 100 0 

MAGNESIUM A 0 0 0 100 0 

MAGNESIUM 01 0 0 0 100 0 

MANGANESE A 0 0 0 100 0 

MANGANESE AK 0 0 0 100 0 

MERCURY H 0 0 0 0 0 

NICKEL A 0 0 0 100 0 

POTASSIUM A 0 0 0 100 0 

POTASSIUM I 0 0 0 100 0 

SELENIUM E 0 0 0 100 0 

SILVER A 0 0 0 0 0 

SODIUM A 0 0 0 100 0 

TIN A 0 0 0 789 0 

TIN AI 0 0 0 100 0 

TIN I 0 0 0 100 0 

ZINC A 0 0 0 0 0 

ZINC K 0 0 0 0 0 

NITRATE H 0 0 0 100 0 

NITRITE H 0 0 0 0 0 

PERCHLORATE H 0 0 0 0 0 
~-

• 

U UJ UR 

0 0 0 

50 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

100 0 0 

0 0 0 

21 1 0 0 

0 0 0 

0 0 0 

100 0 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

• 



• 

FRACTION 

SEMIVOLAT!LE 

• 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

TOTAL SUSPENDED SOLIDS G 0 0 0 100 0 

TOTAL SUSPENDED SOLIDS H 0 0 0 100 0 

1,2,4,5-TETRACHLOROBENZENE H 0 0 0 0 0 

1,2,4-TRICHLOROBENZENE D 0 0 0 0 0 

1,2,4-TRICHLOROBENZENE H 0 0 0 0 0 

1,2-DICHLOROBENZENE D 0 0 0 0 0 

1,2-DICHLOROBENZENE H 0 0 0 0 0 

1,3-DICHLOROBENZENE D 0 0 0 0 0 

1,3-DICHLOROBENZENE H 0 0 0 0 0 

1,4-DICHLOROBENZENE D 0 0 0 0 0 

1,4-DICHLOROBENZENE H 0 0 0 0 0 

1,4-NAPHTHOQUINONE H 0 0 0 0 0 

1,4-PHENYLENEDIAMINE C 0 0 0 0 0 

1,4-PHENYLENEDIAMINE CH 0 0 0 0 0 

1-NAPHTHYLAMINE H 0 0 0 0 0 

2,2'-OXYBIS(1-CHLOROPROPANE) C 0 0 0 0 0 

2,2'-OXYBIS(1-CHLOROPROPANE) H 0 0 0 0 0 

2,3,4,6-TETRACHLOROPHENOL H 0 0 0 0 0 

2,4,5-TRICHLOROPHENOL H 0 0 0 0 0 

2,4,6-TRICHLOROPHENOL H 0 0 0 0 0 

2,4-DICHLOROPHENOL H 0 0 0 0 0 

2,4-DIMETHYLPHENOL H 0 0 0 0 0 

2,4-DINITROPHENOL C 0 0 0 0 0 

2,4-DINITROPHENOL H 0 0 0 0 0 

2,6-DICHLOROPHENOL H 0 0 0 0 0 

2-ACETYLAMINOFLUORENE H 0 0 0 0 0 

2-CHLORONAPHTHALENE D 0 0 0 0 0 

• 

U UJ UR 

0 0 0 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 31 1 689 

0 0 100 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 



FRACTION 

• 

TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 6 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

2-CHLORONAPHTHALENE H 0 0 0 0 0 

2-CHLOROPHENOL H 0 0 0 0 0 

2-METHYLNAPHTHALENE C 0 0 0 0 0 

2-METHYLPHENOL H 0 0 0 0 0 

2-NAPHTHYLAMINE H 0 0 0 0 0 

2-NITROANILINE C 0 0 0 0 0 

2-NITROANILINE H 0 0 0 0 0 

2-NITROPHENOL H 0 0 0 0 0 

2-PICOLINE H 0 0 0 0 0 

3&4-METHYLPHENOL H 0 0 0 0 0 

3,3'-DICHLOROBENZIDINE C 0 0 0 0 0 

3,3'-DICHLOROBENZIDINE D 0 0 0 0 0 

3,3'-DICHLOROBENZIDINE H 0 0 0 0 0 

3,3'-DIMETHYLBENZIDINE C 0 0 0 0 0 

3,3'-DIMETHYLBENZIDINE H 0 0 0 0 0 

3-METHYLCHOLANTHRENE H 0 0 0 0 0 

3-NITROANILINE D 0 0 0 0 0 

3-NITROANILINE H 0 0 0 0 0 

4,6-DINITRO-2-METHYLPHENOL C 0 0 0 0 0 

4,6-DINITRO-2-METHYLPHENOL H 0 0 0 0 0 

4-AMINOBIPHENYL H 0 0 0 0 0 

4-BROMOPHENYL PHENYL ETHER H 0 0 0 0 0 

4-CHLORO-3-METHYLPHENOL H 0 0 0 0 0 

4-CHLOROANI LINE H 0 0 0 0 0 

4-CHLOROPHENYL PHENYL ETHER H 0 0 0 0 0 

4-NITROANILINE D 0 0 0 0 0 

4-NITROANILINE H 0 0 0 0 0 
-

• 

I 
I 

U UJ UR 

0 100 0 I 
0 100 0 

0 100 0 

0 100 0 

0 100 0 ! 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

• 



• 

FRACTION 

• 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 7 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 
4-NITROPHENOL C 0 0 0 0 0 

4-NITROPHENOL CH 0 0 0 0 0 

4-NITROPHENOL D 0 0 0 0 0 

4-NITROQUINOLlNE-1-0XIDE C 0 0 0 0 0 

4-NITROQUINOLlNE-1-0XIDE CH 0 0 0 0 0 

4-NITROQUINOLlNE-1-0XIDE CP 0 0 0 100 0 

5-NITRO-O-TOLUIDINE H 0 0 0 0 0 

7,12-DIMETHYLBENZ(A)ANTHRACENE H 0 0 0 0 0 

A,A-DIMETHYLPHENETHYLAMINE C 0 0 0 0 0 

A,A-DIMETHYLPHENETHYLAMINE CH 0 0 0 0 0 

ACETOPHENONE H 0 0 0 0 0 

ANILINE H 0 0 0 0 0 

ARAMITE H 0 0 0 0 0 

BENZO(A)ANTHRACENE C 0 0 0 0 0 

BENZO(G,H,I)PERYLENE C 0 0 0 0 0 

BENZYL ALCOHOL H 0 0 0 0 0 

BIS(2-CHLOROETHOXY)METHANE D 0 0 0 0 0 

BIS(2-CHLOROETHOXY)METHANE H 0 0 0 0 0 

BIS(2-CHLOROETHYL)ETHER H 0 0 0 0 0 

BIS(2-ETHYLHEXYL)PHTHALATE A 0 0 0 100 0 

BIS(2-ETHYLHEXYL)PHTHALATE H 0 0 0 0 0 

BUTYL BENZYL PHTHALATE H 0 0 0 0 0 

CHLOROBENZILATE H 0 0 0 0 0 

DIALLATE H 0 0 0 0 0 

DIBENZO(A,H)ANTHRACENE C 0 0 0 0 0 

DIBENZOFURAN H 0 0 0 0 0 

DIETHYL PHTHALATE H 
--_ .. _- '----- 0 0 0 0 0 

- ---

• 

U UJ UR 

0 100 0 

0 100 0 

0 100 0 

0 83 917 

0 0 100 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 '--~ 0 
-



FRACTION 

- -- ----

• 

TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 8 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

DIMETHYL PHTHALATE H 0 0 0 0 0 

DI-N-BUTYL PHTHALATE H 0 0 0 0 0 

DI-N-OCTYL PHTHALATE H 0 0 0 0 0 

DIPHENYLAMINE H 0 0 0 0 0 

ETHYL METHANE SULFONATE C 0 0 0 6 0 

ETHYL METHANE SULFONATE H 0 0 0 0 0 

ETHYL PARATHION H 0 0 0 0 0 

HEXACHLOROBENZENE H 0 0 0 0 0 

HEXACHLOROBUT ADIENE H 0 0 0 0 0 

HEXACHLOROCYCLOPENT ADI ENE C 0 0 0 0 0 

HEXACHLOROCYCLOPENTADIENE CD 0 0 0 0 0 

HEXACHLOROCYCLOPENT ADI ENE CH 0 0 0 0 0 

HEXACHLOROCYCLOPENT ADI ENE D 0 0 0 0 0 

HEXACHLOROETHANE D 0 0 0 0 0 

HEXACHLOROETHANE H 0 0 0 0 0 

HEXACHLOROPROPENE H 0 0 0 0 0 

ISODRIN H 0 0 0 0 0 

ISOPHORONE H 0 0 0 0 0 

ISOSAFROLE H 0 0 0 0 0 

KEPONE C 0 0 0 0 0 

KEPONE CH 0 0 0 0 0 

METHAPYRILENE H 0 0 0 0 0 

METHYL METHANE SULFONATE C 0 0 0 0 0 

METHYL METHANE SULFONATE H 0 0 0 0 0 

METHYL PARATHION C 0 0 0 0 0 

METHYL PARATHION H 0 0 0 0 0 

N-NITROSODIETHYLAMINE H 0 0 0 0 0 

• 

U UJ UR 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 0 100 

0 100 0 

0 0 100 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 0 100 

0 0 100 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

• 



• 

FRACTION 

• 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 9 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

N-NITROSODIMETHYLAMINE C 0 0 0 0 0 

N-NITROSODIMETHYLAMINE H 0 0 0 0 0 

N-NITROSO-DI-N-BUTYLAMINE H 0 0 0 0 0 

N-NITROSO-DI-N-PROPYLAMINE H 0 0 0 0 0 

N-NITROSOMETHYLETHYLAMINE C 0 0 0 0 0 

N-NITROSOMETHYLETHYLAMINE H 0 0 0 0 0 

N-NITROSOMORPHOLINE C 0 0 0 0 0 

N-NITROSOMORPHOLINE H 0 0 0 0 0 

N-NITROSOPIPERIDINE C 0 0 0 0 0 

N-NITROSOPIPERIDINE H 0 0 0 0 0 

N-NITROSOPYRROLIDINE H 0 0 0 0 0 

O,O,O-TRIETHYL PHOSPHOROTHIOATE H 0 0 0 0 0 

O-TOLUIDINE H 0 0 0 0 0 

P-(DIMETHYLAMINO)AZOBENZENE H 0 0 0 0 0 

PENTACHLOROBENZENE H 0 0 0 0 0 

PENTACHLOROETHANE H 0 0 0 0 0 

PENTACHLORONITROBENZENE H 0 0 0 0 0 

PHENACETIN C 0 0 0 0 0 

PHENACETIN H 0 0 0 0 0 

PHENOL H 0 0 0 0 0 

PHENOL P 0 0 0 100 0 

PRONAMIDE H 0 0 0 0 0 

PYRENE C 0 0 0 0 0 

PYRIDINE C 0 0 0 0 0 

PYRIDINE H 0 0 0 0 0 

SAFROLE H 0 0 0 0 0 

• 

U UJ UR 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 



FRACTION 
VOLATILE 

• 

TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 10 OF 12 

QUALIFIER 

QUALIFICATION' 

PARAMETER CODE B BJ BU J R 

1,1,1,2-TETRACHLOROETHANE C 0 0 0 0 0 

1,1,2,2-TETRACHLOROETHANE P 0 0 0 100 0 

1,1,2-TRICHLOROETHANE P 0 0 0 100 0 

1 ,1-DICHLOROETHENE G 0 0 0 100 0 

1,2-DIBROMO-3-CHLOROPROPANE C 0 0 0 0 0 

1,2-DIBROMOETHANE C 0 0 0 0 0 

2-BUTANONE C 0 0 0 0 0 

2-BUTANONE CP 0 0 0 100 0 

2-BUTANONE P 0 0 0 100 0 

2-HEXANONE C 0 0 0 0 0 

2-HEXANONE CP 0 0 0 100 0 

4-METHYL -2-PENT ANONE C 0 0 0 0 0 

4-METHYL-2-PENTANONE CD 0 0 0 0 0 

ACETONE A 0 125 375 0 0 

ACETONE C 0 0 0 54 0 

ACETONE CP 0 80 0 20 0 

ACETONE P 0 100 0 0 0 

ACROLEIN C 0 0 0 0 0 

ACRYLONITRILE C 0 0 0 0 0 

BROMOMETHANE C 0 0 0 67 0 

BROMOMETHANE CP 0 0 0 100 0 

BROMOMETHANE P 0 0 0 100 0 

CARBON TETRACHLORIDE C 0 0 0 0 0 

CHLORODIBROMOMETHANE P 0 0 0 100 0 

CHLOROETHANE C 0 0 0 0 0 

CHLOROFORM G 0 0 0 0 0 

CHLOROMETHANE C 0 0 0 0 0 

• 

U UJ UR 

0 100 0 

0 0 0 

0 0 0 

0 0 0 

0 100 0 

0 100 0 

0 53,5 465 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

05 0 0 

0 486 459 

0 0 0 

0 0 0 

0 0 100 

0 558 442 

0 933 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

• 



• 

FRACTION 

PESTICIDE/PCB 

• 
TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
PAGE 11 OF 12 

QUALIFIER 

QUALIFICATION 
PARAMETER CODE B BJ BU J R 

CIS-1,2-DICHLOROETHENE C 0 0 0 0 0 

CIS-1,2-DICHLOROETHENE P 0 0 0 100 0 

CIS-1,3-DICHLOROPROPENE C 0 0 0 0 0 

DICHLORODIFLUOROMETHANE C 0 0 0 0 0 

ETHYL METHACRYLATE C 0 0 0 20 0 

METHACRYLONITRILE C 0 0 0 0 0 

METHYL IODIDE C 0 0 0 0 0 

METHYL METHACRYLATE C 0 0 0 0 0 

METHYLENE CHLORIDE A 0 333 0 333 0 

METHYLENE CHLORIDE C 0 0 0 0 0 

METHYLENE CHLORIDE P 0 100 0 0 0 

TETRACHLOROETHENE P 0 0 0 100 0 

TOTAL XYLENES D 0 0 0 0 0 

TRANS-1,2-DICHLOROETHENE P 0 0 0 100 0 

TRANS-1,3-DICHLOROPROPENE C 0 0 0 0 0 

TRANS-1,4-DICHLORO-2-BUTENE C 0 0 0 0 0 

TRICHLOROETHENE A 0 0 0 100 0 

TRICHLOROETHENE AP 0 0 0 100 0 

TRICHLOROETHENE B 0 0 0 50 0 

TRICHLOROETHENE P 0 0 0 100 0 

VINYL ACETATE C 0 0 0 0 0 

VINYL CHLORIDE C 0 0 0 0 0 

4,4'-DDD C 0 0 0 0 0 

ALDRIN D 0 0 0 0 0 

ENDOSULFAN SULFATE D 0 0 0 0 0 
-- -- -

• 

U UJ UR 

0 0 100 

0 0 0 

0 100 0 

0 100 0 

0 80 0 

0 459 541 

0 81 1 189 

0 100 0 

333 0 0 

0 100 0 

0 0 0 

0 0 0 

0 100 0 

0 0 0 

0 100 0 

0 100 0 

0 0 0 

0 0 0 

50 0 0 

0 0 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 

0 100 0 



TABLE 3-6 

GROUND WATER AND SURFACE WATER PERCENT QUALIFICATION RATES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

FRACTION PARAMETER 

Qualifier Code Definitions: 

A = Lab blank contamination. 
S = Field blank contamination. 

NSWC CRANE 
CRANE, INDIANA 
PAGE 12 OF 12 

QUALIFICATION 
CODE B 

QUALIFIER 

BJ BU J R U UJ 

C = Calibration (I.e., % ASDs, %Ds, ICVs, CCVs, APDs, or AAFs, etc.) are noncompliant with analytical method requirements. 
D = MS/MSD noncompliance. 
E = LCS/LCSD noncompliance. 
F = Lab duplicate imprecision. 
G = Field duplicate Imprecision. 
H = Holding time exceedance. 
I = ICP serial dilution noncompliance. 
K = ICP Interference - Include ICSAS % As. 
P = Uncertainty near detection limit « 2 x IDL for inorganlcs and <CAOL for organics). 
U = Pest/PCS percent difference between columns for poSItive results. 

Qualifier Definitions - see page 3-1 of text. 
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TABLE 3-7 

PARAMETERS AND MEDIA FOR WHICH BACKGROUND COMPARISONS WERE RE-EVALUATED 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF2 

WRS Status Final Status 
Surface Soil 
Arsenic <BG <BG 
Chromium <BG >BG 
Mercury <BG >BG 
Silver <BG >BG 

Subsurface Soil 
Cadmium <BG >BG 
Silver <BG >BG 
Tin <BG >BG 

Ground Water 
Aluminum <BG >BG 
Cadmium >BG >BG 
Calcium <BG >BG 
Chromium <BG >BG 
Lead <BG >BG 
Magnesium <BG >BG 
Manganese <BG >BG 
Sodium <BG >BG 
Thallium <BG >BG 

Shallow Sediment 
Aluminum <BG >BG 
Arsenic <BG <BG 
Chromium <BG <BG 
Mercury <BG <BG 
Selenium <BG <BG 

Deep Sediments 
Antimony <BG >BG 
Selenium <BG <BG 
Aluminum <BG >BG 
Arsenic <BG <BG 
Chromium <BG <BG 
Copper <BG >BG . 
Iron <BG <BG 

Surface Water - Low Flow 
Lead <BG >BG 
Zinc <BG <BG 
Dissolved Selenium <BG >BG 
Dissolved Tin <BG >BG 
Dissolved Zinc <BG >BG 



TABLE 3-7 

PARAMETERS AND MEDIA FOR WHICH BACKGROUND COMPARISONS WERE RE-EVALUATED 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 20F 2 

WRS Status Final Status 
Surface Water - High Flow 
Aluminum <BG 
Chromium, Filtered <BG 
Copper <BG 
Iron <BG 
Lead <BG 
Manganese <BG 
Selenium <BG 
Total Tin <BG 
ZinC <BG 
Dissolved Copper <BG 
Dissolved Lead <BG 
Dissolved Potassium <BG 

WRS Status = status after uSing Wilcoxon Rank Sum test to 
determine whether site concentrations exceed background 
concentrations 

<BG 
<BG 
>BG 
<BG 
>BG 
<BG 
>BG 
>BG 
>BG 
>BG 
>BG 
>BG 

<BG = Site concentrations fall within background concentrallons 
>BG = Site concentrallons exceed background concentrallons 
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NORMAL PROBABILITY PLOT - MERCURY - SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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NORMAL PROBABILITY PLOT - ZINC - LOW FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
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4.0 SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

4.1 SUMMARY OF DETECTED CHEMICALS 

A summary of all detected chemicals IS compiled in Tables 4-1 through 4-7. Separate tables are 

presented for surface sOil, subsurface sOil, ground water, shallow sediment, deep sediment, low-flow 

surface water, and high-flow surface water. Each numerical concentration was combined with ItS 

alphabetic data validation flag, If any, into a Single entry to concisely show the reported concentration and 

ItS statu.s after data validation. 

Each table presents the concentrations across all samples for any chemical that exceeded ItS sample­

specific detection limit In at least one sample. This means that at least one, but perhaps only one, of the 

samples in a given table shows the concentration of a particular analyte greater than the detection limit. 

Table entries containing a validation flag of "R" or "UR" should be viewed with caution. Those chemicals 

mayor may not actually be present in the sample but analytical problems were severe enough to cause 

those values to be rejected for quantitative use. Section 3.0 of this report addresses data validation and 

general data quality In more detail. 

The tables show that, although the number of target analytes that were detected In at least one sample IS 

relatively large, few analytes were detected consistently (I.e., across many samples) In a given medium. 

The following section desCribes how the analytical results and their frequencies of detection were used to 

select those chemicals that were used to represent the extent of site contamination and were carned 

forward to the quantitative risk assessments. 

4.2 SELECTION OF HUMAN HEALTH RISK 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 HHRA to those site-related constituents that dominate 

overall potential risks. Screening of site data against risk-based concentrations and background levels IS 

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 in the 

HHRA If the maximum detection In a sampled medium exceeds a conservative screening concentration(s) 

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., 
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inorganics). Chemicals eliminated from further evaluation at thiS time are assumed to present minimal 

risks to potential human receptors. and are not further discussed in this report. 

4.2.1 Derivation of Screening Criteria 

Several types of screening levels were used to identify COPCs for the OJT/LSC. Screening 

concentrations based on U.S. EPA Region 9 preliminary remediation goals (pRGs) (U.S. EPA Region 9, 

November, 2000c) were used, as well as other Indiana Department of Environmental Management 

(IDEM) and U.S. EPA cnteria. The risk-based screening concentrations correspond to a systemic Hazard 

Quotient (HQ) of 0.1 (for noncarclnogens) or a lifetime cancer risk of 1 x 10.6 (for carcinogens). Note that 

the Region 9 PRGs are based on an HQ of 1.0 and the screening concentrations are based on an HQ of 

0.1. PRGs used as screening levels for non-carcinogenic chemicals were conservatively divided by a 

factor of 10 to account for the potential cumulative effects of several (ten) chemicals affecting the same 

target organ or producing the same adverse noncarCinogenic health effect. The screening levels used for 

each medium in the risk assessment are briefly discussed below. 

Soil 

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, 2000c) 

• U.S. EPA generic soil screening levels (SSLs) for migration to ground water (U.S. EPA, 1996b) 

• U.S. EPA generic SSLs for transfers from SOil to air (U.S. EPA, 1996b) 

• IDEM residential default closure levels for direct contact (IDEM, 2001) 

• IDEM residential default closure levels for migration to ground water (IDEM, 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), the chemical was selected 

as a COPC for soil and carned 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. 

Site SOil data are compared to U.S. EPA genenc SSLs for transfers from soil to air to Identify whether a 

quantitative analYSIS of the inhalation exposure pathway IS warranted. If the maximum SOil concentration 
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of a chemical exceeds the SSL, a quantitative evaluation of potential risks from Inhalation is performed. 

Otherwise, the risks associated with the Inhalation pathway are conSidered insignificant, and the 

exposure pathway IS eliminated from further evaluation. 

Sediment 

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, 2000c) 

• IDEM residential default closure levels for direct contact (IDEM, 2001) 

A chemical detected In sediment was selected as a COPC for sediment If the maximum detected 

concentration exceeded the screening levels and the upstream/background concentrations. The 

background comparison, which was presented In Section 3.4, was limited to naturally occurring 

Inorgi:lnlcs only. 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 4-8. 

Ground Water/Surface 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, 2000c) 

• IDEM residential default closure levels for ground water (IDEM, 2001) 

• U.S. EPA Maximum Contaminant Levels (MCLs) (U.S. EPA, 2000b) 

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, the chemical was selected as 

a COPC and carned through to the quantitative risk assessment. 
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Risk-based COPC screening levels for tap water ingestion, which are based on daily, residential 

exposure assumptions, were 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 CO PC selection at the 

OJT/LSC because ground water at the site is not used as a potable drinking water source. Currently, 

there IS no direct exposure to ground water at the OJT/LSC. In addition, potential human exposure to 

surface water at the OJT/LSC is expected to be limited to Incidental exposures (such as those which 

occur dUring trespassing), which is significantly less than the dally exposure assumed during the 

development of the aforementioned ground water screening criteria. 

AWQC were not used to select COPCs for surface water. AWQC applicable to the protection of human 

health assuming routine consumption of water were not used because the conservative U.S. EPA Region 

9 PRGs for tap water, the IDEM default closure levels for residential ground water, and the U.S. EPA 

MCLs were used to select COPCs for ground water and surface water. In addition, the surface water 

bodies present within and downgradlent of the study area do not support game fish populations because 

of their size and the Intermittent nature of the surface water resources along much of Sulphur Creek. 

• 

The risk-based screening levels and health-based standards used in the COPC selection for ground • 

water and surface water are presented In Table 4-9. 

Lead as a COPC 

The U.S. EPA has not published toxicity criteria (I.e., CSFs, RfDs) for lead. The 400 mg/kg screening 

level presented In the Region 9 PRG table for residents exposed to sOil is based on the output of the 

Integrated Exposure Uptake Bloklnetlc (IEUBK) model, which is risk based. However, based on 

Information provided by the U.S. EPA Technical Workgroup for Lead, the results of the IEUBK model 

were further adjusted based on other factors considered relevant to the agency (e.g., uncertainty, the 

analytical sensitiVity of the model). GUidance from both the Office of Prevention, Pesticides, and Toxic 

Substances (OPPTS) and the Office of Solid Waste and Emergency Response (OSWER) recommends 

400 mg/kg as the lowest screening level for lead-contaminated sOil In a residential setting, where children 

are frequently present (U.S. EPA, 1994c). OPPTS Identifies 2,000 to 5,000 mg/kg as an appropriate 

range for areas where contact with sOil by children In a reSidential setting is less frequent. A value of 

400 mg/kg was used as a screening level for sOil and sediment. 

Guidance from the U.S. EPA Technical ReView Workgroup for Lead indicated that "a reasonable 

screening level for soil lead at commercial/Industrial (i.e., non-residential) sites is 750 mg/kg" for a typical 
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non-contact intensive worker (U.S. EPA, 1999a1b). This value was not used as a screening level but was 

used to provide a qualitative evaluation of lead 

The Safe Drinking Water Act action level of 15 Ilg/L was used as the screening level for lead in ground 

water and surface water. 

Dioxin/Furans as COPCs 

U.S. EPA recommends the use of a toxIcity equivalence factor (TEF) approach to evaluate chlorinated 

dioxin and furan congeners. The total amount of tOXIC dioxin and furan congeners present at a site is 

usually expressed as tOXIC equivalent concentrations (TEO) of 2,3,7,8-tetrachlorodibenzodioxin (TCDD) 

present. The following TEFs were used to convert concentrations of dioxin and furan congeners to TEO 

of TCDD. 

• 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-PECD~ - 0.5 

• 2,3,7,8-TCDD -1.0 

• 2,3,7,8-TCDF - 0.1 

• OCDD - 0.0001 

• OCDF - 0.0001 

COPCs were Identified for both the individual dioxin and furan congeners and 2,3,7,8-TCDD equivalent 

concentration, although only the 2,3,7,8-TCDD equivalent concentration was evaluated In the human 

• health risk assessment. 
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Toxicity values are not currently available for nitrocellulose. Consequently, risk-based screening levels 

used for the selection of chemicals of potential concern are not currently published. However, a review of 

the concluSions and recommendations of the U.S. EPA Health Advisory for Nitrocellulose indicates that 

the chemical has a very low toxicity: "Based on available toxicity data and chemical and physical 

properties of the compound, nitrocellulose IS apparently non-toxic to dogs, rats, and mice and is not 

digested or absorbed in these species. These data, along with the relative Insolubility of nitrocellulose in 

water, suggest that Health AdvIsory values for nitrocellulose In drinking water are unnecessary. The 

phYSical characteristiCS of the drinking water as they relate to turbidity, clarity, taste and similar Indicators 

of palatability appear to be the only gUidelines necessary." Toxicity information suggests that the LD50 

(lethal dose for 50 percent of the test animals) is greater than 5 grams per kilogram. It should be noted 

that published risk-based concentrations for other chemicals that are considered relatively non-toxic (e.g., 

aluminum) tYPically exceed 10,000 Ilg/L (tap-water) and 10,000 mg/kg (residential sOil). Nitrocellulose 

concentrations detected In the enVIronmental media at the OJT ILSC do not exceed these concentrations . 

Essential Nutrients and Chemicals without Toxicity Criteria 

The essential nutrients calCium, magnesium, potaSSium, and sodium were not Included as COPCs for the 

OJT/LSC. These inorganic chemicals are naturally abundant In environmental matrices and are only 

tOXIC at high doses In addition, because of the lack of toxicity criteria, direct contact CO PC screening 

levels are not available for some compounds [e.g., acenaphthylene, benzo(g,h,i)perylene, 

2-methylnaphthalene, and phenanthrene]. Surrogates were selected for these chemicals based on 

similar chemical structures. Acenaphthene was used as a surrogate for acenaphthylene, naphthalene 

was used as a surrogate for 2-methylnaphthene, and pyrene was selected as a surrogate for 

benzo(g,h,i)perylene and phenanthrene. SSLs for migration from sOil to air are not available for a large 

number of chemicals and surrogates could not be derived for these constituents. The uncertainty 

associated with the absence of SSLs for migration from sOil to air Will be discussed In Section 7.6, 

Uncertainty AnalysIs. 

Determination of Site-Related Chemicals 

Inorganic 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 

methodology for determining. whether concentrations of Inorganics detected in site media were within 

background levels was presented in Section 3.4. 
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Twenty-three dloxln/furans, six VOCs, 20 SVOCs, eight energetics, three herbicides, and 23 metals were 

detected In surface soil samples collected at the OJT/LSC. The maximum detected surface sOIl 

concentrations are compared to U.S. EPA Region 9 PRGs for residential exposures and IDEM residential 

default closure levels for direct contact in Table 4-10. The following chemicals were detected in surface 

sOil at maximum concentrations that exceeded the direct contact risk-based COPC screening levels. 

These chemicals were retained as COPCs for surface sOil at the OJT/LSC: 

• Dioxln/Furans - 2,3,7,8-TCDD equivalents, total HPCDD. 

• Energetics - 2,4,6-Trlnltrotoluene, 2-amino-4,6-dlnltrotoluene, 4-amino-2,6-dlnintrotoluene, HMX, and 

RDX. 

• Inorganics - Barium, cadmium, chromium, iron, and lead. 

Concentrations of aluminum, antimony, and arsenic also exceeded the screening criteria. However, 

reported concentrations of these metals were within Site-specific background concentrations. Therefore, 

aluminum, antimony, and arsenic were not retained as COPCs for direct contact exposures to surface soil 

at the OJT/LSC. 

A comparison of the maximum detected surface sOil concentrations to U.S. EPA SSLs for chemical 

migration from soil to air is presented In Table 4-11. Concentrations reported for all chemicals were less 

than the U.S. EPA SSLs for soil to air, with the exception of chromium. The concentration of chromium 

exceeded the SSL of 270 mg/kg in only one of 32 samples (03SS270002 - 288 mg/kg). The 

concentrations of chromium In the other 31 samples were less than 60 mg/kg. In addition, the 95 percent 

upper confidence limit on the arithmetic mean of 26 mg/kg is less than the SSL. Because only one of 32 

samples had a concentration that exceeded the SSL and the remaining concentrations were less than 

one-fourth of the screening level, chromium was not retained as a COPC for the inhalation pathway. 

Therefore, exposures through inhalation of fugitive dust emissions from surface sOil at the OJT/LSC were 

not evaluated quantitatively In the HHRA. 

The maximum detected surface soil concentrations are compared to U.S. EPA SSLs for chemical 

migration from sOil to ground water and IDEM residential default closure levels for migration to ground 

water In Table 4-11. The following chemicals were detected in surface sOil at maximum concentrations 

that exceeded the COPC screening levels for migration from sOil to ground water. These chemicals were 

retained as COPCs for surface soil at the OJT/LSC. 
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1,2,3,4,6,7,8-HPCDF, 

1,2,3,4,7,8-HXCDF, 1,2,3,6,7,8-HXCDD, 1,2,3,7,8,9-HXCDD, 1,2,3,7,8-PECDD, 2,3,4,7,8-PECDF, 

2,3,7,8-TCDD, 2,3,7,8-TCDD equivalents, total HPCDD, total HXCDD, total HXCDF, total PECDD, 

and total TCDD. 

• VOCs - Trlchloroethene. 

• Energetics - 2,4-Dinltrotoluene. 

• !norganics - Barium, cadmium, chromium, lead, mercury, nickel, and ZinC. 

2,4-Dinitrotoluene was not detected in ground water at the OJC/LSC. 

Concentrations of antimony, arseniC, selenium, and thallium also exceeded the screening criteria. 

However, reported concentrations of these metals were within site-specific background concentrations. 

Therefore, these Inorganics were not retained as COPCs for the soil-to-ground water migration pathway. 

4.2.3 Subsurface Soil (Depths Greater than 2 Feet) 

• 

Five dioxln/furans, seven VOCs, 23 SVOCs, SIX energetics, and 24 metals were detected in subsurface • 

soil samples collected at OJT/LSC. The maximum detected subsurface sOil concentrations are compared 

to U.S. EPA Region 9 PRGs for reSidential exposures and IDEM residential default closure levels for 

direct contact In Table 4-12. The follOWing chemicals were detected In subsurface soil at maximum 

concentrations that exceeded the direct contact risk-based COPC screening levels. These chemicals 

were retained as COPCs for subsurface sOil at the OJT/LSC. 

• SVOCs - Acetophenone and benzo(a)pyrene 

• Energetics - 2-amIn0-4,6-dinitrotoluene, 4-amino-2,6-dlnitrotoluene, and RDX 

• Inorganlcs - Barium, cadmium, cobalt, copper, iron, lead, manganese, and nickel 

Conce!ltrations of aluminum, antimony, arseniC, and chromium also exceeded the screening critena. 

However, reported concentrations of these metals were within site-specific background concentrations. 

Therefore, these metals were not retained as COPCs for direct contact exposures to subsurface soil at 

the OJT/LSC. 

The maximum detected subsurface sOil concentrations are compared to U.S. EPA SSLs for chemical 

migration from soil to air In Table 4-13. Concentrations reported for all chemicals were less than the U.S . 
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EPA SSLs for sOil to air; therefore, exposures through inhalation of fugitive dust emissions from 

subsurface sOil at the OJT/LSC were not evaluated quantitatively in the HHRA. 

The maximum detected subsurface sOil concentrations are compared to U.S. EPA SSLs for chemical 

migration from sOil to ground water and IDEM reSidential default closure levels for migration to ground 

water in Table 4-13. The following chemicals were detected In surface soil at maximum concentrations 

that exceeded the COPC screening levels for migration from sOil to ground water. These chemicals were 

retained as COPCs for subsurface soil at the OJT/LSC: 

• Dloxlns/furans - 1,2,3,4,6,7,8,9-0CDD, 1 ,2,3,4,6,7,8-HPCDD, 2,3,7,8-TCDD equivalents 

• VOCs - 1,1 ,2,2-Tetrachloroethane and trlchloroethene 

• SVOCs - Benzo(b)fluoranthene 

• Energetics - 2,4-Dlnltrotoluene 

• Inorganlcs - Barium, cadmium, copper, lead, nickel, silver, and ZinC 

Benzo(b)fluoranthene and 2,4-dlnltrotoluene were not detected In ground water at the OJC/LSC . 

Concentrations of antimony, arseniC, chromium, mercury, selenium, and thallium also exceeded the 

screening crltena. However, reported concentrations of these metals were within site-specific background 

concentrations. Therefore, these Inorganlcs were not retained as COPCs for the sOII-to-ground water 

migration pathway. 

4.2.4 Ground Water 

Ten VOCs, one SVOC, SIX energetics, 20 total inorganics, and 12 dissolved Inorganlcs were detected in 

ground water samples collected from the surficial aquifer. A comparison of the maximum detected 

ground water concentrations to U.S. EPA Region 9 PRGs for ingestion of tap water, EPA MCLs, and 

IDEM ground water closure levels IS presented In Table 4-14. The follOWing chemicals were detected In 

ground water at maximum concentrations that exceeded the COPC screening levels. These chemicals 

were retained as COPCs for ground water at the OJT/LSC: 

• VOCs - 1,1 ,2,2-Tetrachloroethane, 1,1 ,2-trichloroethane, 1, 1-dlchloroethene, cls-1,2-dlchloroethene, 

tetrachloroethene, trans-1 ,2-dichloroethene, trichloroethene, and Vinyl chlOride. 

• Energetics - 2,4,6-Tnnitrotoluene, 2-amIn0-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, and RDX. 

• Inorganlcs - Aluminum, barium, cadmium, chromium, iron, manganese, nickel, and thallium . 

• Miscellaneous - Nitrate. 

06020S/P 4-9 CTO 0159 



NSWCCrane 
RFI 

RevIsion 0 
Date October 2003 

Section 4 
Page 10 of 19 

Concentrations of arsenic also exceeded the screening cntena. However, reported concentrations of 

arsenic were within site-specific background concentrations. Therefore, arsenic was not retained as 

COPCs for ground water. 

4.2.5 , Sediment 

Shallow Sediment (0 to 6 inches) 

Five VOCs, SIX SVOCs, four energetics, one pesticide/PCB, five herbicides, and 24 Inorganics were 

detected in shallow sediment samples collected at OJT/LSC. The maximum detected sediment 

concentrations are compared to U.S. EPA Region 9 PRGs for residential exposures and IDEM residential 

default closure levels for direct contact In Table 4-15. The follOWing chemicals were detected in shallow 

sediment at maximum concentrations that exceeded the direct contact risk-based COPC screening levels. 

These chemicals were retained as COPCs for sediment at the OJT/LSC: 

• Inorganlcs - Aluminum, antimony, banum, and lead 

Concentrations of arseniC, chromium, iron, and manganese also exceeded the screening criteria. 

However, reported concentrations of these metals were within SIte-specific background concentrations. 

Therefore, these metals were not retained as COPCs for direct contact exposures to shallow sediment at 

the OJT/LSC. 

It should be noted that, although the maximum detected lead concentration of 653 mg/kg in shallow 

sediment exceeded the OSWER screening level of 400 mg/kg for reSidential settings, it was less than the 

recommended screening level of 750 mg/kg for commerclallindustrial sites. 

Deep Sediment (6 to 12 inches) 

Six VOCs, seven SVOCs, five energetics, SIX herbicides, and 24 inorganlcs were detected in deep 

sediment samples collected at OJT /LSC. The maximum detected sediment concentrations are compared 

to U.S. EPA Region 9 PRGs for reSidential exposures and IDEM reSidential default closure levels for 

direct contact In Table 4-16. The follOWing chemicals were detected in deep sediment at maximum 

concentrations that exceeded the direct contact nsk-based COPC screening levels. These chemicals 

were retained as COPCs for sediment at the OJT/LSC: 

• Energetics - 2-amlno-4,6-dlnltrotoluene 
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Concentrations of arsenic, chromium, Iron, and manganese also exceeded the screening criteria. 

However, reported concentrations of these metals were within site-specific background concentrations. 

Therefore, these metals were not retained as COPCs for direct contact exposures to deep sediment at 

the OJT/LSC. 

Although the maximum detected lead concentration of 445 mg/kg in deep sediment exceeded the 

OSWER screenrng level of 400 mg/kg for residential settings, it was less than the recommended 

screenrng level of 750 mg/kg for commerclal/industnal sites. 

4.2.6 Surface Water 

Low-Flow Conditions 

Three VOCs, five energetics, one herbicide, 17 total Inorganrcs, and 19 dissolved Inorganics were 

detected in surface water samples collected dunng low-flow conditions. The maximum detected surface 

water concentrations are compared to U.S. EPA Region 9 PRGs for ingestion of tap water, EPA MCLs, 

and IDEM ground water closure levels In Table 4-17. The following chemicals were detected In the low­

flow surface water samples at maximum concentrations that exceeded the COPC screening levels. 

These chemicals were retained as COPCs for surface water at the OJT/LSC: 

• VOCs - Bromomethane 

• Energetics - 2-amlno-4,6-dlnltrotoluene, 4-amino-2,6-dinrtrotoluene, and RDX 

• Inorganrcs - Lead 

Concentrations of total aluminum, total arsenic, and total Iron also exceeded the screening cntena. 

However, reported concentrations of these metals were within site-specific background concentrations. 

Therefore, these metals were not retained as COPCs for direct contact exposures to surface water at the 

OJT/LSC. 

Concentrations of dissolved arsenrc In filtered samples exceeded arsenic's EPA Region 9 PRG and were 

above site-specific background concentrations. Dissolved arsenic was not retained as a COPC in surface 

water under low-flow conditions because dissolved arsenrc concentrations were less than total arsenic 

concentrations In all samples and concentrations of total arsenic were within site-specific background 
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levels. In addition, dissolved arsenic concentrations were also less than the EPA MCl and IDEM 

residential closure level. 

High Flow Conditions 

Two VOCs, two SVOCs, five energetics, three herbicides, 21 total inorganics, and 20 dissolved 

inorganics were detected In surface water samples collected dUring high-flow conditions. The maximum 

detected surface water concentrations are compared to U.S. EPA Region 9 PRGs for ingestion of tap 

water, EPA MCls, and IDEM ground water closure levels in Table 4-18. The following chemicals were 

detected In the high-flow surface water samples at maximum concentrations that exceeded the CO PC 

screening levels. These chemicals were retained as COPCs for surface water at the OJT/lSC: 

• VOCs - Acetone and methylene chloride 

• SVOCs - bls(2-ethylhexyl) phthalate 

• Energetics - 2-amIn0-4,6-dlnltrotoluene, 4-amIn0-2,6-dlnltrotoluene, and RDX 

• Herbicides - Pentachlorophenol 

• Inorganlcs - Antimony and lead 

Concentrations of total aluminum, total arseniC, total Iron, total manganese, and nitrate also exceeded the 

screening criteria. However, reported concentrations of these metals were within site-specific background 

concentrations. Therefore, these metals were not retained as COPCs for direct contact exposures to 

surface water at the OJT/lSC. 

Concentrations of dissolved arsenic In filtered samples exceeded arsenic's EPA Region 9 PRG and were 

greater than site-specific background samples. Dissolved arsenic was not retained as a COPC in surface 

water under high-flow conditions because dissolved arsenic concentrations were less than total arsenic 

concentrations In all samples and concentrations of total arsenic were within site-speCific background 

levels. In addition, dissolved arsenic concentrations were also less than the EPA MCl and IDEM 

residential closure level. 

4.2.7 Summary 

Table 4-19 summarizes the chemicals retained as COPCs for sOil, ground water, sediment, and surface 

water at the OJT/lSC. RAGS Part 0 tables for COPC selection are Included in Appendix G.3. 
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SELECTION OF ECOLOGICAL RISK 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 ecological risk assessment (ERA) to those site-related 

constituents that dominate overall potential risks. Site data are screened against risk-based 

concentrations and background levels to focus the risk assessment on meaningful chemicals and 

exposure routes. 

Screening concentrations based on U.S. EPA Region 5 Ecological Data Quality Levels (EDQLs) (U.S. 

EPA, 1999d) were used for surface water (high and low flow), sediment (shallow and deep), and surface 

soil. The ecological screening levels proVide an initial screening level that IS protective of ecological 

receptors (e.g. plants, Invertebrates, mammals) (U.S. EPA, Working Draft, 1999) 

In general, a chemical IS selected as a COPC and retained for further quantitative risk evaluation in the 

ERA if the maximum detection level In a sampled medium exceeds the EDQL and the chemical is 

determined to be present at concentrations exceeding background. This second condition applies only to 

those chemicals for which background comparison is appropriate (e.g., Inorganlcs). A chemical is also 

retained as a COPC If the detection level exceeds background levels and no screening level is currently 

available for that chemical. Chemicals eliminated from further evaluation at thiS time are assumed to 

present minimal risks to potential ecological receptors. 

As discussed In more detail In Section B.O of this report, the only media being evaluated In the ERA are 

surface water, sediment, and surface SOIL Ground water is not evaluated In the ERA because ecological 

receptors are not exposed directly to the ground water before It is mixed With the surface water. Also, 

subsurface soil is not evaluated because most ecological receptors are not exposed to the subsurface 

soil. The surface SalliS defined as the samples that were collected from 0 to 2 feet In depth. 

Surface water samples were collected during low-flow and high-flow sampling events. The objectives of 

the two sampling events are presented in more detail in Section 2.0 of thiS report. In summary, the low­

flow samples represent surface water concentrations In the creek related to ground water flow, and the 

high-flow samples represent surface water concentrations In the creek related to ground water flow and 

surface water runoff. Although aquatic organisms are exposed to the surface water under both scenariOS, 

the surface water data from both data sets were evaluated separately to select COPCs to determine 

whether one scenario presented greater risks than the other. A combined data set, Including surface 

water at both high-flow and low-flow was used to refine the list of COPCs In Step 3a of the ERA process 
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since aquatic receptors can be exposed to sediment from both sets. This IS further discussed In Section 

8.0 because aquatic receptors will be exposed to surface water under both scenarios. 

Sediment samples were collected from depths of 0 to 6 inches (shallow) and 6 to 12 Inches (deep). For 

the selection of COPCs and risk calculations, the samples from these two depth intervals were evaluated 

separately. Although ecological receptors In the sediment are typically only exposed to the surficial 

sediment layer (i.e., 0 to 6 inches or less), the sediment dynamics In Little Sulphur Creek warrant the 

inclusion of both depth intervals in the ERA. DUring periods of rain, it has been reported by base 

personnel that the creek flows very rapidly and the sediment is scoured along the creek bottom. 

Therefore, it IS likely that there is considerable mixing of the sediment dUring these events and aquatic 

receptors may be exposed to the deeper sediment In the future. For these reasons, it IS appropriate to 

evaluate the data from both depth intervals for the ERA. A combined data set including both depth 

intervals was used to refine the list of COPCs In Step 3a of the ERA process because aquatic receptors 

can be exposed to sediment from both sets. This is further discussed in Section 8.0 of the report. 

Dioxins/Furans as COPCs 

EPA Region 5 recommends that a TEF approach be used to evaluate chlOrinated dioxin and furan • 

congeners. The total amount of toxic dioxin and furan congeners present at a site is usually expressed 

as TEO of 2,3,7,8-TCDD present. Section 4.2 presented the TEFs used to convert concentrations of 

diOXin and furan congeners to TEO of TCDD for humans, which are the same TEFs for other mammals. 

The follOWing TEFs were used to convert concentrations of dioxin and furan congeners to TEO of TCDD 

for the bird: 

• 1,2,3.4,6,7,8-HPCDD - <0.001 

• 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 - 0.05 

• 1,2,3.4,7,8-HXCDF - 0.1 

• 1,2,3,6,7,8-HXCDD - 0.01 

• 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 - 0.1 

• 2,3.4,6,7,8-HXCDF - 0.1 • 
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COPCs were Identified for both the Individual dioxin and furan congeners and 2,3,7,8-TCDD equivalent 

concentration, although only the 2,3,7,8-TCDD equivalent concentration was evaluated in the ecological 

risk assessment. 

Essential Nutrients and Chemicals without Toxicity Criteria 

The essential nutrients of calcium, magnesium, potassium, and sodium were not included as COPCs for 

OJT/LSC. These inorganic chemicals are naturally abundant In environmental matrices and are only 

tOXIC at high doses. In addition, because of the lack or toxicity criteria, risk-based COPC screening levels 

are not available for some compounds. Chemicals without EDQLs were retained as COPCs for further 

evaluation In Step 3a of the ERA process . 

Determination of Site-Related Chemicals 

Inorganic chemicals found at concentrations indicative of background levels are not considered to be slte­

related contaminants and were not retained as COPCs for the quantitative risk assessment. The 

methodology for determining whether concentrations of Inorganlcs detected In site media were within 

background levels was presented In Section 3.4. 

4.3.1 Surface Soil (0 to 2 feet) 

Twenty-three dioxins/furans (Including six dioxin/furan totals), SIX VOCs, 20 SVOCs, eight energetics, 

three herbiCides, and 23 metals were detected In surface SOil samples collected at OJT/LSC. The 

maximum detected surface SOil metals concentrations are compared to U.S. EPA Region 5 surface SOil 

screening levels In Table 4-20. The following individual chemicals were detected in surface soil at 

maximum concentrations exceeding the direct contact risk-based COPC screening levels. These 

chemicals were retained as COPCs for surface soil at OJT/LSC: 

• Dioxlns/Furans - 1,2,3,4,6,7,8,9-0CDD, 1,2,3,4,6,7,8,9-0CDF, 1,2,3,4,6,7,8-HPCDD, 1,2,3,4,7,8-

HXCDD, 1,2,3,6,7,8-HXCDD, 1,2,3,7,8,9-HXCDD, 1,2,3,7,8-PECDD, and 2,3,7,8-TCDD. 

• • Semivolatile Organics - dl-n-butyl phthalate and naphthalene. 

06020S/P 4-15 CTO 0159 



NSWCCrane 
RFI 

Revision 0 
Date October 2003 

Section. 4 
Page 16 of 19 • 

• Energetics - 1,3,5-Tnnitrobenzene. 

• Inorganics - Barium, beryllium, cadmium, chromium, copper, lead, mercury, nickel, and zinc. 

Concentrations of antimony, arsenic, cobalt, selenium, thallium, and vanadium also exceeded their 

screening critena. However, reported concentrations of these metals were within site-specific background 

concentrations and therefore were not retained as COPCs for direct contact exposures to surface soil at 

the OJT/LSC. 

The following chemicals (or totals for the dioxins) were retained as COPCs for surface soil at OJT/LSC 

because there are no current available surface soil EDOLs. They will be further evaluated in Step 3a of 

the ERA process. 

• Dioxlns/Furans - Bird and human TEO; total HPCDD, HPCDF, HXCDD, HXCDF, PECDD, and TCDD. 

• Energetics 2,4,6-Tnnitrotoluene, 2-amino-4,6-dinitrotoluene, 2-nltrotoluene, 4-amIn0-2,6-

dinltrotoluene, HMX, and RDX. 

• Metals - Iron. 

4.3.2 Sediment 

Shallow Sediment (0 to 6 inches) 

Five VOCs, SIX SVOCs, four energetics, one pesticide, five herbicides, and 24 Inorganlcs were detected 

In shallow sediment samples collected at OJT/LSC. The maximum detected sediment concentrations are 

compared to U.S. EPA Region 5 sediment screening levels In Table 4-21. The follOWing chemicals were 

detected In shallow sediment at maximum concentrations that exceeded the direct contact risk-based 

COPC screening levels. These chemicals were retained as COPCs for sediment at OJT/LSC: 

• SVOCs - Acenaphthene, dl-n-butyl phthalate, and diphenylamine. 

• Energetics - 2,4-Dlnltrotoluene. 

• Pesticides - Methoxychlor. 

• HerbiCides - 2,4-D. 

• Inorganlcs - Cadmium, copper, lead, and zinc. 

Concentrations of arseniC, chromium, mercury, nickel, and Silver also exceeded the screening criteria. 

However, reported concentrations of these metals were within site-specifiC background concentrations . 
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Therefore, these metals were not retained as COPCs for direct contact exposures to shallow sediment at 

the OJT ILSC. 

The following chemicals were retained as COPCs for shallow sediment at OJT ILSC because there are no 

current available sediment EOOLS. These chemicals will be further evaluated in Step 3a of the ERA 

process. 

• Energetics - 2,4,6-Tnnitrotoluene, 2-amIn0-4,6-dinltrotoluene, and HMX. 

• Inorganlcs - Aluminum, antimony, banum, and tin. 

Deep Sediment (6 to 12 inches) 

SIX VOCs, seven SVOCs, five energetics, SIX herbicides, and 24 Inorganics were detected in deep 

sediment samples collected at OJT/LSC. The maximum detected sediment concentrations are compared 

to U.S. EPA Region 5 sediment screening levels In Table 4-22. The following chemicals were detected In 

deep sediment at maximum concentrations that exceeded the direct contact risk-based CO PC screening 

levels. These chemicals were retained as COPCs for sediment at OJT/LSC: 

• SVOCs - Ol-n-butyl phthalate. 

• Herbicides - 2,4-0. 

• Inorganlcs - Cadmium, copper, lead, and ZinC. 

Concentrations of arsenic, chromium, and nickel also exceeded the screening cntena. However, reported 

concentrations were within site-specific background concentrations. Therefore, they were not retained as 

COPCs for direct contact exposures to deep sediment at the OJT/LSC. 

The following chemicals were retained as COPCs for deep sediment at OJT ILSC because there are no 

current available sediment EOOLs. They will be further evaluated In Step 3a of the ERA process. 

• Energetics - 2,4,6-Tnnltrotoluene, 2-amIn0-4,6-dlnltrotoluene, 4-amino-2,6-dinltrotoluene, HMX, and 

ROX 

• Inorganics - Aluminum, antimony, barium, and tin . 
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Three VOCs, five energetics, one herbicide, 17 total Inorganics, and 19 dissolved Inorganlcs were 

detected In surface water samples collected during low-flow conditions. The maximum detected surface 

water concentrations are compared to U.S. EPA Region 5 surface water screening levels In Table 4-23. 

The total metals-lead was detected In the low-flow surface water samples at maximum concentrations 

exceeding the COPC screening levels at OJT/LSC. 

The following chemicals were retained as COPCs for low-flow surface water at OJT/LSC because there 

are no current available surface water EDOLs. They will be further evaluated In Step 3a of the ERA 

process. 

• VOCs - Bromomethane. 

• Energetics - 2,4,6-Tnnitrotoluene, 2-amIn0-4,6-dlnltrotoluene, 4-amino-2,6-dinltrotoluene, HMX, and 

RDX. 

• Dissolved metals-Iron. 

High-Flow Conditions 

Two VOCs, two SVOCs, five energetics, three herbicides, 21 total Inorganics, and 20 dissolved 

Inorganlcs were detected In surface water samples collected during high-flow conditions. The maximum 

detected surface water concentrations are compared to U.S. EPA Region 5 surface water screening 

levels presented in Table 4-24. The following chemicals were detected in the high-flow surface water 

samples at maximum concentrations exceeding the CO PC screening levels. These chemicals were 

retained as COPCs for surface water at OJT/LSC: 

• SVOCs - bis(2-ethylhexyl) phthalate. 

• Total Metals - Cadmium, copper, lead, and zinc. 

• Dissolved Metals - Copper and lead 

The following chemicals were retained as COPCs for high-flow surface water at OJT/LSC due to no 

current available surface water EDOLs. These chemicals will be further evaluated In Step 3a of the ERA 

process: 
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Energetics - 2-AmIn0-4,6-dlnitrotoluene, 4-amIn0-2,6-dlnltrotoluene, HMX, nitrocellulose, and ROX . 

Herbicides - 2,4-0 . 

4.3.4 Summary 

Table 4-25 summanzes the chemicals retained as ecological COPCs for sOils, sediments, and surface 

water at the OJT/LSC. 

4.4 OVERALL SUMMARY OF HUMAN HEALTH AND ECOLOGICAL COPCs 

Table 4-26 summarizes the overall list of chemicals that were retained as COPCs for either the human 

health or ecological nsk assessment. Chemicals retained as human health COPCs are designated with 

an "H," and chemicals retained as ecological COPCs are designated with an "E" . 
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LOCATION 035B01 035B02 
N5AMPLE 0355010002 0355020002 
5AMPLE 0355010002 0355020002 
MATRIX SO SO 
5UBMATRIX 55 55 
5ACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
QC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
D,ox,ns n!llk!l) 
l,2,3,4,6,7,8,9-OCDD 
l,2,3A,6,7,8,9-OCDF 
l,2,3A,6,7,8-HPCDD 
l,2,3.4.6,7,8-HPCDF 
l,2,3A,7,B,9-HPCDF 
l,2,3A,7.8-HXCDD 
1.2.3.4,7,8-HXCDF 
l,2,3.6,7,8-HXCDD 
1.2,3,6,7.8-HXCDF 
1.2.3,7.8,9-HXCDD 
1.2.3,7,8.9-HXCDF 
l,2.3.7,8-PECDD 
l,2,3,7.8-PECDF 
2.3A,6,7.8-HXCDF 
2,3,4.7,8-PECDF 
2,3,7,8-TCDD 
2.3,7,8-TCDF 
TEQBIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL HPCDF 
TOTAL HXCDD 
TOTAL HXCDF 
TOTAL PECDD 
TOTAL TCDD 
Volatile O,games (l!gJkg) 
1.1.1-TRICHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
TETRACHLOROETHENE 
TOTAL XYLENES 
TRICHLOROETHENE 
Semi volatile O'!lames (u!llk!l) 
1 A-PHENYLENEDIAMINE 76 U 
2-METHYLNAPHTHALENE 148 U 
ACENAPHTHENE 148 U 
ACENAPHTHYLENE 148 U 
ANTHRACENE 148 U 
BENZO A)ANTHRACENE 148 U 
BENZO A)PYRENE 148 U 
BENZO B)FLUORANTHENE 148 U 
BENZO G,H,I PERYLENE 148 U 
BIS(2-ETHYLHEXYL)PHTHALATE 76 U 

• 

TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
5WMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 1 OF 20 

035B03 035B04 035B05 035B06 
0355030002 0355040002 0355050002 0355060002 
0355030002 0355040002 0355050002 0355060002 

SO SO SO SO 
5S 55 55 55 

NORMAL NORMAL NORMAL ORIG 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

72 U 83 UJ 74 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 57 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
72 U 83 U 74 U -

• 

035B07 035B08 035B09 035B10 
0355070002 0355080002 0355090002 0355100002 
0355070002 0355080002 0355090002 0355100002 I 

SO SO SO SO 
55 55 55 55 

NORMAL NORMAL ORIG NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

74 U 73 UJ 67 UJ 78 UJ 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 9 
143 U 141 U 13 U 151 U 
74 U 73 U 67 U 78 U 

-

•• 
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LOCATION 035B01 035B02 
N5AMPLE 0355010002 0355020002 
5AMPLE 0355010002 0355020002 
MATRIX 50 50 
5UBMATRIX 55 55 
5ACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
CHRYSENE 148 U 

• 
TABLE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAILJLlTTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 2 OF 20 

035B03 035B04 035B05 035B06 
0355030002 0355040002 0355050002 0355060002 
0355030002 0355040002 0355050002 0355060002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL ORIG 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

14 U 16 U 57 U 

• 
035B07 035B08 035B09 035B10 

0355070002 0355080002 0355090002 0355100002 
0355070002 0355080002 0355090002 0355100002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL ORIG NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

143 U 141 U 13 U 151 U 

, . 



LOCATION 035B01 03SB02 
NSAMPLE 03SS010002 03SS020002 
SAMPLE 03SS010002 03SS020002 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
Semivolalile Orqamcs JI!gIk~JConllnuedi 
DI-N-BUTYL PHTHALATE 76 U 
DI-N-OCTYL PHTHALATE 76 U 
DIBENZQ(A,H)ANTHRACENE 148 U 
FLUORANTHENE 148 U 
FLUORENE 148 U 
INDENO(1,2,3-CD)PYRENE 148 U 
NAPHTHALENE 148 U 
PHENANTHRENE 148 U 
PYRENE 148 U 
Enerqellcs mg/kq) 
1,3,5-TRINITROBENZENE 025 U 025 U 
2,4,6-TRINITROTOLUENE 025 U 025 U 
2,4-DINITROTOLUENE 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 
2-NITROTOLUENE 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 
HMX 034 028 U 
RDX 

-- -- -- ~ ~~ 

Q15 U - ~il25 U -

Herbicides (l1g/k9) 

TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 20 

03SB03 03SB04 03SB05 03SB06 
03SS030002 03SS040002 03SS050002 03SS060002 
03S5030002 03SS040002 03SS050002 03SS060002 

SD SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL ORIG 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

72U 83 U 74 U 
72 U 83 U 74 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 144 U 
14 U 16 U 57 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 

044 025 U 025 U 025 U 
_025l ~. _O~ --_~U_ 0,,5 U 

It~g:EB ;r ---1-- -I 

• • 

03SB07 03SB08 03SB09 03SB10 
03SS070002 03SS080002 03SS090002 03SS100002 
03SS070002 03SS080002 03SS090002 03SS100002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL ORIG NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

74 U 73 U 67 U 120 J 
74 U 73 U 67 U 78 UJ 

143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 
143 U 141 U 13 U 151 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 LJ_ - O~ --'-- 025_ U 

• 



• 
LOCATION 03SBOI 03SB02 
NSAMPLE 03SS010002 03SS020002 
SAMPLE 03SS010002 03SS020002 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
Inorqanocs mq/kq) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

-- -

MIscellaneous Parameters 
NITRATE maiko 06 U 17 
NITRITE mg/kg 56 J 14 UJ 
NITRITE/NITRATE ma/kg 06 U 17 J 
PERCENT MOISTURE % 194 106 
PERCHLORATE ~g/kg '---- 25 UJ 22 UJ 

• 
TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE. INDIANA 

PAGE 4 OF 20 

03SB03 03SB04 03SB05 03SB06 
03SS030002 03SS040002 03SS050002 03SS060002 
03SS030002 03SS040002 03SS050002 03SS060002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL ORIG 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

-" 

--

-

--
. 

12 19 24 3 
24 UJ 2 UJ 20 UR 11 UJ 

12 19 J 24 J 3 J 
199 77 19 97 

25 UJ 22 UJ 25 UJ 22 UJ 

• 
03SB07 03SB08 03SB09 03SB10 

03SS070002 03SS080002 035S090002 03SS100002 
03SS070002 03SS080002 035S090002 03SS100002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL ORIG NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

.' 

36 28 22 37 
53 UJ 2 UJ 12 UJ 22 UR 
36 J 28 J 22 J 37 J 
76 64 25 '38 

22 UJ 24 J 27 UJ 23 UJ 



LOCATION 03S611 03S612 
NSAMPLE 03SS110002 03SS120002 
SAMPLE 03SS110002 03SS120002 
MATRIX SO SO 
SU6MATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
D,ox,ns nq/klli 
1,2,3,4,6,7,8,9-0CDD 
1,2,3,4,6,7,B,9·0CDF 
1,2,3,4,6,7,B·HPCDD 
1,2,3,4,6,7,8·HPCDF 
1,2,3,4,7,B,9·HPCDF 
1,2,3A,7,8·HXCDD 
1,2,3,4,7,8·HXCDF 
1,2,3,6,7,8·HXCDD 
1,2,3,6,7,8·HXCDF 
1,2,3,7,8,9·HXCDD 
1,2,3,7,8,9-HXCDF 
1,2,3,7,8·PECDD 
1,2,3.7,8·PECDF 
2,3A,6,7.8·HXCDF 
2,3,4.7,8·PECDF 
2.3,7,8·TCDD 
2,3,7,8· TCDF 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL HPCDF 
TOTAL HXCDD 
TOTAL HXCDF 
TOTAL PECDD 
TOTAL TCDD 
Volstlle Orllsnlcs (ug/kg) 
1.1.1-TRICHLOROETHANE 
2·HEXANONE 
4·METHYL·2·PENTANONE 
TETRACHLOROETHENE 
TOTAL XYLENES 
TRICHLOROETHENE 
Semlvolstole Orllsnocs uqfklll 
1 A·PHENYLENEDIAMINE 76 UJ 
2-METHYLNAPHTHALENE 149 U 
ACENAPHTHENE 149 U 
ACENAPHTHYLENE 14 
ANTHRACENE 12 
BENlO A ANTHRACENE 18 
BENlO A PYRENE 28 
BENlO B FLUORANTHENE 49 
BENlO G,H,I PERYLENE 22 
BIS(2·ETHYLHEXYL)PHTHALATE 76 U 

• 

TA6LE 4·1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 • OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 20 

03S613 03S614 03S615 03S616 
03SS130002 03SS140002 03SS150002 03SS160002 
03SS130002 03SS140002 03SS150002 03SS160002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0·2 0-2 0-2 0·2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

76 UJ 7B UJ 76 UJ 7B UJ 
55 U 15 U 151 U 151 U 
55 U 15 U 151 U 151 U 
55 U 15 U 151 U 151 U 
55 U 15 U 151 U 151 U 
55 UJ 15 U 151 U 151 U 
55 UJ 15 U 151 U 151 U 
55 UJ 14 12 151 U 
55 UJ 8 151 U 151 U 
170 U B4 J 76 U 78 U 

• 

03S617 03S618 03S619 03S620 
03SS170002 03SS180002 03SS190002 03SS200002 
03SS170002 03SS180002 03SS190002 03SS200002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

2350 J 771 J 
622 J 03 UJ 

233 126 
321 019 J 
21 J 02 U 
21 J 02 U 

21 BU 008 U 
101 01 U 

24 J OOB U 
65 035 J 

035 U 01 U 
13 J 01 U 

038 U 008 U 
27 J 008 U 
056 J 008 U 
043 J 019 J 
05 J 008 U 

5 032 
46 029 
74 043 
419 316 

939 U 019 
591 U 27 U 
612 U 009 U 
104 U 01 U 

1 037 U 

47 U 87 U 096 U 5 U 
47 U 87 U 096 UJ 5 U 
47 U 87 U 096 UJ 5 U 
47 U 87 U 096 U 5 U 
47 U 87 U 096 U 5 U 
47 U 87 U 096 U 5 U 

76 UR 82 U BO UJ Bl UR 
15 U 64 U 15 U 15 U 
15 U 64 U 15 U 15 U 
15 U 64 U 15 U 15 U 
15 U 64 U 15 U 15 U 
15 U 37 15 U 15 U 

15 52 10 15 U 
11 160 24 15 U 
15 67 13 15 U 

76 U 870 8QJ.J 81 U 

• 



• 
LOCATION 03S811 03S812 
NSAMPLE 03SS110002 03SS120002 
SAMPLE 03SS110002 03SS120002 
MATRIX SO SO 
SU8MATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
CHRYSENE '- 18 

• 
TA8LE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIL/LITILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 6 OF 20 

03S813 03S814 03S815 03S816 
03SS130002 03SS140002 03SS150002 03SS160002 
03SS130002 03SS140002 03SS150002 03SS160002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

55 UJ 10 151 U 8 

• 
03S817 03S818 03S819 03S820 

03SS170002 03SS180002 03SS190002 03SS200002 
03SS170002 03SS180002 03SS190002 03SS200002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

15 U 68 11 15 U 



LOCATION 03SBll 03SB12 
NSAMPLE 03SS110002 03SS120002 
SAMPLE 03SS110002 03SS120002 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
SemI volatIle OrganIcs lug/kg) Co 
DI-N-BUTYL PHTHALATE 76 U 
DI-N-OCTYL PHTHALATE 76 U 
DIBENZO A,H ANTHRACENE 149 U 
FLUORANTHENE 14 
FLUORENE 149 U 
INDENO( 1 ,2,3-CD)PYRENE 20 
NAPHTHALENE 149 U 
PHENANTHRENE 8 
PYRENE 19 
EnergetIcs (mg/kg) 
1,3,5-TRINITROBENZENE 025 U 025 U 
2,4,6-TRINITROTOLUENE 025 U 025 U 
2,4-DINITROTOLUENE 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 
2-NITROTOLUENE 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 
HMX 025 U 025 U 
RDX 025 U 025 U 
HerbIcIdes (ug/kg) 

TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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035B13 03SB14 03SB15 03SB16 
03SS130002 03SS140002 03SS150002 03SS160002 
03SS130002 03SS140002 03SS150002 03SS160002 

50 SO SO SO 
5S SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

1200 78 U 76 U 150 J 
76 UJ 78 UR 76 U 78 U 
55 UJ 15 U 151 U 151 U 
55 U 15 U 10 151 U 
55 U 15 U 151 U 151 U 

55 UJ 15 U 151 U 151 U 
55 U 15 U 11 151 U 
55 U 15 U 14 151 U 
55 U 8 14 151 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 039 J 
025 U 025 U 025 U 025 U 

082 025 U 025 U 056 
025 U 025 U 025 U 025 U 

063 025 U 025 U 035 J 
034 U 025 U 025 U 025 U 

093 025 U 025 U 025 U 

12,4,5-T .-~ 

~1~gSEB 

• • 

03SB17 03SB18 03SB19 03SB20 
03SS170002 03SS180002 03SS190002 03SS200002 
03SS170002 03SS180002 03SS190002 03SS200002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

760 4500 140 J 81 U 
76 U 82 U 80 U 81 U 
15 U 64 U 15 U 15 U 
15 U 59 12 15 U 
15 U 64 U 15 U 15 U 

8 49 J 10 15 U 
15 U 33 15 U 15 U 
15 U 42 15 U 15 U 
15 UJ 62 12 15 U 

025 U 025 U 12 025 U 
025 U 025 U 2 025 U 
025 U 025 U 025 U 025 U 
025 U 072 23 025 U 
025 U 025 U 025 U 025 U 
025 U 043 J 14 025 U 
025 U 072 14 025 U 
025 U 12 62 -~ 

• 



• 
LOCATION 03SB11 03SB12 
NSAMPLE 03SS110002 03SS120002 
SAMPLE 03SS110002 03SS120002 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
QC_TVPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
Inorgamcs mg/kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
Miscellaneous Parameters 
NITRATE mg/kg 11 UJ 08 
NITRITE mglkg 31 UJ 24 J 
NITRITE/NITRATE mg!kg 11 UJ 08 
PERCENT MOISTURE % 165 139 
PERCHLORATE ~glkg 24 UJ 23 UJ 

• 
TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 80F 20 

03SB13 03SB14 03SB15 03SB16 
03SS130002 03SS140002 03SS150002 03SS160002 
03SS130002 03SS140002 03SS150002 03SS160002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

. 
" 

.. 

.-
-

33 13 23 14 
6 UR 12 UJ 11 UR 11 UR 
33 J 13 J 23 J 14 J 
95 12 106 126 

22 UJ 23 UJ 22 UJ 23 UJ 

• 
03SB17 03SB18 03SB19 03SB20 

03SS170002 03SS180002 03SS190002 03SS200002 
03SS170002 03SS180002 03SS190002 03SS200002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

5970 J 9770 J 11900 J 7020 J 
019 U 042 U 069 J 023 U 
99 J 28 U 3 J 33 J 
931 J 156 J 103 J 120 J 
057 J 14 078 J 075 J 
055 17 084 032 U 

111000 J 73400 J 5150 J 3300 J -
164 J 118 J 155 J 77 J , 

123 J 106 117 J 96 J ~~'"' 

73 J 128 J 151 J 54 J -'-
28600 J 13700 J 20900 J 8280 J 
212 J 244 J 147 J 113 J ;;; 
5820 J 4960 J 2860 J 644 J 
796 J 322 J 260 J 1090 J 

0023 J 0019 J 0038 0025 J 
179 J 326 J 202 J 89 J ''> " 

333 J 2180 J 632 J 330 J 
018 J 03 017 U 028 J 
004 U 005 U 004 U 005 U 
598 J 897 U 488 U 430 J 
009 008 009 011 

205 J 139 21 1 J 123 J 
446 J 689 J 567 J 195 J 

37 J 42 21 23 J 
11 UJ 12 UJ 11 U 47 UJ 
37 J 42 J 21 J 23 J 
102 234 165 192 

22 U 20 U 24 U 25 U 



LOCATION 035821 035822 
N5AMPLE 0355210002 0355220002 
5AMPLE 0355210002 0355220002 
MATRIX 50 50 
5U8MATRIX 55 55 
5ACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
D,oxins (ng/kg) 
l,2,3.4,6,7,8,9-0CDD 
l,2,3,4,6,7,8,9-0CDF 
l,2,3,4,6,7,8-HPCDD 
l,2,3.4,6,7,8-HPCDF 
l,2,3.4,7,8,9-HPCDF 
l,2,3.4,7,8-HXCDD 
l,2,3,4,7,8-HXCDF 
l,2,3,6,7,8-HXCDD 
l,2,3,6,7,8-HXCDF 
l,2,3,7,8,9-HXCDD 
l,2,3,7,8,9-HXCDF 
l,2,3,7,8-PECDD 
l,2,3,7,8-PECDF 
2,3,4,6,7,8-HXCDF 
2,3,4,7,8-PECDF 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL HPCDF 
TOTAL HXCDD 
TOTAL HXCDF 
TOTAL PECDD 
TOTAL TCDD 
VolatIle Or<!aOlcs uClik<!) 
1,1,1-TRICHLOROETHANE 13 J 51 U 
2-HEXANONE 12 U 51 U 
4-METHYL-2-PENTANONE 12 U 51 U 
TETRACHLOROETHENE 12 U 51 U 
TOTAL XYLENES 12 U 51 U 
TRICHLOROETHENE 12 U 51 U 
5emlvolatlle OrgaOlcs JI1g/kg) 
l,4-PHENYLENEDIAMINE 80 UR 82 UJ 
2-METHYLNAPHTHALENE 15 U 16 U 
ACENAPHTHENE 15 U 16 U 
ACENAPHTHYLENE 15 U 16 U 
ANTHRACENE 15 U 16 U 
BENlO A ANTHRACENE 15 U 16 U 
BENlO A PYRENE 15 U 16 U 
BENlO B FLUORANTHENE 15 U 16 U 
BENlO G,H,I PERYLENE 15 U 16 U 
,mS(2-ETHYLHEXYL)PHTHII.!-ATE 80U , 100_-L 

• 

TA8LE4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
- 5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 90F 20 

035823 035824 035825 035826 
0355230002 0355240002 0355250002 0355260002 
0355230002 0355240002 0355250002 0355260002 

SO 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

3400 J 1120 J 1590 J 
103 J 03 UJ 76 J 
362 161 338 
118 017 U 75 

13 J 02 U 07 J 
09 J 018 U 087 J 
39 BJ 009 U 31 BJ 
12 J 023 U 1 5 J 
1 7 J 009 U 14 J 
26 J 044 U 25 J 
022 J 01 U 022 U 
067 J 01 U 067 J 
099 J 007 U 1 1 J 

2 J 009 U 13 J 
14 J 007 U 1 1 J 

031 J 008 U 39 
085 U 007 U 055 J 

41 013 75 
35 013 65 
38 027 69 

802 402 683 
19 017 U 131 

161 U 39 U 17 U 
178 007 U 152 U 

76 U 027 U 65 U 
42 U 018 U 75 U 

2 J 48 U 093 U 2 J 
12 U 48 U 093 U 11 U 
12 U 48 U 093 U 11 U 
3 J 48 U 093 U 1 J 

12 UJ 48 U 093 U 11 U 
14 J 48 U 093 U 4 

87 U 77 UR 76 UJ 83 UR 
17 U 290 15 U 24 
17 U 18 15 U 16 U 
17 U 11 15 U 16 U 
17 U 380 U 15 U 16 U 
17 U 380 U 15 U 16 U 
17 U 54 15 U 16 U 
17 U 160 15 U 20 
17 U 30 15 U 10 
230 J_ ~_210_J~~ ~6_UJ 83 U -

• 

035827 035828 035829 035830 
0355270002 0355280002 0355290002 0355300002 
0355270002 0355280002 0355290002 0355300002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-11 0-165 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

705 J 623 J 
088 8U 095 BU 
135 J 10 J 
045 U 053 BU 
02 U 02 U 

024 BU 025 U 
02 BU 025 BU 
033 J 029 U 
01 U 019 J 

041 BU 055 BU 
01 U 027 U 
01 UJ 02 UJ 
009 U 01 U 
01 U 013 U 
009 U 015 U 
01 U 01 U 

009 U 01 U 
0087 0091 
0087 0091 
024 018 

285 J 208 J 
083 U 11 J 

4 32 U 
06 U 12 U 
01 UJ 02 UJ 
01 U 01 U 

15 U 19 J 
15 U 10 U 
15 U 10 U 
15 U 10 U 
15 U 10 U 
15 U 10 U 

91 UR 95 UR 80 UR 78 UR 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 12 14 
18 U 18 U 16 U 15 U 
91 U 95 U 80 U 78 U 

----

• 



• 
LOCATION 035821 035822 
N5AMPLE 0355210002 0355220002 
5AMPLE 0355210002 0355220002 
MATRIX 50 50 
5U8MATRIX 55 55 
5ACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
C;HRYSENE __ --.J~U 16 U 

• 
TA8LE 4-1 

5UMMARY OF CHEMICAL5 DETECTEO IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WC CRANE 
CRANE, INDIANA 
PAGE 10 OF 20 

035823 035824 035825 035826 
0355230002 0355240002 0355250002 0355260002 
0355230002 0355240002 0355250002 0355260002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

..!2JL ___ 380 U 15 U 12 

• 
035827 035828 035829 035830 

0355270002 0355280002 0355290002 0355300002 
0355270002 0355280002 0355290002 0355300002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-11 0-165 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

18 U 18 U 16 U 15 U 
--- ----



LOCATION 035821 035822 
N5AMPLE 0355210002 0355220002 
5AMPLE 0355210002 0355220002 
MATRIX 50 50 
5U8MATRIX 55 55 
5ACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
Semlvolatile Organics (Ilglkg) (Co 
DI-N-BUTYL PHTHALATE 80 U 82 U 
DI-N-OCTYL PHTHALATE 80 U 82 U 
DIBENZO(A,H)ANTHRACENE 15 U 16 U 
FLUORANTHENE 15 U 16 U 
FLUORENE 15 U 16 U 
INDENO 1,2,3-CD PYRENE 15 U 16 U 
NAPHTHALENE 15 U 16 U 
PHENANTHRENE 15 U 16 U 
PYRENE 15 U 16 UJ 
EnerCletocs m!likCl) 
1,3,5-TRINITROBENZENE 025 U 072 
2,4,6-TRINITROTOLUENE 025 U 510 
2,4-DINITROTOLUENE 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 12 
2-NITROTOLUENE 025 U 025 U 
4-AMINO-2.6-DINITROTOLUENE 025 U 2 
HMX 036 J 77 
RDX 025 U 140 
HerbIcIdes (Ilglkg) 

12.4.5-T 1 1 1 
12.4-D 1 1 1 
IDINOSEB 1 I I 

• 

TA8LE 4-1 

5UMMARY OF CHEMICAL5 OETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITILE 5ULPHUR CREEK 

N5WC CRANE 
CRANE, INDIANA 
PAGE 11 OF 20 

035823 035824 035825 035826 
0355230002 0355240002 0355250002 0355260002 
0355230002 0355240002 0355250002 0355260002 

50 50 50 SO 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

87 U 77 UJ 76 UJ 980 
87 U 77 UJ 270 J 83 U 
17 U 8 15 U 16 U 
17 U 250 15 U 15 
17 U 15 15 U 16 U 
17 U 28 15 U 16 U 
17 U 130 15 U 19 
17 U 320 15 U 15 
17 U 250 15 UJ 11 

025 U 11 J 025 U 025 U 
025 U 1700 J 025 U 025 U 
025 U 1 J 025 U 025 U 
025 U 30 J 025 U 077 
025 U 025 U 025 U 025 U 
025 U 15 J 025 U 1 
025 U 1600 J 025 U 58 
025 U 2400 J 025 U 43 

• 

035827 035828 035829 035830 
0355270002 0355280002 0355290002 0355300002 
0355270002 0355280002 0355290002 0355300002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-11 0-165 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

91 U 110 J 80 U 78 U 
91 U 95 U 80 U 78 U 
18 U 18 U 16 U 15 U 
18 U 18 U 8 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 
18 U 18 U 16 U 15 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 

17 U 16 U 
75 J 67 

11 8 R 

• 



• 
LOCATION 035621 035622 
N5AMPLE 0355210002 03S5220002 
5AMPLE 0355210002 0355220002 
MATRIX 50 50 
5U6MATRIX SS SS 
SACODE NORMAL NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
InorQsmcs (mQ!kQ) 
ALUMINUM 6440 J 12800 J 
ANTIMONY 048 U 074 J 
ARSENIC 59 J 45 J 
BARIUM 149 J 118 J 
BERYLLIUM 082 J 077 J 
CADMIUM 042 083 
CALCIUM 1680 J 15400 J 
CHROMIUM 108 J 156 J 
COBALT 146 J 116 J 
COPPER 87 J 231 J 
IRON 18600 J 19700 J 
LEAD 162 J 276 J 
MAGNESIUM 556 J 2890 J 
MANGANESE 1390 J 788 J 
MERCURY 0031 J 0046 
NICKEL 148 J 177 J 
POTASSIUM 434 J 700 J 
SELENIUM 03 J 025 J 
SILVER 004 U 015 U 
SODIUM 394 J 889 U 
THALLIUM 011 012 
VANADIUM 163 J 224 J 
ZINC 374 J 792 J 
M.sce aneous Parame ers M P 
N ITRA TE rTlQ7i(Q 33 J 64 
NITRITE riiQ/kQ 18 U 11 U 
NITRITE/NITRATE mQ/ka 33 J 64 J 
PERCENT MOISTURE % 137 21 
PERCHLORATE ua/ka 23 U 470 J 

• 
TA6LE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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035623 03S624 035625 035626 
0355230002 0355240002 03S5250002 0355260002 
0355230002 0355240002 035S250002 0355260002 

50 50 SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

7890 J 14000 J 6570 J 7060 J 
15 U 44 J 048 U 18 J 
53 J 85 J 65 J 68 J 
420 J 150 J 107 J 565 J 
048 033 J 1 055 
11 44 048 12 

1700 J 54500 J 4240 J 3860 J 
112 J 122 J 19 J 124 J 
106 74 J 181 J 138 

537 J 345 J 91 J 466 J 
15500 J 13500 J 26900 J 17100 J 
547 J 10200 J 16 J 66 J 
1160 J 1740 J 851 J 948 J 
741 J 292 J 1530 J 1150 J 
018 J 0066 0021 J 0093 J 
129 J 14 J 192 J 136 J 
696 J 539 J 409 J 686 J 
032 o 17-J 037 J 033 

011 U 062 J -- 05 J 005 U 
562 U 896 U - 126 J 49 U 

011 007 011 011 
176 137 J 222 J 18 

189 J 211 J 367 J 191 J 

26 49 20 36 
44 UJ 11 U 11 UJ 24 UJ 
26 J 49 J 20 J 36 J 
214 151 127 209 
20 U 210 J 23 U 20 U 

• 
035627 035628 035629 035630 

03S5270002 0355280002 0355290002 0355300002 
0355270002 0355280002 0355290002 03S5300002 

SO SO SO SO 
SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL 
0-2 0-2 0-11 0-165 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

14900 J 10000 J 6300 J 6060 J 
11 U 069 U 049 J 084 J 
74 J 73 J 74 J 8 J 
167 J 313 J 114 J 105 J 
091 075 1 11 
24 082 12 046 

3050 J 1750 J 15700 J 26100 J 
288 J 524 J 184 J 22 J 
136 137 173 J 171 J 

639 J 417 J 10 J 93 J 
23800 J 28400 J 27800 J 34300 J 

36 J 226 J 268 J 209 J 
2620 J 1330 J 1790 J 2860 J 
837 J 1470 J 1170 J 1210 J 
017 J 026 J 004 003 
241 J 215 J 232 J 194 J 
1890 J 908 J 459 J 414 J 

042 03 042 025 
012 U 007 U 004 U 008 U 
73 U 697 U 237 U 21 U 
021 017 011 011 
291 244 23 242 

145 J 739 J 557 J 489 J 

29 32 24 17 
27 UJ 14 UJ 23 UJ 23 UJ 
29 J 32 J 24 17 
256 237 167 12 
20 U 20 U 24 UJ 23 UJ 



LOCATION 035B31 035B32 
N5AMPLE 0355310002 0355320002 
5AMPLE 0355310002 0355320002 
MATRIX 50 50 
5UBMATRIX 55 55 
5ACODE ORIG NORMAL 
DEPTH_RANGE 0-2 0-2 
QC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
D,oxons ng/kg) 
1,2,3,4,6,7,8,9-0CDD 622 J 209 J 
1,2,3,4,6,7,8,9-0CDF 067 BU 18 BU 
1,2,3,4,6,7,8-HPCDD 82 J 38 BJ 
1,2,3,4,6,7,8-HPCDF 026 U 071 BU 
1,2,3,4,7,8,9-HPCDF 01 U 087 J 
1,2,3,4,7,8-HXCDD 017 BU 074 BU 
1,2,3,4,7,8-HXCDF 014 BU 055 U 
1,2,3,6,7,8-HXCDD 01 U 054 J 
1,2,3,6,7,8-HXCDF 006 U 048 J 
1,2,3,7,8,9-HXCDD 032 BU 076 BU 
1,2,3,7,8,9-HXCDF 008 U 065 U 
1,2,3,7,8-PECDD 008 UJ 045 J 
1,2,3,7,8-PECDF 006 U 02 U 
2,3,4,6,7,8-HXCDF 007 U 06 J 
2,3,4,7,8-PECDF 006 U 067 U 
2,3,7,8-TCDD 008 U 02 U 
2,3,7,8-TCDF 006 U 02 U 
TEO BIRD 007 06 
TEO FISH 007 06 
TEO HUMAN 014 068 
TOTAL HPCDD 15 J 69 U 
TOTAL HPCDF 068 U 16 J 
TOTAL HXCDD 14 U 2 
TOTAL HXCDF 047 U 23 U 
TOTAL PECDD 008 UJ 045 J 
TOTAL TCDD 008 U 02 U 
Volatile OrganIcs (~glkg) 
1,1,1-TRICHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
TETRACHLOROETHENE 
TOTAL XYLENES 
TRICHLOROETHENE 
5emlYolatlie OrQanocs (uCllkQ) 
1,4-PHENYLENEDIAMINE 79 UR 80 UR 
2-METHYLNAPHTHALENE 15 U 15 U 
ACENAPHTHENE 15 U 15 U 
ACENAPHTHYLENE 15 U 15 U 
ANTHRACENE 15 U 15 U 
BENlO A)ANTHRACENE 15 U 15 U 
BENlO A PYRENE 15 U 15 U 
BENlO B FLUORANTHENE 11 15 U 
BENlO G,H,I PERYLENE 15 U 15 U 
BIS(2-ETHYLHEXYL)PHTHALATE 79 U 80 U 

• 

TABLE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
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035B33 035B34 035B35 035B36 
0355330002 0355340002 0355350002 0355360002 
0355330002 0355340002 0355350002 0355360002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-11 0-2 0-2 0-2 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

176 J 
057 BU 
32 BJ 
04 BU 
04 U 
03 U 
023 U 
03 U 
02 U 
035 U 
02 U 
02 UJ 
02 U 

013 U 
02 U 
02 U 
073 J 

075 
0057 
012 

67 J 
064 U 
17 U 

096 U 
02 UJ 
02 U 

74 UR 210 J 80 U 77 UR 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
74 U 76 I,J "- 80 U 77 U 

• 

035B37 035B38 035B39 035B40 
0355370002 0355380002 0355390002 0355400002 
0355370002 0355380002 0355390002 0355400002 

50 50 50 50 
55 55 55 55 

ORIG NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

79 UJ 82 UJ 76 UR 77 UR 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 

.. _79 lJ._ -
82 U 88 J 77U 

• 



• 
LOCATION 035631 035632 
N5AMPLE 0355310002 0355320002 
5AMPLE 0355310002 0355320002 
MATRIX 50 50 
5UBMATRIX 55 55 
5ACODE ORIG NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
CHRYSENE 15 U 15 U 

• 
TA6LE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
PAGE 140F 20 

035633 035634 035635 035636 
0355330002 0355340002 0355350002 0355360002 
0355330002 0355340002 0355350002 0355360002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-11 0-2 0-2 0-2 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 
14 U 13 UJ 15 U 15 U 

• 
035637 035638 035639 035640 

0355370002 0355380002 0355390002 0355400002 
0355370002 0355380002 0355390002 0355400002 

50 50 50 50 
55 55 55 55 

ORIG NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

15 U 16 U 15 U 15 U 



LOCATION 035B31 035B32 
N5AMPLE 0355310002 0355320002 
5AMPLE 0355310002 035S320002 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE ORIG NORMAL 
DEPTH_RANGE 0-2 0-2 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
VALIDATED Y Y 
Semlvolaille Organics IUQlkciliCo 
DI-N-BUTYL PHTHALATE 79 U 80 U 
DI-N-OCTYL PHTHALATE 79 U 80 U 
DIBENZO A,H ANTHRACENE 15 U 15 U 
FLUORANTHENE 15 U 15 U 
FLUORENE 15 U 15 U 
INDENO 1,2,3-CD PYRENE 15 U 15 U 
NAPHTHALENE 15 U 15 U 
PHENANTHRENE 15 U 15 U 
PYRENE 15 U 15 U 
Eneraellcs ma/kg) 
1,3,5-TRINITROBENZENE 025 U 025 U 
2,4,6-TRINITROTOLUENE 025 U 025 U 
2,4-DINITROTOLUENE 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 
2-NITROTOLUENE 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 
HMX 025 U 025 U 
RDX 025 U 025 U 
HerbIcIdes lua/kciY 
2,4,5-T 17 U 64 
2,4-D 17 U 83 J 
DINOSEB 17 U 23 R 

• 

TABLE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAILJLlTTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
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035B33 035B34 035B35 035B36 
0355330002 0355340002 0355350002 0355360002 
03SS330002 03SS340002 03SS350002 03SS360002 

50 SO SO SO 
55 S5 S5 5S 

NORMAL NORMAL NORMAL NORMAL 
0-11 0-2 0-2 0-2 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

74 U 76 U 80 U 77 U 
74 U 76 UR 80 U 77 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 
14 U 13 UJ 15 U 15 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
028 J 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 

16 U I 
16 U 
16 U 

• 

035B37 035B38 035B39 035B40 
0355370002 0355380002 0355390002 0355400002 
03SS370002 03S5380002 03SS390002 03S5400002 

SO SO SO SO 
SS SS SS SS 

ORIG NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

79 U 82 U 76 U 77U 
79 U 82 U 76 U 77 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 
15 U 16 U 15 U 15 U 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 21 R 025 U 025 U 
025 U 025 U 025 U 025 U 

I 
I 

I ----- --

• 



• 
LOCATION 035B31 035B32 
N5AMPLE 0355310002 0355320002 
5AMPLE 0355310002 0355320002 
MATRIX 50 50 
5UBMATRIX 55 55 
5ACODE ORIG NORMAL 
DEPTH_RANGE 0-2 0-2 
QC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
VALIDATED Y Y 
Inorgamcs (mglkg) 
ALUMINUM 8380 J 5970 J 
ANTIMONY 035 U 049 U 
ARSENIC 68 J 55 J 
BARIUM 662 J 80 J 
BERYLLIUM 062 067 
CADMIUM 031 U 04 
CALCIUM 22600 J 3540 J 
CHROMIUM 212 J 153 J 
COBALT 129 J 12 J 
COPPER 82 J 79 J 
IRON 22800 J 21100 J 
LEAD 208 J 144 J 
MAGNESIUM 2260 J 827 J 
MANGANESE 853 J 1020 J 
MERCURY 02 002 
NICKEL 9 J 125 J 
POTASSIUM 437 J 411 J 
SELENIUM 018 U 029 
SILVER 04 U 06 U 
SODIUM 407 U 616 U 
THALLIUM 012 01 
VANADIUM 24 178 
ZINC 271 J 295 J 
Miscellaneous Parameters 
NITRATE mq/kq 13 18 
NITRITE mqlkq 23 UJ 22 UJ 
NITRITE/NITRATE mqikq 13 18 
PERCENT MOISTURE % 12 156 
PERCHLORATE ~g/kg 23 UJ 24 UJ 

• 
TABLE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAILJLlTTLE 5ULPHUR CREEK 

N5WC CRANE 
CRANE, INDIANA 
PAGE 16 OF 20 

035B33 035B34 035B35 035B36 
0355330002 0355340002 0355350002 0355360002 
0355330002 0355340002 0355350002 0355360002 

50 50 50 50 
55 55 55 55 

NORMAL NORMAL NORMAL NORMAL 
0-11 0-2 0-2 0-2 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

2350 J 7130 J 7670 J 7800 J 
035 U 041 U 23 J 032 U 
284 J 58 J 63 J 51 
813 J 103 J 178 J 77J 
02 U 12 1 045 
056 05 12 035 

244000 J 14400 J 2620 J 18900 J 
119 J 226 J 335 J 132 J 

3 J 199 J 164 14 J 
67 J 102 J 398 J 8 J 

15300 J 51600 J 39600 J 20600 J 
92 J 196 J 603 J 128 J 

15000 J 858 J 789 J 2660 J 
321 J 1490 J 1290 J 917 J 
002 U 0023 J 012 J 0027 J 
144 J 273 J 22 J 10 J 
395 J 502 J 535 J 626 J 
016 U 022 J 023 023 
004 U 004 U 08 U 004 U 
176 U 146 J 257 U 183 U 
005 01 019 01 
108 218 J 289 143 J 

482 J 49 J 120 J 302 J 

13 12 48 24 
22 UJ 11 UJ 12 UJ 11 UR 

13 12 J 48 J 24 J 
69 107 156 133 

21 UJ 22 UJ 24 UJ 23 UJ 

• 
035B37 035B38 035B39 035B40 

0355370002 0355380002 0355390002 0355400002 
0355370002 0355380002 0355390002 0355400002 

50 50 50 50 
55 55 55 55 

ORIG NORMAL NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

9330 J 8160 J 6530 J 6650 J 
058 U 28 U 029 U 037 U 

58 44 6 53 
956 J 177 J 132 J 113 J 
077 058 079 073 

032 U 16 037 048 
1280 J 2230 J 10100 J 16800 J 
104 J 88 J 112 J 138 J 
15 J 121 J 189 J 17 1 J 

108 J 546 J 81 J 98 J 
18100 J 14500 J 26900 J 24200 J 
155 J 855 J 163 J 157 J 
1460 J 1080 J 1000 J 1110 J 

:.", 
-: 

379 J 1210 J 1760 J 1490 J 
0019 J 014 J 0028 J 0028 J 
136 J 137 J 17J 16 J 
797 J 514 J 460 J 487 J 
029 027 033 026 

005 U 072 004 U 004 U 
108 U 139 U 111 U 237 U 

01 009 011 011 
145 J 127 J 163 J 163 J 
337 J 142 J 344 J 42 J 

17 3 15 21 
22 UJ 28 UJ 22 UR 21 UR 
17 J 3 J 15 J 21 J 
152 193 11 13 

24 UJ 25 UJ 22 UJ 23 UJ -



LOCATION 03S841 
NSAMPLE 03SS41 0002 
SAMPLE 03SS410002 
MATRIX SO 
SU8MATRIX SS 
SACODE NORMAL 
DEPTH_RANGE 0-2 
QC_TYPE NM 
STATUS NORMAL 
VALIDATED Y 
D,ox,ns ng/kg) 
1,2,3.4,6,7,8,9-0CDD 
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 
1,2,3,6,7,8-HXCDF 
1,2,3,7,8,9-HXCDD 
1,2,3,7,8,9-HXCDF 
1,2,3,7,8-PECDD 
1,2,3,7,8-PECDF 
2,3.4,6,7,8-HXCDF 
2,3.4,7,8-PECDF 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL HPCDF 
TOTAL HXCDD 
TOTAL HXCDF 
TOTAL PECDD 
TOTAL TCDD 
Volatile Orqamcs uq,lkq\ 
1,1,1-TRICHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
TETRACHLOROETHENE 
TOTAL XYLENES 
TRICHLOROETHENE 
SemI volatile Orgamcs (ug/kg) 
1.4-PHENYLENEDIAMINE 86 U 
2-METHYLNAPHTHALENE 17 U 
ACENAPHTHENE 17 U 
ACENAPHTHYLENE 17 U 
ANTHRACENE 17 U 
BENZO(A~ANTHRACENE 17 U 
BENZO(A)PYRENE 17 U 
BENZO(B)FLUORANTHENE 17 U 
BENZO(G,H,I)PERYLENE 17 U 
BIS(2-ETHYLHEXYL)PHTHALATE 390 J 

• 

TA8LE4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03S842 03S843 03S844 03S845 
03SS420002 03SS430002 03SS440002 03SS450002 
03SS420002 03SS430002 03SS440002 03SS450002 

SO SO SO SO 
SS SS SS SS 

NORMAL ORIG NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

76 UR 98 U 76 UJ 94 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 8 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 30 18 U 
15 U 19 U 15 U 18 U 
76 U 98 U 76 U ~U 

• 

03S846 03S847 03S848 
03SS460002 03SS470002 03SS480002 
03SS460002 03SS470002 03SS480002 

SO SO SO 
SS SS SS 

NORMAL NORMAL NORMAL 
0-2 0-2 0-2 
NM NM NM 

NORMAL NORMAL NORMAL 
Y Y Y 

3440 J 
21 UJ 

269 
21 J 
02 U 
058 J 

074 BU 
076 U 
037 J 
18 J 
01 U 
04 J 
037 J 
043 J 
039 J 
024 J 
078 J 

25 
17 
19 

583 
31 U 
104 U 

32 
34 U 
084 U 

21 U 11 U 094 U 
5 J 11 U 094 U 
4 J 11 U 094 U 

21 U 11 U 094 UJ 
21 U 82 094 UJ 
21 U 11 U 3 J 

74 UJ 76 UJ 78 UJ 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
74 U 76 U 78 U 

• 



• 
LOCATION 03S841 
NSAMPLE 03SS41 0002 
SAMPLE 03SS41 0002 
MATRIX SO 
SU8MATRIX SS 
SACODE NORMAL 
DEPTH_RANGE 0-2 
aC_TYPE NM 
STATUS NORMAL 
VALIDATED Y 
CHRYSENE 17 U 

• 
TA8LE 4-1 

SUMMARY OF CHEMICALS DETECTED IN SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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03S842 03S843 03S844 03S845 
03SS420002 03SS430002 03SS440002 03S5450002 
03SS420002 03SS430002 03SS440002 03SS450002 

SO SO SO SO 
SS SS SS SS 

NORMAL ORIG NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

15 U 19 U 12 18 U 

• 
03S846 03S847 03S848 

03SS460002 03SS470002 03S5480002 
03SS460002 03S5470002 03SS480002 

SO SO SO 
SS SS SS 

NORMAL NORMAL NORMAL 
0-2 0-2 0-2 
NM NM NM 

NORMAL NORMAL NORMAL 
Y Y Y 

14 U 15 U 15 U 



• 

LOCATION 
N5AMPLE 
5AMPLE 
MATRIX 
5UBMATRIX 
5ACODE 
DEPTH_RANGE 
aC_TYPE 
5TATU5 
VALIDATED 
5emlvolatlle Organics (Ilg/kg) (Co 
OI·N·BUTYL PHTHALATE 
OI·N-OCTYL PHTHALATE 
OIBENZO(A,H)ANTHRACENE 
FLUORANTHENE 
FLUORENE 
INOENO 1,2,3·CO PYRENE 
NAPHTHALENE 
PHENANTHRENE 
PYRENE 
Enerqetlcs mq/kq) 
1,3,5·TRINITROBENZENE 
2.4,6· TRINITROTOLUENE 
2.4·0INITROTOLUENE 
2·AMINO·4,6-0INITROTOLUENE 
2-NITROTOLUENE 
4-AMINO·2,6-0INITROTOLUENE 
HMX 
ROX 
HerbIcIdes (Ilg/kg) 

12.4,5-T 
24·0 
DINOSEB 

035B41 
035S410002 
035S410002 

50 
55 

NORMAL 
0-2 
NM 

NORMAL 
Y 

86 U 
86 U 
17 U 
17 U 
17 U 
17 U 
17 U 
17 U 
17 U 

025 U 
025 U 
025 U 
025 U 
025 U 
025 U 
025 U 
025 U 

TABLE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
PAGE 19 OF 20 

035642 035B43 035B44 035B45 
0355420002 035S430002 0355440002 0355450002 
0355420002 0355430002 0355440002 0355450002 

50 50 50 50 
55 55 55 55 

NORMAL ORIG NORMAL NORMAL 
0·2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

76 U 98 U 76 U 510 
76 U 98 U 76 UR 94 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 13 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 15 U 18 U 
15 U 19 U 8 13 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 051 
025 U __ ~5U ~U __ .Q~5 U_ 

• 

035B46 035B47 035B48 
035S460002 0355470002 0355480002 
035S460002 0355470002 035S480002 

50 50 50 
55 55 55 

NORMAL NORMAL NORMAL 
0-2 0-2 0-2 
NM NM NM 

NORMAL NORMAL NORMAL 
Y Y Y 

74 U 76 U 78 U 
74 UR 76 UR 78 UR 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 U 
14 U 15 U 15 UJ 

025 U 025 U 025 U 
025 U 025 U 025 U 
025 U 025 U 025 U 
025 U 025 U 025 U 
025 U 025 U 025 U 
025 U 025 U 025 U 
025 U 025 U 025 U 
025 U _ 025 U 025 U 

• 



• 
LOCATION 035841 
N5AMPLE 0355410002 
5AMPLE 0355410002 
MATRIX 50 
5U8MATRIX 55 
5ACODE NORMAL 
DEPTH_RANGE 0-2 
aC_TYPE NM 
5TATU5 NORMAL 
VALIDATED Y 
InorQsmcs m!likQ] 
ALUMINUM 7270 J 
ANTIMONY 13 U 
ARSENIC 56 J 
BARIUM 429 J 
BERYLLIUM 052 
CADMIUM 13 
CALCIUM 2420 J 
CHROMIUM 108 J 
COBALT 126 
COPPER 62 J 
IRON 15200 J 
LEAD 835 J 
MAGNESIUM 1030 J 
MANGANESE 1160 J 
MERCURY 013 J 
NICKEL 135 J 
POTASSIUM 626 J 
SELENIUM 035 
SILVER 013 U 
SODIUM 468 U 
THALLIUM 01 
VANADIUM 16 
ZINC 230 J 
Miscellaneous Parameters 
NITRATE mq/kQ 44 
NITRITE mQ/kQ 21 UJ 
NITRITE/NITRATE mq/kQ 44 J 
PERCENT MOISTURE % 203 
PERCHLORATE ~Q/kQ 25 UJ 

• 
TA8LE 4-1 

5UMMARY OF CHEMICAL5 DETECTED IN 5URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
PAGE 20 OF 20 

035842 035843 035844 035845 
0355420002 0355430002 0355440002 0355450002 
0355420002 0355430002 0355440002 0355450002 

50 50 50 50 
55 55 55 55 

NORMAL ORIG NORMAL NORMAL 
0-2 0-2 0-2 0-2 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

6870 J 8410 J 6260 J 7940 J 
044 U 058 U 034 U 2 J 

46 44 U 45 J 57 J 
118 J 757 J 108 J 311 J 
08 054 062 055 
038 056 059 15 

8790 J 7710 J 76500 J 2860 J 
118 J 126 J 118 J 102 J 
175 J 69 135 J 118 
89 J 137 J 12 J 549 J 

26800 J 12800 J 20200 J 14300 J 
148 J 206 J 611 J 633 J 
1240 J 1850 J 4120 J 935 J 
1500 J 451 J 1270 J 1020 J 
0026 J 003 J 0028 J 016 J 
141 J 128 J 153 J 145 J 
475 J 923 J 640 J 671 J 

03 028 026 J 034 
033 038 U 004 U 026 U 

169 U 489 U 197 J 513 U 
011 011 009 01 

163 J 168 144 J 154 
362 J 448 J 512 J 211 J 

19 79 27 44 
11 UR 14 UJ 11 UJ 15 UJ 
19 J 79 J 27 J 44 J 
119 197 121 192 

23 UJ 25 UJ 23 UJ 25 UJ 

• 
035846 035847 035848 

0355460002 0355470002 0355480002 
0355460002 0355470002 0355480002 

50 50 50 
55 55 55 

NORMAL NORMAL NORMAL 
0-2 0-2 0-2 
NM NM NM 

NORMAL NORMAL NORMAL 
Y Y Y 

5380 J 5700 J 5740 J 
045 U 053 U 046 U 
64 J 84 J 44 J 
722 J 112 J 2040 J 

11 091 055 
04 078 058 

3870 J 1180 J 15400 J 
288 J 199 J 23 J 
172 J 152 J 67 J 
18 J 235 J 144 J 

49700 J 30400 J 28800 J 
173 J 16 J 124 J I '~ 

567 J 634 J 1420 J 
1120 J 1210 J 423 J 
0017 J 0022 J 0075 J 
224 J 19 J 255 J 
409 J 398 J 784 J 
017 J 024 J 017 J 
032 J 004 U 004 U 
102 J 871 J 108 J 
008 009 006 

265 J 229 J 144 J 
629 J 439 J 797 J 

15 28 27 
12 UJ 11 UJ 23 UJ 
15 J 28 J 27 J 
99 102 184 

20 U 22 U 20 U 



LOCATION 035602 035602 035604 
NSAMPLE 0356020206 0356020610 0356040206 
5AMPLE 0356020206 0356020610 0356040206 
MATRIX 50 50 50 
5U6MATRIX 56 56 56 
5ACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 2-6 6-10 2-6 
aC_TYPE NM NM NM 
5TATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
D,ox,ns n<llked 
1,2,3,4,6,7,8,9-0CDD 
1,2,3.4,6,7,8-HPCDD 
1,2,3,6.7,8-HXCDD 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL PECDD 
Volatile Organics J\1gIkll: 
1,1,1-TRICHLOROETHANE 
1,I,2,2-TETRACHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
CIS-l,2-DICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
SemI volatIle Organics (l1g/kg) 
2-METHYLNAPHTHALENE 149 U 144 U 144 U 
2·METHYLPHENOL 17u 74 U 74 U 
3&4-METHYLPHENOL 17u 74 U 74 U 
ACENAPHTHENE 149 U 144 U 144 U 
ACENAPHTHYLENE '49 U 144 U '44 U 
ACETOPHENONE 17u 74 U 74 U 
ANTHRACENE '49 U '44 U '44 U 
BENlO A ANTHRACENE '49 U '44 U '44 U 
BENlO(A PYRENE '49 U '44 U 144 U 
BENlO(B)FLUORANTHENE '49 U 144 U '44 U 
BENlO(G,H,I)pERYLENE 149 U '44 U 144 U 
BENlO(K)FLUORANTHENE '49 U '44 U '44 U 
BIS(2-ETHYLHEXYL)PHTHALATE 77 U 74 U 74 U 
CHRYSENE '49 U 144 U '44 U 
DI-N-BUTYL PHTHALATE 77U 74 U 74 U 
DI-N-OCTYL PHTHALATE 77U 74 U 74 U 
FLUORANTHENE '49 U '44 U '44 U 
FLUORENE '49 U '44 U '44 U 
INDENO(I,2,3-CD PYRENE 149 U '44 U '44 U 
NAPHTHALENE '49 U '44 U 144 U 
PHENANTHRENE '49 U 144 U 144 U 
PHENOL 77U 74 U 74 U 
PYRENE '49 U '44 U '44 U -

• 

TA6LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U65URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 1 OF 10 

035604 035605 035605 035606 
0356040610 0356050206 0356050610 0356060206 
0356040610 0356050206 0356050610 0356060206 

50 50 50 50 
56 56 56 56 

ORIG NORMAL NORMAL NORMAL 
6-10 2-6 6 -10 2-6 / 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

144 U 159 U 143 U 149 U 
74 UJ 82 UJ 74 U 17 UJ 
74 UJ 82 UJ 74 U 17 UJ 
144 U 159 U 143 U 149 U 
144 U 159 U '43 U '49 U 
74 U 82 UJ 74 U 77U 
'44 U '59 U '43 U '49 U 
'44 U 159 U 143 U '49 U 
'44 U '59 U '43 U '49 U 
'44 U '59 U '43 U , 49 U 
'44 U '59 U '43 U '49 U 
'44 U 159 U '43 U 149 U 
74 U 82 UJ 74 U 77 UR 
'44 U '59 U '43 U '49 U 
74 U 82 UJ 74 U 77 UR 
74 U 82 UJ 74 U 77U 
'44 U '59 U '43 U 149 U 
'44 U 159 U 143 U '49 U 
'44 U '59 U '43 U '49 U 
'44 U '59 U '43 U '49 U 
'44 U '59 U '43 U '49 U 
74 U 82 UJ 74 U 77U 

~ '59 U 143 U , 49 U 

• 

035606 035607 035607 035608 035608 
0356060610 0356070206 0356070610 0356080206 0356080610 
0356060610 0356070206 0356070610 0356080206 0356080610 

50 50 50 50 50 
56 56 56 56 56 

NORMAL NORMAL NORMAL ORIG NORMAL 
6 -10 2-6 6 -10 2-6 6 -10 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

146 U 148 U 143 U 155 U 149 U 
75 U 76 UJ 74 U 82 U 77 U 
75 U 76 UJ 74 U 82 U 17 UJ 

146 U '48 U 143 U 155 U 149 U 
'46 U '48 U '43 U '55 U '49 U 
75 U 76 U 74 U 82 U 17U 
'46 U '48 U '43 U '55 U '49 U 
146 U '48 U '43 U '55 U '49 U 
'46 U '48 U '43 U '55 U '49 U 
'46 U '48 U '43 U '55 U '49 U 
146 U '48 U '43 U '55 U '49 U 
146 U '48 U 143 U '55 U '49 U 
75 U 76 U 3300 J 82 U 77U 

146 U '48 U '43 U '55 U '49 U 
75 U 76 U 74 U 82 U 77U 
75 U 76 U "0 J 82 U 77U 
'46 U 148 U '43 U '55 U '49 U 
'46 U '48 U 143 U , 55 U 149 U 
146 U '48 U '43 U 155 U '49 U 
'46 U 148 U '43 U '55 U '49 U 
146 U '48 U '43 U '55 U '49 U 
75 U 76 U 74 U 82 U 77U 
'46 U '48 U '43 U '55 U 149 U 

--

• 



• 
LOCATION 03S802 03S802 03S804 
NSAMPLE 03S8020206 03S8020610 0358040206 
SAMPLE 03S8020206 03S8020610 03S8040206 
MATRIX SO SO SO 
SU8MATRIX S8 S8 S8 
SACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 2-6 6-10 2-6 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
EnerCletlcs m<lfkCl) 
2,4,6-TRINITROTOLUENE 025 U 025 U 025 U 
2,4-DINITROTOLUENE 025 U 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 025 U 
HMX 025 U 025 U 025 U 
RDX 025 U 025 U 025 U 
InorQanlcs mQ/kQI 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 
MIscellaneous Parameters 
NITRATE mQikQ 21 21 19 
NITRITE mQ/kQ 13 UJ 10 UJ 22 UJ 
NITRITE/NITRATE mq/lkQ 21 J 21 J 19 J 
PERCENT MOISTURE % 136 84 96 
PERCHLORATE ~g/kg ___ 23 UJ 22 UJ 22 UJ 

• 
TA8LE 4-2 

SUMMARY OF CHEMICALS DETECTED IN SU8SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 10 

03S804 03S805 03S805 03S806 
03S8040610 03S8050206 03S8050610 03S8060206 
03S8040610 03S8050206 03S8050610 03S8060206 

SO SO SO SO 
S8 S8 S8 S8 

ORIG NORMAL NORMAL NORMAL 
6 -10 2-6 6-10 2-6 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 

19 23 19 17 
22 UJ 12 UR 12 UR 22 UJ 
19 J 23 J 19 J 17 J 
95 162 89 126 

22 UJ 24 UJ 22 UJ 23 UJ 

• 
03S806 03S807 03S807 03S808 03S808 

03S8060610 03S8070206 03S8070610 03S8080206 03S8080610 
03S8060610 03S8070206 03S8070610 03S8080206 03S8080610 

SO SO SO SO SO 
S8 S8 S8 S8 S8 

NORMAL NORMAL NORMAL ORIG NORMAL 
6-10 2-6 6 -10 2-6 6-10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

23 43 11 UJ 33 18 
21 UJ 14 UJ 29 J 4 UJ 11 UR , 

23 J 43 J 33 J 33 J 18 J 
114 111 94 153 122 

23 UJ 23 UJ 22 UJ 24 UJ 23 UJ 



LOCATION 035809 035810 035810 
N5AMPLE 0358090204 0358100206 0358100610 
5AMPLE 0358090204 0358100206 0358100610 
MATRIX 50 50 50 
5U8MATRIX 58 58 58 
5ACODE NORMAL NORMAL ORIG 
DEPTH RANGE 2-4 2-6 6 -10 
QC_TYPE NM NM NM 
5TATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
DIoxins n!llked 
1,2,3.4,6,7,8,9-0CDD 
1,2,3,4,6,7,8-HPCDD 
1,2,3,6,7,8-HXCDD 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL PECDD 
Volatile Orgamcs (j1g1kg) 
1,1,1-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
CIS-1,2-DICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
5emlYolatlie Orgamcs (~g/kgl 
2-METHYLNAPHTHALENE 13 U 146 U 146 U 
2-METHYLPHENOL 67 U 75 UJ 75 U 
3&4-METHYLPHENOL 67 U 75 UJ 75 U 
ACENAPHTHENE 13 U 146 U 146 U 
ACENAPHTHYLENE 13 U 146 U 146 U 
ACETOPHENONE 67 U 75 U 75 U 
ANTHRACENE 13 U 146 U 146 U 
BENZO(A)ANTHRACENE 13 U 146 U 146 U 
BENZO(AJPYRENE 13 U 146 U 146 U 
BENZO(B)FLUORANTHENE 13 U 146 U 146 U 
BENZO(G,H,I)PERYLENE 13 U 146 U 146 U 
BENZO(K)FLUORANTHENE 13 U 146 U 146 U 
BIS(2-ETHYLHEXYL)PHTHALATE 67 U 75 U 75 U 
CHRYSENE 13 U 146 U 146 U 
DI-N-BUTYL PHTHALATE 67 U 75 U 75 U 
DI-N-OCTYL PHTHALATE 67 U 75 UJ 75 UJ 
FLUORANTHENE 13 U 146 U 146 U 
FLUORENE 13 U 146 U 146 U 
INDENQ(1,2,3-CD PYRENE 13 U 146 U 146 U 
NAPHTHALENE 13 U 146 U 146 U 
PHENANTHRENE 13 U 146 U 146 U 
PHENOL 67 U 75 UJ 75 U 
PYRENE 13 U 146 U 146 U 

• 

TA8LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U85URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 3 OF 10 

035811 035811 035813 035813 035814 
0358110206 0358110610 0358130206 0358130610 0358140206 
0358110206 0358110610 0358130206 0358130610 0358140206 

SO 50 50 50 50 
58 58 58 58 58 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2-6 6-10 2-6 6 -10 2-6 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

144 U 143 U 149 U 151 U 15 U 
74 U 74 U 77 U 78 UJ 76 UJ 
74 U 74 U nu 78 UJ 76 UJ 

144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
74 U 74 U nu 78 U 76 UJ 

144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
74 U 74 U nu 78 U 76 UJ 

144 U 143 U 149 U 151 U 15 U 
74 U 74 U nu 78 U 76 UJ 
74 U 74 U 77 U 78 U 76 UR 

144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
144 U 143 U 149 U 151 U 15 U 
74 U 74 U 77U 78 U 76 UJ 

144 U ___ L 143 U 149 U __ 151 U 15 U 

• 

035814 035815 035815 035816 035816 
0358140610 0358150206 0358150610 0358160206 0358160610 
0358140610 0358150206 0358150610 0358160206 0358160610 

50 50 50 50 50 
58 58 58 58 58 

NORMAL ORIG NORMAL NORMAL NORMAL 
6 -10 2-6 6-10 2-6 6-10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

15 UJ 151 U 149 U 148 U 149 U 
76 UJ 78 UJ 77 U 76 U 77 U 
76 UJ 78 UJ 77 U 76 U nu 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
76 U 78 U nu 76 U nu 

15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 9 149 U 
15 UJ 151 U 149 U 11 149 U 
15 UJ 151 U 149 U 14 149 U 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
79 J 87 U nu 76 U nu 

15 UJ 151 U 149 U 16 149 U 
76 U 78 U nu 170 J 77 U 

76 UR 78 U nu 76 U nu 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
15 UJ 151 U 149 U 148 U 149 U 
76 UJ 78 UJ nu 76 U 77U 
15 UJ 151 U 149 U 14 149 U 

• 



• 
LOCATION 035809 035810 035810 
N5AMPLE 0358090204 0358100206 0358100610 
5AMPLE 0358090204 0358100206 0358100610 
MATRIX 50 50 50 
5U8MATRIX 58 58 58 
SACODE NORMAL NORMAL ORIG 
DEPTH RANGE 2-4 2-6 6-10 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
Energellcs (mg/kg) 
2,4,6-TRINITROTOLUENE 025 U 025 U 025 U 
2,4-DINITROTOLUENE 025 U 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 025 U 
HMX 025 U 025 U 025 U 
RDX 025 U 025 U 025 U 
Inorganlcs (mg/kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 
M,scellaneous Parameters 
NITRATE mg/kg 12 25 2 
NITRITE mg/kg 11 UJ 12 UR 43 UR 
NITRITE/NITRATE mghkg 1 2 J 25 J 2 J 
PERCENT MOISTURE "10 89 103 109 
PERCHLORATE ~g/kg 22 UJ 22 UJ 22 UJ 

• 
TA8LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U85URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WC CRANE 
CRANE, INDIANA 

PAGE 4 OF 10 

035811 035811 035813 035813 035814 
0358110206 0358110610 0358130206 0358130610 0358140206 
0358110206 0358110610 0358130206 0358130610 0358140206 

50 50 50 50 50 
58 58 58 58 S8 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2-6 6 -10 2-6 6-10 2-6 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

26 11 UJ 61 27 16 
11 UJ 37 J 78 UR 23 J 10 UJ 
26 J 43 J 61 J 5 J 16 J 
89 86 128 138 117 

22 UJ 22 UJ 23 UJ 23 UJ 23 UJ 

• 
035814 035815 035815 035816 035816 

0358140610 0358150206 0358150610 0358160206 0358160610 
0358140610 0358150206 0358150610 0358160206 0358160610 

50 50 50 50 50 
S8 S8 58 58 58 

NORMAL ORIG NORMAL NORMAL NORMAL 
6 -10 2-6 6 -10 2-6 6 -10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

025 U 025 U 025 U 097 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 11 025 U 
025 U 025 U 025 U 055 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

. 

17 67 45 2 23 
35 UJ 11 UR 11 UR 11 UR 44 UR 
17 J 67 J 45 J 2 J 23 J 
117 137 125 93 125 

23 UJ 23 UJ 23 UJ 22 UJ 32 J 



LOCATION 035817 035817 035818 
N5AMPLE 0358170406 0358171214 0358180204 
5AMPLE 0358170406 0358171214 0358180204 
MATRIX 50 50 50 
5U8MATRIX 58 58 58 
5ACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 4-6 12 -14 2-4 
aC_TYPE NM NM NM 
5TATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
D,oxins (ng/kg) 
1,2,3,4,6,7,8,9-0CDD 
1,2,3,4,6,7,8-HPCDD 
1,2,3,6,7,8-HXCDD 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL PECDD 
Volatile Orqanlcs (uq/kCl] 
1,1,1-TRICHLOROETHANE 12 U 17 J 98 U 
1,1,2,2-TETRACHLOROETHANE 12 U 92 U 98 U 
2-HEXANONE 12 U 10 J 98 U 
4-METHYL-2-PENTANONE 12 U 92 U 98 U 
CIS-l,2-DICHLOROETHENE 12 U 92 U 98 U 
TRICHLOROETHENE 12 U 92 U 98 U 
TRICHLOROFLUOROMETHANE 12 U 92 U 98 U 
5emiYolatile Organics (Ilg/kg) 
2-METHYLNAPHTHALENE 15 U 14 U 56 
2-METHYLPHENOL 80 U 74 U 79 U 
3&4-METHYLPHENOL 80 U 74 U 79 U 
ACENAPHTHENE 15 U 14 U 61 U 
ACENAPHTHYLENE 15 U 14 U 61 U 
ACETOPHENONE 80 U 74 U 79 U 
ANTHRACENE 15 U 14 U 61 U 
BENZO A ANTHRACENE 15 U 14 U 72 
BENZO A)PYRENE 15 U 14 U 110 
BENZO B)FLUORANTHENE 15 U 14 U 290 
BENZO G,H,I)PERYLENE 15 U 14 U 100 
BENZO(K)FLUORANTHENE 15 U 14 U 61 U 
BIS(2-ETHYLHEXYL)PHTHALATE 80 U 74 U 260 J 
CHRYSENE 15 U 14 U 140 
DI-N-BUTYL PHTHALATE 80 U 74 U 2300 
DI-N-OCTYL PHTHALATE 80 U 74 U 79 U 
FLUORANTHENE 15 U 14 U 100 
FLUORENE 15 U 14 U 61 U 
INDENO 1,2,3-CD PYRENE 15 U 14 U 77 J 
NAPHTHALENE 15 U 14 U 110 
PHENANTHRENE 15 U 14 U 85 
PHENOL 80 U 74 U 79 U 
PYRENE 15 U 14 U 150 

• 

TA8LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U85URFACE 50lL 
5WMU 03 - OLD JEEP TRAIL/LITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
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035819 035819 035820 035820 035821 
0358190204 0358191215 0358200810 0358201215 0358211012 
0358190204 0358191215 0358200810 0358201215 0358211012 

50 50 50 50 50 
58 58 58 58 58 

NORMAL ORIG ORIG NORMAL NORMAL 
2-4 12 -15 8 -10 12 -15 10-12 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

174 J 
1 2 J 
01 U 
0019 
0019 
0029 
25 U 
027 

49 U 09 U 1 UJ 48 U 12 U 
49 U 09 U 1 U 48 U 12 U 
49 UJ 09 UJ 1 UJ 48 U 12 U 
49 UJ 09 UJ 1 U 48 U 12 U 
49 U 09 U 1 U 48 U 12 U 
49 U 09 U 1 U 48 U 12 U 
49 U 09 UJ 1 U 48 U 12 U 

57 U 15 U 15 U 15 U 15 U 
73 U 76 U 80 U 77U 77U 
73 U 76 U 80 U 77U 77U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
73 U 76 U 80 U 77U 77U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
91 J 76 UJ 80 U 77U 77U 
57 U 15 U 15 U 15 U 15 U 
320 J 76 U 80 U 77U 77U 
73 U 76 U 80 U 77U 77U 

29 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
57 U 15 U 15 U 15 U 15 U 
73 U 76 U 80 U 77 U 77U 

-
33 J 15 U 15 U 15 U _15 U 

• 

035821 035822 035822 035823 035824 
0358211215 0358220204 0358221215 0358230610 0358240406 
0358211215 0358220204 0358221215 0358230610 0358240406 

50 50 50 50 50 
58 58 58 58 58 

NORMAL NORMAL NORMAL NORMAL NORMAL 
12 -15 2-4 12 -15 6-10 4-6 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

1 U 12 U 54 U 2 J 10 U 
1 U 12 U 54 U 15 U 10 U 
1 U 13 J 54 U 15 U 10 U 
1 U 12 U 54 U 15 U 10 U 
1 U 12 U 54 U 15 U 10 U 
1 U 12 U 54 U 15 U 10 U 

5 12 U 54 U 15 U 10 U 

15 U 140 28 18 U 260 
75 U 83 J 79 U 92 U 80 U 
75 U 130 J 79 U 92 U 80 U 
15 U 63 U 15 U 18 U 15 
15 U 63 U 15 U 18 U 20 
75 U 81 J 79 U 92 U 120 J 
15 U 63 U 15 U 25 12 
15 U 63 U 15 U 18 U 16 U 
15 U 63 U 15 U 18 U 16 U 
15 U 63 U 15 U 18 U 16 U 
15 U 63 U 15 U 18 U 16 U 
15 U 32 15 U 18 U 16 U 
75 U 410 110 J 92 U 80 U 
15 U 63 U 15 U 18 U 16 U 
75 U 100 J 79 U 92 U 80 U 
75 U 80 U 79 U 92 U 80 U 
15 U 63 U 15 U 18 U 24 
15 U 63 U 15 U 18 U 19 
15 U 63 U 15 U 18 U 16 U 
15 U 180 23 18 U 270 
15 U 45 15 U 18 U 57 
75 U 80 U 79 U 92 U 100 J 
15 U ~3 15 U 18 U 27 

• 



• 
LOCATION 03SB17 03S817 03S818 
NSAMPLE 03SB170406 03S8171214 03SB180204 
SAMPLE 03SB170406 03SB171214 03S8180204 
MATRIX SO SO 'SO 
SUBMATRIX SB SB S8 
SACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 4-6 12 -14 2-4 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
EnerQetlcs mQ/kg) 
2,4,6·TRINITROTOLUENE 025 U 025 U 025 U 
2,4·DINITROTOLUENE 025 U 025 U 063 J 
2·AMINO·4,6·DINITROTOLUENE 025 U 025 U 17 
4·AMINO-2,6-DINITROTOLUENE 025 U 025 U 11 
HMX 025 U 025 U 099 
RDX 025 U 025 U 39 
Inorgamcs (mglkg) 
ALUMINUM 6820 J 2900 J 8640 J 
ANTIMONY 025 U 037 U 14 U 
ARSENIC 38 J 81 J 45 J 
BARIUM 151 J 387 J 952 J 
BERYLLIUM 062 J 029 J 063 
CADMIUM 053 028 U 36 
CALCIUM 1940 J 1680 J 113000 J 
CHROMIUM 95 J 101 J 218 J 
COBALT 12 1 J 62 J 99 
COPPER 46 J 43 J 126 J 
IRON 11000 J 13900 J 27200 J 
LEAD 126 J 75 J 1110 J 
MAGNESIUM 534 J 263 J 7670 J 
MANGANESE 1270 J 378 J 810 J 
MERCURY 0019 J 0015 UJ 0026 J 
NICKEL 92 J 87 J 173 J 
POTASSIUM 316 J 227 J 1250 J 
SELENIUM 027 J 022 J 017 U 
SILVER 004 U 004 U 004 U 
SODIUM 39 U 188 U 644 J 
THALLIUM 011 005 008 
TIN 024 U 017 U 064 U 
VANADIUM 157 J 113 J 209 
ZINC 183 J 295 J 112 J 
M,scellaneous Parameters 
NITRATE mq/kq 2 J 2 J 39 
NITRITE mq/kq 11 UJ 10 UJ 15 UJ 
NITRITE/NITRATE mq/lkq 2 J 2 J 39 J 
PERCENT MOISTURE % 143 17 15 
PERCHLORATE uq/kq 23 U 24 U 20 U 

-

• 
TA8LE 4-2 

SUMMARY OF CHEMICALS DETECTED IN SUBSURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03SB19 03SB19 03SB20 03SB20 03SB21 
03S8190204 03SB191215 03S8200810 03SB201215 03SB211012 
03SB190204 03SB191215 03S8200810 03SB201215 03SB211012 

SO SO SO SO SO 
S8 SB SB SB SB 

NORMAL ORIG ORIG NORMAL NORMAL 
2-4 12 -15 8 ·10 12 -15 10-12 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

21 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

083 025 U 025 U 025 U 025 U 
065 025 U 025 U 025 U 025 U 
58 063 025 U 025 U 025 U 
092 025 U 025 U 025 U 025 U 

7760 J 3370 J 7020 J 2650 J 1400 J 
038 U 027 U 022 U 019 U 008 UJ 
24 J 28 J 25 J 31 J 053 J 
100 J 393 J 135 J 424 J 108 J 
044 J 029 J 084 J 04 J 011 J 

31 037 04 028 U 028 U 
74700 J 3180 J 22800 1990 J 226 J 

63 J 191 J. 67 J 83 J 3 J 
7 J 53 J 93 J 35 J 37 J 

43 J 45 J 55 J 42 J 14 J 
7200 J 12800 J 9530 J 11300 J 2620 J 
616 J 45 J 105 J 45 J 3 J 
4790 J 563 J 1470 J 462 J 146 J 
797 J 400 J 450 J 809 J 130 J 
0023 0016 0026 J 0018 UJ 0018 UJ 
106 J 9 J 103 J 94 J 3 J 
381 J 293 J 370 J 260 J 245 J 
016 J 016 J 017 J 016 J 016 J 
004 U 004 U 004 U 004 U 004 U 
776U 249 U 525 U 348 U 306 U 

006 005 01 006 004 U 
061 U 037 U 032 U 029 U 012 U 
92 J 88 J 108 J 91 J 26 J 
708 J 21 5 J 244 J 133 J 72 J 

24 2 1 J 19 J 18 J 21 J 
33 U 11 U 22 UJ 17 UJ 11 UJ 
24 J 21 19 J 18 J 21 J 
165 131 157 205 172 
24 U 23 U 24 U 25 U 24 U 

• 
03S821 03SB22 03S822 03SB23 03SB24 

03SB211215 03S8220204 03SB221215 03SB230610 03S8240406 
03S8211215 03SB220204 03SB221215 03SB230610 03S8240406 

SO SO SO SO SO 
SB SB SB S8 SB 

NORMAL NORMAL NORMAL NORMAL NORMAL 
12 -15 2-4 12 -15 6-10 4-6 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

025 U 025 U 025 U 025 U 076 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 053 R 39 025 U 34 R 
025 U 025 U 21 025 U 14 J 

2290 J 7390 J 3290 J 8390 J 9880 J 
018 U 46 J 064 J 35 U 32 J 

2 J 41 J 42 J 46 J 76 J 
203 J 695 J 583 J 933 J 1340 J 
024 J 035 036 J 062 04 J 
029 U 86 075 12 121 :~~ 

274 J 57500 J 2300 J 2240 J 39300 J 
10 J 114 J 159 J 113 J 345 J 
34 J 94 J 56 J 117 14; Jr 
38 J 129 J 61 J 197 J 244 J 

8990 J 10600 J 18200 J 13700 J 21000 J 
43 J 387 J 268 J 285 J 277 J 
225 J 2500 J 457 J 1530 J 2540 J 
1070 J 817 J 406 J 684 J 1060 J 

0018 UJ 0018 U 0027 057 J D 037 
58 J 95 J 9 J 136 J 1600 J 
261 J 415 J 304 J 801 J 794 J 
017 J 017 U 017 J 04 017 U 
004 U 004 U 004 U 092 U 048 J 
276 U 668 J 41 U 688 U 489 J 
004 U 007 006 021 008 
016 U 71 J 029 U 15 U 156 J 

6 J 109 J 102 J 182 184 J 
142 J 122 J 31 1 J 204~ '----.1100 J _ 

28 J 34 25 19 12 
11 UJ 24 U 11 U 25 UJ 24 U 
28 J 34 J 25 J 19 J 12 J 
109 182 128 271 169 
22 U 24 U 23 U 20U 24 U 



LOCATION 035824 035825 035826 
N5AMPLE 0358241215 0358250608 0358260610 
5AMPLE 0358241215 0358250608 0358260610 
MATRIX 50 50 50 
5U8MATRIX 58 58 58 
5ACODE NORMAL NORMAL ORIG 
DEPTH RANGE 12 -15 6-8 6-10 
QC_TYPE NM NM NM 
5TATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
D,oxins lnJ!ll<g) 
1,2,3,4,6,7,8,9-0CDD 970 J 
1,2,3,4,6,7,8-HPCDD 76 
1,2,3,6,7,8-HXCDD 035 J 
TEO BIRD 011 
TEO FISH 011 
TEO HUMAN 021 
TOTAL HPCDD 184 
TOTAL PECDD 014 U 
Volatile Organocs (l1g/kg) 
1,1,1-TRICHLOROETHANE 12 U 83 U 13 U 
1,1,2,2-TETRACHLOROETHANE 12 U 83 U 13 U 
2-HEXANONE 12 U 12 J 13 U 
4-METHYL-2-PENTANONE 12 U 10 J 13 U 
CIS-1,2-DICHLOROETHENE 12 U 83 U 13 U 
TRICHLOROETHENE 12 U 83 U 13 U 
TRICHLOROFLUOROMETHANE 12 U 83 U 13 U 
5emlYolatlie Or!lanocs (11!1ik!l) 
2-METHYLNAPHTHALENE 23 15 U 17 U 
2-METHYLPHENOL 81 U 78 UJ 88 U 
3&4-METHYLPHENOL 81 U 78 UJ 88 U 
ACENAPHTHENE 16 U 15 U 17 U 
ACENAPHTHYLENE 16 U 15 U 17 U 
ACETOPHENONE 81 U 78 UJ 88 U 
ANTHRACENE 16 U 15 U 23 
BENZO(A)ANTHRACENE 16 U 15 U 17 U 
BENZO(A)PYRENE 16 U 15 U 17 U 
BENZO(B)FLUORANTHENE 16 U 15 U 17 U 
BENZO(G,H,I)PERYLENE 16 U 15 U 17 U 
BENZO(K)FLUORANTHENE 16 U 15 U 17 U 
BIS 2-ETHYLHEXYL)PHTHALATE 81 U 78 UJ 88 U 
CHRYSENE 16 U 15 U 17 U 
DI-N-BUTYL PHTHALATE 81 U 78 UJ 88 U 
DI-N-OCTYL PHTHALATE 81 U 78 UR 88 U 
FLUORANTHENE 16 U 15 U 17 U 
FLUORENE 16 U 15 U 17 U 
INDENOL1,2,3-CD PYRENE 16 U 15 U 17 U 
NAPHTHALENE 16 15 U 17 U 
PHENANTHRENE 16 U 15 U 17 U 
PHENOL 81 U 78 UJ 88 U 
PYRENE 16 U 15 UJ - 17 U_ 

• 

TA8LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U85URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WC CRANE 
CRANE, INDIANA 
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035827 035827 035828 035834 
0358270206 0358270607 0358280204 0358340206 
0358270206 0358270607 0358280204 0358340206 

50 50 50 50 
58 58 58 58 

NORMAL NORMAL ORIG NORMAL 
2-6 6-7 2-4 2-6 
NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

1 J 21 J 1 J 
11 U 87 U 11 U 
11 U 87 U 2 J 
11 U 87 U 11 U 
11 U 87 U 11 U 
11 U 87 U 1 BU 
11 U 87 U 11 U 

16 U 16 U 16 U 15 U 
82 U 81 U 82 U 78 U 
82 U 81 U 82 U 78 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
82 U 81 U 82 U 78 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
82 U 81 U 880 78 U 
16 U 16 U 16 U 15 U 
82 U 81 U 82 U 78 U 
82 U 81 U 82 U 78 UR 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
16 U 16 U 16 U 15 U 
82 U 81 U 82 U 78 U 
16 U 16 U 16 U 15 U 

• 

035834 035836 035836 035839 035839 I 

0358340610 0358360206 0358360610 0358390206 0358390610 
0358340610 0358360206 0358360610 0358390206 0358390610 

50 50 50 50 50 
! 

58 58 58 58 58 
NORMAL NORMAL NORMAL NORMAL NORMAL 

6-10 2-6 6-10 2-6 6 -10 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y Y 

15 UJ 15 U 15 U 15 U 14 U 
76 U 78 U 79 U 79 U 75 UJ 
76 U 78 U 79 U 79 U 75 UJ 

15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
76 U 78 U 79 U 79 U 75 UJ 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
76 U 78 U 79 U 79 U 75 UJ 
15 UJ 15 U 15 U 15 U 14 U 
76 U 78 U 79 U 79 U 75 UJ 

76 UR 78 U 79 U 79 U 75 UJ 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U 15 U 15 U 14 U 
15 UJ 15 U ,1 5 U 8 14 U 
15 UJ 15 U 15 U 15 U 14 U 
76 U 78 U 79 U 79 U 75 UJ 
15 UJ 15 U 15 U 15 U 14 U 

• 



• 
LOCATION 035624 035625 035626 
N5AMPLE 0356241215 0356250608 0356260610 
5AMPLE 0356241215 0356250608 0356260610 
MATRIX 50 50 50 
5U6MATRIX 56 58 56 
5ACODE NORMAL NORMAL ORIG 
DEPTH RANGE 12 -15 6-8 6 -10 
aC_TVPE NM NM NM 
5TATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
Ener<letlcs m<Jik<l) 
2.4.6-TRINITROTOLUENE 19 025 U 025 U 
2.4-DINITROTOLUENE 025 U 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 025 U 
4-AMINO-2,6-DINITROTOI UENE 025 U 025 U 025 U 
HMX 88 025 U 12 
RDX 44 025 U 025 U 
Inorganlcs (mglkg) 
ALUMINUM 3580 J 7120 J 8580 J 
ANTIMONY 19 J 026 U 13 U 
ARSENIC 126 J 45 J 66 J 
BARIUM 602 J 77 9 J 989 J 
BERYLLIUM 049 J 058 059 
CADMIUM 046 035 082 
CALCIUM 1750 J 2180 J 2900 J 
CHROMIUM 107 J 96 J 128 J 
COBALT 7 J 146 J 143 
COPPER 92 J 7 J 273 J 
IRON 18300 J 18300 J 17300 J 
LEAD 236 J 125 J 34 J 
MAGNESIUM 330 J 801 J 1310 J 
MANGANESE 1060 J 1420 J 1080 J 
MERCURY 0019 U 0023 J 028 J 
NICKEL 149 J 11 1 J 187 J 
POTASSIUM 317 J 474 J 960 J 
SELENIUM 038 J 017 J 031 
SILVER 004 U 004 U 005 U 
SODIUM 206 U 995 J 528 U 
THALLIUM 015 01 011 
TIN 03 U 02 U 13 U 
VANADIUM 165 J 147 J 169 
ZINC 78 J 278 J 217 J 
Miscellaneous Parameters 
NITRATE mq/kq 11 U 12 21 
NITRITE m<Jikq 16 U 15 J 110 UJ 
NITRITE/NITRATE mqlokq 11 UJ 27 J 21 J 
PERCENT MOISTURE % 273 147 244 
PERCHLORATE ~<Jikq 28 U 23 U 20 U 

• 
TA6LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U65URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WC CRANE 
CRANE. INDIANA 
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035627 035627 035628 035634 
0356270206 0356270607 0356280204 0356340206 
0356270206 0356270607 0356280204 0356340206 

50 50 50 50 
56 56 56 56 

NORMAL NORMAL ORIG NORMAL 
2-6 6-7 2-4 2-6 
NM NM .NM NM 

NORMAL NORMAL NORMAL NORMAL 
Y Y Y Y 

I , I 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 028 J 025 U 025 U 
025 U 025 U 025 U 025 U 

5140 J 11500 J 6140 J 6730 J 
081 U 065 U 057 U 032 U 
82 J 62 J 7 J 57 J 
854 J 854 J 104 J 77 1 J 
075 059 073 043 
071 048 046 062 

1010 J 1280 J 976 J 73500 J 
183 J 184 J 138 J 89 J 

12 92 137 109 J 
1230 J 263 J 255 J 85 J 

35900 J 22600 J 26200 J 16900 J 
49 J 145 J 208 J 122 J 

748 J 1870 J 766 J 2350 J 
1150 J 495 J 1060 J 996 J 
0035 J 0098 J 0027 J 0022 J 
227 J 138 J 172 J 108 J 
836 J 1790 J 707 J 764 J 
019 U 03 025 041 J 
009 U 004 U 005 U 004 U 
324 U 544 U 45 U 223 J 

01 017 01 011 
38 U 18 U 27 U 037 U 
202 235 194 133 J 

126 J 664 J 137 J 302 J 

22 2 1 21 18 
12 UJ 11 UJ 17 UJ 12 UJ 
22 J 21 J 21 J 18 J 
193 152 188 163 

20 U 20 U 20 U 24 UJ 

• 
035634 035636 035636 035639 035639 

0356340610 0356360206 0356360610 0358390206 0356390610 
0358340610 0358360206 0356360610 0358390206 0356390610 

50 50 50 50 50 
56 56 56 58 56 

NORMAL NORMAL NORMAL NORMAL NORMAL 
6 -10 2-6 6 -10 2-6 6 -10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

6410 J 7100 J 7220 J 7030 J 6960 J 
045 U 029 U 034 U 027 U 075 U 
37 J 54 58 49 55 
404 J 116 J 106 J 951 J 812 J 
057 079 1 064 096 
033 033 04 03 U 035 

1140 J 4220 J 1860 J 2070 J 1660 J 
202 J 11 1 J 245 J 102 J 212 J 
139 J 155 J 172 J 137 J 182 J 
73 J 84 J 95 J 92 J 85 J 

44000 J 22500 J 34400 J 16900 J 36900 J 
16 J 139 J 166 J 15 J 167 J 

547 J 952 J 805 J 989 J 668 J 
906 J 1550 J 1480 J 879 J 1370 J 

0021 J 033 J 0047 J 0035 J 021 J 
141 J 144 J 192 J 12 J 168 J 
372 J 461 J 457 J 464 J 392 J 

,016 UJ 038 035 038 021 
004 U 005 U 004 U 004 U 004 U 
868 J 182 U 133 U 101 U 103 U 
009 011 01 009 009 

016 U 026 U 022 U 025 U 033 U 
17 J 152 J 229 J 15 J 209 J 

307 J 343 J 445 J 332 J 372 J 

14 17 28 38 14 
11 UJ 64 J 22 UR 11 UR 23 J 
14 J 23 J 28 J 38 J 16 J 
111 154 155 149 94 

22 UJ 24 UJ 24 UJ 43 J 22 UJ 



LOCATION 035840 03S840 03S842 
NSAMPLE 03S8400206 03S8400610 03S8420206 
SAMPLE 03S8400206 03S8400610 03S8420206 
MATRIX SO SO SO 
SU8MATRIX S8 S8 S8 
SACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 2-6 6 -10 2-6 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
D,oxins (ng/kg) 
1.2.3.4.6.7.8.9-0CDD 
1.2.3.4.6.7.8-HPCDD 
1.2.3.6.7.8-HXCDD 
TEO BIRD 
TEO FISH 
TEO HUMAN 
TOTAL HPCDD 
TOTAL PECDD 
Volatile Orqamcs (uQ/kqi 
1.1.1-TRICHLOROETHANE 
1.1.2.2-TETRACHLOROETHANE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
CIS-1.2-DICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
Semlvolatlle Orgamcs (Ug/kg) 
2-METHYLNAPHTHALENE 15 U 15 U 15 U 
2-METHYLPHENOL 78 U 76 U 79 U 
3&4-METHYLPHENOL 78 U 76 U 79 U 
ACENAPHTHENE 15 U 15 U 15 U 
ACENAPHTHYLENE 15 U 15 U 15 U 
ACETOPHENONE 78 U 76 U 79 U 
ANTHRACENE 15 U 15 U 15 U 
8ENZO A ANTHRACENE 15 U 15 U 15 U 
BENZO A PYRENE 15 U 15 U 15 U 
BENZO(~FLUORANTHENE 15 U 15 U 15 U 
BENZQ(G.H.I)PERYLENE 15 U 15 U 15 U 
BENZO(K)FLUORANTHENE 15 U 15 U 15 U 
BIS(2-ETHYLHEXYL)PHTHALATE 78 U 76 U 79 U 
CHRYSENE 15 U 15 U 15 U 
DI-N-BUTYL PHTHALATE 78 U 76 U 79 U 
DI-N-OCTYL PHTHALATE 78 U 76 U 79 U 
FLUORANTHENE 15 U 15 U 15 U 
FLUORENE 15 U 15 U 15 U 
INDENO(1.2.3-CD)PYRENE 15 U 15 U 15 U 
NAPHTHALENE 15 U 15 U 15 U 
PHENANTHRENE 15 U 15 U 15 U 
PHENOL 78 U 76 U 79 U 
PYRENE 15 U 15 U 15 U 

• 

TA8LE 4-2 

SUMMARY OF CHEMICALS DETECTED IN SU8SURFACE SOIL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 90F 10 

03S842 03S844 03S844 03S846 
03S8420610 03S8440206 03S8440610 03S8460206 
03S8420610 03S8440206 03S8440610 03S8460206 

SO SO SO SO 
S8 S8 S8 S8 

NORMAL NORMAL NORMAL NORMAL 
6-10 2-6 6-10 2-6 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

1 U 
1 U 
1 U 
1 U 
1 U 
10 J 
1 J 

15 U 15 U 14 U 15 U 
76 U 78 U 73 U 80 U 
76 U 78 U 73U 80 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
76 U 78 U 73 U 80 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
76 U 78 U 73 U 80 U 
15 U 15 U 14 U 15 U 
76 U 78 U 73 U 80 U 
76 U 78 UR 73 UR 80 UR 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
15 U 15 U 14 U 15 U 
76 U 78 U 73U 80 U 
15 U 15 U 14 U 15 U 

'.' 

03S846 03S847 03S847 03S848 03S848 
03S8460610 03S8470206 03S8470610 03S8480206 03S8480610 
03S8460610 03S8470206 03S8470610 03S8480206 03S8480610 

SO SO SO SO SO 
S8 S8 S8 S8 S8 

ORIG NORMAL NORMAL NORMAL NORMAL 
6 -10 2-6 6-10 2-6 6-10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

095 U 12 U 11 U 13 U 12 U 
2 J 12 U 1 J 13 U 12 U 

095 U 12 U 11 U 13 U 12 U 
095 U 12 U 11 U 13 U 12 U 
095 U 12 U 1 J 8 18 J 

6 J 18 J 15 J 20 J 33 J 
095 U 12 U 11 U 13 U 12 U 

14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
74 U 76 UJ 75 U 74 U 78 U 
74 U 76 UJ 75 U 74 U 78 U 

14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
74 U 76 U 75 U 74 U 76 U 

14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
74 U 76 UJ 75 U 74 U 78 U 

14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
74 U 76 U 75 U 2700 890 

74 UR 76 UR 75 UR 74 UR 78 UR 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 
74 U 76 UJ 75 U 74 U 78 U 
14 UJ 15 UJ 15 UJ 14 UJ 15 UJ 

• 



• 
LOCATION 035840 035840 035842 
N5AMPLE 0358400206 0358400610 0358420206 
SAMPLE 0358400206 0358400610 0358420206 
MATRIX 50 50 50 
SU8MATRIX 58 58 58 
SACODE NORMAL NORMAL NORMAL 
DEPTH RANGE 2-6 6-10 2-6 
aC_TYPE NM NM NM 
STATU5 NORMAL NORMAL NORMAL 
VALIDATED Y Y Y 
EnergetIcs (mglkg) 
2.4,6-TRINITROTOLUENE 025 U 025 U 025 U 
2.4-DINITROTOLUENE 025 U 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 025 U 
HMX 025 U 025 U 025 U 
RDX 025 U 025 U 025 U 
Inorganlcs mglkg) 
ALUMINUM 6080 J 5780 J 7210 J 
ANTIMONY 028 U 039 U 028 U 
ARSENIC 41 62 44 
BARIUM 139 J 945 J 153 J 
BERYLLIUM 075 073 078 
CADMIUM 035 035 036 
CALCIUM 4260 J 6890 J 1950 J 
CHROMIUM 99 J 218 J 85 J 
COBALT 146 J 167 J 149 J 
COPPER 164 J 86 J 102 J 
IRON 17300 J 43800 J 16700 J 
LEAD 126 J 162 J 135 J 
MAGNESIUM 747 J 799 J 826 J 
MANGANESE 1440 J 1390 J 1680 J 
MERCURY 0027 J 0022 J 0027 J 
NICKEL 155 J 159 J 159 J 
POTASSIUM 448 J 403 J 403 J 
SELENIUM 032 022 039 
SILVER 004 U 004 U 011 
SODIUM 130 U 109 U 116 U 
THALLIUM 009 008 012 
TIN 025 U 016 U 042 U 
VANADIUM 13 J 236 J 141 J 
ZINC 325 J 372 J 379 J 
M,scellaneous Parameters 
NITRATE mglkg 19 17 17 
NITRITE mgikg 11 UR 11 UR 22 UR 
NITRITE/NITRATE mglokg 19 J 17 J 17 J 
PERCENT MOISTURE % 14 118 157 
PERCHLORATE ~g!kg 23 UJ 23 UJ 24 UJ 

• 
TA8LE 4-2 

5UMMARY OF CHEMICAL5 DETECTED IN 5U85URFACE 50lL 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 
PAGE100F10 

035842 035844 035844 035846 
0358420610 0358440206 0358440610 0358460206 
0358420610 0358440206 0358440610 0358460206 

50 50 50 50 
58 58 58 58 

NORMAL NORMAL NORMAL NORMAL 
6-10 2-6 6-10 2-6 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y 

025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 

5600 J 7100 J 5380 J 6360 J 
051 U 037 U 13 J 023 U 

26 74 J 112 J 49 J 
107 J 119 J 831 J 138 J 
087 14 087 087 
041 049 037 083 

2880 J 10300 J 7790 J 1390 J 
186 J 275 J 204 J 121 J 
197 J 212 J 201 J 154 J 
69 J 103 J 93 J 76 J 

26500 J 44400 J 56400 J 16400 J 
15 J 20 J 185 J 133 J 

685 J 835 J 750 J 770J 
1680 J 1730 J 1450 J 1790 J 
0023 J 0027 J 002 J 0026 J 
203 J 237 J 199 J 16 J 
386 J 413 J 355 J 395 J 

02 027 J 022 J 043 J 
005 004 U 004 U 006 U 

163 U 113 J 117 J 144 J 
01 011 008 011 

02 U 018 U 015 U 026 U 
198 J 283 J 278 J 168 J 
317 J 414J 43~ '--___ 26 J 

19 24 21 12 
22 UR 27 UJ 22 UJ 22 UJ 
19 J 24 J 21 J 12 J 

10 141 91 179 
22 UL __ ------".3 _ UJ 22~ '---- 20 U 

• 
035846 035847 035847 035848 035848 

0358460610 0358470206 0358470610 0358480206 0358480610 
0358460610 0358470206 0358470610 0358480206 0358480610 

50 50 SO 50 50 
58 58 58 58 58 

ORIG NORMAL NORMAL NORMAL NORMAL 
6-10 2-6 6-10 2-6 6 -10 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

Y Y Y Y Y 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 042 J 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

4540 J 5680 J 4090 J 391 J 4250 J, 
05 U 062 U 04 U 30 J 124 J 
82 J 67 J 54 J 37 J 46 J 

72 3 J 77 9 J 878 J 614 J 822 J 
074 096 053 026 056 
07 041 032 063 086 

2960 J 1090 J 467 J 869 J 3430 J 
20 J 241 J 194 J 327 J 323 J • 

173 J 15 J 121 J 740 J 487 J' ~ 
9 J 926 J 96 J 22500 J 9580 J 

42000 J 40300 J 42700 J 50900 J 49800 J 
171 J 34 J 136 J 3590 J 3410 J 
428 J 528 J 464 J 199 J 710 J 
1310 J 1320 J 799 J 1200 J 1440 J 
0019 J 0018 J 0018 J 0025 J 0025 J 
179 J 171 J 192 J 79100 J 48300 J 
327 J 380 J 383 J 273 J 505 J 

017 UJ 023 J 017 UJ 016 UJ 017 UJ 
004 U 051 J 013 U 339 J 166 J 
121 J 806 J 141 J 140 J 220 J 
008 011 006 004 U 004 U 

016 U 082 U 007 U 1630 J 507 J 
223 J 249 J 177 J 45 J 197 J 
516 J _li.U _"QL~_ 253 J c_ 157 J 

15 16 15 1 UJ 11 
2 UJ 11 UJ 11 UJ 2 UJ 23 UJ 
15 J 16 J 15 J 1 UJ 28 J 
86 116 113 107 135 

20 U 23 U _2;3U 20 U 20 U 



LOCATION 03·07 03·10 03·11 
NSAMPLE 03GW0701 03GW100l 03GWll0l 
SAMPLE 03GW0701 03GW100l 03GWll0l 
MATRIX GW GW GW 
SACODE ORIG NORMAL NORMAL 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
SAMPLE DATE . . .. . . 
VALIDATED Y Y Y 
COLLECTION METHOD GRAB GRAB GRAB 
Volatile Or<lanlcs HilL 
1,1,2,2·TETRACHLOROETHANE 530 03 U 03 U 
1,1,2· TRICHLOROETHANE 12 03 U 03 U 
1,I·DICHLOROETHENE 1 1 J 03 U 03 U 
BROMOMETHANE 05 U 05 U 05 UJ 
CIS·l,2·DICHLOROETHENE 150 05 U 05 U 
ETHYL METHACRYLATE 05 U 05 U 05 J 
TETRACHLOROETHENE 57 05 U 05 U 
TRANS· 1 ,2·DICHLOROETHENE 37 05 U 05 U 
TRICHLOROETHENE 640 09 U 05 U 
VINYL CHLORIDE 39 03 U 03 U 
SemlYolatlle Organics (Ilg/L) 
BIS(2·ETHYLHEXYL)PHTHALATE I 1 U I 1 U I 1 U I 
EnergetIcs (Ilg/L) 
1,3,5· TRINITROBENZENE 035 U 035 U 035 U 
2,4,6· TRINITROTOLUENE 035 U 035 U 035 U 
2·AMINO·4,6·DINITROTOLUENE 035 U 012 U 035 U 
4·AMINO·2,6·DINITROTOLUENE 035 U 035 U 035 U 
HMX 035 U 035 U 035 U 
RDX 15 J 14 035 U 
Total Metals (uQ/L 
ALUMINUM 75 75 U 228 
ANTIMONY 01 U 01 U 05 U 
ARSENIC 02 U 021 1 U 
BARIUM 153 J 713 J 886 J 
CADMIUM 07 U 07 U 35 U 
CALCIUM 75700 J 117000 J 73400 J 
CHROMIUM 047 U 024 13 J 
COBALT 046 012 U 05 U 
COPPER 24 J 061 U 3 J 
IRON 238 J 230 J 722 J 
LEAD 017 01 U 085 
MAGNESIUM 24200 J 18000 J 8210 
MANGANESE 255 J 054 U 315 J 
NICKEL 36 J 21 J 32 J 
POTASSIUM 9440 J 2100 J 2670 J 
SELENIUM 04 U 041 J 2 U 
SODIUM 952 J 3530 J 1080 J 
THALLIUM 01 U 01 UJ 05 U 
VANADIUM 01 U 037 U 07 
ZINC 65 J 05 U 54 

• 

TABLE 4·3 

SUMMARY OF DETECTED CHEMICALS IN GROUND WATER 
SWMU 03 • OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 4 

03·12 03·13 03·14 03·15 03·17 
03GW1201 03GW1301 03GW1401 03GW1501 03GW1701 
03GW1201 03GW1301 03GW1401 03GW1501 03GW1701 

GW GW GW GW GW 
ORIG NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

. . . . . . . . . . 
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

03 U 03 U 03 U 100 03 U 
03 U 03 U 03 U 23 03 U 
03 U 03 U 03 U 03 U 03 U 
05 UJ 05 UJ 05 UJ 04 J 05 UJ 
03 J 05 U 05 U 79 05 U 
05 U 05 U 05 UJ 05 U 05 U 
05 U 05 U 05 U 03 J 05 U 
05 U 05 U 05 U 19 05 U 
37 J 05 U 05 U 57 J 05 U 
03 U 03 U 03 U 03 U 03 U 

097 U I 098 U I 1 U I 094 U 1 U 

035 U 035 U 035 U 035 U 035 U 
035 U 035 U 035 U 035 U 035 U 

1 047 R 055 J 012 U 035 U 
15 077 J 082 J 035 U 035 U 
66 37 26 13 86 
35 16 11 48 42 

636 340 13 U 212 U 265 
05 U 05 U 05 U 012 05 U 
1 U 1 U 1 U 02 U 1 U 

462 J 668 J 965 J 885 J 262 J 
35 U 35 U 35 U 07 U 35 U 

42300 J 69400 J 91500 J 33500 J 50600 J 
908 J 1 J 36 J 07 07 J 

22 16 05 U 01 U 05 U 
14 J 095 J 1 1 J 063 U 3 J 

1210 J 1650 J 430 J 126 J 408 J 
05 U 095 05 U 013 U 05 U 
7820 7290 11500 12600 J 3850 

383 J 445 J 21 J 25 J 4 J 
912 J 83 J 46 J 3 J 2 J 
2680 J 1840 J 3400 J 3780 J 1240 J 

2 U 2 U 2 U 071 J 2 U 
3140 J 4980 J 2350 J 1700 J 1900 J 
05 U 05 U 05 U 01 UJ 05 U 
06 1 05 U 045 U 05 U 

~lJ_ _ 32_ L- __ ~ ~- 38 

• 

03·18 03·20 03·21 03·22 03·23 03·24 
03GW1801 03GW2001 03GW2101 03GW2201 03GW2301 03GW2401 
03GW1801 03GW2001 03GW2101 03GW2201 03GW2301 03GW2401 

GW GW GW GW GW GW 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

. . . . . . . . . . . . 
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

03 U 03 U 03 U 5 03 U 39 J 
03 U 03 U 03 U 03 U 03 U 05 J 
03 U 03 U 03 U 03 U 03 U 03 U 
05 UJ 06 05 U 05 U 05 05 UJ 
05 U 05 U 05 U 06 05 U 77 
05 U 05 U 05 U 05 U 05 U 05 UJ 
05 U 05 U 05 U 05 U 05 U 05 U 
05 U 05 U 05 U 05 U 05 U 12 J 
05 U 03 J 16 U 6 J 05 U 23 J 
03 U 03 U 03 U 03 U 03 U 03 U 

11 U 11 U 1 U 094 U 2 J 095 U 

035 U 035 U 061 035 U 035 U 035 U 
035 U 035 U 17 035 U 035 U 035 U 
035 U 035 U 26 012 U 035 U 035 U 
035 U 035 U 10 035 U 062 J 035 U 

35 035 U 170 J 035 U 26 035 U 
38 035 U 280 J 18 12 72 

218 468 4 U 295 U 114 788 
05 U 01 U 01 01 U 01 U 05 U 
1 U 02 U 024 03 02 U 1 U 

586 J 448 J 275 J 173 J 583 J 509 J 
12 07 U 07 U 07 U 07 U 35 U 

27600 J 13400 J 88400 J 149000 J 57100 J 76500 J 
1 J 041 U 029 082 034 U 12 J 

05 U 01 U 01 U 016 012 05 
12 J 019 U 065 U 087 U 042 U 05 U 
564 J 103 J 196 J 356 J 207 J 374 J 
085 01 U 01 U 03 U 01 U 05 U 
3880 2340 J 17400 J 33400 J 9770 J 22600 
18 J 37 J 055 U 88 J 16 J 20 J 
19 J 17 J 18 J 36 J 22 J 24 J 

1640 J 1140 J 3340 J 8310 J 1610 J 1390 J 
2 U 04 U 057 J 079 J 04 U 2 U 

1610 J 1290 J 1560 J 2570 J 4070 J 8930 J 
05 U 01 U 01 UJ 01 UJ 01 U 05 U 
065 01 U 078 U 053 U 01 U 05 U 

6 _14U _ ,--~12 2 J 204 J 2 U 57 

• 



• 
LOCATION 03-07 03-10 03-11 
NSAMPLE 03GW0701 03GW100l 03GWll0l 
SAMPLE 03GW0701 03GW100l 03GWll0l 
MATRIX GW GW GW 
SACODE ORIG NORMAL NORMAL 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
SAMPLE DATE - - - - - -
VALIDATED Y Y Y 
COLLECTION METHOD GRAB GRAB GRAB 
DIssolved Metals (1Ig1L) 
ALUMINUM, FILTERED 
BARIUM, FILTERED 
CALCIUM, FILTERED 
CHROMIUM, FILTERED 
COPPER, FILTERED 
IRON, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE, FILTERED 
MERCURY, FILTERED 
NICKEL, FILTERED 
POTASSIUM, FILTERED 
SODIUM, FILTERED 
TIN, FILTERED 
FIeld Parameters 
DISSOLVED OXYGEN mgil 077 278 59 
NITRATE mQlI 002 165 > 0 
NITRITE mgil 0 0 0 
OXIDATION REDUCTION POTENTIAL MV 531 492 6032 
PH SU 492 623 32 
SPECIFIC CONDUCTANCE (MSiCM 0643 0639 0424 
TEMPERATURE C 143 1515 164 
TURBIDITY NTU 75 22 37 

• 
TABLE 4-3 

SUMMARY OF DETECTED CHEMICALS IN GROUND WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 4 

03-12 03-13 03-14 03-15 03-17 
03GW1201 03GW1301 03GW1401 03GW1501 03GW1701 
03GW1201 03GW1301 03GW1401 03GW1501 03GW1701 

GW GW GW GW GW 
ORIG NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

458 ·651 152 747 722 
032 023 001 016 018 

0 0 0001 0 0001 
3712 49 439 733 521 
609 632 62 55 374 
0309 0395 0617 027 0334 
132 135 143 163 137 
37 9 06 14 32 

• 
03-18 03-20 03-21 03-22 03-23 03-24 

03GW1801 03GW2001 03GW2101 03GW2201 03GW2301 03GW2401 
03GW1801 03GW2001 03GW2101 03GW2201 03GW2301 03GW2401 

GW GW GW GW GW GW 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - - - -
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

699 847 118 431 173 1001 
017 036 032 014 004 037. 
0006 0 0001 003 0 0002 
5109 462 530 591 544 5317 
543 566 548 534 409 554 

0231 0149 0546 0874 0458 0616 
148 126 151 164 137 14 
38 36 04 94 58 9 



• 

LOCATION 
NSAMPLE 
SAMPLE 

TABLE 4-3 

SUMMARY OF DETECTED CHEMICALS IN GROUND WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE30F4 

03-25 03-25 
03GW2501 03GW2501-F 
03GW2501 03GW2501-F 

03-16 
03GW1601 
03GW1601 

MATRIX GW GW BACKGROUND 
SACODE NORMAL NORMAL NORMAL 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
SAMPLE DATE - - - - - -
VALIDATED Y Y Y 
COLLECTION METHOD GRAB GRAB GRAB 
Volatile Organics (uglL) 
1,1,2,2-TETRACHLOROETHANE 03 U 03U 
1,1,2-TRICHLOROETHANE 03 U, 03U 
1,I-DICHLOROETHENE 03 U 03U 
BROMOMETHANE 03 J 05U 
CIS-l,2-DICHLOROETHENE 05 U 05U 
ETHYL METHACRYLATE 05 UJ 05U 
TETRACHLOROETHENE 05 U 05U 
TRANS-l,2-DICHLOROETHENE 05 U 05U 
TRICHLOROETHENE 05 U 05U 
VINYL CHLORIDE 03 U 03U 
Semlvolatile OrQanlcs u!llL 

IBIS(2-ETHYLHEXYL PHTHALATE 098 U 1 UJ 
EnergetlcsiuglL) 
1,3,5-TRINITROBENZENE 035 U 035 U 
2,4,6-TRINITROTOLUENE 035 U 035 U 
2-AMINO-4,6-DINITROTOLUENE 035 U 012 U 
4-AMINO-2,6-DINITROTOLUENE 035 U 035 U 
HMX 035 U 13 
RDX 035 U 24 
Total Metals (ugiL 
ALUMINUM 372 326J 
ANTIMONY 05 U 039 
ARSENIC 1 U 044 
BARIUM 194 J 43J 
CADMIUM 35 U 070 U 
CALCIUM 25400 J 50900 J 
CHROMIUM 3 J 1 
COBALT 05 U o IOU 
COPPER 05 U 037 U 
IRON 768 J 193 J 
LEAD 08 021 U 
MAGNESIUM 1230 4650J 
MANGANESE 27 J 67J 
NICKEL 13 J 12 J 
POTASSIUM 923 J 1140J 
SELENIUM 2 U 040 U 
SODIUM 2310 J 4750J 
THALLIUM 05 010 UJ 
VANADIUM 12 065 U 
ZINC 44 050 U ---

• • 



• 
LOCATION 
NSAMPLE 
SAMPLE 

• 
TABLE 4-3 

SUMMARY OF DETECTED CHEMICALS IN GROUND WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE40F4 

03-25 03-25 
03GW2501 03GW2501-F 
03GW2501 03GW2501-F 

03-16 
03GWI601 
03GWI601 

MATRI/< GW GW BACKGROUND 
SACODE NORMAL NORMAL NORMAL 
aC_TYPE NM NM NM 
STATUS NORMAL NORMAL NORMAL 
SAMPLE DATE - - - - - -
VALIDATED Y Y Y 
COLLECTION METHOD GRAB GRAB GRAB 
DIssolved Metals ug/L 
ALUMINUM, FILTERED 237 
BARIUM, FILTERED 181 J 
CALCIUM, FILTERED 24400 J 
CHROMIUM, FILTERED 26 J 
COPPER, FILTERED 095 J 
IRON, FILTERED 988 J 
MAGNESIUM, FILTERED 1190 
MANGANESE, FILTERED 1 J 
MERCURY, FILTERED 47 
NICKEL, FILTERED 085 J 
POTASSIUM, FILTERED 950 J 
SODIUM, FILTERED 2460 J 
TIN, FILTERED 49 J 
FIeld Parameters 
DISSOLVED OXYGEN mQ/1 1932 975 
NITRATE [mq/I 018 129 
NITRITE [mq/I 0 0007 
OXIDATION REDUCTION POTENTIAL MV 4901 545 
PH (SU) 739 525 
SPECIFIC CONDUCTANCE JMS/CM 015 0339 
TEMPERATURE[CJ 14 1594 
TURBIDITY lliIUl --

25 10 

• 



LOCATION 035005 035W5006 
N5AMPLE 0350050006 0350060006 
5AMPLE 0350050006 0350060006 
MATRIX 50 SO 
5ACOOE ORIG NORMAL 
DEPTH RANGE 0-05 0- 0 5 
QC_TYPE NM NM 
5TATU5 NORMAL NORMAL 
5AMPLE DATE - - - -
VALIDATED Y Y 
COLLECTION METHOD GRAB GRAB 
VolatIle Oraamcs (uQ/ka) 
1,1,1-TRICHLOROETHAN E 64 U 12 U 
2-BUTANONE 64 UJ 12 UJ 
4-METHYL-2-PENTANONE 64 UJ 12 U 
ACETONE 160 J 36 J 
CARBON DI5ULFIDE 64 UJ 14 J 
5emlvolatlle Oraanlcs lualka' 
ACENAPHTHENE 17 U 16 U 
DI-N-BUTYL PHTHALATE 85 U 490 BU 
DIPHENYLAMINE 85 U 83 U 
FLUORANTHENE 17 U 16 U 
PHENANTHRENE 17 U 16 U 
PYRENE 17 U 16 U 
Eneraetlcs malkol 
2,4,6-TRINITROTOLUENE 025 U 025 U 
2,4-DINITROTOLUENE 025 U 11 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 
HMX 025 U 025 U 
PestIcIdes/PCB's lug/kg) 
I METHOXYCHLOR I 11 U I 11 U I 
HerbICIdes -TuQ/ka) 
2,4,5-T 18 UJ 27 J 
2,4,5-TF' (SILVEX) 43 J 26 J 
2,4-0 18 U 17 U 
DINOSEB 18 UJ 17 U 
HEXACHLOROPHENE 85 U 83 U 
PENTACHLOROPHENOL 043 UJ 042 U 

• 

TABLE 4-4 

5UMMARY OF DETECTED CHEMICAL5 IN 5HALLOW 5EOIMENT 
5WMU 03 - OLD JEEP TRAIULITTLE 5ULPHUR CREEK 

N5WCCRANE 
CRANE, INDIANA 

PAGE 1 OF 4 

035007 035W5008 035W5009 035010 035W5011 
0350070006 03S0080006 03S0090006 0350100006 0350110006 
0350070006 03S0080006 0350090006 0350100006 0350110006 

SO SO 50 50 50 
NORMAL NORMAL ORIG NORMAL NORMAL 

0- 0 5 0- 0 5 0-05 0-1 0-05 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

59 U 72 U 77 U 26 U 13 U 
59 UJ 72 UJ 77 UJ 26 U 13 UJ 
59 U 72 U 77 U 26 U 13 UJ 
69 U 240 U 77 UJ 35 BU 130 U 

59 UJ 72 UJ 77 UJ 26 UJ 13 UJ 

15 U 19 U 18 U 14 U 17 U 
79 U 96 U 93 U 77 J 590 
96 J 96 U 93 U 74 U 88 U 
15 U 19 U 18 U 14 U 11 
15 U 19 U 18 U 14 U 17 U 
15 U 19 U 18 U 14 U 11 

055 025 U 025 U 029 J 069 
033 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 037 J 

61 025 U 025 U 025 U 130 

11 U I 13 U 13 U 10 U I 12 U 

16 U 2 U 19 U 16 U 18 U 
16 U 2 U 19 U 16 U 18 U 
14 J 20 J 97 R 74 R 12 J 
16 U 82 J 11 R 16 U 42 J 
79 U 35 J 93 U 74 U 88 UJ 
075 A 16R 047 U 038 U 044 U 

• 

035012 035W5013 035W5014 035W5015 035W5016 
0350120006 0350130006 0350140006 0350150006 0350160006 
0350120006 0350130006 0350140006 0350150006 0350160006 

50 50 50 SO 50 
NORMAL NORMAL ORIG NORMAL NORMAL 

0-05 0- 0 5 0- 0 5 0- 0 5 0-05 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

11 U 1 U 32 U 16 U 12 U 
11 U 1 U 32 UJ 16 U 12 U 
11 U 1 U 32 UJ 16 U 12 U 
11 U 1 U 45 BU 6 U 12 U 
11 UJ 1 UJ 32 UJ 16 UJ 12 UJ 

15 U 15 U 17 U 21 U 16 U 
75 U 77 U 86 U 110 U 240 BU 
100 J 77 U 86 U 420 J 84 U 
15 U 15 U 12 J 21 U 16 U 
15 U 15 U 14 J 21 U 16 U 
15 U 15 U 26 U 21 U 16 U 

025 U 062 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 11 025 U 025 U 025 U 

10 U 10 U I 12 U I 15 U 11 U 

35 16 U 28 J 23 U 18 U 
24 J 16 U 23 R 25 J 18 U 
83 J 84 J 49 J 10 R 56 J 
16 U 16 U 31 J 23 U 18 U 
75 U 77 U 86 U 11 U 84 U 
37R 039 U 044 U 14 A ~3U -

• 



• 
LOCATION 03S005 03SWS006 
N5AMPLE 0350050006 0350060006 
5AMPLE 03S0050006 03S0060006 
MATRIX SO SO 
SACOOE ORIG NORMAL 
DEPTH RANGE 0- 0 5 0-05 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
SAMPLE DATE - - - -
VALIDATED Y Y 
COLLECTION METHOD GRAB GRAB 
Inor!lanlcs m!lik!l) 
ALUMINUM 21500 J 8780 J 
ANTIMONY 35 J 19 J 
ARSENIC 67 69 
BARIUM 853 J 189 J 
BERYLLIUM 064 069 
CADMIUM 18 J 062 J 
CALCIUM 12900 27800 
CHROMIUM 231 J 186 J 
COBALT 114 134 
COPPER 78 J 274 J 
IRON 16500 J 21700 J 
LEAD 204 J 653 J 
MAGNESIUM 4300 J 5540 J 
MANGANESE 930 J 912 J 
MERCURY 01 002 
NICKEL 165 237 
POTASSIUM 813 J 1260 J 
SELENIUM 018 U 018 U 
SILVER 009 U 004 U 
SODIUM 947 J 138 J 
THALLIUM 007 011 
TIN 45 U 21 U 
VANADIUM 158 195 
ZINC 206 J 100 J 
MIscellaneous Parameters (mg/kg) 
NITRATE 4 34 
NITRITE 12 UJ 23 UJ 
NITRITE/NITRATE 4 34 
TOTAL ORGANIC CARBON 8000 J 1000 U 
MIscellaneous Parameters (%) 

IPERCENT MOISTURE I 211 I 225 
M,scellaneous Parameters (5 U ) 

IPH I 79 L_l 76 J 

• 
TABLE 4-4 

SUMMARY OF DETECTED CHEMICALS IN SHALLOW SEDIMENT 
SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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03S007 03SWS008 03SWS009 03S010 03SWS011 
0350070006 0350080006 0350090006 0350100006 0350110006 
03S0070006 03S0080006 03S0090006 03S0100006 03S0110006 

SO SO SO 50 SO 
NORMAL NORMAL ORIG NORMAL NORMAL 
0-05 0-05 0-05 0-1 0-05 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

9870 6250 6780 16400 17900 
1 1 J 038 U 045 U 21 U 33 J 
191 47 44 10 6 

194 J 916 J 104 J 342 J 500 J 
14 059 073 16 061 

12 J 042 J 059 J 13 J 35 J 
4600 J 2480 J 37500 J 5870 J 3440 J 
299 J 84 J 114 J 407 J 13 J 

197 122 111 273 123 
513 81 86 601 115 

50300 J 12900 J 13300 J 61200 J 15100 J 
215 133 146 932 257 

1360 J 1020 J 14700 J 1450 J 1450 J 
1420 J 887 J 814 J 1470 J 1560 J 
004 J 003 J 003 J 01 J 018 J 
331 J 146 J 149 J 363 J 165 J 
463 J 478 J 567. J 426 J 529 J 
049 U 08 U 069 U 034 U 019 U 
004 U 005 U 005 U 011 U 071 J 
34 U 41 U 555 U 34 U 37 U 
008 009 008 007 009 
13 U 035 U 041 U 13 U 44 J 

26 145 15 379 154 
194 J 275 J 369 J 192 J 308 J 

37 84 47 11 UJ 41 
22 UR 13 UR 52 UR 34 J 12 UR 

37 84 47 38 41 
89999 28000 26000 6200 13000 

95 349 221 74 218 

81 J 7 J 77 J 8 J 78 J 

• 
03S012 03SWS013 03SWS014 03SWS015 03SWS016 

0350120006 0350130006 0350140006 0350150006 0350160008 
03S0120006 03S0130006 03S0140006 03S0150006 03S0160006 

SO SO SO SO SO 
NORMAL NORMAL ORIG NORMAL NORMAL 

0- 0 5 0-05 0-05 0-05 0- 0 5 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

8740 J 11100 J 6770 J 23200 J 8950 J 
2 J 25 J 087 U 76 J 16 J 
134 98 43 22 107 

353 J 326 J 139 J 334 J 165 J 
11 094 043 17 13 
14 14 11 17 11 

3730 J 4720 J 3380 J 3280 J 3190 J 
356 J 255 J 88 J 408 J 386 J 

) 

187 J 195 J 79 J 312 J 234 J 
719 919 29 198 437 

53900 J 40800 J 13300 J 68600 J 62100 J 
184 J 139 J 43 J 118 J 87 J 

1310 J 1190 J 1270 J 1490 J 520 J 
1650 J 1700 J 444 J 2780 J 1610 J 
006 008 014 031 003 

258 J 256 J 117 J 338 J 31 1 J 
338 J 373 J 657 J 453 J 294 J 
016 U 016 U 02 026 018 U 
005 U 046 J 012 U 006 U 005 U 
175 U 151 U 227 U 319 U 10 U 
007 008 008 012 01 

138 J 34 U 12 U 32 U 22 U 
31 J 26 J 123 J 441 J 358 J 

260 J 229 J 114 J 270 J 385 J 

28 37 34 47 36 
3 UJ 38 UJ 17 UJ 33 UJ 24 UJ 
28 37 34 47 36 

4800 7300 6700 10000 5600 

134 115 221 281 156 

8 J 79 J 77 J 77 J 74 J 



LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
DEPTH RANGE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
Volatile Or<lanlcs (u<lfk<ll 
1,1,1·TRICHLOROETHANE 
2·BUTANONE 
4·METHYL·2·PENTANONE 
ACETONE 
CARBON DISULFIDE 
Semlvolatlle Orgamcs (J1g1k--'l) 
ACENAPHTHENE 
DI·N·BUTYL PHTHALATE 
DIPHENYLAMINE 
FLUORANTHENE 
PHENANTHRENE 
PYRENE 
EnergetIcs (mglkg) 
2.4,6· TRINITROTOLUENE 
2.4·DINITROTOLUENE 
2·AMINO·4,6·DINITROTOLUENE 
HMX 
PestIcIdes/PCB's (u<lfk<ll 

lMETHOXYCHLOR 
HerbIcIdes '<Ilk'll 
2,4,5-T 
2 4,5· TP (SILVEXJ 
2,4·0 
DINOSEB 
HEXACHLOROPHENE 
~CHLOROPHENOL 

• 

TABLE 4·4 

SUMMARY OF DETECTED CHEMICALS IN SHALLOW SEDIMENT 
SWMU 03· OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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03SWSD17 03SWSD18 03SWSD19 03SWSDOI 03SWSD02 
03SD170006 03SD180006 03SD190006 03SD010006 03SD020006 
03SD170006 03SD180006 03SD190006 03SD010006 03SD020006 

SO SO SO BACKGROUND BACKGROUND 
NORMAL NORMAL ORIG NORMAL NORMAL 
0·05 0·05 O· 0 5 0·05 0·05 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

.. . . . . . . . . 
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

37 U 2 J 11 U 28U 12 U 
18 J 12 U 11 U 28 UJ 12 UJ 

37 U 12 UJ 2 J 28U 12 UJ 
95 BU 12 U 10 U 110 J 250 U 
37 UJ 2 J 1 UJ 28 UJ 12 UJ 

17 U 25 16 U 18 U 16U 
190 BU 86 U 85 U 92 U 82 UJ 

88 U 86 U 85 U 92 U 82 UJ 
17 U 17 U 16 U 18U 16U 
17 U 17 U 16 U 18U 16U 
17 U 17 U 16 U 18U 16U 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 

12 U 17 J 11 U 12 U 11 U 

18 U 18 U 48 J 19 UJ 17 U 
18 U 45 J 18 U 19 UJ 17U 
51 R 18 U 44 R 10J 23J 
18 U 18 U 18 UJ 19 UJ 81J 
88 U 86 U 85 U 92 UJ 21 J 
045 U 044 U 043 U 23J 5 

• 

03SWSD03 03SWSD04 
03SD030006 03SD040006 
03SOO30006 03SD040006 

BACKGROUND BACKGROUND 
NORMAL NORMAL 
0·05 0·05 

NM NM 
NORMAL NORMAL 

. . . . 
Y Y 

GRAB GRAB 

32U 12 U 
32 UJ 12 UJ 
32U 12 UJ 
32 UJ 12 UJ 
32 UJ 12 UJ 

16U 16U 
85 U 84 U 
85 U 84 U 
16U 16U 
16U 16U 
16U 16U 

025 U 025 U 
025 U 025 U 
025 U 025 U 
025 U 025 U 

I 11 UJ 11 UJ 

18 U 17U 
18U 17U 
10J 44R 
18 U 17U 
85U 17 J 
14J 043 U 

• 



• 
LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACOOE 
DEPTH RANGE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
Inor<lanocs (mwk<l) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER -
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 
MIscellaneous Parameters malka) 
NITRATE 
NITRITE 
NITRITE/NITRATE 
TOTAL ORGANIC CARBON 
Miscellaneous Parameters % 
PERCENT MOISTURE 
M,scellaneous Parameters (S U ) 

[EH -.l 

• 
TABLE 4-4 

SUMMARY OF DETECTED CHEMICALS IN SHALLOW SEDIMENT 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INOIANA 
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03SWS017 03SWS018 03SWS019 03SWSOOI 03SWS002 
03S0170006 03S0180006 03S0190006 03S0010006 03S0020006 
03S0170006 03S0180006 03S0190006 03S0010006 03S0020006 

SO SO SO BACKGROUND BACKGROUND 
NORMAL NORMAL ORIG NORMAL NORMAL 
0-05 0-05 0- 0 5 0- 0 5 0- 0 5 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

4590 J 10900 J 6190 J 9570 J 6650 
066 U 12 U 11 U 049 U 065 U 

49 116 86 56 424 
124 J 166 J 114 J 578 J 658 J 
048 11 009 095 17 
037 087 067 079J 054 J 

833 J 915 J 941 J 1940 464 J 
95 J 276 J 253 J 271 J 421 J 
94 J 179 J 16 J 119 296 
92 296 197 77J 12 

14600 J 40900 J 37300 J 33500 J 52400 J 
201 J 535 J 338 J 130J 329 
489 J 602 J 502 J 2320J 511 J 
653 J 1340 J 1040 J 342J 1680J 
002 004 003 003 002 

103 J 21 5 J 196 J 276 371 J 
342 J 323 J 307 J 2230 J 330J 
023 019 U 018 U 022 U 060 U 

006 U 015 U 05 J 005 U 004 U 
122 U 16 U 114 U 641 J 35U 
006 008 007 011 011 
11 U 3 U 11 U 056 U 028 U 
122 J 278 J 232 J 191 345 
41 1 J 133 J 911 J 331 J 624 J 

13 U 38 22 44 34 
35 J 25 UJ 25 UJ 270 UJ 23 UR 
39 38 J 22 J 44 34 

7100 6700 4600 3300J 7200 

224 259 219 18 I 184 

Z_5 J 72 J 76 J 66J -.l 57 J 

• 
03SWS003 03SWS004 

03S0030006 03S0040006 
03S0030006 03S0040006 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

0- 0 5 0- 0 5 
NM NM 

NORMAL NORMAL 

- - - -
Y Y 

GRAB GRAB 

5480 9720 
068 U 043 U 

79 129 
454 J 373 J 
068 15 

032 J 031 U 
277 J 959J 
151 J 183 J 

16 194 
87 253 

20200 J 42900 J 
202 236 
628J 2440J 
952 J 364 J 
005 007 

139 J 707 J 
369J 1140 J 
064 U 061 U 
005 U 004 
72U 135 U 
009 008 

031 U 044 U 
188 166 

362 J 176J 

38 29 
25 UR 160 UR 

38 29 
10000 7900 

I 18 193 I 

] 53J J 60J J 



LOCATION 03S005 03SWS006 
NSAMPLE 03S0050612 03S0060612 
SAMPLE 03S0050612 03S0060612 
MATRIX SO SO 
SACOOE NORMAL NORMAL 
DEPTH RANGE 05-1 05-1 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
SAMPLE DATE - - - -
VALIDATED Y Y 
COLLECTION METHOD GRAB GRAB 
Volatile OrganIcs (Ilglkg) 
1,1,1-TRICHLOROETHANE 28 U 11 U 
2-BUTANONE 15 J 11 UJ 
ACETONE 86 J 29 J 
CARBON DISULFIDE 28 U 1 1 J 
TOLUENE 28 U 11 U 
TRICHLOROFLUOROMETHANE 28 U 11 U 
SemI volatile OrQamcs luQ/kgt 
BENZO~A)ANTHRACENE 19 U 15 U 
BENZO~B)FLUORANTHENE 19 U 15 U 
CHRYSENE 19 U , 5 U 
DI-N-BUTYL PHTHALATE 98 U 330 BU 
FLUORANTHENE 19 U 15 U 
PHENANTHRENE 19 U 15 U 
PYRENE 19 U 15 U 
EnergetIcs (mg/l<gt 
2,4,6-TRINITROTOLUENE 025 U 025 U 
2-AMINO-4,6-DINITROTOLUENE 025 U 025 U 
4-AMINO-2,6-DINITROTOLUENE 025 U 025 U 
HMX 025 U 025 U 
RDX 025 U 025 U 
HerbIcIdes (Ilglkg) 
2,4,5-T 21 U 17 U 
2,4,5-TP (SILVEX) 21 U 29 J 
2,4-0 28 J 17 U 
DINOSEB 21 U 17 U 
HEXACHLOROPHENE 98 U 8 U 
PENTACHLOROPHENOL 37 J 04 U 

• 

TABLE 4-5 

SUMMARY OF DETECTED CHEMICALS IN DEEP SEDIMENT 
SWMU 03 OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 4 

03S007 03SWS008 03SWS009 03S010 03SWSOll 
03S0070612 03S0080612 03S0090612 03S0100612 03S0110612 
0350070612 03S0080612 03S0090612 03S0100612 03S0110612 

SO SO SO SO SO 
NORMAL NORMAL NORMAL NORMAL NORMAL 

05-1 05-1 05-1 05-1 05-1 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

2 J 43 U 1 J 27 U 3 U 
096 UJ 43 U 1 UJ 27 U 3 U 
45 BJ 43 UJ 14 BU 39 BU 38 BU 

096 UJ 43 UJ 1 UJ 27 UJ 3 UJ 
096 U 43 U 1 U 27 U 3 U 
096 U 43 U 2 J 27 U 3 U 

14 U 21 U 15 U 16 U 15 U 
14 U 21 U 15 U 16 U 15 U 
14 U 21 U 15 U 16 U 15 U 
73 U 110 U 78 U 110 J 880 
14 U 21 U 15 U 16 U 15 U 
14 U 21 U 15 U 16 U 15 U 
14 U 21 U 15 U 16 U 15 U 

025 U 025 U 025 U 056 11 
025 U 025 U 025 U 025 U 073 
025 U 025 U 025 U 025 U 1 U 
025 U 025 U 025 U 048 J 19 
025 U 025 U 025 U 025 U 045 J 

15 U 23 U 16 U 17 U 45 
15 U 23 U 16 U 17 U 16 U 
15 U 78 R 16 U 14 J 16 U 
15 U 23 U 16 U 17 U 16 U 
73 U 76 J 78 U 28 J 76 U 
037 U 33 R 04 U 041 U 039 U 

• 

03S012 03SWS013 03SWS014 03SWS015 03SWS016 
03S0120612 03S0130612 03S0140612 03S0150612 03S0160612 
03S0120612 03S0130612 03S0140612 03S0150612 03S0160612 

SO SO SO SO SO 
NORMAL NORMAL NORMAL NORMAL NORMAL 

05-1 05-1 05-1 05-1 05-1 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

27 U 2 J 33 U 13 U 2 J 
27 UJ 12 U 33 UJ 13 U 12 U 
27 U 6 U 72 BU 13 U 12 U 
27 UJ 12 UJ 33 UJ 13 UJ 1 J 
27 U 12 U 33 U 13 U 12 U 
27 U 12 U 33 U 13 U 12 U 

16 U 14 U 17 U 17 U 11 
16 U 14 U 17 U 17 U 15 
16 U 14 U '7 U 17 U 10 
81 U 74 U 89 U 89 U 83 U 
16 U 14 U 17 U 17 U 27 
16 U 14 U 17 U 17 U 23 
16 U 14 U 17 U 17 U 19 

22 034999 J 05 025 U 025 U 
035 J 025 U 025 U 025 U 025 U 
04 J 025 U 025 U 025 U 025 U 
068 037 J 025 U 025 U 025 U 

025 U 025 U 025 U 025 U 025 U 

4 36 19 U 19 U 25 J 
17 U 16 U 19 U 19 U 23 J 
88 5 R 42 R 19 U 72 

17 U 16 U 35 J 19 U 17 U 
81 U 74 U 89 U 89 U 83 U 
082 R 038 U 19 R 086 R 042 U 

• 



• 
LOCATION 03S005 03SWS006 
NSAMPLE 03S0050612 03S0060612 
SAMPLE 03S0050612 03S0060612 
MATRIX SO SO 
SACOOE NORMAL NORMAL 
DEPTH RANGE 05-1 05-1 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
SAMPLE DATE .. . . 
VALIDATED Y Y 
COLLECTION METHOD GRAB GRAB 
Inorganlcs (mglkg) 
ALUMINUM 8140 J 5790 J 
ANTIMONY 1 1 J 12 J 
ARSENIC 54 71 
BARIUM 152 J 138 J 
BERYLLIUM 067 1 
CADMIUM 063 J 1 J 
CALCIUM 2250 32300 
CHROMIUM 139 J 283 J 
COBALT 123 148 
COPPER 162 J 125 J 
IRON 18500 J 87700 J 
LEAD 346 J 181 J 
MAGNESIUM 1760 J 4980 J 
MANGANESE 423 J 1070 J 
MERCURY 007 002 
NICKEL 179 262 
POTASSIUM 802 J 421 J 
SELENIUM 022 U 017 U 
SILVER 028 U 004 U 
SODIUM 485 U 885 J 
THALLIUM 011 007 
TIN 11 U 27 U 
VANADIUM 175 369 
ZINC 556 J 111 J 
M,scellaneous Parameters mglkg) 
NITRATE 3 16 
NITRITE 14 UJ 26 J 
NITRITE/NITRATE 3 42 
TOTAL ORGANIC CARBON 6900 J 2300 J 
Miscellaneous Parameters % 
PERCENT MOISTURE 215 22 I 
M,scellaneous Parameters (S U ) 
PH 75 J 77 J I 

• 
TABLE 4-5 

SUMMARY OF DETECTED CHEMICALS IN DEEP SEDIMENT 
SWMU 03 OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 4 

03S007 03SWS008 03SWS009 03S010 03SWSOll 
03S0070612 03S0080612 03S0090612 03S0100612 03S0110612 
03S0070612 03S0080612 03S0090612 03S0100612 03S0110612 

SO SO SO SO SO 
NORMAL NORMAL NORMAL NORMAL NORMAL 

05-1 05-1 05-1 05-1 05-1 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
. . . . . . . . . . 
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

3150 7420 11000 21000 56900 
085 J 06 U 036 U 41 J 67 J 

41 59 35 95 14 
475 J 105 J 558 J 419 J 981 J 
072 065 044 087 15 

039 J 055 J 031 U 18 J 29 J 
701 J 2800 J 1410 J 2970 J 10900 J 
163 J 109 J 92 J 262 J 489 J 

79 119 159 154 199 
95 88 79 148 273 

33700 J 15400 J 15500 J 39600 J 70800 J 
265 158 118 149 445 

414 J 1220 J 945 J 1390 J 3010 J 
423 J 1020 J 1060 J 1350 J 2050 J 
005 J 003 J 003 J 012 J 008 J 
152 J 139 J 10 1 J 219 J 361 J 
236 J 523 J 773J 509 J 476 J 
028 U 078 U 045 U 017 U 016 U 
004 U 006 U 004 U 016 U 043 J 
55 U 5 U 35 U 34 U 113 U 
005 01 012 007 008 
15 J 042 U 039 U 41 J 17 J 
102 185 17 212 471 

546 J 315 J 214 J 412 J 1120 J 

31 59 26 48 34 
2 UR 3 UR 22 UR 23 UR 23 UR 

31 59 26 48 34 
31999 34000 3600 18000 9100 

82 I 24 I 135 I 175 I 178 

76 J I 68 J I 75 J I 77 J I 8 J 

03S012 03SWS013 03SWS014 
03S0120612 03S0130612 03S0140612 
03S0120612 03S0130612 03S0140612 

SO SO SO 
NORMAL NORMAL NORMAL 

05-1 05-1 05-1 
NM NM NM 

NORMAL NORMAL NORMAL 
. . . . . . 
Y Y Y 

GRAB GRAB GRAB 

17200 J 8720 J 6680 J 
23 J 16 J 11 U 

16 102 47 
744 J 180 J 196 J 

14 1 043 
4 25 11 

2090 J 3130 J 1890 J 
407 J 419 J 8 J 
146 J 192 J 9 J 
893 497 419 

51300 J 62500 J 12500 J 
122 J 983 J 593 J 
768 J 655 J 613 J 
1020 J 1530 J 316 J 

013 003 013 
237 J 216 J 126 J 
513 J 341 J 455 J 
018 U 036 02 U 
01 U 023 J 026 J 
185 U 123 U 185 U 
007 008 006 

24 U 079 U 34 U 
308 J 319 J 106 J 
421 J 185 J 133 J 

65 11 U 38 
12 UJ 27 J 52 UJ 

65 33 38 
14000 4100 11000 

I 257 242 I 256 

75 J 79 J I 72 J 

03SWS015 
03S0150612 
03S0150612 

SO 
NORMAL 

05-1 
NM 

NORMAL 
. . 
Y 

GRAB 

15500 J 
34 J 
175 

353 J 
15 
2 

2770 J 
487 J 
291 J 

105 
74600 J 

159 J 
1040 J 
2320 J 

005 
357 J 
350 J 
019 U 
01 U 
198 U 
012 

38 U 
435 J 
319 J 

35 
24 UJ 

35 
5700 

289 

I 78 J 

• 
03SWS016 

03S0160612 
03S0160612 

SO 
NORMAL 

05-1 
NM 

NORMAL 
. . 
Y 

GRAB 

12900 J 
13 U 
132 

126 J 
11 

096 
1150·J 
302 J 
205 J 
333 

50400 J 
539 J 
671 J 
1390 J 
004, 

257 J 
361 J 
019 U 
005 U 
105 U 
008 

096 U 
30 J 
136 J 

36 
4 UJ 
36 

6000 

267 

74 J I 

~ 
;..; .. -.., 

:-4, 



LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
DEPTH RANGE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
VolatIle Oraanocs (ualkal 
1,1,1-TRICHLOROETHANE 
2-BUTANONE 
ACETONE 
CARBON DISULFIDE 
TOLUENE 
TRICHLOROFLUOROMETHANE 
SemI volatIle Orllsnlcs (uq/kll) 
BENZO(A}ANTHRACENE 
BENZ6(B}FLUORANTHENE 
CHRYSENE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PHENANTHRENE 
PYRENE 
EnergetIcs (mq/kg) 
2,4,6-TRINITROTOLUENE 
2-AMINO-4,6-DINITROTOLUENE 
4-AMINO-2,6-DINITROTOLUENE 
HMX 
RDX 
HerbIcIdes (ualka) 
2,4,5-T 
2,4,5-TP SILVEX 
2,4-0 
DINOSEB 
HEXACHLOROPHENE 
~CHLOROPHENOL 

• 

TABLE 4-5 

SUMMARY OF DETECTED CHEMICALS IN DEEP SEDIMENT 
SWMU 03 OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE30F4 

03SWSD17 03SWSD18 03SWSD19 03SWSDOI 03SWSD02 
03SD170612 03SD180612 03SD190612 03SD010612 03SD020612 
03SD170612 03SD180612 03SD190612 03SD010612 03SD020612 

SD SD SD BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL NORMAL 

05 -1 05-1 05-1 05-1 05-1 
NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL 
- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

12 U 13 U 4 2J 27U 
10 60 11 U 12 UJ 27U 

28 U 220 J 11 U 12 U 27 UJ 
12 UJ 5 UJ 1 J 12 UJ 27 UJ 
12 U 54 11 U 12 U 27U 
12 U 13 U 11 U 2J 27U 

18 U 19 U 16 U 17 U 16U 
18 U 11 16 U 17 U 16U 
18 U 19 U 16 U 17 U 16U 
94 U 95 U 180 BU 85 U 80 U 
18 U 19 U 16 U 17U 16U 
18 U 19 U 16 U 17U 16U 
18 U 19 U 16 U 17U 16U 

025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 025 U 025 U 025 U 025 U 
025 U 044999 J 025 U 025 U 025 U 

2 U 2 U 31 J 18U 17U 
2 U 2 U 17 U 18 U 24J 
69 J 2 U 17 U 18 U 17U 
35 J 2 U 17 U 18 U 75J 
94 U 95 U 83 U 85U 26J 
048 U 21 042 U 043 U 44J 

• 

03SWSD03 03SWSD04 
03SD030612 03SD040612 
03SD030612 03SD040612 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

05-1 05-1 
NM NM 

NORMAL NORMAL 
- - - -
Y Y 

GRAB GRAB 

10 U 36U 
10 UJ 36U 
320 U 36 UJ 
10 UJ 36 UJ 
lOU 36U 

10 UJ 36 U 

16U 81 U 
16U 16U 
16U 81 U 
83 U 81 U 
16U 16U 
16U 16U 
16U 81 U 

025 U 025 U 
025 U 025 U 
025 U 025 U 
025 U 025 U 
025 U 025 U 

33J 39 
17 U 17U 
93R 78J 
17U 17U 
83U 81 U 

-- 17 J _1--~~ 

• 



• 
LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
DEPTH RANGE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
InorClamcs mC!ikClI 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 
M,scellaneous Parameters mC!ikg) 
NITRATE 
NITRITE 
NITRITE/NITRATE 
TOTAL ORGANIC CARBON 
M,scellaneous Parameters (%) 

(PERCENT MOISTURE ( 
M,scellaneous Parameters (5 U ) 

(PH ( 

• 
TABLE 4-5 

SUMMARY OF DETECTED CHEMICALS IN DEEP SEDIMENT 
SWMU 03 OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 4 OF 4 

03SWSD17 03SWSD18 03SWSD19 03SWSDOl 03SWSD02 
03SD170612 03SD180612 03SD190612 03SD010612 03SD020612 
03SD170612 03SD180612 03SD190612 03SD010612 03SD020612 

SD SD SD BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL NORMAL 
05-1 05-1 05-1 05-1 05-1 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

4650 J 12500 J 5250 J 9960 5910 
062 U 13 U 13 U 013 U 079 J 

65 161 67 029 95 
573 J 228 J 112 J 129 J 451 J 
065 13 13 12 11 
047 16 056999 056 J 038J 

2140 J 1030 J 676 J 2860 J 424 J 
209 J 379 J 439 J 108 J 241 J 
112 J 198 J 252 J 20 152 

95 528 201 83 118 
23200 J 51400 J 64400 J 9070J 38700 J 
165 J 611 J 37 J 36 201 
444 J 552 J 368 J 3350 J 602 J 
328 J 1140 J 1190 J 221 J 764 J 
003 U 003 001999 U 0020 UJ 003 
135 J 267 J - 281 J 486 J 164 J 
344 J 320 J 269 J 3220J 349 J 
02 U 02 U 018 U 036 U 075 U 
005 U 007 U 028 J 004 U 004 U 
127 U 14 U 44 U 386 U 34U 
007 007 007999 008 008 U 
1 U 14 U 046 U 048 U 030 U 

178 J 326 J 324 J 34 279 
501 J 186 J 113 J 216 J 363J 

32 33 27 31 26 
47 UJ 26 UJ 23 UJ 240 UR 160UR 

32 33 J 27 J 31 26 
9500 11000 2600 2800 70999 

272 I 388 141 173 ( 167 

75 J ( 72 J I 75 J L 70J I 53J 

• 
03SWSD03 03SWSD04 

03SD030612 03SD040612 
03SD030612 03SD040612 

BACKGROUND BACKGROUND 
NORMAL NORMAL 
05-1 05-1 

NM NM 
NORMAL NORMAL 

- - - -
Y Y 

GRAB GRAB 

7820 8950 
10J 045 U 
94 96 

650 J 542 J 
15 12 

048 J 033 U 
391 J 643J 
537 J 164 J 

31 194 
121 178 

62800 J 40200 J 
264 202 
815 J 1790 J 
1870J 516J 
003 002 U 

312 J 301 J 
392 J 837 J 
053 U 063U 
005 U 005 U 
37U 38U 
01 01 

033 U 035 U 
362 216 

58 OJ 809J 

28 28 
200 UR 230 UR 

28 28 
5000 44999 

( 134 I 163 

I 5 OJ I 60J I 



LOCATION 03SWSD06 
NSAMPLE 03SW0601 
SAMPLE 03SW0601 
MATRIX SW 
SAC ODE NORMAL 
aC_TYPE NM 
STATUS NORMAL 
SAMPLE DATE - -
VALIDATED Y 
COLLECTION METHOD GRAB 
VolatIle Organics ~(J.LglL) 

12-BUTANONE I 05 UR I 
IBROMOMETHANE I 05 U 
ITRICHLOROETHENE I 05 U 
EnergetIcs (I1g1L) 
2,4,6-TRINITROTOLUENE 035 U 
2-AMINO-4,6-DINITROTOLUENE 075 J 
4-AMINO-2,6-DINITROTOLUENE 17 
HMX 12 
RDX 44 
HerbIcIdes (I1g1L) 

12,4,5-T I 0064 J I 
Total Metals (I1g1L) 
ALUMINUM 213 J 
ARSENIC 056 
BARIUM 120 J 
BERYLLIUM 010 U 
CALCIUM 31600 
CHROMIUM 06 J 
COBALT 031 
COPPER 25 
IRON 373 
LEAD 20 
MAGNESIUM 10300 J 
MANGANESE 295 
NICKEL 19 J 
POTASSIUM 5100 
SODIUM 5850 
TIN 26 U 
VANADIUM 054 
ZINC 63 U 

• 

03SWSD06 

TABLE 4-6 

SUMMARY OF DETECTED CHEMICALS IN LOW-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 4 

03SWSD15 03SWSD15 03SWSD16 03SWSD16 03SWSD17 
03SW0601-F 03SW1501 03SW1501-F 03SW1601 03SW1601-F 03SW1701 
03SW0601-F 03SW1501 03SW1501-F 03SW1601 03SW1601-F 03SW1701 

SW SW SW SW SW SW 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - - - -
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

05 U L ~ 05 U J 06 J ~ 
08 L 1 1 J 16 1 

05 U L ~ 05 U J 04 J 1 

035 U 035 U 056 
035 U 035 U 037 J 
035 U 035 U 083 

31 31 J 72 J 
24 J 23 11 

004 U 1 I 004 U I 0042 R I 

867 24 737 
023 023 029 
616 831 961 

010 U 010 U 010 U 
26400 J 27400 J 27300 J 
047 U 033 U 049 U 
013 01 U 016 
075 22 15 

203 J 114 J 221 J 
025 021 083 

6830 J 6290 J 8120 J 
74 J 102 J 213 J 

12 1 14 
1170 J 1300 J 2150 J 
4290 3730 4700 
28 J 49 J 38 J 
016 01 U 015 
21 25 34_ 

• 

03SWSD17 03SWSD18 03SWSD18 03SWSD19 03SWSD19 
03SW1701-F 03SW1801 03SW1801-F 03SW1901 03SW1901-F 
03SW1701-F 03SW1801 03SW1801-F 03SW1901 03SW1901-F 

SW SW SW SW SW 
NORMAL NORMAL NORMAL ORIG ORIG 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

J 05 UJ 05 UJ 
05 U 05 U 
05 U 05 U 

035 U 035 U 
035 U 035 U 
068 J 054 J 

72 65 J 
95 77 J 

I 004 U 004 U I 

46 299 
03 026 
983 975 

010 U 010 U 
27800 J 31000 J 
04 U 033 U 
015 012 
13 11 

179 J 150 J 
038 02 

7920 J 7560 J 
157 J 348 J 

1 11 
2150 J 2000 J 
4520 4440 
42 J 49 J 
012 01 U 
31 18 

• 



• 
LOCATION 03SWSD06 
NSAMPLE 03SW0601 
SAMPLE 03SW0601 
MATRIX SW 
SACODE NORMAL 
aC_TYPE NM 
STATUS NORMAL 
SAMPLE DATE - -
VALIDATED Y 
COLLECTION METHOD GRAB 
Dissolved Metals (uq/L) 
ALUMINUM, FILTERED 
ANTIMONY, FILTERED 
ARSENIC, FILTERED 
BARIUM, FILTERED 
CALCIUM, FILTERED 
CADMIUM, FILTERED 
CHROMIUM, FILTERED 
COBALT, FILTERED 
COPPER, FILTERED 
IRON, FILTERED 
LEAD, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE, FILTERED 
NICKEL, FILTERED 
POTASSIUM, FILTERED 
SELENIUM, FILTERED 
SODIUM, FILTERED 
TIN, FILTERED 
VANADIUM, FILTERED 
ZINC, FILTERED 
Miscellaneous Parameters (mglL) 

ITOTAL SUSPENDED SOLIDS I 20 J I 
Field Parameters 
DISSOLVED OXYGEN (mg/L) 905 
NITRATE (mg/L) 01 
NITRITE (mglL) 0 
OXIDATION REDUCTION POTENTIAL (MV) 3164 
PH (SU) 825 
SPECIFIC CONDUCTANCE (MS/CM) 0312 
TEMPERATURE (C) 2545 
TURBIDITY (NTU) 84 

03SWSD06 

• 
TABLE 4-6 

SUMMARY OF DETECTED CHEMICALS IN LOW-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 4 

03SWSD15 03SWSD15 03SWSD16 03SWSD16 03SWSD17 
03SW0601-F 03SW1501 03SW1501-F 03SW1601 03SW1601-F 03SW1701 
03SW0601-F 03SW1501 03SW1501-F 03SW1601 03SW1601-F 03SW1701 

SW SW SW SW SW SW 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - - - -
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

193 U 105 25 U 
12 J 02 U 014 U 
042 02 U 023 

114 J 631 817 
31200 27100 J 27100 J 
070 U 070 U 070 U 
019 U 043 U 037 U 
019 011 073 
15 054 12 

154 J 105 107 
11 01 U 01 U 

10400 J 5770 J 6000 J 
102 34 J 46 J 
12 J 11 12 
5010 1150 J 1250 J 

052 J 04 U 04 U 
5020 4200 3540 
44 U 46 J 49 J 
018 01 U 01 U 

05 UJ 15 15 

I 2 U I I 2 U I I 9 

1092 79 952 
019 014 02 
0003 0001 0004 
342 335 372 
779 751 725 
0253 0251 0292 

15 1601 145 
0 0 07 

• 
03SWSD17 03SWSD18 03SWSD18 03SWSD19 03SWSD19 

03SW1701-F 03SW1801 03SW1801-F 03SW1901 03SW1901-F 
03SW1701-F 03SW1801 03SW1801-F 03SW1901 03SW1901-F 

SW SW SW SW SW 
NORMAL NORMAL NORMAL ORIG ORIG 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

25 U 25 U 55 
035 U 032 U 02 U 

025 021 024 
105 977 983 

29200 J 25900 J 25900 J 
070 U 070 U 070 U 
053 J 038 U 037 U 
011 013 013 
14 12 1 
108 986 976 

01 U 01 U 01 U 
7810 J 7880 J 7330 J 
122 J 121 J 355 J 

14 12 11 
2080 J 2090 J 1930 J 
04 U 04 U 04 U -
4410 4480 4210 
55 J 54 J 5 J 
01 U 01 U 01 U 

28 23 25 

I I 2 U I I 2 U I I 

1053 1027 
015 013 

0001 0002 
395 394 
732 562 
0275 0275 
147 145 
15 13 



~ 

• 

LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
Volatile Organocs (,,!ilL 
2-8UTANONE 
BROMOMETHANE 
TRICHLOROETHENE 
Eneraetlcs ("aiL 
2,4,6-TRINITROTOLUENE 
2-AMINO-4,6-OINITROTOLUENE 
4-AMINO-2,6-DINITROTOLUENE 
HMX 
BQX . _______ ._- -

Herbicides (JI,glL) 

TABLE 4-6 

SUMMARY OF DETECTED CHEMICALS IN LOW-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 3 OF 4 

03SWSDOI 03SWSDOI 03SWSD02 03SWSD02 
03SW010l 03SW010l-F ' 03SW0201 03SW0201-F 
03SW010l 03SW010l-F 03SW0201 03SW0201-F 

BACKGROUND BACKGROUND BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - -
Y Y Y Y 

GRAB GRAB GRAB GRAB 

05 UR 05 UR 
05U 05U 
05U 05U 

035 U 035 U 
035 U 035 U 
035 U 035 U 
035 U 035 U 
035 U 035 U 

--

03SWSD03 03SWSD03 
03SW0301 03SW0301-F 
03SW0301 03SW0301-F 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

NM NM 
NORMAL NORMAL 

- - - -
Y Y 

GRAB GRAB 

05 UR 
05U 
05U 

035 U 
035 U 
o 35U 
035 U 
035 U 

12,4,5-T 004U [_··_·~---=-~_:::004lJ_ 004U l ____ ~:::J 
Tolal Metals JlLgIL) 
ALUMINUM 221 J 539 J 368 J 
ARSENIC 024 020 U 03 
BARIUM 630J 76 OJ 739J 
BERYLLIUM 010 U 010 U 013 
CALCIUM 12700 10800 7620 
CHROMIUM 024 U 010 U 038U 
COBALT 03 017 1 
COPPER 078 041 14 
IRON 451 148 543 
LEAD 043 014 088 
MAGNESIUM 6280J 7160 J 5870 J 
MANGANESE 258 482 141 
NICKEL 12 J 37J 53J 
POTASSIUM 1160 1230 1360 
SODIUM 9080 5320 4070 
TIN 25U 43U 14U 
VANADIUM 041 o IOU 058 
ZINC ... 

081 U 29U 
---

__ 9_7.U ___ 

• • 



• 
LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
Dissolved Metals (llglL) 
ALUMINUM, FILTERED 
ANTIMONY, FILTERED 
ARSENIC, FILTERED 
BARIUM, FILTERED 
CALCIUM, FILTERED 
CADMIUM, FILTERED 
CHROMIUM, FILTERED 
COBALT, FILTERED 
COPPER, FILTERED 
IRON, FILTERED 
LEAD, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE, FILTERED 
NICKEL, FILTERED 
POTASSIUM, FILTERED 
SELENIUM, FILTERED 
SODIUM, FILTERED 
TIN, FILTERED 
VANADIUM, FILTERED 
ZINC, FILTERED 
Miscellaneous Parameters mllfL 
TOTAL SUSPENDED SOLIDS 
Field Parameters 
DISSOLVED OXYGEN mg/L) 
N ITRA T EmaiL 
NITRITE (mg/L) 
OXIDATION REDUCTION POTENTIAL JMVL 
PH (S U) 
SPECIFIC CONDUCTANCE. (MS/CM 
TEMPERATURE C 
J:LJRBIDITY (NTU) 

• 
TABLE 4-6 

SUMMARY OF DETECTED CHEMICALS IN LOW·FLOW SURFACE WATER 
SWMU 03- OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE40F4 

03SWSDOI 03SWSDOI 03SWSD02 03SWSD02 
03SW010l 03SW010l-F 03SW0201 03SW0201-F 
03SW010l 03SW010l-F 03SW0201 03SW0201-F 

BACKGROUND BACKGROUND BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

.. . . . - - . 
Y Y Y Y 

GRAB GRAB GRAB GRAB 

188 U 238 U 
15 J 010 U 

020 U 020 U 
582 J 728 J 
12100 10400 

58 070 U 
010 U 010 U 
010 U 014 
044 079 

457 J 315 J 
010 U 010 U 
5970J 6970J 

24 456 
o 80J 34J 
1100 1180 

040 U 040 U 
9180 5190 
55U 48 U 
010 U 010 U 
16 U 28U 

78 OJ 20J 

819 533 
021 026 

0 0 
3151 3344 
746 703 

0193 0174 
17 85 1698 
09 14 

• 
03SWSD03 03SWSD03 
03SW0301 03SW0301-F 
03SW0301 03SW0301-F 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

NM NM 
NORMAL NORMAL 

- - . . 
Y Y 

GRAB GRAB 

182 U 
011 U 
020 U 
609J 
7380 

070 U 
o lOU 

051 
062 

432 J 
013 

5790 J 
135 
32J 
1320 

040 U 
4140 
48U 
010 U 
19U 

310J 

944 I 
032 I 
0002 
386 
732 
014 I 

186 J 
_____ 07 



LOCATION 03SWSD06 
NSAMPLE 03SW0602 
SAMPLE 03SW0602 
MATRIX SW 
SACODE ORIG 
QC_TYPE NM 
STATUS NORMAL 
SAMPLE DATE - -
VALIDATED Y 
COLLECTION METHOD GRAB 
VolatIle Organocs (uQ!L 
ACETONE 05 UR 
METHYLENE CHLORIDE 05 U 
Semlvolatole OrQanlcs (uolL 

LACENAPHTHYLENE ~ 002 U L 
LBIS(2-ETHYLHEXYLjPHTHALATE ~ 1 U 
EnerQetlcs uolL 
2-AMINO-4,6-DINITROTOLUENE 035 U 
4-AMINO-2,6-DINITROTOLUENE 14 J 
HMX 16 
NITROCELLULOSE 1000 U 
RDX 83 
HerbIcIdes JI!gILl 

12.4,5-T ~ 004 U I 
12.4-D 1 004 UJ 1 
IPENTACHLOROPHENOL 1 0084 R 1 
Total Metals (uglL) 
ALUMINUM 824 
ANTIMONY 3 J 
ARSENIC 19 
BARIUM 124 J 
BERYLLIUM 01 U 
CADMIUM 083 
CALCIUM 44700 
CHROMIUM 27 J 
COBALT 083 
COPPER 139 
IRON 1080 J 
LEAD 111 
MAGNESIUM 14300 
MANGANESE 669 
NICKEL 31 
POTASSIUM 21600 J 
SELENIUM 062 
SODIUM 6210 
TIN 38 J 
VANADIUM 2 
ZINC 787 

• 

TABLE 4-7 

SUMMARY OF DETECTED CHEMICALS IN HIGH-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 6 

03SWSD06 03SWSD08 03SWSD08 03SWSD09 03SWSD09 03SWSDll 
03SW0602-F 03SW0802 03SW0802-F 03SW0902 03SW0902-F 03SWll02 
03SW0602-F 03SW0802 03SW0802-F 03SW0902 03SW0902-F 03SWll02 

SW SW SW SW SW SW 
ORIG NORMAL NORMAL NORMAL NORMAL NORMAL 
NM NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - - - -
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

23 U 64 BJ 05 UR 
95 J 13 BJ 05 U 

0019 U 022 0019 U 
1 U 4 096 U 

035 U 035 U 035 U 
035 U 035 U 035 U 
035 U 90 14 
1000 U 1000 U 1000 U 
035 U 15 J 48 

004 U 063 J 032 J 
004 UJ L 036 J ~ 004 UJ 

1 001 U 1 0041 R J 071 J 

1490 1580 2010 
014 U 096 U 2 J 

13 18 25 
587 J 126 J 103 J 
012 013 012 
07 U 07 U 098 
34400 21400 28100 
22 J 32 J 45 J 
13 19 15 
4 175 184 

2470 J 2470 J 2550 J 
39 503 285 

5000 U 6460 8270 
117 175 106 
34 53 42 

5000 U 8360 J 13700 J 
04 U 04 U 052 

5000 U 5000 U 8070 
022 U 09 U 02 U 

38 33 39 
3El] 496 111 

• 

03SWSDll 03SWSD13 03SWSD13 03SWSD14 ! 

03SWll02-F 03SW1302 03SW1302-F 03SW1402 ' 
03SWll02-F 03SW1302 03SW1302-F 03SW1402 

SW SW SW SW 
I NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - I 

Y Y Y Y 
GRAB GRAB GRAB GRAB 

26 U 05 UR 
53 U 05 U 

0019 U 0019 U 
094 U 6 

035 U 035 U 
035 U 035 U 

20 11 
1000 U 1000 U 

094 035 U 

023 J 034 R 

1 028 J 004 UJ 

1 1 001 U 0021 R 

1830 746 
036 U 032 U 

16 084 
761 J 456 J 
013 01 U 

07 U 14 
9580 6890 
24 J 15 J 
13 074 
133 61 

2510 J 1130 J 
127 79 

5000 U 5000 U 
985 601 
37 19 

5300 J 5000 U 
04 U 04 U 

5000 U 5000 U 
01 U 036 U 

35 17 
345 179 

--

• 



• 
LOCATION 03SWSD06 
NSAMPLE 03SW0602 
SAMPLE 03SW0602 
MATRIX SW 
SACODE ORIG 
aC_TYPE NM 
STATUS NORMAL 
SAMPLE DATE - -
VALIDATED Y 
COLLECTION METHOD GRAB 
Dissolved Metals (IIg1L) 
ALUMINUM, FILTERED 
ANTIMONY, FILTERED 
ARSENIC, FILTERED 
BARIUM, FILTERED 
BERYLLIUM, FILTERED 
CADMIUM, FILTERED 
CALCIUM, FILTERED 
CHROMIUM, FILTERED 
COBALT, FILTERED 
COPPER, FILTERED 
IRON, FILTERED 
LEAD, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE, FILTERED 
NICKEL, FILTERED 
POTASSIUM, FILTERED 
SELENIUM, FILTERED 
SODIUM, FILTERED 
TIN, FILTERED 
VANADIUM, FILTERED 
ZINC, FILTERED 
Miscellaneous Parameters mq/L 
TOTAL SUSPENDED SOLIDS 

----
34 J L 

Field Parameters 
DISSOLVED OXYGEN mq/L 1269 
NITRATE moiL 144 
NITRITE moiL 0023 
OXIDATION REDUCTION POTENTIAL MV 203 
PH S U 834 
SPECIFIC CONDUCTANCE MS/CM) 0366 
TEMPERATURE {C 227 
IlJRBIDITY (NTU) ___ L-_------.lL 

• 
TABLE 4-7 

SUMMARY OF DETECTED CHEMICALS IN HIGH-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03SWSD06 03SWSD08 03SWSD08 03SWSD09 03SWSD09 03SWSDll 
03SW0602-F 03SW0802 03SW0802-F 03SW0902 03SW0902-F 03SWll02 
03SW0602-F 03SW0802 03SW0802-F 03SW0902 03SW0902-F 03SWll02 

SW SW SW SW SW SW 
ORIG NORMAL NORMAL NORMAL NORMAL NORMAL 
NM NM NM NM NM NM 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
- - - - - - - - - - - -
Y Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB GRAB 

200 U 289 260 
24 J 018 U 1 J 
081 032 068 

106 J 404 J 858 J 

07 U 07 U 07 U 
36200 21100 18800 
1 1 J 056 J 14 J 
033 019 033 
53 18 76 

100 U 100 U 109 
94 J 022 J 44 J 
14000 5000 U 6000 
174 15 U 213 
17 12 24 

22900 5000 U 9370 
051 04 U 04 U 
9390 5000 U 5000 U 
73 J 43 J 43 J 
038 041 052 
47 101 66 

91 87 I 100 

139 121 1394 
06 046 066 
0 0006 a 

210 150 270 
831 873 814 
0133 0118 0197 
216 214 235 
140 100 190 

• 
03SWSDll 03SWSD13 03SWSD13 03SWSD14 

03SWll02-F 03SW1302 03SW1302-F 03SW1402 
03SWll02-F 03SW1302 03SW1302-F 03SW1402 

SW SW SW SW 
NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - -
Y Y Y Y 

GRAB GRAB GRAB GRAB 

267 332 
19 J 054 U 

1 067 
757 J 518 J 

07 U 07 U 
15700 9520 
13 J 08 J 
034 024 
64 73 

100 U 171 
226 J 1 1 J ..... : 

7490 5000 U 
15 U 15 U 
11 15 

13600 5220 
04 U 04 U 
8420 5000 U 
44 J 35 J 
061 059 
157 69 

59 19 

1341 1261 
015 03 
0004 0002 
238 223 
781 77 

0081 0058 
224 227 
90 ___ 4_5 __ 



LOCATION 03SWSD14 03SWSD15 
NSAMPLE 03SW1402-F 03SW1502 
SAMPLE 03SW1402-F 03SW1502 
MATRIX SW SW 
SACODE NORMAL NORMAL 
aC_TYPE NM NM 
STATUS NORMAL NORMAL 
SAMPLE DATE - - - -
VALIDATED Y Y 
COLLECTION METHOD GRAB GRAB 
VolatIle OrganIcs ,giL 
ACETONE 05 UR 
METHYLENE CHLORIDE 05 U 
SemI volatIle Organics ugiL 
ACENAPHTHYLENE 002 U 
BIS 2-ETHYLHEXYL PHTHALATE 098 U 
EnergetIcs (ugiL 
2-AMINO-4,6-DINITROTOLUENE 035 U 
4-AMINO-2,6-DINITROTOLUENE 035 U 
HMX 1 1 J 
NITROCELLULOSE 3200 
RDX 084 
HerbIcIdes JI!gIl.) 

12,4,5-T 1 1 004 U 
12,4-D I I 004 UJ 
PENTACHLOROPHENOL I I 001 U 
Total Metals ",giL) 
ALUMINUM 200 U 
ANTIMONY 01 U 
ARSENIC 029 
BARIUM 743 J 
BERYLLIUM 01 U 
CADMIUM 07 U 
CALCIUM 51300 
CHROMIUM 071 J 
COBALT 012 
COPPER 098 
IRON 137 J 
LEAD 025 
MAGNESIUM 11500 
MANGANESE 15 U 
NICKEL 17 
POTASSIUM 5000 U 
SELENIUM 04 U 
SODIUM 8000 
TIN 44 J 
VANADIUM 022 
ZINC 28 --

• 

TABLE 4-7 

SUMMARY OF DETECTED CHEMICALS IN HIGH-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03SWSD15 03SWSD16 03SWSD16 03SWSD17 03SWSD17 
03SW1502-F 03SW1602 03SW1602-F 03SW1702 03SW1702-F 
03SW1502-F 03SW1602 03SW1602-F 03SW1702 03SW1702-F 

SW SW SW SW SW 
NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

05 UR 05 UR 
05 U 05 U 1 

002 U 002 U 1 
098 U 099 U 1 

035 U 15 J 
035 U 29 

15 17 
1000 U 1000 U 

062 63 

L ~ 004 U ~ I 004 U 1 
004 UJ 1 004 UJ 
001 U 1 I 001 U I 

200 U 200 U 
02 U 021 U 
032 04 

132 J 131 J 
01 U 01 U 
07 U 07 U 
51900 58900 
046 U 075 J 

015 015 
14 094 

115 J 100 U 
026 04 
9300 12400 
469 331 
15 19 

5000 U 5000 U 
04 U 043 

5000 U 6150 
47 J 47 J 
027 029 
25 28 

• 

03SWSD18 03SWSD18 03SWSD19 03SWSD19 
03SW1802 03SW1802-F 03SW1902 03SW1902-F 
03SW1802 03SW1802-F 03SW1902 03SW1902-F 

SW SW SW SW 
NORMAL NORMAL ORIG ORIG 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - -
Y Y Y Y 

GRAB GRAB GRAB GRAB 

I 05 UR J J 05 UR J 
1 05 U J J 05 U J J 

1 002 U J J 002 U J 1 
1 099 U J J 099 U J 1 

035 U 035 U 
035 U 035 U 

10 47 
1000 U 1000 U 

39 J 10 

1 004 U 1 1 004 U I 1 
I 004 UJ I I 004 UJ I I 
I 001 U I I 001 U I I 

200 U 211 
027 U 01 U 

043 068 
156 J 145 J 
01 U 01 U 
07 U 07 U 
50200 44800 
047 U 067 J 

023 058 
13 15 

195 J 623 J 
059 1 

11200 9770 
564 201 
18 2 

5000 U 5000 U 
04 U 04 U 
5880 5090 
46 J 3 J 
035 069 
25 96 

• 



• 
LOCATION 03SWSD14 
NSAMPLE 03SW1402-F 
SAMPLE 03SW1402-F 
MATRIX SW 
SACODE NORMAL 
QC_TYPE NM 
STATUS NORMAL 
SAMPLE DATE - . 
VALIDATED Y 
COLLECTION METHOD GRAB 
DIssolved Metals {ualL 
ALUMINUM, FILTERED 264 
ANTIMONY, FILTERED 057 U 
ARSENIC, FILTERED 041 
BARIUM, FILTERED 377 J 
BERYLLIUM, FILTERED 
CADMIUM, FILTERED 07 U 
CALCIUM, FILTERED 7550 
CHROMIUM, FILTERED 07 J 
COBALT, FILTERED 019 
COPPER, FILTERED 31 
IRON, FILTERED 100 U 
LEAD, FILTERED 076 J 
MAGNESIUM, FILTERED 5000 U 
MANGANESE, FILTERED 15 U 
NICKEL, FILTERED 088 
POTASSIUM, FILTERED 5000 U 
SELENIUM, FILTERED 04 U 
SODIUM, FILTERED 5000 U 
TIN, FILTERED 47 J 
VANADIUM, FILTERED 039 
ZINC, FILTERED 46 
MIscellaneous Parameters maiL 
'TOTAL SUSPENDED SOLIDS , 
FIeld Parameters FIeld Parameters 
DISSOLVED OXYGEN (mq/L) 

NITRATE (mq/L) 
NITRITE (mq/L) 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (SUi 
SPECIFIC CONDUCTANCE (MS/CM) 
TEMPERATURE (C) 
TURBIDITY (NTU) 

- --

03SWSD15 
03SW1502 
03SW1502 

SW 
NORMAL 

NM 
NORMAL 

- -
Y 

GRAB 

2 U 

625 
011 
0002 
2936 
759 
0378 
1752 

• 
TABLE 4-7 

SUMMARY OF DETECTED CHEMICALS IN HIGH-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03SWSD15 03SWSD16 03SWSD16 03SWSD17 03SWSD17 
03SW1502-F 03SW1602 03SW1602-F 03SW1702 03SW1702-F 
03SW1502-F 03SW1602 03SW1602-F 03SW1702 03SW1702-F 

SW SW SW SW SW 
NORMAL NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL NORMAL 

- - - - - - - - - -
Y Y Y Y Y 

GRAB GRAB GRAB GRAB GRAB 

200 U 200 U 200 U 
013 U 024 U 029 U 

025 032 039 
80 J 136 J 141 J 

07 U 12 07 U 
55300 52100 61200 
07 J 041 U 075 J 
011 019 014 
094 1 15 

100 U 100 U 100 U 
014 J 01 U 012 J 
11600 9480 13200 
15 U 369 285 
16 16 19 

5000 U 5000 U 5000 U 
04 U 04 U 043 
7960 7660 9830 
5 J 52 J 53 J 
018 021 022 
69 28 53 

, 2 , 2 U , 
239 568 
013 

0 
2966 3039 
731 737 
0377 0427 
2146 1673 

152 - ---L.... 075 28 

• 
03SWSD18 03SWSD18 03SWSD19 03SWSD19 
03SW1802 03SW1802-F 03SW1902 03SW1902-F 
03SW1802 03SW1802-F 03SW1902 03SW1902-F 

SW SW SW SW 
NORMAL NORMAL ORIG ORIG 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - -
Y Y Y Y 

GRAB GRAB GRAB GRAB 

200 U 200 U 
032 U 015 U 

033 04 
147 J 138 J 

07 U 07 U 
52200 43100, 
051 J 036 U 
015 072 
084 095 

100 U 100 U 
01 U 02 J 
11300 9630 
293 100 
16 16 

5000 U 5000 U 
04 U 04 U 
8790 5000 
58 J 54 J 
018 023 
22 217 

T 2 U I 7 , 
395 324 
018 002 

0 0 
3036 3207 
728 72 

0391 0369 
2081 2135 

51 77 



LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
VolatIle Or!lanocs (II!11L 
ACETONE 
METHYLENE CHLORIDE 
Semlvolatlie Organocs II!11L 
ACENAPHTHYLENE 
BIS 2·ETHYLHEXYL PHTHALATE 
EnergetIcs (u!llL 
2·AMINO·4,6·DINITROTOLUENE 
4·AMINO·2,6·DINITROTOLUENE 
HMX 
NITROCELLULOSE 
RDX 
HerbIcIdes (II!11L 
2,4,5·T 

12,4·0 
IPENTACHLOROPHENOL 
Total Metals (Ilg/L) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SELENIUM 
SODIUM 
TIN 
VANADIUM 
ZINC 

• 

TABLE 4·7 

SUMMARY OF DETECTED CHEMICALS IN HIGH·FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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03SWSDOI 03SWSDOI 03SWSD02 03SWSD02 
03SW0102 03SW0102·F 03SW0202 03SW0202-F 
03SW0102 03SW0102·F 03SW0202 03SW0202·F 

BACKGROUND BACKGROUND BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

. . . . . . . . 
Y Y Y Y 

GRAB GRAB GRAB GRAB 

05 UR 05 UR 
05U 05U 

002 U 002 U 
1 U 097 U 

035 U 035 U 
035 U 035 U 
035 U 035 U 
1000 U 1000 U 
035 U 035 U 

004 U 004 U I 
004 UJ 1 004 UJ 
001 U ~ L 001 U 

1400 958 
0023 U 010 U 

067 074 
567 J 557 J 
015 o IOU 

070 U 0070 U 
11800 6450 
18 J 12 J 
063 062 

2 18 
1580J 1270 J 

11 12 
5140 5000 U 
428 806 

3 4 
5000 U 5000 U 
040 U 040 U 
5000 U 5000 U 
010U 022 U 

22 19 
57 89 

.- ---- --

• 

03SWSD03 03SWSD03 
03SW0302 03SW0302·F 
03SW0302 03SW0302·F 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

NM NM 
NORMAL NORMAL 

- . .. 
Y Y 

GRAB GRAB 

05 UR 
05U 

0021 U 
1 U ~ 

035 U 
035 U 
035 U 
1000 U 
035 U 

J 004 U ~ 
J 004 UJ ~ 
1 0023 R 1 

569 
010 U 

04 
787 J 
048 

070 U 
5000 U 
080J 
085 
23 

577 J 
091 
5500 
728 
19 

5000 U 
040 U 
5000 U 
093U 
067 
252 ---------

• 



• 
LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SACODE 
aC_TYPE 
STATUS 
SAMPLE DATE 
VALIDATED 
COLLECTION METHOD 
DIssolved Metals (uWL 
ALUMINUM, FILTERED 
ANTIMONY, FILTERED 
ARSENIC, FILTERED 
BARIUM, FILTERED 
BERYLLIUM, FILTERED 
CADMIUM, FILTERED 
CALCIUM, FILTERED 
CHROMIUM, FILTERED 
COBALT, FILTERED 
COPPER, FILTERED 
IRON, FILTERED 
LEAD, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE, FILTERED 
NICKEL, FILTERED 
POTASSIUM, FILTERED 
SELENIUM, FILTERED 
SODIUM, FILTERED 
TIN, FILTERED 
VANADIUM, FILTERED 
ZINC, FILTERED 
MIscellaneous Parameters (mglL) 

ITOTAL SUSPENDED SOLIDS 
FIeld Parameters 
DISSOLVED OXYGEN mg/L) 
NITRATE mg/L 
NITRITE mg/L 
OXIDATION REDUCTION POTENTIAL (MV) 
PH S U 
SPECIFIC CONDUCTANCE (MS/CM) 
TEMPERATURE C 
TURBIDITY (NTU) 

• 
TABLE 4-7 

SUMMARY OF DETECTED CHEMICALS IN HIGH-FLOW SURFACE WATER 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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03SWSD01 03SWSD01 03SWSD02 03SWSD02 
03SW0102 03SW0102-F 03SW0202 03SW0202-F 
03SW0102 03SW0102-F 03SW0202 03SW0202-F 

BACKGROUND BACKGROUND BACKGROUND BACKGROUND 
NORMAL NORMAL NORMAL NORMAL 

NM NM NM NM 
NORMAL NORMAL NORMAL NORMAL 

- - - - - - - -
Y Y Y Y 

GRAB GRAB GRAB GRAB 

235 200 U 
014 U 011 U 
023 024 

471 J 470 J 
010 U 010 U 
070 U 23 
12500 6310 
049 U 044 U 
018 023 
11 08 

100 U 125 
020 J 021 J 
5100 5000 U 
150 U 376 

13 3 
5000 U 5000 U 
040 U 040 U 
7010 5000 U 
35J 38J 
026 025 
29 55 

I 28 I I 18 I 

1076 1078 
165 > 075 
0001 0002 
206 248 
751 671 
0135 0095 
208 212 
22 31 

• 
03SWSD03 03SWSD03 
03SW0302 03SW0302-F 
03SW0302 03SW0302-F 

BACKGROUND BACKGROUND 
NORMAL NORMAL 

NM NM 
NORMAL NORMAL 

- - - -
Y Y 

GRAB GRAB 

312 
013 U 
020 U 
765J 
037 

070 U 
5130 

045 U 
024 
19 

100 U 
030J 
5430 
363 
179 

5000 U -'> 

040 U 
5000 U 
49J 

010 U 
252 

I 19 I I 

1012 
165 > 
0004 
288 
58 
01 
194 
17 



TABLE 4-8 

SCREENING CRITERIA USED IN SELECTION OF HUMAN HEALTH CHEMICAL OF POTENTIAL CONCERN - SOIUSEDIMENT 
SWMU 03 - OLD JEEP TRAIULITILE SULFUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

EPA Region 9 EPA Soil Screening Levels(2) IDEM(3) 

CAS Chemical PRG(l) Soil to Soil to Soil to 
Number Residential Ground water Air Residential Ground water 

DioxmslFurans (nglkg) 
3268-87-9 1,2,3,4,6,7,8,9-0CDD 39000 4 C 2870 4 430E+11 4 NA NA 
39001-02-0 1,2,3.4,6,7,8,9-0CDF 39000 4 C 2870 4 430E+11 4 NA NA 
35822-46-9 1,2,3.4,6,7,8-HPCDD 390 4 C 287 4 430E+09 4 NA NA 
67562-39-4 1,2,3,4,6,7,8-HPCDF 390 4 C 287 4 430E+09 4 NA NA 
55673-89-7 1,2,3.4,7,8,9-HPCDF 390(4 C 287(4) 430E+09 4 NA NA 
39227-28-6 1,2,3.4,7,8-HXCDD 39 (4) C 287 (4) 430E+08 4) NA NA 
70648-26-9 1,2,3.4,7,8-HXCDF 39 4 C 287 4) 430E+08 4) NA NA 
57653-85-7 1,2,3,6,7,8-HXCDD 39 4) C 287 4) 430E+08 4) NA NA 
57117-44-9 1,2,3,6,7,8-HXCDF 39 4) C 287 4) 4.30E+08 4) NA NA 
19408-74-3 1,2,3,7,8,9-HXCDD 39 4) C 287 4) 430E+08 4) NA NA 
72918-21-9 1,2,3,7,8,9-HXCDF 39 (4) C 287 4) 430E+08 (4) NA NA 
40321-76-4 1,2,3,7,8-PECDD 39(4) C 0287 (4) 430E+07 (4) NA NA 
57117-41-6 1,2,3,7,8-PECDF 78 4) C 5.74 4) 860E+08 4) NA NA 
60851-34-5 2,3.4,6,7,8-HXCDF 39 4) C 287 4) 4.30E+08 4) NA NA 
57117-31-4 2,3.4,7,8-PECDF 784 C 0574 (4) 860E+07 4) NA NA 
1746-01-6 2,3,7,8-TCDD 39C 0287 430E+07 NA NA 
51207-31-9 2,3,7,8-TCDF 39 (4) C 287 (4) 430E+08 (4) NA NA 
37871-00-4 TOTAL HPCDD 390 4 C 287 4) 430E+09 4) NA NA 
38998-75-3 TOTAL HPCDF 390 4 C 287(4) 430E+09 4 NA NA 
34465-46-8 TOTAL HXCDD 39 4 C 287 4 4 30E+08 (4 NA NA 
55684-94-1 TOTAL HXCDF 39(4 C 287 4) 430E+08 4 NA NA 
36088-22-9 TOTAL PECDD 39(4 C 0287 4) 430E+07 (4 NA NA 
41903-57-5 TOTAL TCDD 39(4 C 0287 (4) 4 30E+07 (4) NA NA 
Volatile Or! anic Compounds (ug/kg) 
71-55-6 1 ,1 ,1-T nchloroethane 630000 N 100 1200000 1800000 N 1900 N 
79-34-5 1,1,2,2-Tetrachloroethane 380 C 02 600 5000 C 7C 
78-93-3 2-Butanone 7300000 N NA NA 20000000 N 11000 N 
591-78-6 2-Hexanone 3100000 5 N NA NA NA NA 
108-10-1 4-Methyl-2-Pentanone 790000 N NA NA 1000000 N 990 N 
67-64-1 Acetone 1600000 N 800 100000000 3900000 N 3100 N 
75-15-0 Carbon Disulfide 360000 N 2000 720000 900000 N 10000 N 
156-59-2 Cls-1,2-Dichloroethene 43000 N 20 1200000 110000 N 400 N 
127-18-4 T etrachloroethene 5700 C 3 11000 48000 C 58 C 
108-88-3 Toluene 520000 sat 600 650000 1700000 N 12000 N 
1330-20-7 Total Xylenes 210000 sat 9000 410000 4800000 N 190000 N 
79-01-6 Tnchloroethene 2800 C 3 5000 45000 C 57 C 
75-69-4 Tnchlorofluoromethane 390000 N NA NA NA NA 
Semi-Volatile Organic Compounds (Ug/kg) 
106-50-3 1.4-Phenylenedlamlne 12000000 N NA NA NA NA 
91-57-6 2-Methylnaphthalene 56000 (6) N NA NA NA NA 
95-48-7 2-Methylphenol 3100000 N 800 NA 7500000 N 14000 N 

3&4-Methylphenol 310000 7) N NA NA 910000(7) N 1100 (7) N 
83-32-9 Acenaphthene 3700000 N 29000 NA 9500000 N 130000 N 
208-96-8 Acenaphthylene 3700000 8 N NA NA 9500000 (8) N NA 
98-86-2 Acetophenone 490 N NA NA NA NA 
120-12-7 Anthracene 22000000 N 590000 NA 47000000 N 51000 N 
56-55-3 Benzo(a)anthracene 620 C 80 NA 5000 C 19000 C 
50-32-8 Benzo(a)pyrene 62 C 400 NA 500 C 8200 C 
205-99-2 Benzo(b)fluoranthene 620 C 200 NA 5000 C 57000 C 
191-24-2 Benzo(g,h,~lene 2300000 9) N NA NA 5500000 (9) N NA 
207-08-9 Benzo(k)fluoranthene 6200 C 2000 NA 50000 C 39000 C 
117-81-7 Bls(2-ethylhexyl) phthalate 35000 C 180000 31000000 300000 C 3600000 C 
218-01-9 Cl'lrysene 62000 C 8000 NA 500000 C 25000 C 
84-74-2 DI-n-Butyl Phthalate 6100000 N 270000 2300000 18000000 N 5000000 N 
117-84-0 DI-n-Octyl Phthalate 1200000 N 10000000 10000000 3700000 N 67000000 N 
53-70-3 Dlbenzo(a,h)anthracene 62 C 80 NA 500 C 18000 C 

• 

• 

• 
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• 

• 
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TABLE 4-8 

SCREENING CRITERIA USED IN SELECTION OF HUMAN HEAL T~t'CHEMICAL OF POTENTIAL CONCERN - SOIUSEDIMENT 
SWMU 03 - OLD JEEP TRAIULITILE SULFUR CREEK 

NSWC CRANE 
CRANE, INDIANA 
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EPA Region 9 EPA Soil Screenina Levels(2) IDEM(3) 

CAS Chemical PRG(l) Soil to Soil to Soil to 
Number Residential Ground water Air Residential Ground water 

122-39-4 Diphenylamine 1500000 N NA NA NA NA 
Semi-Volatile Organic Compounds (Ilg/k~ . (Continued) 
86-73-7 Fluorene 2600000 N 28000 NA 6300000 N 170000 N 
193-39-5 Indeno(1,2,3-cd)pyrene 620 C 700 NA 5000 C 3100 C 
91-20-3 Naphthalene 56000 N 4000 NA· 3200000 N 700 N 
85-01-8 Phenanthrene 2300000 (9) N NA NA 5500000 (9) NA 
108-95-2 Phenol 37000000 N 5000 NA 88000000 N 110000N 
129-00-0 Pyrene 2300000 N 210000 NA 5500000 N 570000 N 
Energetics (mg/kg) 
99-35-4 1,3,5-Tnnltrobenzene 1800 N NA NA NA NA 
118-96-7 2,4,6-Tnnltrotoluene 16 C NA NA NA NA 
121-14-2 2,4-Dlnltrotoluene 120 N 000004 NA NA NA 
35572-78-2 2-Ammo-4,6-Dmltrotoluene 47(5) N NA NA NA NA 
88-72-2 2-Nltrotoluene 370 N NA NA NA NA 
19406-51-0 4-Amlno-2,6-Dmltrotoluene 47(5) N NA NA NA NA 
2691-41-0 HMX 3100 N NA NA NA NA 
98-95-3 Nitrobenzene 20 N 0007 92 91 N 0.028 N 
121-82-4 RDX 44 C NA NA NA NA 
Pesticides (Ilg/kg) 
72-43-5 Methoxychlor 310000 N 8000 NA 910000 N 160000 N 

Herbicides (Ilg/kg) 
93-76-5 2,4,5-T 610000 N NA NA NA NA 
93-72-1 2,4,5-TP (SILVEX) 490000 N NA NA NA NA 
94-75-7 2,4-D 690000 N NA NA NA NA 
88-85-7 Dmoseb 61000 N NA NA NA NA 
70-30-4 Hexachlorophene 18000 N NA NA NA NA 
87-86-5 Pentachlorophenol 3000 C 1 NA 20000 C 28 C 
Inorganics (mg/kg) 
7429-90-5 Aluminum 76000 N NA NA NA NA 
7440-36-0 Antimony 31 N 03 NA 140 N 54 N 
7440-38-2 Arsenic 039 N 1 750 39 C 29 C 
7440-39-3 Banum 5400 N 82 690000 23000 N 1600 N 
7440-41-7 Beryllium 150 N 3 1300 680 N 63 C 
7440-43-9 Cadmium 37 N 04 1800 12 N 75 C 
7440-70-2 Calcium NA NA NA NA NA 
7440-47-3 Chromium VI 30 C 2 270 430 C 38 C 
7440-48-4 Cobalt 4700 N NA NA NA NA 
7440-50-8 Cop'per 2900 N NA NA 13000 N 580 N 
7439-89-6 Iron 23000 N NA NA NA NA 
7439-92-1 Lead 400 N NA NA 400 81 
7439-95-4 Magnesium NA NA NA NA NA 
7439-96-5 Manganese 1800 N NA NA NA NA 
7439-97-6 Mercury 23 N 01 10 55 N 21 N 
7440-02-0 Nickel 1600 N 7 13000 6900 N 950 C 
7440-09-7 Potassium NA NA NA NA NA 
7782-49-2 Selenium 390 N 03 NA 1700 N 52 N 
7440-22-4 Silver 390 N 2 NA 1700 N 31 N 
7440-23-5 Sodium NA NA NA NA NA 
7440-28-0 Thallium 52 N 004 NA 31 N 28N 
7440-31-5 Tin 47000 N NA NA NA NA 
7440-62-2 Vanadium 550 N 300 NA NA NA 
7440-66-6 Zmc 23000 N 620 NA 100000 N 14000 N 



TABLE 4-8 

SCREENING CRITERIA USED IN SELECTION OF HUMAN HEALTH CHEMICAL OF POTENTIAL CONCERN - SOIUSEDIMENT 
SWMU 03 - OLD JEEP TRAIULITILE SULFUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

EPA Region 9 EPA Soil Screening Levels(2) IDEM(3) 

CAS Chemical PRG(1) Soil to Soil to Soil to 
Number Residential Ground water Air Residential Ground water 

Miscellaneous Parameters (Ilglkg) 
14797-55-8 Nitrate 130000 (5) N NA NA NA NA 
14797-65-0 Nltnte 7800 (5) N NA NA NA NA 
TINUS029 Nltnte/Nltrate NA NA NA NA NA 
14797-73-0 Perchlorate 39000 N NA NA NA NA 

Notes 

1 - U S EPA Region 9 Prehmlna'Y Remediation Goal Table. November 1. 2000 (Cancer benchmark value = 1 E-06. HI = 1 0) 

2 - U S EPA SOIl Screening Level GUidance Technical Background Document May 1996 A dilution attenuallon factor of 1 IS used forthe soli to groundwatercntena 

3 - Indiana Depanment of Environmental Management (IDEM). Risk Integrated System of Closure (RISC) reSidential closure levels for groundwater. July 2001 

4 - Value IS denved by multiplYing cntena for 2.3.7.8-TCDD by World Hea~h Organization Toxlcrty Equivalent Factor 

5 - No U S EPA Region 9 PRG available. value IS from U S EPA Region 3 Risk-Based Concentration table. Apnl2. 2002 

6 - Value IS for naphthalene 

7 - Value IS for 4-methylphenol 

8 - Value IS for acenaphthene 

9 - Value IS for pyrene 

sal - Saturation concentrallon 

N - Noncarcinogenic 

C - Carcinogenic 

NA - No cntena available 

• 

• 

• 



• 

• 

• 

TABLE 4-9 

SCREENING CRITERIA USED IN SELECTION OF HUMAN HEALTH CH'EMICALS OF POTENTIAL CONCERN 
- GROUND WATER/SURFACE WATER 

SWMU 03 - OLD JEEP TRAIULITTLE SULFUR CREEK 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF2 

U.S. EPA Region 9 U.S. EPA 
CAS Chemical PRG(l) MCL(2) 

Number Tap Water 
o atlle rgamcs [Ilgi L VI·O (I) 

79-34-5 1 ,1,2,2-Tetrachloroethane 0.055 C NA 
79-00-5 1,1,2-Tnchloroethane 0.20 C 5 
75-35-4 1,1-0Ichloroethene 0.046 C 7 
78-93-3 2-Butanone 1900 N NA 
67-64-1 Acetone 610 N NA 
74-83-9 Bromomethane 8.7 N NA 
67-66-3 Chloroform 0.16 C 80 
156-59-2 cls-1,2-0ichloroethene 61 N 70 
97-63-2 Ethyl Methacrylate 550 N NA 
75-09-2 Methylene Chloride 4.3 C 5 
127-18-4 T etrachloroethene 1.1 C 5 
156-60-5 trans-1,2-0ichloroethene 120 N 100 
79-01-6 T richloroethene 1.6 C 5 
75-01-4 Vinyl Chlonde 0.041 C 2 
Semi-Volatile Organics (/lg/L) 
208-96-8 Acenaphthylene 370 (4) N NA 
117-81-7 bls(2-ethylhexyl)phthalate 4.8 C 6 
E t ( IL) nerge ICS lll9 
99-35-4 1,3,5-Tnmtrobenzene 1100 N NA 
118-96-7 2,4,6-T nnltrotoluene 2.2 C NA 
606-20-2 2,6-01nItrotoluene 36 N NA 
35572-78-2 2-amlno-4,6-0Inltrotoluene 2.2 (5) N NA 
19406-51-0 4-amlno-2,6-0Inltrotoluene 2.2 (5) N NA 
2691-41-0 HMX 1800 N NA 
9004-70-0 Nitrocellulose NA NA 
121-82-4 ROX 0.91 C NA .. 

er ICI es lll9 H b d ( IL) 
93-76-5 2,4,5-T 360 N NA 
94-75-7 2,4-0 360 N 70 
87-86-5 Pentachlorophenol 0.56 C 1 

IDEM 
Ground water 
Residential(3) 

0.9 C 
5 
7 

2500 N 
770N 

11 N 
100 
70 

NA 
5 
5 

100 
5 
2 

NA 
6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1 



TABLE 4-9 

SCREENING CRITERIA USED IN SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN • 
- GROUND WATER/SURFACE WATER 

SWMU 03 - OLD JEEP TRAIL/LITTLE SULFUR CREEK 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

U.S. EPA Region 9 U.S. EPA IDEM 
CAS Chemical PRG(1) MCL(2) Ground water 

Number Tap Water Residential(3) 
( IL) norganlcs ll!9 

7429-90-5 Aluminum 36000 N 50 to 200 (6) 
7440-36-0. Antimony 15 N 6 
7440-38-2 Arsenic 0.045 C 10 
7440-39-3 Banum 2600 N 2000 
7440-41-7 Beryllium 73 N 4 
7440-43-9 Cadmium 18 N 5 
7440-70-2 Calcium NA NA 
7440-47-3 Chromium VI 110 N 100 
7440-48-4 Cobalt 2200 N NA 
7440-50-8 Copper 1400 N 1300 
7439-89-6 Iron 11000 N 300 (6) 
7439-92-1 Lead 15 (7) 15 
7439-95-4 Magnesium NA NA 
7439-96-5 Manganese - 880 N 50 (6) 
7439-97-6 Mercury 11 N 2 
7440-02-0 Nickel 730 N NA 
7440-09-7 Potassium NA NA 
7782-49-2 Selenium 180 N 50 
7440-23-5 Sodium NA NA 
7440-28-0 Thallium 2.4 N 2 
7440-31-5 Tin 22000 N NA 
7440-62-2 Vanadium 260 N NA 
7440-66-6 ZinC 11000 N 5000 (6) 

Notes 

1 - U S EPA Region 9 Preliminary Remediation Goal Table, November 1, 2000 (Cancer benchmark value = 1 E-06, HI = 1 0) 

2 - U S EPA Dnnklng Water Regulations and Health Advlsones, Summer 2000 

NA 
6 

50 
2000 

4 
5 

NA 
100 
NA 

1300 
NA 
15 

NA 
NA 

2 
730 N 
NA 
50 
NA 

2 
NA 
NA 

11000 N 

3 - Indiana Department of EnVironmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels 

for groundwater, July 2001 

4 - Value IS for acenaphthene 

5 - No U S EPA Region 9 PRG available, value IS from U.S EPA Region 3 Risk-Based Concentration table, Apnl 2, 2002 

6 - Secondary MCl 

7 - Action level (U S EPA, Summer 2000) 

N - NoncarCinogenic 

C - Carcinogenic 

NA - No cntena available 

• 

• 



CAS Number 

DIoxins 
3268-87-9 
39001-02-0 
35822-46-9 
67562-39-4 
55673-89-7 
39227-28-6 
70648-26-9 
57653-85-7 
57117-44-9 
19408-74-3 
72918-21-9 
40321-76-4 
57117-41-6 
60851-34-5 
57117-31-4 
1746,01-6 
51207-31-9 
'3268-87-9 
37871-00-4 
38998-75-3 
34465-46-8 
55684-94-1 
36088-22-9 
41903-57-5 

• • 
TABLE 4-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 3 

Scenario Tlmeframe Current/Future 
MedIum Surface So.1 
Exposure Medium Surface Soli (0 10 2 feel) 
Exposure Poml SWMU 3 - Old Jeep Tra.11 L.llie Sulphur Creek 

Location Concentration Minimum MInimum Maximum Maximum Detection Range of Site Above US EPA Region 9 
Chemical 

Concentratlon(1) Qualifier Concentratlon(1) Qualifier 
Units of Maximum 

Frequency Nondetecta(2) 
Used for 

Background?!·1 PRG-Resldentlal(~) 
Concentration Screenlng!l) 

l,2,3,46,7,8,9-0CDD 176 3440 n k 0355470002 11/11 NA 3440 NA 39000 C 
l,2,3.4,6,7,8,9-0CDF 76 622 n Ik 0388170002 3/11 03- 21 622 NA 39000 C 
l,2,3.4,6,7,8-HPCDD 32 233 0388170002 11/11 NA 233 NA 390 C 
l,2,3.4,6,7,8-HPCDF 019 321 0388170002 5/11 017 - 0 71 321 NA 390 C 
l,2,3.4,7,8,9-HPCDF 07 21 0388170002 4/11 01 - 04 21 NA 390 C 
l,2,3.4,7,8-HXCDD 058 21 0358170002 4/11 017-074 21 NA 39 C 
l,2,3.4,7,8-HXCDF 31 39 0388170002 2111 008 - 21 39 NA 39 C 
l,2,3,6,7,8-HXCDD 033 101 0358170002 5/11 01 - 0 76 101 NA 39 C 
l,2,3,6,7,8-HXCDF 019 24 0388170002 6/11 006-02 24 NA 39 C 
l,2,3,7,8,9-HXCDD 035 65 0388170002 5/11 032 - 0 76 65 NA 39 C 
l,2,3,7,8,9-HXCDF 022 022 0388230002 1111 008-065 022 NA 39 C 
1,2,3,7,8-PECDD 04 1 3 0388170002 5/11 008 - 0 2 13 NA 39 C 
l,2,3,7,8-PECDF 037 11 n Ik 0388260002 3/11 006-038 11 NA 78 C 
2,3.4,6,7,8-HXCDF 043 27 n Ik 0388170002 5111 007-013 27 NA 39 C 
2,3,4,7,8-PECDF 039 14 n k 0355230002 4/11 006-067 14 NA 78 C 
2,3,7,8-TCDD 019 39 n Ik 0358260002 5/11 008 - 0 2 39 NA 
2,3,7,8-TCDF 05 078 n Ik 0388470002 4/11 006-085 078 NA 
2,3,7.8-TCDD Equivalenls 012 74 0388170002 11111 NA 74 NA 
TOTAL HPCDD 67 419 0355170002 10/11 69 419 NA 
TOTAL HPCDF 019 19 0355230002 5/11 017-939 19 NA 
TOTAL HXCDD 2 4 0355290002 2111 14 - 591 4 NA 
TOTAL HXCDF 32 178 0355230002 2111 007-612 178 NA 
TOTAL PECDD 045 045 0355320002 1/11 008-104 045 NA 
TOTAL TCDD 0358170002 1111 008-75 NA 

Volatile Or aniC Com ounds 
71-55-6 l,l,l-TRICHLOROETHANE 19 0355280002 4/15 093-11 19 NA 63000 N 
591-78-6 2-HEXANONE 0385460002 1115 093 -12 5 NA 310000 7 N 
108-10-1 4-METHYL-2-PENTANONE 4 4 0355460002 1115 093-12 4 NA 79000 N 
127-18-4 TETRACHLOROETHENE 1 3 0355230002 2/15 093-12 3 NA 5700 C 
1330-20-7 TOTAL XYLENE8 82 82 0358470002 1115 093-12 82 NA 210000 sat 
79-01-6 3 14 0355230002 3/15 093 -12 14 NA 2800 C 

210 210 0385340002 1/29 67 - 98 210 NA 1200000 N 
24 290 0355240002 2/45 13 - 55 290 NA 5600 8 N 

ACENAPHTHENE 18 18 0355240002 1145 13- 55 18 NA 370000 N 
ACENAPHTHYLENE 11 14 0355110002 2/45 13- 55 14 NA 370000 9 N 

120-12-7 ANTHRACENE 12 12 • Ik 0358110002 1/45 13 - 380 12 NA 2200000 N 
56-55-3 BENZO A ANTHRACENE 8 37 k 0358180002 3/45 13 - 380 37 NA 620 C 
50-32-8 BENZO A PYRENE 15 54 Ik 0388240002 5/45 13 - 55 54 NA 62 C 
205-99-2 BENZO(B)FLUORANTHENE 9 160 pg/kg 0355180002, 13/45 13 - 55 160 NA 620 C 

0355240002 
191-24-2 BENZO G,H,I PERYLENE 8 67 0355180002 7/45 13 - 55 67 NA 230000 10 N 
117-81-7 BI5 2-ETHYLHEXYL PHTHALATE 84 870 Ik 0355180002 7/45 67 -170 870 NA 35000 C 
218-01-9 CHRY5ENE 8 68 Ik 0355180002 7/45 13-380 68 NA 62000 C 
84-74-2 DI-N-BUTYL PHTHALATE 110 4500 0358180002 9/45 67 - 98 4500 NA 610000 N 
117-84-0 DI-N-OCTYL PHTHALATE 270 270 0355250002 1139 67 -98 270 NA 120000 N 
53-70-3 DIBENZO A,H ANTHRACENE 8 8 0358240002 1/45 13 - 55 8 NA 62 C 
206-44-0 FLUORANTHENE 8 250 0355240002 8/45 13- 55 250 NA 230000 N 
86-73-7 FLUORENE 15 15 0358240002 1145 13- 55 15 NA 260000 N 
193-39-5 INDENO l,2,3-CD PYRENE 8 49 0355180002 5/45 13 - 55 49 NA 620 C 
91-20-3 NAPHTHALENE 11 130 0355240002 4/45 13 - 55 130 NA 5600 N 

• 
Potential Potential 

Rationale for 
Contamtnant 

ARARfTBC ARARfTBC COPC Flag 
Deledon or 

Value Source 
Selectiont') 

NA NA No B5L 
NA NA No BSL 
NA NA No B8L 
NA NA No B8L 
NA NA No B8L 
NA NA No B8L 
NA NA No B5L 
NA NA No B8L 
NA NA No B8L 
NA NA No B5L 
NA NA No B8L 
NA NA No B8L 
NA NA No B8L 
NA NA No B5L 
NA NA No B8L 
NA NA No B8L 
NA NA B5L 
NA NA A5L 
NA NA A5L 
NA NA B5L 
NA NA No B5L 
NA NA No B5L 
NA NA No B5L 
NA NA No B5L 

1800000 IDEM No B5L 
NA NA No B5L 

1000000 IDEM No B5L 
48000 IDEM 0 B5L 

4800000 IDEM No B5L 
45000 IDEM No B5L 

NA NA No B5L 
NA NA No B8L 

9500000 IDEM No B5L 
9500000 9 IDEM No B5L 
47000000 IDEM No B5L 

5000 IDEM No B5L 
500 IDEM No B8L 

5000 IDEM No B8L 

5500000 10 IDEM No B8L 
300000 IDEM No B5L 
500000 IDEM No B5L 

18000000 IDEM No B5L 
3700000 IDEM No B5L 

500 IDEM No B5L 
6300000 IDEM No B5L 
6300000 IDEM No B5L 

5000 IDEM No B5L 
3200000 IDEM No B5L 



CAS Number 

TABLE 4-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
NSWC CRANE 

Scenario Timeframe Current/Future 
MedIum Surface 5011 
Exposure MedIum Surface 5011 (0 to 2 feet) 
Exposure POint. SWMU 3 - Old Jeep Trail I LIHle Sulphur Creek 

Chemical 

E 
4·AMINO-2,6·DINITROTOLUENE 
HMX 
RDX 
HerbIcides 

• 

Minimum 
Concentratlon(l) 

Minimum 
Qualifier 

Maximum I Maximum 
Concentratlon(l) Quahfler 

Units 

CRANE, INDIANA 
PAGE 2 OF 3 

Location 
of Maximum 

Concentration 

• 

Oetecllon 
Frequency 

Range of 
Nondetects(2) 

Concentration 
Used for 

Screemng(3
) 

Site Above IUS EPA Region 9 
8ackground?(4) PRG-Resldentlsl(S} 

Potential 
ARARlTBC 

Value 

Potential 
ARARlTBC I COPC 

Source 

• 

Rationale for 
Contaminant 
Deletion or 
Selection!-t 



• • 
TABLE 4-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
NSWCCRANE 

CRANE, INDIANA 
PAGE 3 OF 3 

Scenario Timeframe Current/Future 
MedIum Surface SOIl 
Exposure Med,um Surface SOIl (0 to 2 feet) 
Exposure POlnt- SWMU 3 - Old Jeep TraIl 1 LIllie Sulphur Creek 

Minimum Maximum location Concentration Potential Potential 
Mlmmum Maximum Detection Range of Site Above US EPA Region 9 

CAS Number Chemical 
Concentratton{l) Qualifier Concentratton'" Qualifier 

Units of Maximum 
Frequency Nondetects(2) 

Used for 
Background?{4J PRG·Resldentlsl(S) 

ARARlTBC ARARlTBC 

Miscellaneous Parameters 
14797-55-8 NITRATE 08 49 
14797-65-0 NITRITE 24 J 56 J 
lTNU8029 NITRITE/NITRATE 08 49 J 
lTNU8288 PERCENT MOl8TURE 64 256 
14797-73-0 PERCHLORATE 24 J 470 J 

Notes 

Only the ongmal of duplicate samples was conSidered lot cope selection The duplicate was used lor quahly control purposes only 

Values presented are sample specilic quantltatlon limits 

3 The maximum detected concentration .s used lor screening purposes 

4 To determine whether metal concentrations were WIthin background levels SOil concentrations were 

compared to base-wide background data presented In the Basewlde Background SOl' Investigation Report 

(TtNU5, Inc, January 2001) by means of the Wilcoxon Rank 5um Test If the Wilcoxon Test 

determined that a conslltuent concentratIOn was not Significantly dillerentirom background that 

chemical was not selected as a COPC 

5 U 5 EPA Region 9 Preliminary Remedlallon Goals Table November 1 2000 (pRGs for noncarcmogens are diVided by 10) 

6· RatIOnale Codes Selection Reason Above Screening Levels (ASL) 

Deletion Reason No TOXICity Information (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

Below Background Value (BKG) 

7 No U 5 EPA Region 9 PAG available value IS Itom U S EPA Region 3 Risk Based Concentration table, September 25, 2001 

8 - Value IS for naphthalene 

9 Value IS lor acenaphthene 
10 Value IS lor pyrene 
11 • Value IS tor hexavalent chromium 

Shaded cells mdlcate that the specified criterion has been exceeded or that the chemical has been selected as a COPC 

A550CIATED SAMPLES 
03S5010002 035S170002 0355330002 
03SS020002 035S180002 0355340002 
03SS030002 035S190002 035S350002 
03SS040002 0355200002 0355360002 

0355050002 035S21 0002 0355370002 

0355060002 035S220002 0355380002 

0355070002 0355230002 0355390002 

0355080002 0355240002 0355400002 

0355090002 0355250002 035$410002 

03$$100002 03$5260002 0355420002 

03S5110002 0355270002 0355430002 

03S5120002 0355280002 0355440002 

03$5130002 0355290002 0355450002 

03SS140002 0355300002 0355460002 

0355150002 0355310002 0355470002 

0355160002 0355320002 0355480002 

Concentration 

moll<o 0388240002 46/48 06-11 
mqll<q 0388010002 2/39 2 - 44 
mgll<g 0388240002 46/48 06-11 

0388270002 48/48 NA 
pg/kg 0388220002 3/48 20 - 27 

Definitions 

Screenlng(3) 

49 NA 
56 NA 
49 NA 

256 NA 
470 NA 

NA Not applicable 

SOL Sample quantltatlon limit 

COPC Chemical of potential concern 

Value 

13000 7 N NA 
780 7 N NA 

NA NA 
NA NA 

3900 NA 

AAARfTBC - Appl1cable or Relevant and Appropnate RequlrementfTo Be ConSidered 

J - Eslfmated value 

C Carclnogemc 

N Noncarclnogemc 

IDEM - Indiana Department 01 EnVironmental Management Risk Integrated System of 

Closure (RI5e) resldentlallevets for dlrecl contact With soli (IDEM July 2001) 

sat SOIl saturation I1mlt 

Source 

NA 
NA 
NA 
NA 
NA 

• 
Rationale for 
Contaminant 

COPC Flag 
Deletion or 

Selection") 

No B8L 
No B8L 
No NTX 
No NTX 
No B8L 

'; 

}";, ._' 

.. .. 



CAS Number 

• 

TABLE 4-11 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
NSWCCRANE 

ScenariO Ttmeframe Current/Future 
Medium Surface SOil 
Exposure MedIum Surface 5011 (0 to 2 feet) 
EXDosure POint SWMU 3 - Old JeoD Trail I Little Sui 

Chemical 

CRANE, INDIANA 
PAGE 1 OF 3 

• • 



• 

CAS Number 

MERCURY 
NICKEL 

Chemical 

• 
TABLE 4-11 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 3 

• 

~ 

--~> 



TABLE 4-11 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
NSWC CRANE 

CAS Number 

Scenario Tlmeframe Current/Future 
Medium Surface Sod 
Exposure Medium Surface Soli (0 to 2 feet) 
EXDOsure POint SWMU 3 - Old Jeep Trail/little Sulphur Creek 

Concentratlon(l) I Qualifier 
Chemical 

Minimum Minimum Maximum 
_(1) 

Maximum 
Quali'ler 

UnHs 

14797-55-8 'NITRATE 08 49 malk 

CRANE, INDIANA 

Location 
of Maximum 

Concentration 

PAGE 3 OF 3 

Detection 
Frequency 

Range of 
Nondetecls(2) 

o 

Concentratton 
Used for 

Screenlng(3) 

Sit. Above 
8ackground~ 

'" 

Rationale for 

I
US EPA GenerlellOEM SSl for Contaminant 

U 5 EPA Generic SSL 'or Migration Migration to cope Flag Deletion or 
SSl for Soli 10 to Ground Ground Water'·) Selectlon(1) 

Air/
51 

Waler(5) 

14797-65-0 NITRITE 24 J 56 J maiko 1 03550H 
TINUS029 NITRITE/NITRATE 0 8 49 J molk 0355240002 "1 46/48 i 06 - I , "HI '''1"\ 1".1'\ 1'\1/\ ''11"\ l'lU \'11 , " 

TTNU5288 PERCENT MOl5TURE 64 256 0355270002 48/48 NA 0< < ... ... ... .,. ..- mv 

14797-730 PERCHLORATE ~_ 24 J 470 J ~glkg.l 0355220002.1 3/48.1 21 

NOles 

1 - Only the ongmal of duplicate samples was conSIdered lor cope selectIOn The duplICate was used for quality control purposes only 

2 - Values prsssnt&d are sample specifIC quantltallon limits 

3 The mtllClmum delecled concentratIOn IS used lor screening purposes 

4 To determine whether metal con::enlrallOnS were Within background 'evels soc! con::enlratK>n$ were 

compared to Base-WIde background elata presented In the Bas8W1de Background Sod InvestigatIOn Re~rt 

(TINUS Inc January 2001) by rneansof the WdCOKOn Rank Sum Test If the Wilcoxon Test 

del.tn-llned that a constltuenl concentratlon was not Slgrvh:antly different Irom background thaI 

chemICal was not selected as II cope 
5 Sotl Screening Guidance r.clneal Background Document (U 8 EPA May,Q96) The migratIOn to 

groundwater value represents a dilution and attenuation lactol (OAF) of 1 

6 ResdentJallevels lor migratIOn from sod to groundwater (IDEM Juty 2001) 

7 Rati0f\8le Codes 8electlOn Reason Above Screenng levels (ASl) 

DeletIOn Reason No TO:GClty InformatIOn (NTX) 

EssenlJal Nutnent (NUn 

Below 8creenng level (B$l) 
Below Background Value (BKG) 

8 Value 15 lor hexavalent chromium 

8haded cells IndICate thai the 5pecrlled cntenon has been exceeded or that the chemICal has been selected as 8 cope 

AS80CIATED 5AMPlE8 
0355010002 0355170002 03$$330002 
035$020002 0358180002 035$340002 
035$030002 0385190002 0355350002 
0358040002 0388200002 0388360002 

035$050002 0388210002 038$370002 

0358060002 0358220002 0388380002 

0388070002 0388230002 0388390002 

0388080002 035$240002 03$$400002 

035$090002 035$250002 0355410002 

0358100002 0355260002 0358420002 

0388110002 0388270002 0388430002 

03$5120002 03$5280002 0355«0002 

0355130002 0355290002 0355450002 

0355140002 0358300002 0358460002 

0385150002 0355310002 038$470002 

035$160002 0355320002 0355480002 

• 

Delll1ltlOllS NA Not applICable 

SOL Sample quantltahon limit 

cope Chemical 01 potential concern 

ARARfTBC Applicable Or Aeleyant and Appropnat. RequlfemenlfTo Be Considered 

J • Estimated value 

IDEM Indiana Department of ErMrormental Management Risk Integrated 8ystem of 

Closure (RI$C) reSIdential levele lor migration from SOlita ground waltH (IDEM July 2001) 

8ee 8ectlOn 4 2 2 for e"Planatlon 

• • 



• • 
TABLE 4-12 

OCCURRENCE, DISTRIBUTION, ANO SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SUBSURFACE SOIL 
NSWCCRANE 

Scenario Tlmeframe Current/Future 
Medium Subsurface 5011 
Exposure Medium Subsurface 5011 (Greater than 2 feet) 
Exposure Poont SWMU 3 - Old Jeep Trail/Lillie SuIJl!1ur Creek 

Minimum Minimum Maximum 
i CAS Number Chemical 

Concentratlon(1) Qualifier Concentratlon(1) 

DloxlnsiFurans 
3268-87-9 1,2,3,4,6,7,8,9-0CDD 174 J 970 
35822-46-9 1,2,3,4,6,7,8-HPCDD 12 J 76 
,57653-85-7 1,2,3,6,7,8-HXCDD 035 J 035 
3268-87-9 2,3,7,8-TCDD EgulvalenlS 0029 021 
37871-00-4 TOTAL HPCDD 184 184 
36088-22-9 TOTAL PECDD 027 027 
Volatile Oraanlc Compounds 
71-55-6 1,1,1-TRICHLOROETHANE 1 J 21 
79-34-5 1,1,2,2-TETRACHLOROETHANE 1 J 2 
591-78-6 2-HEXANONE 2 J 13 
108-10-1 4-METHYL-2-PENTANONE 10 J 10 
156-59-2 CI8-1,2-DICHLOROETHENE 1 J 18 
79-01-6 TRICHLOROETHENE 6 J 33 
75-69-4 TRICHLOROFLUOROMETHANE 1 J 5 
Semi volatile Oraanlc Compounds 
91-57-6 2-METHYLNAPHTHALENE 23 260 
95-48-7 2-METHYLPHENOL 83 J 83 

3&4-METHYLPHENOL 130 J 130 
83-32-9 ACENAPHTHENE 15 15 
208-96-8 ACENAPHTHYLENE 20 20 
98-86-2 . " • 81 J 120 
120-12-7 ANTHRACENE 12 25 
56-55-3 8ENZO A ANTHRACENE 9 72 
50-32-8 : . ' " 11 110 
205-99-2 BENZO 8 FLUORANTHENE 14 290 
191-24-2 8ENZO G,H,I PERYLENE 100 100 
207-08-9 8ENZO K FLUORANTHENE 32 32 
117-81-7 818 2-ETHYLHEXYL PHTHALATE 79 J 3300 
218-01-9 CHRY8ENE 16 140 
84-74-2 DI-N-8UTYL PHTHALATE 100 J 2700 
117-84-0 DI-N-OCTYL PHTHALATE 110 J 110 
206-44-0 FLUORANTHENE 24 100 
86-73-7 FLUORENE 19 19 
193-39-5 INDENO 1,2,3-CD PYRENE 77 J 77 
91-20-3 NAPHTHALENE 8 270 
85-01-8 PHENANTHRENE 45 85 
108-95-2 PHENOL 100 J 100 
129-00-0 PYRENE 14 150 
Energetics 
118-96-7 2,4,6-TRINITROTOLUENE 076 21 
121-14-2 2,:-DINI:~~T~LUE"N.E III 063 J 063 
35572-78-2 042 J 17 
19406-51-0 .. .., .... 055 11 
2691-41-0 HMX 028 J 88 
121-82-4 "' 092 44 

Maximum 
Qualifier 

J 

J 

J 
J 
J 
J 
J 
J 

J 
J 

J 

J 

J 

J 

J 

J 

CRANE, INDIANA 
PAGE 1 OF 3 

Location Concentration 
Detection Range of Site Above US EPA Region 9 

Umts of Maximum 
Frequency Nondetects(2) 

Used for 
Background?(4) PRG·ResldentIBI(5) 

Concentration Screenlng(3) 

ng/kg 0388241215 212 NA 970 NA 39000 C 
ng/kg 0388241215 212 NA 76 NA 390 C 
ng/kg 0388241215 1/2 01 035 NA 39 C 
ng/kg 0388241215 212 NA 021 NA 39 C 
nq/kg 0388241215 1/2 25 184 NA 39 C 
ng/kg 0388191215 1/2 014 027 NA 39C 

uQ/kg 038B270607 5/25 09 -13 21 NA 63000 N 
ug/kg 0388460610 2125 09-13 2 NA 380 C 
ug/kg 0388220204 4/25 09-13 13 NA 310000 7 N 
ug/kg 0388250608 1/25 09 -13 10 NA 79000 N 
~g/kg 0388480610 3/25 09 -13 18 NA 4300 N 
uQ/kg 038B480610 6/25 09 -13 33 NA 2800 C 
uq/kg 0388211215 2125 09 -13 5 NA 39000 N 

~g/kg 0388240406 5/62 13- 5 7 260 NA 5600 (8) N 
Ig/kg 0388220204 1/62 67- 92 83 NA 310000 N 
la/kg 0388220204 1/62 67 - 92 130 NA 310000 9 N 
ug/kg 0388240406 1/62 13 - 63 15 NA 370000 N 
ug/kg 0388240406 1/62 13 - 6 3 20 NA 370000 (10) N 
ug/kg 038B240406 2162 67 - 92 120 NA ," 

ug/kg 038B230610 3/62 13 - 6 3 25 NA 2200000 N 
ug/kg 038Bl80204 2162 13 - 6 3 72 NA 620 C 
Ilg/kg 0388180204 2162 13 - 6 3 110 NA 
ug/kg 0388180204 2162 13 - 6 3 290 NA 620 C 
ug/kg 0388180204 1/62 13 - 6 3 100 NA 230000 11 N 
uQ/kg 0388220204 1/62 13 - 61 32 NA 6200 C 
ug/kg 0388070610 7/61 67 - 92 3300 NA 35000 C 
ug/kg 0388180204 2/62 13 - 6 3 140 NA 62000 C 
ua/ka 0388480206 6/61 67 - 92 2700 NA 610000 N 
ug/kg 0388070610 1/49 67 - 92 110 NA 120000 N 
~g/kg 038B180204 3/62 13 - 6 3 100 NA 230000 N 
.Ig/kg 0388240406 1/62 13 - 6 3 19 NA 260000 N 
ug/ka 0388180204 1/62 13- 6 3 77 NA 620 C 
ug/kg 0388240406 6/62 13- 5 7 270 NA 5600 N 
lta/ka 0388180204 3/62 13 - 5 7 85 NA 230000(11lN 
ltg/kg 0388240406 1/62 67 - 92 100 NA 3700000 N 
ua/kg 0388180204 5/62 13 -18 150 NA 230000 N 

mQ/ka 0388190204 4/62 025 21 NA I 16 C 
mQ/kg 0388180204 1/62 025 063 NA 

~ mg/ka 0388180204 4/62 025 17 NA I' 

mg/kg 0388180204 3/62 025 11 NA 
I' 310 N mQ/ka 0388241215 7/60 025 88 NA 

mQ/ka 0388241215 5/62 025 44 NA ' , 

• 

Potential Potentlsl 
Rationale for 
Contaminant 

ARARITBC ARARITBC COPC Flag Deletion or 
Value Source 

Selectlon(') 

NA NA No B8L 
NA NA No 88L 
NA NA No 88L 
NA NA No 88L 
NA NA No B8L 
NA NA No B8L 

1800000 IDEM No B8L 
5000 IDEM No 88L 
NA NA No B8L 

1000000 IDEM No B8L 
110000 IDEM No 88L 
45000 IDEM No B8L 

NA NA No 88L 

NA NA No 88L 
7500000 IDEM No 88L 

910000 9 NA No 88L 
9500000 IDEM No 88L 

9500000 (10) IDEM No B8L 
NA NA A8L 

47000000 IDEM No B8L 
5000 IDEM No B8L 
500 IDEM A8L 

5000 IDEM No 88L 
5500000 11 IDEM No 88L 

50000 IDEM No B8L 
300000 IDEM No 88L 
500000 IDEM No 8SL 

18000000 IDEM No 88L 
3700000 IDEM No 88L 
6300000 IDEM No 88L 
6300000 IDEM No 8SL 

5000 IDEM No 88L 
3200000 IDEM No 88L 

5500000 (11 IDEM No 88L 
88000000 IDEM No B8L 
5500000 IDEM No 8SL 

NA NA No I B8L 
NA NA .. 88L 
NA NA A8L 
NA NA A8L 
NA NA No B8L 
NA NA A8L 



CAS NUmber 

TABLE 4·12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SUBSURFACE SOIL 
NSWCCRANE 

Scenario Tlmeframe Current/Future 
MedIum Subsurface SOIl 
Exposure MedIum' Subsurface SOIl (Grealer Ihan 2 feel) 
Exposure POlnLS_WMU 3 • Old J""pTralll LIttle Sulphur Creek 

COBALT 
COPPER 
IRON 
LEAD 

• 

Chemical Minimum I MInimum I Maximum I Maximum 
Concentra'lon(1) Qualifier Concentration!\) Qualifier 

Units 

CRANE, INDIANA 
PAGE 2 OF 3 

Location 
of Maximum 

Concentration 

Detection 
Frequency 

• 

Range of 
Nondetects(2

) 

Concentration 
Used for 

Screenlng(J) 

Site Above IUS EPA Region 9 
Background?!·) PRG-Resldentlal(5) 

Potential 
ARARITBC 

Value 

Potential 

Source 

• 

Rationale for 
Contaminant 
Deletion or 
Selection") 



• • 
TABLE 4-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SUBSURFACE SOIL 
NSWCCRANE 

Scenario Timeframe Current/Future 
Med.um Subsurface So. I 
Exposure Med.um Subsurface So. I (Greater than 2 feet) 
Exposure Po. nt' SWMU 3 - Old Jeell~Ira!1LL."I~~iIlhur Creek 

MInimum Minimum Maximum 
CAS Number Chemical 

Concentratlon(1) Qualifier Concentratlon(1) 

Miscellaneous Parameters 
14797-55-8 NITRATE 11 38 
14797-65-0 NITRITE 23 J 15 

NITRITE/NITRATE 12 J 38 
PERCENT MOISTURE 84 273 

t4797-73-0 PERCHLORATE 32 J 43 

Notes 

Maximum 
Umts 

Qualifier 

malka 
J maiko 
J malka 

J ua/ka 

, • Only the ongmal of duphcate samples was conSidered tor cope selection The duplicate was used lor quality control purposes only 

2· Values presented are sample speclfrc quantltahon hmlts 

3 - The maximum detected concentratIon IS used lor screening purposes 

4 - To determine whether metal concentrations were wIthin background levels sOil concentrations were 

compared to base-wide background data presented In the Basewlde Background 5011invesligation Report 

(TtNU5 Inc, January 2001) by means 01 the Wilcoxon Rank 5um Test lithe Wilcoxon Test 

determined that a conslltuent concentration was not slgmtrcantly dilierenttrom background thai 

chemical was not selected as a cope 
5 - U 5 EPA Region 9 Preliminary Remediation Goals Table November t 2000 (PRGs lor noncarClOogens are diVided by 10) 

6 - Rationale Codes Selection Reason Above 5creenlng Levels (A5l) 

Deletion Reason No TOXICity Inlormatlon (NTX) 

Essential Nuttlent (NUT) 

Below Screening level (B5l) 

Below 8ackground Value (8KG) 

7 - No U S EPA Region 9 PRG available value IS tram U 5 EPA Region 3 Risk 8ased Concentralton table Apnl 2 2002 

8 • Value IS lor naphthalene 

9 - Value IS for 4-methyJpheno! 

10 - Value IS lor acenaphthene 

11 Value IS for pyrene 
12 - Value IS lor hexavalent chromIum 
Shaded cells indicate that the speclhed cnlerlon has been exceeded or that the chemical has been selected as a COPC 

ASSOCIATED SAMPLES 

0358020206 0358110610 03$8211012 0358390206 
0358020610 0358130206 03$8211215 0358390610 

0358040206 0358130610 0358220204 0358400206 

0358040610 0358140206 0358221215 0358400610 

0358050206 0358140610 0358230610 0359420206 

0358050610 0358150206 0358240406 0358420610 

0358060206 0358150610 0358241215 0358440206 

035B060610 0358160206 0358250608 03$B440610 

035B070206 0358160610 0358260610 0358460206 

0358070610 0358170406 0358270206 03$9460610 

0358080206 0358171214 0358270607 0358470206 

0358080610 0358180204 0358280204 0358470610 

0358090204 0358190204 0358340206 0358480206 

0358100206 0358191215 0358340610 0358480610 

0358100610 0358200810 0358360206 

0358110206 0358201215 0358360610 

CRANE, INDIANA 
PAGE 3 OF 3 

Location Range of 
of Maximum 

Detection 

Concentration 
Frequency Nondetects(2) 

035B390206 58162 1-11 
035B250608 6/46 2 - 110 
035B390206 60/62 1-11 
035B241215 62162 NA 
035B390206 2162 20 - 28 

Dellnltlons 

Concentration Potential Potential 
Site Above US EPA Reg.on 9 

Used for ARARITBC ARARITBC 
Background?'·) PRG-ResldentlaltS) 

Screenlng(3) Value Source 

38 NA 13000 7 N NA 
15 NA 780 (7) N NA 
38 NA NA NA 

273 NA NA NA 
43 NA 3900 N NA 

NA Not apphcable 
Sal· Sample quantltatlon Itmlt 
COPC • Chemical 01 potenllal concern 
ARARlT8C· Applicable or Relevant and Appropriate RequtremenVTo 8e ConSidered 
J • Estimated value 

C - Carclnogemc 

N - NoncarCinogenic 

IDEM - Indiana Department of EnVltonmenlal Managemenl, Risk Inlegraled 5ystem 01 

Closure (RISC) reslden\Jallevels lor direct contact with sOil (IDEM, July 2001) 

NA 
NA 
NA 
NA 
NA 

• 

Rationale for 
Contaminant 

COPC Flag 
0818tlonor 
Selectlon,l) 

No B5L 
No B5L 
No NTX 
No NTX 
No BSL 

.; 



CAS Number 

TABLE 4-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 
NSWC CRANE 

Scenario Tlrneframe Current/Future 
Med,um Subsurface So,I 
Exposure Med,um Subsurface So,I (Greater than 2 feet) 
EXDOsure Po'nt SWMU 3 - Old Jeep Tra,ll L,Ule Sulphur Creek 

Chemical 

1,2,3,4,6,7,S,9-0CDD 
1.2.3.4.6.7.S-HPCDD 

Minimum I Minimum I Maximum I Maximum 
Concentratlonll) Qualifier Concentration(1) Qualifier 

Units 

CRANE, INDIANA 
PAGE 1 OF3 

location 
0' Maximum 

Concentration 

Detection 
Frequency 

Range 0' 
Nondetects!2J 

Concentration 
Used 'or 

ScreenlngP) 

Site Above 
Background?(4) 

U S EPA Generic 
SSL for Soil to 

Air" 

• • 

us EPA IDEM SSL lor 

• 

Rationale 'or 
Contaminant 
Deletion or 
Selec1lon(T) 



• • • 

CAS Number 

17429-90-5 
17440-36-0 
7440-38-2 
~ 
/7440-41-7 
7440-43-9 
744Q:7o:2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-31-5 
7440-62-2 
7440-66-6 

TABLE 4-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 
NSWC CRANE 

Scenano Tlmeframe CurrentIFuture 
Med,um: SUbsurface So,' 
Exposure Med,um Subsurface So,' (Greater than 2 feet) 
EXDosure POint SWMU 3 ~ Old Jeep Trail 1 Little Sulphur Creek 

Chemical Minimum I Minimum I Maximum I Maximum 
Concentration!') Qualifier Concentratlon!t) Quahfler 

IALUMINUM 
ANTIMONY 
ARSENIC 
;.-

BERYLLIUM 

~ALCIUM 

/CHROMIUM 
COBAL 

IIRON 

MANGANESE 
MERCURY 

POTASSIUM 
SELENIUM 

ISODIUM 
THALLIUM 
T-'-N--

/VANADIUM 

391 
064 

D53 
)8 

)32 
226 

3 
34 
14 

262C 
3 

146 
130 

00i6 
3 

22" 

~ 
~ 

806 
005 
71 
26 

72 

....! 

J 
J 
J 

J 

J 
J 

J 

J 
J 

11500 
30 

126 
1340 
14 

12 
13000 
345 
740 

2250 
564C 
3590 
7670 
1790 
057 

7910C 
1790 
043 

~ 
668 

02i" 
1630 
283 
1100 

J 

J 
J 

J 
J 

J 

Units 

mq/kq 

~ 
~ 
~ 
~ 

~ 
~ 
~ 

mqlkq 

CRANE, INDIANA 
PAGE 2 OF 3 

Location 
of Maximum 

Concentration 

035B241215 

03SB180204 
03SB24040.§. 

03SB44061 

03SB180204 

Detection 
Frequency 

37/3" 
r/3j 

37/37 
37/37 
37/37 
32137 
37/37 
37/37 
37/37 

37/37 
37/37 
37/37 
37/37 
31/37 
37/37 
37/37 
28/37 
6/3~ 

14/3; 
33/37 

----;;m-
37/3; 
3713; 

Range of 
Nondetects(2) 

NA 
08 - 3 5 
---w;:-
"NA 
"NA 

) 28 - 0 3 
"NA 
"NA 
"NA 

NA 
"NA 
"NA 
"NA 
NA 

0015-0019 
NA 

NA 
016 - 019 
004-092 
188- 182 

004 
007 - 3 8 

--N-A--

NA 

Concentration 
Used 'or 

Screenlng(]) 

1500 
30 

126 
134C 
14 
121 

113000 

~ 
740 

22500 
56400 
3590 
7670 
1790 
057 

7910C 
1790 

..iJ43 

~ 
668 

021 
1630 
283 
1100 

Site Above 
Background?'·) 

No 

....!:!2.. 

....!:!2.. 
~ 

Yes 

~ 
Yes 

ND 
Yes 
Yes 

YeS 
YeS 
NO 
YeS 
--r::iO 
YeS 
No-

No 
Yes 
Yes 
No 
NO 

No 
Yes 

US EPA Generic IUS EPA I IDEM SSL 'or 
SSL for Soli to Generic SSL for Migration to I 

AIr<5) Migration to Ground cope Flag 
Ground waterS) water") 

Rationale for 
Contaminant 
Delation or 
Seloc1lon(7) 

NA 
NA 

7sO 
. i;gOOOO 

1300 
1800 
~ 

27Q.ill 
NA 
NA 

NA 
NA 
NA 
"NA 

--1-0 

1300C 
------wi 

NA 
NA 

"NA 
"NA 
"NA 
"NA 
"NA 

NA No BKG 
No BKG 

29 No BKG 
1600 ASL 

-=-_---'_---'6"'3'- No BSL 

NA 

om 
NA 
NA 

NA 
"NA 
"NA 
NA 

NA 

~ 
~ 

NA 
38 9 

NA 
A~ 

NA No Nl 

NA 

~ 
2 

NA 

~ 

NA 
2e 
"NA 
"NA 
14000 

No 

No 
No 

No 
No 
No 
No 

-.zDI 

NUT, BKG 

NL 
SKi 
NT 
SKi 

AS 



TABLE 4-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN· MIGRATION FROM SUBSURFACE SOIL 
NSWC CRANE 

Scenano Tm't8frame CurrentIFuture 
Medium' Subsurface Soli 
Exposure Medium' Subsurface Soil (Greater than 2 leet) 
EXPosure Pomt SWMU 3 - Old Jeep Trail 1 Little SulDhur Creek 

Minimum Minimum Maximum 
CAS Number Chamlcal 

Concentratlon(1) aualifier Concantratlon!l) 

Miscellaneous Parameters 
14797-55-8 NITRATE 11 38 
14797-65-0 NITRITE 23 J 15 

NITRITE/NITRATE 12 J 38 
PERCENT MOl8TURE 84 273 

14797-73-0 PERCHLORATE 32 J 43 

Noles 

Maximum 
Qualifier 

J 
J 

J 

1 • Onty Ihe onglnal at duplicate samples was conslderad lor cope selectIOn The duplICate was used lor quality control purposes only 

2 - Values presented are sample specifIC quantltation bmlts 

3 - The maxImum detected concentratIOn is used lor screening purposes 

Units 

mg/kg 
maiko 
mg/kll 

ug/ka 

CRANE, INDIANA 
PAGE30F3 

Location 
Range of Detection 

of Maximum 
Frequency Nondeteets(2

) 
Concentration 

03S8390206 58/62 1-11 
03SB250608 6/46 2-110 
038B390206 60/62 1-11 
038B241215 62162 NA 
038B390206 2162 20-28 

DefinitIOns 

Concentration U S EPA Generic 
US EPA 

Sit. Above Ganerlc SSL for 
Used for SSL for Soli to 

Background?!·) Migration to 
Scroenlng(3) Air'" 

Ground wat.,tS1 

38 NA NA NA 
15 NA NA NA 
38 NA NA NA 

273 NA NA NA 
43 NA NA NA 

NA Not applICable 

SOL Sample quantrtatlon limit 

COPC ChemICal of potential concern 

ARAAfTBC Applicable or Relevant and Appropriate RoquJremenVTo Be Considered 

J - Estimated value 

IDEM - Indiana Depanment 01 EnVIronmental Management Risk Integrated System of 

IDEM SSL lor 
Migration to 

Ground 
wat.,.!tI) 

NA 
NA 
NA 
NA 
NA 

4 To determine whether metal concentratIOns were within background levels soli concentrations were 

compared to Base wide background data presented In the Basewk:le Background 50d Investigation Repon 

(ltNU5 Inc, January 2001) by means 01 the Wilcoxon Rank 5um Test It theWlk:oxon Test Closure (RI5C) resk:lentlallevels for migration from soM to ground water (IDEM, July 2001) 

determined thaI a constituent concentraHon was nol significantly different from background, that 

chemICal was not selected as a COPC 

5 SOU Screenrng Guk:lance TechnICal Background Document (U S EPA May 1996) The mlQratlon to 

groundwater value rEtpresents a dilutIOn and attenuatIOn factor (OAF) of 1 

6 ResKientlalleveis lor migratIOn from soil 10 groundwater (IDEM July 2001) 

7 RatIOnale Codes 

8 Value IS lor 4-meth)'llhenol 

5electIOn Roason 

Del8l1on Reason 

g - Value IS for hexavalent chromium 

Above $creenU1g leV91s (A5l) 

No ToxICity InformatIOn (NTX) 

Essenllal Nutrient (NUT) 

Below 5creenlng level (B5L) 

8ebw Background Value (8KG) 

Shaded cells IndICate thaI the specHIed criterIOn has been exceeded or IhattMe chemICal has been selected as a COPC 

ASSOCIATED SAMPLES 
035B020206 035Bll0610 0358211012 
035B020610 0358130206 0358211215 
0358040206 0358130610 035B220204 
0358040610 0358140206 0358221215 

0358050206 0358140610 0358230610 

0358050610 0358150206 0358240406 

0358060206 0358150610 0358241215 

0358060610 0358160206 0358250608 

0358070206 0358160610 0358260610 

0358070610 0358170406 0358270206 

0358080206 0358171214 0358270607 

0358080610 0358180204 0358280204 

0358090204 0358190204 0358340206 

0358100206 0358191215 035B340610 

0358100610 0358200810 0359360206 

0358110206 0358201215 035B360610 

• 

0358390206 
03S8390610 
0358400206 
0358400610 
0358420206 

03S842061O 

03S8440206 

03S8440610 

03S8460206 

0358460610 

0358470206 

0358470610 

0358480206 

0358480610 

• 

Ratlona'e for 
Contaminant 

COPC Flag 
Del.tlonor 
Salectlonm 

No NTX 
No NTX 
No NTX 
No NTX 
No NTX 

• 



• 
Scenario Tlmeframe CurrenVFuture 
Medium Ground Water 
Exposure Medium Ground Water 

• 
TABLE 4-14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH GROUND WATER 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 3 

Exposure POint SWMU 3 - Old Jeep Trail/little Sulphur Creek 

CAS Chemical MInimum MInimum Maximum Maximum Units Location Detection Range of Concentration Site Above Screening 
Number Concentration Qualifier Concentration Qualifier of Maximum Frequency Detection Used for Background? TOXICity Value ,,, 1" Concentration Llmlls(2) Screening m '" R9TAP(S) 

Volatile Or snle Compounds 
79-34-5 0, • o. 39 J 530 ~g/L 03GW0701 4/15 03 530 NA , , 
79-00-5 • o. 05 J 12 ~glL 03GW0701 3115 03 12 NA , , 

75-35-4 . • o • 11 J 11 J ~g/L 03GW0701 1/15 03 11 NA 11-. 

74-83-9 BROMOMETHANE 03 J 06 ~glL 03GW2001 4/15 05 06 NA 087 N 

156-59-2 · • o. 03 J 150 ~glL 03GW0701 5/15 05 150 NA 

97-63-2 ETHYL METHACRYLATE 05 J 05 J ~g/l 03GWll0l 1/15 05 05 NA 55 N 

127-18-4 0, • o. 03 J 57 ~g/l 03GW0701 2115 05 57 NA 

156-60-5 0, · • o. 12 J- 37 ~g/L 03GW0701 3115 05 37 NA 

79-01-6 • o. 03 J 640 ~g/L 03GW0701 6115 05 16 640 NA 

75-01-4 
• 0 • 

39 39 ~g/L 03GW0701 1/15 03 39 NA , " 
Semlvolatlle Organic Compounds 

117-81-7 BIS(2 ETHYLHEXYL)PHTHALATE 2 J 2 J ~g/L 03GW2301 1/15 094 - 1 1 2 NA 48 C 

Energetics 
99-35-4 1 3,5-TRINITROBENZENE 061 061 ~glL 03GW2101 1/15 035 061 NA 110 N 

118-96-7 ' . o •• 17 17 ~g/L 03GW2101 1/15 035 17 NA 

35572-78-2 · ' .. o •• 055 J 26 ~g/L 03GW2101 3114 012-035 26 NA I 

19406-51-0 ' • · . o •• 062 J 10 ~g/L 03GW2101 5/15 035 10 NA , 

2691-41-0 HMX 13 170 J ~g/L 03GW2101 8/15 035 170 NA 180 N 

121-82-4 o. 15 J 280 J ~g/L 03GW2101 12115 035 280 NA , , 
Total Metals 
7429 90-5 ' 75 372 ~glL 03GW2501 10/15 4 - 29 5 372 Yes 3600 N 

7440-360 ANTIMONY 01 012 ~g/L 03GW1501 2115 01 - 0 5 012 No 15 N 

7440-382 ARSENIC 021 03 ~g/L 03GW2201 3/15 02 1 03 No , " 
7440-39-3 : .. 194 J 275 J ~g/l 03GW2101 15/15 NA 275 Yes " 

7440-43-9 . 12 12 ~g/L 03GW1801 1/15 07- 3 5 12 Yes 

7440 70-2 CALCIUM 13400 J 149000 J ~glL 03GW2201 15/15 NA 149000 Yes NA 

7440-47-3 o. 024 908 J ~gIL 03GW1201 12115 034-047 908 Yes 

7440-48-4 COBALT 012 22 ~glL 03GW1201 6115 01 - 0 5 22 Yes 220 N 

7440-50-8 COPPER 095 J 3 J ~gIL 03GW1701 7/15 019-087 3 Yes 140 N 
03GWll0l 

7439-89-6 o. 103 J 1650 J ~gIL 03GWl301 15/15 NA 1650 Yes " 
Total Metals Continued 

• 
Potential Potential COPC Rationale for 

ARARITBC ARARITBC Flag Contaminant 

Value Source Deletion or 

MClJIDEM Selection ,I, 
I 

~~ 
ASL 

,. IOEM 
FED-MCL ASL 

IDEM 
7 FED-MeL ASL 
7 IDEM 

NA NA No BSl 
11 IDEM , FED-MCl ASl , IDEM 
NA NA No BSl 
NA NA 

FED-MCl ASl 
IDEM 

100 FED-MCL ASL 
100 IDEM 

FED-MCl ASl 
IDEM 

FED-MCL ASL 
IDEM 

6 FED-MCL No - BSl 
6 IDEM 

NA NA No BSL 
NA NA 
NA NA ASl 
NA NA 
NA NA ASl 
NA NA 
NA NA ASL 
NA NA 
NA NA No BSL 
NA NA 
NA NA ASl 
NA NA 

, . " FED-SMCL ASL 
NA NA 
6 FED-MCL No BSl, BKG 
6 IDEM 
10 FED-MCL No BKG 
50 IDEM 

2000 FED-MCL ASl 
2000 IDEM 

FED-MCL ASL 
IDEM 

NA NA No NUT 
NA NA 
100 FED-Mel ASL 

100(7) IDEM 
NA NA No BSL 
NA NA 

1300 FED-MCL No BSL 
1300 IDEM 

" FED-SMCl ASl 
NA IDEM 



Scenario Tlmefreme Current/Future 
Medium Ground Water 
Exposure Medium Ground Water 

TABLE 4-14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH GROUND WATER 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 3 

EXDosure POint SWMU 3 - Old Jeep Trail/little Sulphur Creek 

CAS Chemical Minimum Minimum Maximum Maximum Units Location Detection Range of Concentration Site Above Screening 
Number Concentration Qualifier Concentration Qualifier of Maximum Frequency Detection Used for Background? TOXICity Value p, ,,, 

Concentration Limits (2) Screening (l) 
,., R9TAP(5) 

7439-92-1 lEAO 017 095 ~gIL 03GW1301 5/15 01 - 0 5 095 Yes NA 

7439-95-4 MAGNESIUM 1230 33400 J ~g/l 03GW2201 15/15 NA Yes NA 

7439-96-5 21 J 445 J ~g/l 03GW1301 13115 054-055 445 Yes 

7440-02-0 13 J 912 J ~g/l 03GW1201 15/15 NA 912 Yes 

7440-09-7 POTASSIUM 923 J 9440 J ~gll 03GW0701 15115 NA 9440 Yes NA 

7782-492 SELENIUM 041 J 079 J ~gll 03GW2201 4115 04 - 2 079 Yes 18 N 

744023-5 SODIUM 952 J 8930 J ~gll 03GW2401 15115 NA 8930 Yes NA 

7440-28-0 05 05 ~g/l 03GW2501 1115 01 - 0 5 05 Yes , 

7440-62-2 VANADIUM 06 12 ~glL 03GW2501 5115 01-078 12 Yes 26 N 

7440-666 ZINC 32 204 J ~g/l 03GW2201 10/15 05 - 2 7 204 Yes 1100 N 

Dissolved Metals 
7429-90-5 ALUMINUM, DISSOLVED 237 237 ~gIL 03GW2501-F 111 NA 237 NA 3600 N 

7440-39-3 BARIUM, DISSOLVED 181 J 181 J ~g/l 03GW2501-F 111 NA 181 NA 260 N 

7440-70-2 CALCIUM DISSOLVED 24400 J 24400 J ~g/l 03GW2501-F 1/1 NA 24400 NA NA 

7440-47-3 CHROMIUM, DISSOLVED 26 J 26 J ~gll 03GW2501-F 1/1 NA 26 NA 11 (7)N 

7440-50-8 COPPER, DISSOLVED 095 J 095 J ~glL 03GW2501-F 111 NA 095 NA 140 N 

7439-896 IRON DISSOLVED 988 J 988 J fOgil 03GW2501-F 111 NA 988 NA 1100 N 

7439-95-4 MAGNESIUM, DISSOLVED 1190 1190 ~gll 03GW2501-F 111 NA 1190 NA NA 

7439-96-5 MANGANESE, DISSOLVED 1 J 1 J ~g/l 03GW2501-F 1/1 NA 1 NA 88 N 

7440-02-0 NICKEL, DISSOLVED 085 J 085 J ~gll 03GW2501-F 1/1 NA 085 NA 73 N 

7440-09-7 POTASSIUM, DISSOLVED 950 J 950 J ~g/l 03GW2501-F 1/1 NA 950 NA NA 

7440-235 SODIUM, DISSOLVED 2460 J 2460 J ~g/l 03GW2501-F 1/1 NA 2460 NA NA 

7440-31-5 TIN, DISSOLVED 49 J 49 J ~g/l 03GW2501-F 111 NA 49 NA 2200 N 

'---

• • 

Potentlsl Potentlsl COPC Rationale for 
ARARlTBC ARARlTBC Flag Contaminant 

Value Source Deletion or 
MCLIIDEM Selection (t) 

15 FED-MCl No BSl 
15 IDEM 
NA NA No NUT 
NA NA , FEO-SMCl ASl 
NA NA 
NA NA ASl 
730 IOEM 
NA NA No NUT 
NA NA 
50 FED-MCl No BSl 
50 IDEM 
NA NA No NUT 
NA NA 
2 FED-MCl ASl 
2 IDEM 

NA NA No BSl 
NA NA 

5000 FED-SMCl No BSl 
11000 IDEM 

50 10 200 FED-SMCl No BSl 
NA NA 

2000 FED-MCl No BSl 
2000 IDEM 
NA NA No NUT 
NA NA 
100 FED-MCl No BSl 

100(7) IDEM 
1300 FED-MCl No BSl 
1300 IDEM 
300 FED-MCl No BSl 
NA NA 
NA NA No NUT 
NA NA 
50 FED-SMCl No BSl 
NA NA 
NA NA No BSl 
730 IDEM 
NA NA No NUT 
NA NA 
NA NA No NUT 
NA NA 
NA NA No BSl 
NA NA 

• 



• • 
TABLE 4-14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH GROUND WATER 
NSWC CRANE 

Scenario Tlmeframe Current/Future 
Medium Ground Water 
Exposure Medium Ground Water 
Exposure Pomt SWMU 3· Old Jee 

CAS Chemical Minimum MInimum Maximum Maximum 
Number Concentration Qualifier Concentration 

"1 "1 

field Parameters 
OISSOLVED OXYGEN 077 1932 

14797-55-8 -- 001 165 
14797-65-0 NITRITE 0001 003 

OXIDATION REDUCTION POTENTIAL 49 733 
H 32 739 

SPECIFIC CONDUCTANCE 0149 0874 
TEMPERATURE 126 164 
TURBIDITY 04 25 

Noles 

1 - Only (he origInal of duphcal9 samples was considered for cope selectoo The duplICate was used lor quabty control purposes only 

2 Values presented are sample-specific quantltatlon limIts 

3 The maximum detected concentration Is used lor screening purposes 

4 To determlfle whether metal concentrations were WIthin background levels groundwater concentrations were statistICally 

compared to concentratIOns In upgradlent groundwater samples n the slle groundwater concentrations 

were less than the upgradl9flt concentrations thaI metal was not selected as a COPC S&o Section 4 

5 U S EPA ReglOfl9 Preliminary Remediation Goals Table November 1 2000 jPRGs for noncarclnogons ara dlvKlod by 10) 

Qualifier 
Units 

miL 
mIL 
mg/L 
MV 
SU 

MSlCM 
C 

NTU 

CRANE, INDIANA 
PAGE30F3 

location Detection Range of 
of Maximum Frequency Detection 

Concentration Limits (2) 

03GW2501 15115 NA 
03GW1001 15115 NA 
03GW2201 15115 NA 
03GW1501 15115 NA 
03GW2501 15115 NA 
03GW2201 15115 NA 

03GW2201,03GW1101 15115 NA 
03GW2501 15115 NA 

Deflflllions 

Concentration Site Above Screening Potential 
Used for Background? Toxicity Value ARARlfBC 

Screening (3) "1 R9TAP(II) Value 
MCLJlDEM 

1932 NA NA NA 
165 NA NA 
003 NA 01 N NA 
733 NA NA NA 
739 NA NA NA 
0874 NA NA NA 
164 NA NA NA 
25 NA NA NA 

NA -= Not appIlCabte 

SOL .. Sample quantitatlOfl limit 

COPC '" ChemICal of potential concern 

ARARlTBC .. Applicable or Relevant and ApplopnBte RequlfemenVTo Be Considered 

J • Estimated value 

C " CarCinogenic 

N .. Non CarCinogenic 

FED MeL .. Federal Maximum Contarmnant LeveljU 5 EPA Summ&r 2(00) 

• 
Potential COPC Rationale for 

ARARlfBC Flag Contaminant 
Source Deletion or 

Selection ,f) 

NA No NTX 
NA ASL 
NA No BSL 
NA No NTX 
NA No NTX 
NA No NTX 
NA No NTX 
NA No NTX 

6 RatIOnale Codes SelectlOfl Reason Above Screening Levels jASL) SMCL:: Federal Secondary Maximum Contammantlevel based on aesthetic FED water quality (U 5 EPA Summer 2000) 

Deletion Reason 

7 Value IS fOf hexavalenl chromium 

No Toxicity InlormallOfl (NTX) 

Essentl3l Nuloent (NUT) 

Below Screerllng level (BSl) 

Below Background Value (8KG) 

Shaded celts Indicate thatlhe specified cntenon has been exceeded or that the chemical has been selected as a cope 

ASSOCiated Samples 

03GW0701 03GWI401 03GW2201 

03GW1QOl 03GWI501 03GW2301 

03GW1101 03GW1701 03GW2401 

03GWI2Ql 03GWl801 03GW2S01 

03GWI301 03GW2001 03GW2501 F 

03GW2101 

IDEM", lndl8M Department of EnVironmental Management Risk Integrated System of 

Closure (RISC) residential closure levels IOf glOund water (IDEM July 20(1) 

" 

_i 



TABLE 4-15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SHALLOW SEDIMENTS 
NSWCCRANE 

Scenario Tlmeframe Current/Future 
MedIum SedIment 
Exposure Med,um Shallow SedIments (0" - 6") 
Exposure POint SWMU 3 - Old Jeep TraIl I LIttle Sulphur Creek 

ALUMINUM 
ANTIMONY 

• 

Chemical 
MInimum I MInimum 

Concentratlon(1) Quail her 
Maximum I Maximum 

Concentratlon(1) Quallfter 
Untts 

CRANE, INDIANA 
PAGE 1 OF2 

Sample 
with Maximum 
Concentration 

• 

Detection 
Frequency 

Range 01 

Nondetectsi21 

Concentration 
Used for 

Screemng!)) 

Site Above 
Background? 

t<, 

US EPA Region 
9PRG· 

Resldentlal(S) 

• 



• • 
TABLE 4-15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SHALLOW SEDIMENTS 
NSWC CRANE 

Scenario Tlmeframe Current/Future 
MedIum Sedlmen1 
Exposure MedIum Shallow Sedlmen1s (0" - 6") 
Exposure Poon1 SWMU 3 - Old Jeep TraIl I LIttle Sulphur Creek 

Minimum Minimum Maximum 
CAS NUmber Chemical 

Concentratlon(l) Qualifier Concentratlon(1) 

Miscellaneous Parameters 
14797-55-8 NITRATE 22 84 
14797-65-0 NITRITE 34 J 35 
TINUS029 NITRITE/NITRATE 22 J 84 
TINUS003 TOTAL ORGANIC CARBON 4600 28000 
Miscellaneous Parameters 
TINUS288 PERCENT MOISTURE 74 349 
Miscellaneous Parameters 

J:l:IIIUS002 IpH I 7 I J I 81 

Notes 

Maximum 
Units 

Qualifier 

maiko 
J mq/ko 

ma/ka 
mg/kg 

& 

I J I SUI 

1 • Only the onglnal 01 duplicate samples was conSidered for Cope selection The duplicate was used for quality control purposes only 

2 Values presented ate sample specillc quantltatlOn limits 

3 The maximum detected concentratIOn IS used tor screening purposes 

4 - To determine whether metal concentrations were wlthm background levels sot! concentratIOns were 

compared to Base Wide background dala presented In the 8asewlde Background SOlllnveshgahon Report 

(TINUS Inc January 2001) by means 01 the Wilcoxon Rank Sum Test lithe Wilcoxon Test 

determined that a constituent concentrahon was not Significantly dlfferentlrom background that 

chemical was not selected as a COPC 

5 - U S EPA Region 9 Preliminary Remediation Goals Table November t 2000 (PAGs lor noncarClnogens are dIVIded by to) 

6 Raltonale Codes Selection Reason Above Screening levels (ASl) 

Deletion Reason No TOXICity InformaliOn (NTX) 

Essential Nuttlent (NUT) 

Below Screening level (BSl) 

Below Background Value (BKG) 

7 - No U S EPA Region 9 PRG available value IS from U S EPA Region 3 Risk-Based Concentration Table April 2 2002 

8 - Value IS for pyrena 

9 - Value IS lor hexavalent chromium 

Shaded cells indicate that the specltlsd ctltetlon has been exceeded or that the chemical has been selected as a CO PC 

ASSOCIATED SAMPLES 

03SD050006 03SD100006 
03SD060006 03SD110006 
03SD070006 03SD120006 
03SD080006 03SD130006 
03SD090006 03SD140006 

03SD150006 
03SD160006 
03SD170006 
03SD180006 
03SD190006 

CRANE, INDIANA 
PAGE 2 OF 2 

Sample ConcentratIOn Site Above U S EPA RegIon 
DeteCtion Range of Potential 

with Maximum Used for Background? 9PRG- ARARITBC 
Concentration 

Frequency Nondetects(2) 
Screenlng'J) ") Resldentlsl(Sl Value 

03SD080006 13/15 1 1 - 13 84 NA 13000 (7) N NA 
03SDI70006 2111 23- 17 35 NA 780 7 N NA 
03SD080006 15/15 NA 84 NA NA NA 
03SD080006 14/15 1000 28000 NA NA NA 

03SD080006 15/15 NA 349 NA NA NA 

03SD070006 I 15/15 I NA I 81 I NA I NA I NA 

Oellnl\lons NA = Not applicable 

Sal = Sample quanhtatlon limit 

COPC = Chemical of potential concern 

AAARfT8C = Applicable or Relevant and Appropriate AeqUlremenVTo Be ConSidered 

J = Estimated value 

C = Carcinogenic 

N = Noncarcinogenic 

IDEM = Indiana Department of Enwonmental Management, Risk Integrated System 01 

Closure (RISC) resldenballevels lor direct contact With SOil (IDEM July 2001) 

sat = 5011 saturation limit 

• 
Potential 

Rationale for 
Contaminant 

ARARITBC COPC Flag 
Source 

Deletion or 
Selection'S, 

NA No BSL 
NA No BSL 
NA No NTX 
NA No NTX 

NA No NTX 

I NA I No I NTX 



Scenario Tlmeframe Current/Future 
Medium Sediment 

TABLE 4-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH DEEP SEDIMENTS 
NSWCCRANE 

CRANE, INDIANA 
PAGE 1 OF2 

Exposure MedIum Deep SedIments (6"-12") 
Exposure POint SWMU 3 - Old Jeep Trail 1 LIttle Sulphur Creek 

CAS Number Chemical 

IVolatlle Or!lanlC I 
11-55-6 l,l,l-TRICHLOROETHANE_ 
78-93-3 2-BUTANONE 
,7-64-1 ACETONE 

175-15-0 ICARBON OISULFIOE 
TOLUENE 
TRICHLOROFLUOROMETHANE 

56-55-3 
205-99-2 

THRACENE 
IBENZO(B)FLUORANTHENE 

/218-01=9 CHRYSENE-
84-74-2 
206-44-0 

Ol-N-BUTYL PHTHALATE 
IFL 

/85:01-8 IPHENANTHRENE 
12Jl.:<l.0-0 't'8ENE_ 
:;nergetlcs 
118-96-; !,4,6-TRINITROTOLUENE 

19406-51-0 14-AMlNO-2,6-0INITRO OLUENE 
1691-41-0 IHM 
21-82:4 IRD 

'ierblcldes 
13-76-5 !,4,5-1 
13:IT-l !~5-TP (SILVEXJ 

194-75-; !,4-D 
188-85-; OINOSEB 
170-30-4 [HEXACHLOF1QPHENE 
l7-86-5 IPENTACHLOROPHENOL 

lirt<>!!lanlcs. 

17429-90-5 -
7440-36-0 . 
7440-38-2 (ARSENIC 
7440-39-3 
7440c41-7 
;7440-43-9 
7440-70-2 

17440-47-3 
17440-48-4 
17440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 

17440-09-7 
r782-~9,2 

17440-22-4 
7440-23-5 
I~ 
7440-31-5 
7440.-62-2 

CALCIUM 
~M 
COBALT 
COPPER 
[IRON 

IMERCURY 
C;KEL 

[POTASSIUM 

ISILVER 
[SOOIUM 

IALLIUM 

17440:66:6 IZI~ 

• 

Minimum 
Concentratlon!l) 

10 
29 

54 
""2 

Minimum I Maximum I Maximum 
Qualifier Concentration(1) Qualifier 

..l... 4 
60 
220 J 

54 
""2 J 

Units 
Location 

otMaxlmum 
Concentration 

Detection 
Frequency 

Range of 
Nondetects(2) 

Concentration 
Used 'or 

Screenlng(l) 

Sila Above 
Background?'·) 

03S0190612 NA 
I Ik 03S0180612 NA 
~glkg 03S0180612 NA 
(Iglkg I 0350060612 3115· 096 - 5 I -,,- ~--NA 

Ik 03S0180612 NA 
~gfkg 03S0090612 NA 

fk 03S0160612 NA 
11 T-- 1--15 -,--- ~gfkg 03S0160612 NA 
10 r== ~ =r= ~qikg C- 03S0160612 ~ 11~ 4- 21 __ 1_0_ I~ 
110 03S0110612 NA 

·27 03S0160612 NA 
~. r= ~ =-r== =-rJ!9lkg C- 03S0160612 11~1 4 - 21 23_~ 

19 __ I _..J 19 I ~gIk.JL1 _~0160612 L_..1L15 1 __ 14 - 2 1 19 NA 

) 34999 03S0120612 NA 
035 03S0110612 NA 
04 r=;r- r===o1-=r::::/=-rmgikgr- 0350120612 ---I llrs::::T 025-1 04 J~ 
037 19 I mglkJLI _~Dl1061? 4L15 025 19 NA 

-044999 -I 045 -, -- I mglkgl 03S0110612 2115 025 045 T::::::::NA 

-25 -I ,_u 45 T --I ~glkgl 03S0110612 5115 15-23 45 =r::::::::RA 
23_ 1 J __ I 29__ J_ IIlJlll<!LI 03S0060612~15 __ L...1.5-23 29 NA 
69 28 I ~gfkg I 03S0050612 5112 1 15- 2 1---- 28 ,- NA-
35 35 I ~glkg 1 03S0170612,03S0140612 I 2115 15-23 _~ _n~ 
28 76 I ~glkg-' ~S008_0612 .1----"'15 I 73-98 76 NA 
21 T r 37 -I I ~gfkg I 03S0050612 2111 I 037-048 I 37 NA 

U S EPA Region 9 
PRG·Resldential(S) 

63000 N 
730000 N 
160000 N 
360000 N 
520000 sat 
39000 N 

..BQ. 
620 

62000 
610000 N 
~ 

~0000(8) N 
230000 N 

16 

~ 
310 N 

~ 

61000 N 
49000 N_ 
69000 N 
6100 N 
1800 N 
3000 

Potential 
ARARfTBC 

Value 

1800000 
20000000 
3900000 

3300 
170000 
NA 

5000 
5000 
50000iL 

18000000 
6300000 

5500000 (8) 
550000 

NA 
NA 
~ 
NA 
NA-

NA-

N.~ 
NA 

~ 
NA 

2000 

Potential 
ARARfTBC 

Source 

OEM 
i5EM 
i5EM 
DEM 
DEM 
Nil 

10EM 
"""iDEM 
JIlEM_ 
10EM 

"""iDEM 
JIlEM_ 
10EM 

....t:!t. 
NA 

....t:!t. 
NA 
NA 

NA 
NA 
Nil 

_N~_ 

NA 
10EM 

3150 56900 m Ik 03S0110612 15115 ·NA 56900 Yes NA NA 

I 
Rational. tor! 
Contaminant i 

cope Flag Deletion or 

Selectlon(1) 

No 
No 
No 

J'!Q.. 
No 

No 

BSL 
BSi: 
BSi: 

BSL 
BSL 
BSL 

No BSL 
No BSL 

_NO __ J_Bsh 
No eSL 
No BSL 
_NO_~BSb 
No BSL 

No e: 
~ 

-I'!~~ 
No B: 
No 1 -8: 

No 1- BSL 
No .BSL 
No SSL 
_NO_~ 
No BSL 
No I BSL 

085 67 m Ik 03S0110612 8115 036-13 67 Yes 1~~1~4~0!!l.=~10~EgM~=t:$;:~~~~ 35 175m Ik 03S0150612 15/15 NA 17 5 No 10EM 
475 981 m 03S0110612 15115 NA 981 Yes 23000 10EM 
)43 1~ m fk 03S0150612,03S0110612 15115 Nil. 15 No -~6:;:8O::0"---+_-__ -_';;IOSE~M7---I"-~-~"""~=-
039 03S0120612 Yes 12 AS 
676 03S0060612 Yes NA NA NU 
8 03S0110612 No • -' 430 BKG 

"""79
n =r= r::::=::::?91-1 - Imglkgl 03S0150612 15115 NA 1~-T::::::::No--1 470N--' NA--r NIC::::J No BSL,BKG 

79 03S0110612 
12500 03S0060612 BKG 
118 03S0110612 ASL 
368 03S0060612 NUT,BKG 
316 03S0150612 No,. NA BKG 
002 03S0120612,03S0140612 Yes 23 N 55 BSL 

03S0110612 No 160 N 6900 BSL,BKG 
236 03S0050612 NUT BKG 
I ~_ 03S0130612 BSL, BKG 

023 043 Imglkgl 03S011061L __ 1._-"115 J 004-028 I 043 Yes 39ti _1700 _L 10EM __ No_J....-BSL 
885 03S0060612 NUT,BKG 
005 03S009()612, 03S0150612 BSL,BKG 
I 5 03S0100612 
12 @SOl10612 BSL,BKG 

214 T::::J 1::::- 1120=-=r-J-Tmgikg,- 03S0110612_ (15/15 1 NA 1120 Yes 2300N 100000 L----,-OEM No 

• • 



• • • 
TABLE 4·16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH DEEP SEDIMENTS 
NSWC CRANE 

Scenano Tlrneframe Current/Future 
Medium 5e<ilmenl 
Exposure Medium Deep Sediments (6"·12") 
Exposure Pomt SWMU 3 • Old Jeep Trail I Little Sulphur Creek 

CAS Number I Chemical I Minimum .1 Minimum I Maximum ,I Maximum I I 
ConcentrBtlon(1) Qualifier Concentration(l) Qualifier Units 

Miscellaneous Parameters 
14797·55·8 NITRATE 16 65 
14797·65·0 NITRITE 26 J 27 J 
TINU5029 NITRITE/NITRATE 26 65 
TINU5003 TOTAL ORGANIC CARBON 2300 J 34000 
Miscellaneous Parameters 
TINU5288 PERCENT MOl5TURE 82 388 
Miscellaneous Parameters 
TINU5002 IpH 68 J 8 J 

Notes 

1 Only the anginal of duplICate samples was cons.clered lor cope selectIOn The duplk:ate was used for quality control purposes only 

2 - Values presented are sample-specific quant4atIOn Hmlls 

3 The maxtmum detected concentration IS used for screening purposes 

4 - To determine whether metal concentratIOns were wfthln background levels soli concentratbns were 

compared to Base-wee background data presented III the Basewlde Background SOd InvesllgatlOn Report 

(ltNUS Inc January 2001) by means of theWlk:oxon Rank Sum Test II the Wlk:oxon Test 

determined that a constituent concentratbn was not Significantly different from background that 

chemical was not selected as a COPC 

5 US EPA RegIOn 9 PrelirTllnary RemecliatlOn Goals Table November 1 2000 (PRGs tor noncarclnogens are dIVided by 10) 

6 Rationale Codes SelectIOn Reason Above Screening Levels (ASL) 

DeietlOn Reason No ToxICity InformatIOn (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSl) 

Below Background Value (BKG) 

7 - No U S EPA RegIOn 9 PRG available, value IS Irom U S EPA RegIOn 3 RISk Based ConcentratIOn Table April 2 2002 

8 - Value IS for pyrena 

9 Value IS for hexavalent chromium 

Shaded ceds IndICate that the specllied criterIOn has been exceeded or that the chemICal has been selected as a COPC 

ASSOCIATED SAMPLES 

0350050612 0350100612 
0350060612 0350110612 
0350070612 0350120612 
0350080612 0350130612 
0350090612 0350140612 

0350150612 
0350160612 
0350170612 
0350180612 
0350190612 

mg/kg 
mq/kq 
mq/kq 
mglkg 

% 

5U 
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location 
of Maximum 

Concentration 

0350120612 
0350130612 
0350120612 
0350080612 

0350180612 

0350110612 

I De i ,I R 1 I Concentration I 5,te Ab 'I US EPA Region 91 Potential I Potential II II ~ati:a:e 10; tect on ange 0 Used for ove ARAAITBC ARARfTBC cope Fla on m nan 
Frequency Nondelecls(2) 5 i 131 Background?(·' PRG-Aesldentlal(5) V I 5 9 Deletion or 

creen "9 a U8 ouree Selectlon(') 

14/15 11 65 NA 13000 7 N 
2/10 23·52 27 NA 780 7 N 
15/15 NA 65 NA NA 
15/15 NA 34000 NA NA 

15/15 NA 388 NA NA 

15/15 NA 8 NA NA 

OeflnttlOt1S NA ::: Not applICable 

SOL::: Sample quanlrtahon Ilmft 

cope = Chemical 01 potential concern 

ARARfTBC = ApplICable or Relevant and Appropnate ReqUiremenVTo Be Considered 

J = Estlmaled value 

C ::: Carcinogenic 

N ::::I Noncarcinogenic 

IDEM ::::I Indiana Department 01 EnVIronmental Management RISk Integrated System of 

Cbsure (RISC) resldenUallevela for direct contact with soU (IDEM, July 2001) 

sat = So~ saturatbn Itmll 

NA NA No BSL 
NA NA No BSL 
NA NA No NTX 
NA NA No NTX 

NA NA No NTX 

NA NA No NTX 



CAS Chemical 
Number 

Volatile Or 8mc Camp_ounds 
7893-3 2-BUTANONE 

74-83 9 : .. • 
79-01-6 TRICHLOROETHENE 

EnerQetlc9 
118-96-7 2.46-TRINITROTOLUENE 

35572-782 .... " .. 
19406-51-0 .. . " . " .. 
2691-41-0 HMX 

121-82-4 ". 
Herbicides 

93-76-5 24.5-T 

Total Metals 
7429-90-5 ALUMINUM 

7440-38-2 ARSENIC 

7440-39-3 BARIUM 

7440-70-2 CALCIUM 

7440-47-3 CHROMIUM 

7440-48-4 COBALT 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-92-1 .. 
7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7440-02-0 NICKEL 

7440-09-7 POTASSIUM 

7440-23-5 SODIUM 

7440-31-5 TIN 

7440-62-2 VANADIUM 

7440-66-6 ZINC 

• 

TABLE 4-17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - LOW-FLOW CONDITIONS 
NSWC CRANE 

CRANE. INDIANA 
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. 
MInimum Minimum Maximum Maximum Units Location Detection Range of Concentration Site Above Screening Potential 

Concentratlon") Qualifier Concentratlon") Qualifier of Maximum Frequency DeteCtion Used for Background1(4) TOXICity ARARlTBC 
Concentration limits (2) Screeolngtll Value(6) Value 

06 J 06 J ~g/L 03SW1701 1/5 05 06 NA 190 N NA 
2500 

08 16 ~glL 03SW1701 316 05 16 NA o. NA 
11 

04 J 04 J ~g/L 03SW1701 116 05 04 NA 16 C 5 
5 

056 056 ~g/L 03SW1701 116 035 056 NA 22C NA 
NA 

037 J 075 J ~g/L 03SW0601 216 035 075 NA 0 NA 
NA 

054 J 17 ~glL 03SW0601 4/6 035 17 NA 0 NA 
NA 

31 J 12 ~glL 03SW0601 6/6 NA 12 NA 180 N NA 
NA 

23 11 ~g/L 03SW1701 6/6 NA 11 NA o. NA 
NA 

0064 J 0064 J ~g/L 03SW0601 115 004 0064 NA 36 N NA 
NA 

24 213 J ~g/L 03SW0601 6/6 NA 213 No 3600 N 0" .. 
NA 

023 056 ~gIl 03SW0601 6/6 NA 056 No 00' 10 
50 

616 120 J ~g/L 03SW0601 6/6 NA 120 No 260 N 2000 
2000 

26400 J 31600 ~glL 03SW0601 6/6 NA 31600 Ves NA NA 
NA 

06 J 06 J ~glL 03SW0601 116 033-049 06 Ves 11 (8) N 100 
100(8) 

012 031 ~g/L 03SW0601 5/6 01 031 No 220 N NA 
NA 

075 25 ~glL 03SW0601 6/6 NA 25 No 140 N 1300 
1300 

114 J 373 ~g/L 03SW0601 6/6 NA 373 No ll00N .. 
NA 

02 20 ~glL 03SW0601 6/6 NA 20 Ves NA 

6290 J 10300 J ~glL 03SW0601 6/6 NA 10300 Ves NA NA 
NA 

74 J 348 J ~g/L 03SW1901 6/6 NA 348 No BBN 50 
NA 

1 19 J ~glL 03SW0601 6/6 NA 19 No 73 N NA 
730 

1170 J 5100 ~glL 03SW0601 6/6 NA 5100 No NA NA 
NA 

3730 5850 ~glL 03SW0601 6/6 NA 5850 No NA NA 
NA 

28 J 49 J ~glL 03SW1901.03SW1601 5/6 26 49 Ves 2200 N NA 
NA 

012 054 ~gIl 03SW0601 4/6 01 054 No 26 N NA 
NA 

18 34 ~gIl 03SW1701 5/6 63 34 No 1100 N 5000 
11000 .. 

• 

Potentlsl CO PC Rationale for 
ARARfTBC Flag Contaminant 

Source Delellon or 
Selectlon'll 

NA No BSL 
IDEM 

NA ASL 
IDEM 

FED-MCL No BSL 
IDEM 

NA No BSL 
NA 
NA ASL 
NA 
NA ASL 
NA 
NA No BSL 
NA 
NA ASL 
NA 

NA No BSL 
NA 

FED-SMCL No BKG 
NA 

FED-MCL No BKG 
IDEM 

FED-MCL No BSL. BKG 
IDEM 
NA No NUT 
NA 

FED-MCL No BSL 
IDEM 
NA No BSL. BKG 
NA 

FED-MCL No BSL. BKG 
IDEM 

FED-SMCL No BKG 
NA 

FED-MeL ASL 
IDEM 

NA No NUT 
NA 

FED-SMCL No BSL. BKG 
NA 
NA No BSL. BKG 

IDEM 
NA No NUT, BKG 
NA 
NA No NUT. BKG 
NA 
NA No BSL 
NA 
NA No BSL. BKG 
NA 

FED-SMCL No BSL. BKG 
IDEM 

-

• 



• • 
TABLE 4-17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - lOW-FLOW CONDITIONS 
NSWC CRANE 

Scenario Tlmeframe Current/Future 
Medium Surface Water 
Exposure Medium little Sulfur Creek - low Flow 
Exposure Pomt SWMU 3 - Old Jeep Traii/linle Sulphur Creek 

CAS Chemical MInimum MInimum 
Number Concentratlon(1) Qualifier 

Dissolved Metals 
7429-90-5 ALUMINUM, DISSOLVED 56 

7440-36-0 ANTIMONY, DISSOLVED 12 J 

7440-38-2 ARSENIC, DISSOLVED 021 

7440-39-3 BARIUM, DISSOLVED 631 

7440-702 CALCIUM, DISSOLVED 26900 J 

7440-47-3 CHROMIUM, DISSOLVED 053 J 

7440-48-4 COBALT, DISSOLVED 011 

7440-50-8 COPPER, DISSOLVED 054 

7439-89-6 IRON, DISSOLVED 976 

7439-92-1 lEAD DISSOLVED 11 

7439-95-4 MAGNESIUM, DISSOLVED 6000 J 

7439-96-5 MANGANESE, DISSOLVED 34 J 

7440-02-0 NICKEL, DISSOLVED 11 

744009-7 POTASSIUM, DISSOLVED 1150 J 

7782-49-2 SELENIUM, DISSOLVED 052 J 

7440-235 SODIUM, DISSOLVED 3540 

7440-31-5 TIN, DISSOLVED 46 J 

7440-62-2 VANADIUM, DISSOLVED 018 

7440-66-6 ZINC, DISSOLVED 15 

Miscellaneous Parameters 
ITOTAl SUSPENDED SOLIDS I 9 I 

CRANE, INDIANA 
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Maximum Maximum Units Location 
Concentration") Qualifier of Maximum 

Concentration 

106 ~gll 03SW1501-F 

12 J ~g/l 03SW0601-F 

042 ~g/l 03SW0601-F 

114 J ~g/l 03SW0601-F 

31200 ~glL 03SW0601-F 

053 J "gil 03SW1701-F 

073 ~g/l 03SW1601-F 

15 ~gll 03SW0601-F 

154 J ~g/l 03SW0601-F 

11 ~gll 03SW0601-F 

10400 J ~g/l 03SW0601-F 

356 J "gil 03SW1901-F 

14 ~g/l 03SW1701-F 

5010 "gil 03SW0601-F 

052 J ~g/l 03SW0601-F 

6020 ~gll 03SW0601-F 

56 J "gil 03SW1701-F 

018 ~g/l 03SW0601-F 

28 ~g/l 03SW1701-F 

1 __ 2_0_ I J mall 03SW0601 

Detection Range of Concentration Site Above Screening Potential 

Frequency Detection Used for Background1(4) TOXICity ARARfTBC 
limits (2) Screenlng!l) Value(5) Value 

216 26 193 106 No 3600 N 5010200 
NA 

1/6 014-036 12 No 15 N 6 
6 

5/6 02 042 BKG 0045 C 10 
50 

6/6 NA 114 Yes 260 N 2000 
2000 

6/6 NA 31200 Yes NA NA 
NA 

1/6 019-043 053 Yes 11 (8) N 100 
100 (8) 

6/6 NA 073 No 220 N NA 
NA 

6/6 NA 15 Yes 140 N 1300 
1300 

6/6 NA 154 Yes 1100 N 300 
NA 

1/6 01 11 No NA 15 
15 

6/6 NA 10400 Yes NA NA 
NA 

6/6 NA 356 No 88N 50 
NA 

6/6 NA 14 No 73 N NA 
730 

6/6 NA 5010 No NA NA 
NA 

1/6 04 052 Yes 18 N 50 
50 

6/6 NA 6020 No NA NA 
NA 

5/6 44 56 Yes 2200 N NA 
NA 

1/6 01 018 No 26 N NA 
NA 

5/6 05 28 Yes 1100 N 5000 
11000 

216 2 20 NA NA NA 

• 

Potential COPC Rationale for 

ARARfTBC Flag Contaminant 
Source Deletion or 

Selection'" 

FED-SMCl No BSl, BKG 
NA 

FED-MCl No BSl, BKG 
IDEM 

FED-MCl No BKG 
IDEM 

FED-MCl No BSl 
IDEM 

NA No NUT 
NA 

FED-MCl No BSl 
IDEM 

NA No BSl, BKG 
NA 

FED-MCl No BSl 
IDEM 

FED-SMCl No BSl 
NA 

FED-MCl No BSl, BKG 
IDEM 

NA No NUT 
NA 

FED-SMCl No BSl, BKG 
NA 
NA No BSl, BKG 

IDEM 
NA No NUT, BKG 
NA 

FED-MCl No BSl 
IDEM 

NA No NUT, BKG 
NA 
NA No BSl 
NA 
NA No BSl, BKG 
NA 

FED-SMCl No BSl 
IDEM 

NA No NTX 



TABLE 4-17 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - LOW-FLOW CONDITIONS 

NSWC CRANE 

ScenariO Tlmeframe CurrentIFuture 
Medium Surface Water 
Exposure Medium little Sulfur Creek· low Flow 
EXDosure POint SWMU 3 - Old Jeep Trail 1 Little Sulphur Creek 

CAS Chemical Minimum MIOImum Maximum 
Number Concentratlon") Qualifier Concentration") 

Field Parameters 
DISSOLVED OXYGEN 79 10 92 

14797-55-8 NITRATE 01 02 
14797-65-0 NITRITE 0 0004 

OXIDATION REDUCTION POTENTIAL 3164 396 
H 662 825 

SPECIFIC CONDUCTANCE 0261 0312 
TEMPERATURE 145 2545 
TURBIDITY 0 84 - -

Noles 

1 Only the ongnlal of duplICate samplu was considered 'Of COPC SelectIOn The duplicate was used for quality control purposes only 

2 - Values presented are sample-speclhc quantltatlOn limits 

3 The maximum detected concantrahon IS used lor screening purposes 

4 To determine whethar metal concentrations were within background levels surlace wal8f concantrallons were statistically 

compared to concentratlOl1s 111 upgradu3Int surlace water samples II the site surlace water concentrallons 

were leu than the upgradlMt concentratIOns that metal was nol selected as a cope See SectlOl1 4 

5 US EPA RegIOn 9 Preliminary Remediation Goals Table November 1 2000 (PRGs lor noncarclnogens ar. divided by 10) 

Maximum Units 
Quallfter 

maiL 
maiL 
mq/L 
MV 
SU 

MSlCM 
C 

---~TU 

CRANE. INDIANA 
PAGE30F3 

Location Detection 
of MaXimUm Frequency 

Concentration 

03SW1501 6/6 
03SW1701 6/6 
03SW1701 6/6 
03SW1801 6/6 
03SW0601 6/6 
03SW0601 6/6 
03SW0601 6/6 

__ 0_3SW060L __ -~ 
OeflmtlOns 

Range of Concentratton Site Above Screening Potential 
Detection Used for Background?'''} TOXICity ARARITBC 
limits (2) Screenlng{J) Value'S) Value 

NA 10 92 NA NA NA 
NA 02 NA 1 N NA 
NA 0004 NA 01 N NA 
NA 396 NA NA NA 
NA 825 NA NA NA 
NA 0312 NA NA NA 
NA 2545 NA NA NA 

L.- NA L_84 __ NA ____ ,-----NA NA 

NA .. Nol apphcable 

Sal .. Sample quanlltatlon limit 

COPC II Cherrllcal of poIentlBi concern 

ARAMBC • ApplICable Of Relevant and Appropnate ReqUlroman\fTo Be Coosldered 

J", Estimated value 

C = CarCinogenIC 

N .. Non CarclT"109enlC 

FED MCl. Federal Maximum Contamtnant lOYal (U S EPA Summer 2000) 

Potenual 
ARARlTBC 

Source 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6 RatlONlle Codes SelectlOl1 Reason AbcNe Screanlf"lQ lOYais (ASl) SMCl_ Federal Secondary Maximum Contaminant lOYal based on aesthetic FED water quality (U S EPA Summer 2000) 

DelellOl1 Reason No TOXICity tnformatlOl1 (NTX) 

Essential Nutnent (NUT) 

Below Scraemng level (BSl) 

Balow Backgroond Value (BKG) 

7 No U S EPA ReglOfl 9 PRG avadable value 15 from U S EPA RaglOfl 3 RISk Based Concentr811011 Table Apr~ 2 2002 

8 Value IS lor hexavalent chromtum 

Shaded cells Indicate that the specified critenon has been exceeded or that the chemICal has been selected as a cope 

ASSOCiated Samples 

03SW0601 03SW1701 

03SW0601 F 03SW1701 F 

03SWI501 03SW 1 801 

03SW1SOI F 03SWI801-F 

03SW1601 03SWt90t 

03SWl601-F 03SWI901 F 

• • 

IDEM:> Indiana Department at EnVIronmental Management Risk Integrated System at 
Closure (RISC) residential closure level! lor groundwater (IDEM July 20(1) 

COPC Rationale for 
Flag Contaminant 

Deletion or 
Selectlon'" 

No NTX 
No BSL 
No BSL 
No NTX 
No NTX 
No NTX 
No NTX 
No NTX 

• 



• • 
TABLE 4-18 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - HIGH-FLOW CONDITIONS 
NSWC CRANE 

Scenario Tlrneframe CurrentIFuture 
Medium Surface Water 
Exposure Medium little Sulfur Creek - High Flow 
EXDosure POlOt SWMU 3 - Old Jeep Trail 1 Little Sulphur Creek 

CAS Chemical MInimum MInimum 
Number Concentratlon(1) Qualifier 

Volatile Or BOle Comoounds 
75-09-2 ." . 95 J 

67-64-1 • 64 

Semlvolatlle Organic Compounds 
208-96-8 ACENAPHTHYlENE 022 

117-81-7 4 

Energetics 
35572-78-2 . ' .. " .. 15 J 

19406-51-0 • • . . " .. 14 J 

2691-41-0 HMX 11 J 

9004-70-0 NITROCEllULOSE 3200 

121-82-4 ". 062 

HerblCldes~ 

93-76-5 2.4.5-T 023 J 

94-75-7 24-0 028 J 

87-86-5 .... • 071 J 

Total Metals 
742990-5 ALUMINUM 211 

7440-36-0 • . 2 J 

7440382 ARSENIC 029 

7440-39-3 BARIUM 456 J 

744041-7 BERYLLIUM 012 

7440-43-9 CADMIUM 063 

7440-70-2 CALCIUM 6890 

744047-3 CHROMIUM 067 J 

7440-48-4 COBALT 012 

7440-50-8 COPPER 094 

7439-89-6 IRON 115 J 

7439-92-1 . 025 

7439-95-4 MAGNESIUM 6460 

7439-96-5 MANGANESE 331 

Total Metals Continued 

CRANE. INDIANA 
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Maximum Maximum Units location Detection 
Concentratlon(1) Qualifier of Maximum Frequency 

Concentrallon 

13 ~g/l 03SWOB02 2111 

64 ~g/l 03SW0902 1/3 

022 ~gll 03SW0902 1/11 

6 ~gll 03SW1402 2111 

15 J ~gll 03SW1702 1/11 

29 ~g/l 03SW1702 2111 

90 ~g/l 03SW0902 10111 

3200 ~gll 03SW1502 1/11 

63 ~glL 03SW1702 9/11 

063 J ~glL 03SW0902 3/10 

036 J ~g/l 03SW0902 2111 

071 J ~g/l 03SWll02 1/8 

2010 ~gll 03SWll02 7/11 

3 J ~gll 03SW0602 2/11 

25 ~g/l 03SWll02 11/11 

156 J ~g/l 03SW1 B02 11/11 

013 ~g/l 03SW0902.03SW1302 4/11 

14 ~g/l 03SW1402 3/11 

58900 ~gIL 03SW1702 11/11 

45 J ~g/l 03SWll02 9/11 

19 ~gIL 03SW0902 11/11 

184 ~g/l 03SW1102 11/11 

2550 J ~g/l 03SWll02 10111 

285 ~gll 03SWll02 11/11 

14300 ~gll 03SW0602 8111 

201 ~gll 03SW1902 10111 

Range of Concentration Site Above Screening Potential Potential 

Detection Used for Background1(4
) TOXICity ARARfTBC ARARfTBC 

limits (2) Screemng!3l Value'S) Value Source 

05- 53 13 NA ~ FED-MCl 
IDEM 

23 - 26 64 NA NA NA 
770 IDEM 

0019-002 022 NA 37 (7) N NA NA 
NA NA 

094 - 1 6 NA 6 FED-MCl 
6 IDEM 

035 15 NA , NA NA 
NA NA 

035 29 NA , NA NA 
NA NA 

035 90 NA 180 N NA NA 
NA NA 

1000 3200 NA NA NA NA 
NA NA 

035 63 NA , . NA NA 
NA NA 

004 063 NA 36N NA NA 
NA NA 

004 036 NA 36 N 70 FED-MCl 
NA NA 

001 071 NA , 1 FED-MCl 
1 IDEM 

200 2010 No 3600 N , " " FED SMCl 
NA NA 

01 - 096 3 Yes 6 FED-MCl 
6 IDEM 

NA 25 No , , 10 FED-MCl 
50 IDEM 

NA 156 No 260 N 2000 FED-MCl 
2000 IDEM 

01 013 No 73 N 4 FED-MCl 
4 IDEM 

07 14 Yes 18 N 5 FED-MCl 
5 IDEM 

NA 58900 Yes NA NA NA 
NA NA 

046-047 45 No 11 (9) N 100 FED-MCl 
100(9) IDEM 

NA 19 No 220 N NA NA 
NA NA 

NA 184 Yes 140 N 1300 FED-MCl 
1300 IDEM 

100 2550 No " " FED-SMCl 
NA NA 

NA 285 Yes NA ~ FED-MCl 
IDEM 

5000 14300 No NA NA NA 
NA NA 

15 201 No .. , FED-SMCl 
NA NA 

• 
CO PC Rationale for 
Flag Contaminant 

Deletion or 
Selection'·) 

ASl 

ASl , 

No BSl 

ASl 

ASl 

ASl 

No BSl 

No NTX 

ASl 

No BSl 

No BSl 

ASl 

No BKG 

ASl 

No BKG 

No BSl. BKG 

No BSl. BKG 

No BSl 

No NUT 

No BSl. BKG 

No BSl. BKG 

No BSl 

No BKG 

ASl 

No NUT. BKG 

No BKG 



TABLE 4-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - HIGH-FLOW CONDITIONS 
NSWC CRANE 

Scenario Tlmeframe Current/Future 
Medium Surface Water 
Exposure Medium little Sultur Creek· High Flow 
Exposure Point SWMU 3 • Old Jeep Trail 1 little Sulphur Creek 

CAS Chemical Minimum MInimum 
Number Concentratlon(1) Quallfter 

7440-02-0 NICKEL 15 

7440-09-7 POTASSIUM 5300 J 

7782-49-2 SELENIUM 043 

7440-23-5 SODIUM 5090 

7440-31-5 TIN 3 J 

7440-62-2 VANADIUM 022 

7440-66-6 ZINC 25 

Dissolved Metals 
7429-90-5 ALUMINUM, DISSOLVED 260 

7440-36-0 ' • . • . 1 J 

7440-38-2 ARSENIC, DISSOLVED 025 

7440-39-3 BARIUM, DISSOLVED 377 J 

7440-43-9 CADMIUM, DISSOLVED 12 

7440-70-2 CALCIUM, DISSOLVED 7550 

7440-47-3 CHROMIUM DISSOLVED 051 J 

7440-48-4 COBALT, DISSOLVED 011 

744050-6 COPPER, DISSOLVED 064 

7439-69-6 IRON, DISSOLVED 109 

743992-1 . . • . 012 J 

7439-95-4 MAGNESIUM, DISSOLVED 6000 

7439-96-5 MANGANESE, DISSOLVED 174 

7440-02-0 NICKEL, DISSOLVED 086 

7440-09-7 POTASSIUM, DISSOLVED 5220 

7762-49-2 SELENIUM, DISSOLVED 043 

7440-23-5 SODIUM, DISSOLVED 5000 

7440-31-5 TIN, DISSOLVED 35 J 

7440-62-2 VANADIUM, DISSOLVED 016 

7440-86-6 ZINC, DISSOLVED 22 

Miscellaneous Parameters 
TOTAL SUSPENDED SOLIDS 2 

• 
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Maximum Maximum Units Location 
Concentratlon(1

) Qualifier of Maximum 

Concentration 

53 ~g/l 03SW0902 

21600 J ~gll 03SW0602 

062 ~gll 03SW0602 

8070 ~g/l 03SWll02 

47 J ~gIL 03SW1602 03SW1702 

39 ~gll 03SWll02 

111 ~gIL 03SW1102 

332 ~gIL 03SWl302-F 

24 J ~gIL 03SW0602-F 

1 ~gll 03SWll02-F 

147 J ~gll 03SW1802-F 

12 ~gll 03SW1602-F 

61200 ~gll 03SW1702-F 

14 J ~g/l 03SW0902-F 

072 ~g/l 03SW1902-F 

76 ~g/l 03SW0902-F 

171 ~g/l 03SW1302-F 

226 J ~gIL 03SWll02-F 

14000 ~g/l 03SW0602-F 

100 ~gll 03SW1902-F 

24 ~gll 03SW0902-F 

22900 ~g/l 03SW0602-F 

051 ~gIL 03SW0602-F 

9630 ~gll 03SW1702-F 

73 J ~gIL 03SW0602-F 

061 ~gIL 03SWll02-F 

217 ~g/l 03SW1902-F 

100 mail 03SW1102 

• 

Detection Range of Concentration Site Above Screening Potential 

Frequency Detection Used for Background?(4) TOXICIty ARARITBC 
lImlts(2) Screenlog(l) Value!S) Value 

11/11 NA 53 No 73 N NA 
730 

4/11 5000 21600 No NA NA 
NA 

3111 04 062 Ves 16 N 50 
50 

6/11 5000 6070 No NA NA 
NA 

6/11 01-09 47 Ves 2200 N NA 
NA 

11/11 NA 39 No 26 N NA 
NA 

11/11 NA 111 Ves 1100 N 5000 
11000 

5/11 200 332 No 3600 N , . " NA 
3111 013-057 24 Ves 6 

6 
11/11 NA 1 No 0045 C 10 

50 
11/11 NA 147 No 260 N 2000 

2000 
1/11 07 12 No 18 N 5 

5 
11/11 NA 61200 Ves NA NA 

NA 
9/11 036-041 14 No 11 (9) N 100 

100 (9) 
11/11 NA 072 No 220 N NA 

NA 
11/11 NA 76 Ves 140 N 1300 

1300 
2/11 100 171 No 1100 N 300 

NA 
9/11 01 226 Ves NA 

Bill 5000 14000 No NA NA 
NA 

6/11 15 100 No 86N , 
NA 

11/11 NA 24 No 73 N NA 
730 

4/11 5000 22900 Ves NA NA 
NA 

2111 04 051 No 18 N 50 
50 

7/11 5000 9630 No NA NA 
NA 

11111 NA 73 No 2200 N NA 
NA 

11/11 NA 061 No 26 N NA 
NA 

11/11 NA 217 No 1100 N 5000 
11000 

Bill 2 100 NA NA NA 

Potential COPC Rationale for I 
ARARlTBC Flag Contaminant I 

Source Deletion or , 
Selectlon!l) 

NA No BSl, BKG 
IDEM 

NA No NUT, BKG 
NA 

FED-MCl No eSl 
IDEM 

NA No NUT, BKG 
NA 
NA No BSl 
NA 
NA No BSl, BKG 
NA 

FED-SMCl No eSl 
IDEM 

FED-SMCl No BKG 
NA 

FED-MCl ASl 
IDEM 

FED-MCl No BKG 
IDEM 

FED-MCl No BSl, BKG 
IDEM 

FED-MCl No BSl, BKG 
IDEM 

NA No NUT 
NA 

FED-MCl No BSl, BKG 
I IDEM 

NA No BSl,BKG 
NA 

FED-MCl No BSl I 

IDEM I 

FED-SMCl No BSl, BKG 
NA 

FED-MCl ASl , 

IDEM I 

NA No NUT, BKG 
NA 

FED-SMCl No BKG 
NA 
NA No BSl,BKG I 

IDEM 
NA No NUT 
NA 

FED-MCl No BSl, BKG 
IDEM 
NA No NUT, BKG 
NA 
NA No BSl, BKG 
NA 
NA No BSl,BKG 

I NA 
FED-SMCl No BSl,BKG 

IDEM 

NA No NTX 

• 



• • 
TABLE 4-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF HUMAN HEALTH CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - HIGH-FLOW CONDITIONS 
NSWC CRANE 

CAS 
Number 

Scenario Tlmeframe CurrentIFuture 
Medium Surface Water 
Exposure Medium Little Sulfur Creek - High Flow 
EXDosure POint SWMU 3 - Old JeeD Trsil J little Sulphur Creek 

Chemical Minimum MInimum 
Concentratlontl ) Qualifier 

Field Parameters 
DISSOLVED OXYGEN 239 

14797-55-8 NITRATE 002 
14797-65-0 NITRITE 0 

OXIDATION REDUCTION POTENTIAL 150 
H 72 

SPECIFIC CONDUCTANCE 0058 
TEMPERATURE 1673 
TURBIDITY 075 

Not .. 

Maximum 
Concentratlontl ) 

1394 
144 

0023 
3207 
873 
0427 
235 
190 

1 Onty the onglMl of duplICate samples was considered lot cope seiacloo The duplicate was used lot quality contrd purposes only 

2· Values presented are sampte-specilic quantltatlOr'llimlls 

3 The mllXlmum detected concentretlon IS used lor screening purposes 

4 To determine whether metal concentratlOl1s were Within background levels suriace waler concentratlOl1S were statistICally 

compared to concentrations In upgradlent suriece water samples /I the site suriace watel conceotratlOl1s 

wer.less than the upgradlent concentrahons that metal was not selected as a COPC See SectlOfl 4 

5 U S EPA Region 9 Preliminary Remecbatlon Goo/s Table NOYember 1 2000 (PRGs lor noncarclnOQens ate dIVIded by 10) 

Maximum Units 
Qualifier 

mg/L 
mg/L 
mg/L 
MV 
SU 

MS/CM 
C 

NTU 

CRANE, INDIANA 
PAGE 30F 3 

Location Detection 
of Maximum Frequency 

Concentration 

03SWll02 11111 
03SW0602 10/10 
03SW0602 10/10 
03SW1902 11111 
03SW0902 11/11 
03SW1702 11/11 
03SWll02 11/11 
03SWll02 11/11 

Definitions 

Range of Concentration Site Above Screening Potential 
Detection Used for Background7(4) TOXICity ARARffBC 
limits''') ScreenlngtJ) Value(5) Value 

NA 1394 NA NA NA 
NA 144 NA 1 N NA 
NA 0023 NA 01 N NA 
NA 3207 NA NA NA 
NA 873 NA NA NA 
NA 0427 NA NA NA 
NA 235 NA NA NA 
NA 190 NA NA NA 

NA .. Not applICable 

Sal. Sample quantltatJon limit 

COPC .. ChemICal 01 potenllal concern 

ARARfTBC '" Applicable Of Relevant and Appropnate RequlremenVTo B. Considered 

J :: Estimated value 

C ,. CarCinogenIC 

N '" Non CarcinogenIC 

FED MCl ,. Federal MllXImum Contaminant level (U S EPA Summer 20(0) 

• 
PotentlSl COPC Ratronale for 

ARARffBC Flag Contaminant 
Source Deletion or 

Selection,e, 

NA No NTX 
NA No BKG 
NA No BSL 
NA No NTX 
NA No NTX 
NA No NTX 
NA No NTX 
NA No NTX 

6 AatlOO8le Codes SelectlOl1 Reason Above Screening levels (ASl) SMCl .. Federal Secoodary MaxJmum Contaminant level based on aesthetic FED water quality (U 5 EPA SUmmer 2000) 

DeletlOl1 Reason • 

7 • Value IS for acenaphther'le 

No TOXICity InlormatlOll (NTX) 

Essential Nulnent (NUT) 

Below Screening Level (BSl) 

Below Background Value (8KG) 

B· No U S EPA Region 9 PRG avrulable value IS from U 5 EPA Region 3 Risk Based Concentration Table April 2 2002 

9 Value Is for heKllvaient chromium 

Shaded cells IndICate thaI the specified cntenon has been exceeded or that the chemICal has been selected as a cope 

ASSOCiated Samples 

03SW0602 03SWII02 F 03SWI602 F 

03SW0602 F 03SWI302 03SW1702 

03SW0802 03SWI302 F 03SW1702 F 

03SW0802 F 03SW I 402 03SWI802 

03SW0902 03SWI402-F 03SWIB02 F 

03SW0902 F 03SW I 502 03SW I 902 

03SWII02 03SW I 502 F 03SWt902 F 

IDEM", Indiana Depnrtment 01 EnVifonmer'ltal Management Risk Integrated System 01 

Closure (RISC) resldenli31 closure levels for groundwatll!lf (IDEM July 2(01) 



Direct 
Chemical 

Contact 

DioxiniFurans (ng/kg) 
1,2,3,4,6,7,8,9-0CDD 
1,2,3,4,6,7,8-HPCDD 
1,2,3,4,6,7,8-HPCDF 
1,2,3,4,7,8-HXCDF 
1,2,3,6,7,8-HXCDD 
1,2,3,7,8,9-HXCDD 
1,2,3,7,8-PECDD 
2,3,4,7,8-PECDF 
2,3,7,8-TCDD 
TOTAL HPCDD X 
TOTAL HXCDD 
TOTAL HXCDF 
TOTALPECDD 
TOTAL TCDD 
2,3,7,8-TCDD Equivalents X 
Volatile Organic Compounds (I!g/kg) 
1,1,2,2-Tetrachloroethane 
1,1,2-Tnchloroethane 
1,1-Dlchloroethene 
Acetone 
Bromomethane 
cls-1,2-Dlchloroethene 
Methylene Chlonde 
Tetrachloroethene 
Trans-1,2-Dlchloroethene 
T nchloroethene 
Vinyl Chlonde 

TABLE 4-19 

CHEMICALS RETAINED AS CHEMICALS OF POTENTIAL CONCERN FOR HUMAH HEALTH RISK ASSESSMENT 
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Surface Soil Subsurface Soil Sediment 

Soil to Direct Soli to 
Ground 

Soil to Air 
Ground water Contact 

Soil to Air 
Ground water 

Water Shallow Deep 

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 

Semivolatile Organic Compounds (l!g1k~ ) 
Acetophenone X 
Benzo(a)pyrene X 
Benzo(b)lluoranthene X 
bls(2-ethylhexyl)phthalate 
Herbicides (Ilg!kg) 

Surface Water 

Low Flow High Flow 

X 
X 

X 

X 

I Pentachlorophenol 1 __ .L ___ I r=. X~ 
Energetics 
2,4-Dlmtrotoluene X X 
2,4,6-TnOltrotoluene X X 
2-Amlno-4,6-Dlmtrotoluene X X X X X X 
4-Amlno-2,6-Dlmtrotoluene X X X X X 

---

• • • 
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TABLE 4-19 

CHEMICALS RETAINED AS CHEMICALS OF POTENTIAL CONCERN FOR HUMAH HEALTH RISK ASSESSMENT 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F 2 

Surface Soil Subsurface SOil Sediment 
Ground 

Direct Soil to Direct Soil to 
Chemical 

Contact 
Soil to Air 

Ground water Contact 
Soil to Air 

Ground water 
Water Shallow Deep 

HMX X 
RDX X 
Inorganics (mg/kg) 
Aluminum 
Anllmony 
Barium X 
Cadmium X 
Chromium X 
Cobalt 
Copper 
Iron X 
Lead X 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Zinc 
Nitrate 

Notes 
X - Indicates chemical was retained as a CO PC 
COPC - Chemicals of potential concern 

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 

X 
X 

X 

• 
Surface Water 

Low Flow High Flow 

X X 

X 

X X 



ChemIcal 

D,OXIRS (nglkg) 
1,2,3,4,6,7,8,9-0CDD 
1,2,3,4,6,7,8,9-0CDF 
1,2,3,4,6,7,8-HPCDD 

• 

Frequency 
Mmlmun 

01 
Concentratlon(1) 

DetectIon") 

-

TABLE 4-20 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Maximum LocatIon 01 MaxImum 
Average 01 Average 

Concentratlon(1)(2) 
Positive 01 All 

Concentration 
Detectlons(l) Results'" 

~ ---- -- ---

• 

Surface 
RatIonale lor 

Above 
Sool EcologIcal RetaIn as 8 

Contaminant 

Background?(3) 
COPC Effects COPC 

Screening Quotlent(5) 
DeletIon or 

? 
Selectlon(e) 

Level") 

17286 YES 
16 YES 

1171 YES 

• 



• 

BARIUM 
BERYLLIUM 
CADMIUM 

COPPER 
IRON 
LEAD 

. . ANGANESE 
MERCURY 
NICKEL 

ChemIcal 
Frequency 

of 
Detection(l) 

Mlmmun 

Concentratlon") 

• 
TABLE 4-20 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 03 - JEEP TRAIL 

Maximum 
Concentratlon(1)(2) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 3 

Location of Maximum I Average of I Average I Above I 
Concentration 

Posllove of All (') 
DetectlonsP) Results(l) Background? 

• 
Surface I I RatIonale for SOIl EcologIcal RetaIn as aCt t 
cope Effects COPC on amORan 

Screening 
(5) Deletion or 

Level'.4) 
QuotIent ? Selectlon(O) 

1962 YES 
13 YES 

1982 YES 

36 YES 
24 YES 



Frequency 
Mlnlmun 

Chemical 01 

Detection'" 
Concentrallon'" 

POTASSIUM 32132 330 J 
SELENIUM 29/32 017 J 
SILVER 5/32 032 J 
SODIUM 9/32 871 J 
THALLIUM 32/32 005 
VANADIUM 32/32 108 
ZINC 32132 195 J 

46/48 08 
2/39 24J 

46/48 08 
48148 64 
3/48 24 J 

TABLE 4-20 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Maximum 
Average 01 Average 

Location 01 Maximum 01 All PosItive 
Concentratlon(lX2) Concentration 

Detectlons(1) Results'" 

2180 J 03SS180002 647 647 
042 03SS270002,03SS290002 03 03 
072 03SS380002 05 01 
598 J 03SS170002 243 100 

021 03SS270002 01 01 
291 03SS270002 19 19 
739 J 03SS280002 101 101 

49 03SS240002 44 42 
56J 03SS010002 40 58 
49 J 03SS240002 44 42 

256 03SS270OO2 15 15 
470 J 03SS220002 235 25 

Surface 

Above 
Soli 

COPC 
Background?'" Screening 

Level'" 

NO NA 
NO 003 
YES 4 
YES NA 
NO 006 
NO 16 
YES 66 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Shaded name indicates that the conslltuent was selected as a COPC Shaded values Indicate that the site concentratlon(s) exceeds this particular cntenon 

Footnotes. 

Rationale lor 
Ecological Retsin as a 

Contaminant 
Effects COPC 

QuotIent'" ? 
DeletIon or 

SelectIon'" 

NA NO NT 
15 NO BKG 
02 NO BSL 
NA NO NT 
37 NO BKG 
18 NO BKG 

112 YES ASL 

NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 

1 The sample and duplicate were counted as two samples when determlnmg the mlmmum and maximum detected concentrations and locallon of maximum concentrallOns, but were only 
counted as one sample when determining the frequency of detection One-half of the detection limit was used when averaging non-detected data 

2 The maximum detected concentration was used for screening purposes 
3 Refer to Secllon 3 4 for diSCUSSion of the method used to calculate background exceedences 
4 Region 5 EDQLs (U S EPA, 1999) 
5 Refer to SecllOn 8 3 2 for ecological effects quotient calculation 
6 Rallonale Codes 
For Selection as a COPC' 

ASL = Above COPC screening level 
NTX = No toxIcity information available 

For EllmlnallOn as a COPC 
BKG = Below site background level 
BSL = Below COPC screening level 
NT = NontOXIc 

Definitions: 
COPC = Chemical of potential concern 
NZ = Not applicable because these parameters are used to charactenze the sOil and/or cannot be used to evaluate ecological nsks 
NA = Not applicable due to no current available screemng levels 

• • • 



• 

ChemIcal 

VolatIle Organics (I'g/kg) 
1,1,1-TRICHLOROETHANE 
2-BUTANONE 
4-METHYL-2-PENTANONE 
ACETONE 
CARBON 018ULFIOE 
Semlvolatole Organics (I'g/kg) 
ACENAPHTHENE 
DI-N-BUTYL PHTHALATE 
DIPHENYLAMINE 

EnergetIcs (mg/kg) 
2,4,6-TRINITROTOLUENE 
2,4-0INITROTOLUENE 
2-AMINO-4,6-0INITROTOLUENE 
HMX 
PestIcIdes/PCB's (I'g/kg) 

'M'ill'·'i!ii:!!·]; 
HerbIcIdes (1'g/i<S) 
2,4,5-T 
2,4,5-TP (8ILVEX) .. 
0lN08EB 
HEXACHLOROPHENE 
Inorganlcs (mglkg) 
ALUMINUM 
ANTIMONY 
AR8ENIC 

Frequency 
Mmlmun 

01 
Concentratlon(l) 

Detectlon(l j 

1/15 2J 
1/15 18 J 
1/15 2 J 
2/15 36 J 
2/15 14 J 

1/15 I 17 J I 
J 4/15 27J 

J 5/14 24 J 
7/10 49J 

J 3/14 31 J 

J 1/15 35 J 

• 
TABLE 4-21 

ECOLOGICAL RISK SCREENING - SHALLOW SEDIMENT 
SWMU 3 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

Average of Average Maximum LocatIon 01 Above 
Concentratlon(1)(2) Maximum Positive 01 All 

Background?(') 
Concentration Detectlons{l) Results(l) 

2 J 03S0180006 2 2 NA 
18 J 0380170006 18 3 NA 
2 J 0380190006 2 2 NA 

160 J 0380050006 98 34 NA 
2 J 0380180006 17 21 NA 

17 J I 0380180006 I 17 I 65 I NA 

48J 0380190006 35 16 NA 
45 J 0380180006 33 17 NA 
20 J 0380080006 10 76 NA 
82J 0380080006 52 18 NA 
35J 0380080006 35 42 NA 

• 
SedIment 

EcologIcal 
Rationale for 

COPC Retain as Contaminant 
Screening 

Effects a CO PC 
DeletIon or 

Level(') 
Quotlent(S) ? 

Selectlon(') 

247 001 NO B8L 
137 01 NO B8L 
544 0004 NO B8L 
453 04 NO B8L 
134 001 NO B8L 

I 36 •• ti4-W A8L 

58700 J 00001 J NO I B8L 
7350 J 0001 J NO J B8L 
58 A8L 
118 J 07 J NO J B8L 

231000 J 000002 J NO J B8L 



Frequency MIOImun 
ChemIcal 0' Concentratlon(1) 

Detectlon(l) 

SELENIUM 3/15 02 
SILVER 3/15 046 J 
SOOIUM 2/15 947 J 
THALLIUM 15/15 006 
TIN 2115 44J 

~ 15/15 122 J 
ZINC 15/15 275 J 
M,scellaneous Parameters 
NITRATE (mglkg) 13/15 22 
NITRITE (mg/kQ) 2111 34J 
NITRITE/NITRATE (mglkg) 15/15 22J 
TOTAL ORGANIC CARBON (mglkg) 14/15 4600 
PERCENT MOl5TURE ('\'0) 15/15 74 
PH (5U) 15/15 7 J 

TABLE 4-21 

ECOLOGICAL RISK SCREENING - SHALLOW SEDIMENT 
SWMU 3 - JEEP TRAIL 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF2 

Average of Average 
Maximum LocatIon 0' Above 

Concentratlon(1)(2) Maximum Positive o'AIi 
Background?") 

Concentration Detectlons(1) Results") 

026 0350150006 02 02 NO 
071 J 03S0110006 06 01 NO 
138 J 0350060006 116 2241 NO 

012 0350150006 01 01 NO 
138 J 0350120006 91 21 YES 
441 J 0350150006 24 24 NO 
385 J 03S0160006 173 173 YE5 

84 0350080006 4 36 NA 
35J 03S0170006 35 28 NA 
84 03S0080006 4 4 NA 

28000 0350080006 10214 9567 NA 
349 0350080006 20 20 NA 
81 J 0350070006 77 77 NA 

SedIment 
CO PC 

Screenong 
Level(4) 

NA 
05 
NA 
NA 
NA 
NA 
120 

NA 
NA 
NA 
NA 
NA 
NA 

Shaded name Indicates that the constituent was selected as a COPC Shaded values indicate that the site concentratlOn(s) exceeds this particular criterion 

Footnotes 

EcologIcal Retain as 
Ratoonale 'or 
ContamInant 

Ellacts aCOPC DeletIon or 
Quotlent(S) ? 

Selactlon") 

NA NO BKG 
14 NO BKG 
NA NO NT 
NA NO BKG 
NA NTX 
NA BKG 
32 YES A5L 

NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 

1 The sample and duplicate were counted as two samples when determlnmg the minimum and maximum detected concentrations and location of maximum concentrations, but were only counted 
as one sample when determining the frequency of detectIOn One-half of the detection limit was used when averaging non-detected data. 
2 The maximum detected concentratIOn was used for screening purposes 
3 Refer to SectIOn 3 4 for diScussion of the method used to calculate background exceedences 
4 Region 5 EDQLs (U S EPA,1999) 
5 Refer to Section 8 3 2 for ecological effects quotient calculation 
6 Rationale Codes 
For Selection as a COPC 

ASL = Above COPC screening level 
NTX = No tOXICity information available 

For Elimination as a COPC 
BKG = Below SIte background level 
BSL = Below COPC screening level 
NT = NontOXIc 

Definitions 
COPC = Chemical of Potenllal Concern 
NZ = Not applicable because these parameters are used to characterize the sediments and/or cannot be used to evaluate ecological risks 
NA = Not applicable due to no current available screening levels 

• • • 



• 

ChemIcal 

VolatIle Oroanlcs (jig/kg) 

1,1,1-TRICHLOROETHANE 
2-BUTANONE 
ACETONE 
CARBON OISULFIOE 
TOLUENE 
TRICHLOROFLUOROMETHANE 
Sam)volatlle OrganIcs (jig/kg) 

BENlO(A)ANTHRACENE 
BENlO(B)FLUORANTHENE 
CHRYSENE 

• • -
FLUORANTHENE 
PHENANTHRENE 
PYRENE 
EnergetIcs (mg/kg) 

2,4,6-TRINITROTOLUENE 
2-AMINO-4,6-0INITROTOLUENE 
4-AMINO-2,6-0INITROTOLUENE 
HMX 
ROX 
HerbIcIdes jig/kg) 
2,4,5-T 
2,4,5-TP (SILVEX) .. 
OINOSEB 
HEXACHLOROPHENE 
PENTACHLOROPHENOL 
Inorganlcs (mg/kg) 

ALUMINUM 
ANTIMONY 

Frequency Mmlmun 
01 

Concentratlon(1) 
Detectlon(l) 

5/15 1 J 
3/15 10 
4/15 29 J 
3/15 1 J 
1/15 54 
1/15 2 J 

1115 11 
2/15 11 
1/15 10 
2/15 110 J 

I 1/15 27 

I 1115 23 

I 1/15 19 

5/15 035 J 
2/15 035 J 
1/15 04 J 
4/15 037 J 
2/15 045 J 

I 5/15 25 J 

I 2/15 23J 
5/12 69J 

I 2/15 35J 

I 2/15 28J 

I 2/11 21 J 

• 
TABLE 4-22 

ECOLOGICAL RISK SCREENING - DEEP SEDIMENT 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

Maximum Average 01 Average 
Location of Maximum 

Concentratlon(I)(2) Positive 01 All 
Concentration 

Detectlons(l) Results") 

4 03S0190612 22 15 
60 03S0180612 28 65 

220 J 03S0180612 95 32 
1 1 J 03S0060612 1 12 
54 03S0180612 54 45 

2 J 03S0090612 2 11 

11 03S0160612 11 15 
15 03S0160612 13 24 
10 03S0160612 10 14 

880 03S0110612 495 115 
27 03S0160612 27 26 
23 03S0160612 23 23 
19 03S0160612 

'-- 19 2 

22 03S0120612 09 04 
073 03S0110612 05 02 
04J 03S0120612 04 02 
19 03S0110612 51 15 

045 J 03S0110612 04 02 

45 03S0110612 35 18 
29J 03S0060612 26 11 
28 J 03S0050612 13 59 
35J 03S0170612,03S0140612 35 12 
76J 03S0080612 52 43 
37J 03S0050612 29 07 

• 
SedIment 

EcologIcal 
RatIonale lor 

Above CO PC 
Retam as 

Contaminant 

Background?") Screening 
Effects a CO PC 

DeletIon or 
Quatlont(5) ? Level(4) Salectlon") 

NA 247 002 NO BSL 
NA 137 04 NO BSL 
NA 453 05 NO BSL 
NA 134 001 NO BSL 
NA 52500 0001 NO BSL 
NA 3 07 NO BSL 

NA 32 I 03 I NO I BSL 
NA 10400 0001 I NO I BSL 
NA 57 02 I NO I BSL 
NA 1105 : ASL 
NA 111 02 I NO BSL 
NA 42 05 I NO I BSL 
NA 53 1 04 1 NO 1 BSL 

NA NA NA NTX I 

NA NA NA NTX I 
NA NA NA NTX I 

NA NA NA NTX 
NA NA NA NTX 

NA 58700 I 00001 I NO I BSL 
, 

NA 7350 I 00004 I NO I BSL 
NA 58 . : ASL 
NA 118 I 03 I NO I BSL 
NA 231000 000003 NO BSL 
NA 30100 I 00001 I NO I BSL 



Frequency Mlnlmun 
Chemical 01 

Concentratlon(!) 
Detectlon(l) 

NICKEL 15/15 101 J 
POTASSIUM 15/15 • 236 J 
SELENIUM 1/15 036 
SILVER 4/15 023 J 
SOOIUM 1/15 885 J 
THALLIUM 15/15 005 
TIN 3/15 15 J 

~ 15/15 102 
ZINC 15/15 214 J 
Miscellaneous Parameters 
NITRATE (mg/kg) 14/15 16 
NITRITE (mgll<g) 2/10 26 J 
NITRITE/NITRATE (mgll<g) 15/15 26 
TOTAL ORGANIC CARBON (mglkg) 15/15 2300 J 
PERCENT MOISTURE (%) 15/15 82 
PH (SU) 15/15 68J 

TABLE 4-22 

ECOLOGICAL RISK SCREENING - DEEP SEDIMENT 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Average of Average 
Maximum Location 01 Maximum 

Concentratlon(l)(2) 
Positive 01 All 

Concentration 
Detectlons(1) Results'" 

361 J 03S0110612 22 22 
802 J 03S0050612 446 446 
036 03S0130612 04 01 
043 J 03S0110612 03 01 
BB 5 J 03S0060612 89 12 
012 03S0090612,03S0150612 01 01 
41 J 03S0100612 24 11 

471 03S0110612 27 27 
1120 J 03S0110612 223 223 

65 03S0120612 36 34 
27J 03S0130612 27 52 
65 03S0120612 38 3B 

34000 03S0080612 9400 9400 
388 03S0180612 22 22 

8 J 03S0110612 75 75 

Sediment 
Above COPC 

Background?'" Screening 

Level'" 

NO 16 
NO NA 
NO NA 
YES 05 
NO NA 
NO NA 
YES NA 
NO NA 
YES 120 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Shaded name indicates that the conslltuent was selected as a COPC Shaded values Indicate that the site concentratlon(s) exceeds this particular cntenon 

Footnotes: 

Ecological 
Rationale lor 

Aetamas 
Contaminant 

Effects a CO PC Oelet,on or 
Quollent(5) ? 

Seleetlonle) 

23 NO BKG 
NA NO NT 
NA NO BKG 
09 NO BSL 
NA NO NT 
NA NO BKG 
NA NTX 
NA BKG 

ASL 

NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 

1 The sample and duplicate were counted as two samples when determlnnlg the minimum and maximum detected concentrations and location of maximum concentrations, but were only 'counted as 
one sample when determining the frequency of detection One-half of the detection limit was used when averaging non-detected data 
2 The maximum detected concentrallon was used for screening purposes 
3 Refer to Section 3 4 for diSCUSSion of the method used to calculate background exceedences 
4 Region 5 EDQLs (U S EPA,1999) 
5 Refer to Section 8 3 2 for ecological effects quolient calculation 
6 Rationale Codes 
For Seleclion 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 

Definitions' 
COPC = Chemical of Potential Concern 
NZ = Not applicable because these parameters are used to charactenze the sediments and/or cannot be used to evaluate ecological nsks 
NA = Not applicable due to no current available screening levels 

• • • 



• 

ChemIcal 

VolatIle Orgamcs (l'glL) 
12-BUTANONE 
:-. • 

ITRICHLOROETHENE 
EnergetIcs (l'glL) 
2,4,6-TRINITROTOLUENE 
2-AMINO-4,6-DINITROTOLUENE . 
4-AMINO-2,6-DINITROTOLUENE 
HMX 
RDX 
HerbIcIdes (l'glL) 

Frequency 
01 

Detectlon(1) 

I 1/5 I 
3/6 I 

I 1/6 I 

Mlmmun 

• 
TABLE 4-23 

ECOLOGICAL RISK SCREENING - SURFACE WATER AT LOW-FLOW 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

Maximum Location of Maximum 
Average 01 Average 

Above 
Concentratlon(1) Concentratlon(1)(2) 

Positive 01 All 
Background?!') Concentration 

Detectlons(l) Results") 

06J I 06J I 03SW1701 I 06 I 03 I NA 
08 I 16 I 03SW1701 I 11 I 07 I NA 
04J I 04 J I 03SW1701 I 04 I 03 I NA 

• 
Surface 

RatIonale lor 
Water EcologIcal Retain 8S 8 Contaminant 
COPC Effects COPC Deletion or 

Screening QuattantlS) ? 
Level(4) 

Selectlon(8) 

I 7100 00001 I NO I BSL 

I NA NA NTX 

I 75 I 001 I NO I BSL 

~ __ u_ --- - i/5 1- - - 6064J---r- -0064 J 03SW0601 006 003 NA 686 00001 NO BSL 

Total Metals (l'glL) 
ALUMINUM 616 24 213 J 03SW0601 79 79 NO NA NA NO BKG 
ARSENIC 6/6 023 056 03SW0601 03 03 NO 53 001 NO BSL 
BARIUM 6/6 616 120 J 03SW0601 93 93 NO 5000 002 NO BSL 
CALCIUM 6/6 26400 J 31600 03SW0601 28583 28583 YES NA NA NO NT 
CHROMIUM 1/6 06J 06 J 03SW0601 06 03 YES 42 001 NO BSL 
COBALT 5/6 012 031 03SW0601 02 02 NO 5 01 NO BSL 
COPPER 6/6 075 25 03SW0601 16 16 NO 5 05 NO BSL 
IRON 6/6 114 J 373 03SW0601 207 207 NO NA NA NO BKG 
LEAD 6/6 02 20 03SW0601 4 4 YES 13 i 15 YES ASL 
MAGNESIUM 6/6 6290 J 10300 J 03SW0601 7837 7837 YES NA NA NO NT 
MANGANESE 6/6 74J 348 J 03SW1901 20 20 NO NA NA NO BKG 
NICKEL 6/6 1 19 J 03SW0601 13 13 NO 29 01 NO BSL 
POTASSIUM 6/6 1170 J 5100 03SW0601 2312 2312 NO NA NA NO NT 
SODIUM 6/6 3730 5850 03SW0601 4588 4588 NO NA NA NO NT 
TIN 5/6 28J 49J 03SW1901,03SW1601 41 37 YES 73 01 NO BSL 
VANADIUM 4/6 012 054 03SW0601 02 02 NO 19 003 NO BSL 
ZINC 5/6 18 34 03SW1701 26 27 NO 59 01 NO BSL 
DIssolved Metals (l'glL) 
ALUMINUM 216 56 106 03SW1501-F 81 50 NO NA NA NO BKG 
ANTIMONY 1/6 12 J 12 J 03SW0601-F 12 03 NO 31 004 NO BSL 
ARSENIC 5/6 021 042 03SW0601-F 03 02 YES 53 001 NO BSL 
BARIUM 6/6 631 114 J 03SW0601-F 93 93 YES 5000 002 NO BSL 
CALCIUM 6/6 26900 J 31200 03SW0601-F 28067 28067 YES NA NA NO NT 
CHROMIUM 1/6 053 J 053 J 03SW1701-F 05 02 YES 42 001 NO BSL 
COBALT 6/6 011 073 03SW1601-F 02 02 NO 5 01 NO BSL 
COPPER 6/6 054 15 03SW0601-F 11 11 YES 5 03 NO BSL 
IRON 6/6 976 154 J 03SW0601-F 112 112 YES NA NA NTX 

LEAD 1/6 11 11 03SW0601-F 11 02 NO 13 08 NO BSL 

MAGNESIUM 6/6 6000 J 10400 J 03SW0601-F 7698 7698 YES NA NA NO NT 

MANGANESE 6/6 34J 356 J 03SW1901-F 13 13 NO NA NA NO BKG 

NICKEL 6/6 11 14 03SW1701-F 12 12 NO 29 005 NO BSL 

I 

I 

"> 



Frequency 
ChemIcal 01 

Detectlon(1) 

DIssolved Metals (fJg/L) (Continued) 
POTASSIUM 6/6 
SELENIUM 1/6 

SODIUM 6/6 
TIN 5/6 
VANADIUM 1/6 

ZINC 5/6 
MIscellaneous Parameters (mg/L) 
TOTAL SUSPENDED SOLIDS 216 
DISSOLVED OXYGEN (mglL) 616 
NITRATE (mg/L) 6/6 
NITRITE (mglL) 6/6 
OXIDATION REDUCTION POTENTIAL (mv) 6/6 

pH (SU) 6/6 
SPECIFIC CONDUCTANCE (ms/cm) 6/6 
TEMPERATURE (0G) 6/6 
TURBIDITY (NTU) 6/6 

Mlnlmun 

TABLE 4-23 

ECOLOGICAL RISK SCREENING - SURFACE WATER AT LOW-FLOW 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE 20F2 

Maximum LocatIon of MaxImum 
Average 01 Average 

Above 
Concentratlon") Concentratlon(1)(2) PosItIve 01 All 

Background?'" ConcentratIon 
Detectlons(1

) Results'" 

1150 J 5010 03SW0601·F 2252 2252 NO 
052 J 052 J 03SW0601·F 05 03 YES 
3540 6020 03SW0601·F 4477 4477 NO 

46J 56 J 03SW1701·F 51 46 YES 
018 018 03SW0601·F 02 01 NO 
15 28 03SW1701·F 22 18 YES 

9 20 J 03SW0601 15 6 NA 
79 1092 03SW1501 10 10 NA 
01 02 03SW1701 02 02 NA 

0 0004 03SW1701 0002 0002 NA 
3164 396 03SW1801 359 359 NA 
662 825 03SW0601 75 75 NA 

0261 0312 03SW0601 03 03 NA 
145 2545 03SW0601 167 167 NA 

0 84 03SW0601 __ 2 2 NA 

Surface 
Water 
CO PC 

Screening 

Level'" 

NA 
5 

NA 
73 
19 
59 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Shaded name Indicates that the constituent was selected as a COPC Shaded values Indicate that the site concentratlon(s) exceeds this particular criterion 

Footnotes 

RatIonale lor 
EcologIcal RetaIn as a 

Contaminant 
Effects COPC 

DeletIon or 
QuotIent'" ? 

Selectlon(e) 

NA NO NT 
01 NO BSL 
NA NO NT 
01 NO BSL 

001 NO BSL 
005 NO BSL 

NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 

-------

1 The sample and duplicate were counted as two samples when determlnmg the minimum and maximum detected concentrations and locallon of maximum concentrations, but were only counted as 
one sample when determining the frequency of detection One-half of the detecllon limit was used when averaging non-detected data 
2 The maximum detected concentration was used for screening purposes 
3 Refer to Section 3 4 for discussion of the method used to calculate background exceedences 
4 Region 5 EDQLs (U S EPA,1999) 
5 Refer to Section 8 3 2 for ecological effects quotient calculation 
6 Rationale Codes 
For Selection as a COPC 

ASL = Above COPC screening level 
NTX = No toxIcity Informallon available 

For Elimination as a COPC. 
BKG = Below site background level 
BSL = Below cope screening level 
NT = NontoxIc. 

Definitions 
CO PC = Chemical of potenllal concern 
NZ = Not applicable because these parameters are used to characterize the surface water and/or cannot be used to evaluate ecological risks 
NA = Not applicable due to no current available screening levels 

• • • 



• 
Frequency 

ChemIcal of 

Detectlon(1) 

VolatIle Organics (IJg/L) 
METHYLENE CHLORIDE 2/11 I 
ACETONE 1/3 I 
SemI volatile Organics (IJg/L) 
ACENAPHTHYLENE 1/11 I 
: . 2/11 1 
EnergetIcs (IJg/L) 

2-AMINO-4,6-DINITROTOLUENE 1/11 

4-AMINO-2,6-DINITROTOLUENE 2111 
HMX 10/11 

NITROCELLULOSE 1/11 

RDX 9/11 

ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 

, . 
CALCIUM 
CHROMIUM 
COBALT ... -
IRON .. 
MAGNESIUM 
MANGANESE 10/11 

NICKEL 11/11 

POTASSIUM 4/11 

SELENIUM 3/11 

SODIUM 6/11 

TIN 6/11 

VANADIUM 11/11 

ZINC 11/11 

DIssolved Metals (IJ L) 

ALUMINUM 5/11 

ANTIMONY 3/11 

ARSENIC 11/11 

BARIUM 11/11 

CADMIUM 1/11 

CALCIUM 11/11 

CHROMIUM 9/11 

• TABLE 4-24 

ECOLOGICAL RISK SCREENING - SURFACE WATER AT HIGH-FLOW 
SWMU 03 - JEEP TRAIL 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Mmlmun Maximum 
Average of Average 

Location of Maximum 
Concentratlon") Concentratlon(1)(2) 

Positive 01 All 
Concentration 

Detectlons") Results(l) 

95J I 13 I 03SW0802 11 25 
64 I 64 I I 64 I 30 

022 I 022 I 03SW0902 I 02 I 003 
4 I 6 I 03SW1402 I 5 I 13 

15 J 15 J 03SW1702 15 03 
14 J 29 03SW1702 22 05 
1 1 J 90 03SW0902 19 17 

3200 3200 03SW1502 3200 745 
062 63 03SW1702 14 12 

023 J 063 J 03SW0902 
028 J 036 J 03SW0902 
071 J 071 J 03SWll02 

211 2010 03SWll02 
2J 3 J 03SW0602 25 

029 25 03SWll02 11 11 
456 J 156 J 03SW1802 107 107 
012 013 03SW0902,03SW1302 01 01 
083 14 03SW1402 11 05 

6890 58900 03SW1702 36561 36561 
067 J 45J 03SW1102 21 17 
012 19 03SW0902 08 08 
094 184 03SW1102 72 72 
115 J 2550 J 03SWll02 1328 1212 

025 285 03SWll02 43 43 
6460 14300 03SW0602 10400 8245 
331 201 03SW1902 96 88 
15 53 03SW0902 28 28 

5300 J 21600 J 03SW0602 12240 6042 
043 062 03SW0602 05 03 

5090 8070 03SWll02 6567 4718 
3 J 47J 03SW1602,03SW1702 42 24 

022 39 03SWll02 18 18 
25 111 03SWll02 32 32 

260 332 03SW1302-F 282 183 
1 J 24 J 03SW0602-F 18 06 

025 1 03SWll02-F 05 05 
377 J 147 J 03SW1802-F 94 94 
12 12 03SW1602-F 12 04 

7550 61200 03SW1702-F 33888 33888 
051 J 14 J 03SW0902-F 09 07 

• 
Surface 

RatIonale for 
Above 

Water EcologIcal Retain as a 
Contammant 

Background?(J) 
COPC Effects CO PC 

Deletion or 
Screenmg Quotlent(S) ? 

Level(4) 
Selectlon(S) 

NA 430 I 003 NO BSL I 
NA 78000 I 0001 NO BSL I 

NA 4840 I 000005 NO BSL I 
NA 21 . ASL I 

NA NA NA NTX 
NA NA NA NTX 
NA NA NA NTX 
NA NA NA NTX 
NA NA NA NTX 

YES 31 BSL 
NO 53 BSL 
NO 5000 BSL 
NO 76 BSL 
YES 07 ASL 
YES NA NT 
NO 42 BSL 
NO 5 BSL 
YES 5 ASL 
NO NA BKG 
YES 13 ASL 
NO NA NA NO NT 
NO NA NA NO BKG 
NO 29 02 NO BSL 
NO NA NA NO NT 
YES 01 NO BSL 
NO NA NA NO NT 
NO 73 01 NO BSL 
NO 19 02 NO BSL 
YES 59 2 YES ASL 

NO NA NA NO BKG 
YES 31 01 NO BSL 
YES 53 002 NO BSL 

NO 5000 003 NO BSL 
NO 07 18 NO BKG 

YES NA NA NO NT 

NO 42 003 NO BSL 



Frequency 
ChemIcal 01 

Detectlon(l) 

DIssolved Metals (IJ9IL) (Continued) 
COBALT 11/11 

COPPER 11/11 

IRON 2111 

LEAD 9/11 

MAGNESIUM 8/11 

MANGANESE 6/11 

NICKEL 11/11 

POTASSIUM 4/11 

SELENIUM 2/11 

SODIUM 7/11 

TIN 11/11 

VANADIUM 11/11 

ZINC 11/~ 

M,scellaneous Parameters (mglL) 
TOTAL SUSPENDED SOLIDS 8111 

DISSOLVED OXYGEN (mglL) 11/11 

NITRATE (mglL) 10/10 

NITRITE (mglL) 10/10 

OXIDATION REDUCTION POTENTIAL (mv) 11/11 

PH (SU) 11/11 

SPECIFIC CONDUCTANCE (ms/cm) 11111 

TEMPERATURE (OC) 11/11 

TURBIDITY (NTU) 11/11 

Mlnlmun 

TABLE 4-24 

ECOLOGICAL RISK SCREENING - SURFACE WATER AT HIGH-FLOW 
SWMU 03 - JEEP TRAIL 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Maximum Location of Maximum 
Average 01 Average 

Concentratlon(1) Concentrabon(1)(2) Positive 01 All 
Concentration 

Detectlons(1) Results") 

011 072 03SW1902-F 03 03 
084 76 03SW0902-F 33 33 
109 171 03SW1302-F 140 66 

012 J 226 J 03SWll02-F 43 35 
6000 14000 03SW0602-F 10338 8200 
174 100 03SW1902-F 39 25 
088 24 03SW0902-F 16 16 
5220 22900 03SW0602-F 12773 6235 
043 051 03SW0602-F 05 02 

5000 9830 03SW1702-F 8150 6095 
35J 73J 03SW0602-F 5 5 

018 061 03SWll02-F 04 04 
22 217 03SW1902-F 8 8 

~. 

2 100 03SWll02 50 37 
239 1394 03SWll02 91 91 
002 144 03SW0602 04 04 

0 0023 03SW0602 0004 0004 
150 3207 03SW1902 256 256 
72 873 03SW0902 78 78 

0058 0427 03SW1702 03 03 
1673 235 03SWll02 21 21 
075 190 03SWll02 60 60 

Surface 
Water 

Above 
Background?(') 

COPC 
Screening 

Level(4) 

NO 5 
NO 5 
NO NA 
NO 13 
NO NA 
NO NA 
NO 29 
NO NA 
NO 5 
NO NA 
NO 73 
NO 19 
NO 589 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Shaded name Indicates that the constituent was selected as a COPC Shaded values Indicate that the site concentratlon(s) exceeds this particular criterion 

Footnotes' 

RatIonale lor 
EcologIcal Retaon as a 

ContamInant 
Effects CO PC 

DeletIon or 
Quotlent(') ? 

Selectlon(') 

01 NO BSL 
15 NO BKG 
NA NO BKG 
17 NO BKG 
NA NO NT 
NA NO BKG 
01 NO BSL 
NA NO NT 
01 NO BSL 
NA NO NT 
01 NO BSL 
003 NO BSL 
04 NO BSL 

NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 
NA NO NZ 

The sample and duplicate were counted as two samples when determlnnlg the minimum and maximum detected concentrallons and locallon of maximum concentrallons, but were only counted 
as one sample when determining the frequency of detectIOn One-half of the detection limit was used when averaging non-detected data 

2 The maximum detected concentration was used for screening purposes 
3 Refer to SectIOn 3 4 for diSCUSSion of the method used to calculate background exceedences 
4 Region 5 EOQLs (U S EPA, 1999) 
5 Refer to Secllon 8 3 2 for ecological effects quotient calculation 
6 RatIOnale Codes. 
For SelectIOn as a COPC 

ASL = Above COPC screening level 
NTX = No toxICity Information available 

For EliminatIOn as a COPC 
BKG = Below site background level 
BSL = Below COPC screening level. 
NT = NontOXIc 

• 

Oelinilions 
COPC = Chemical of potenlial concern 
NZ = Not applicable because these parameters are used to characterize the suriace water and/or cannot be 

used to evaluate ecological risks 
NA = Not applicable due to no current available screening levels. 

• • 

, 
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TABLE 4-25 

SUMMARY OF MEDIUM SPECIFIC CHEMICALS RETAINED AS CHEMICALS OF POTENTIAL CONCERN FOR 
ECOLGOICAL RISK ASSESSMENT 

CHEMICAL 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

SURFACE SEDIMENT SURFACE WATER 

SOIL SHALLOW (0-6") DEEP (6-12") LOW-FLOW HIGH-FLOW 
Dioxin/Furans (ng/kg) 
1,2,3,4,6,7,8,9-0CDD X 
1,2,3,4,6,7,8,9-0CDF X 
1,2,3,4,6,7,8-HPCDD X 
1,2,3,4,7,8-HXCDD X 
1,2,3,6,7,8-HXCDD X 
1,2,3,7,8,9-HXCDD X 
1,2,3,7,8-PECDD X 
2,3,7,8-TCDD X 
TEO BIRD X 
TEO HUMAN X 
TOTAL HPCDD X 
TOTAL HPCDF X 
TOTAL HXCDD X 
TOTAL HXCDF X 
TOTALPECDD X 
TOTAL TCDD X 
Volatile Organic Compounds Cu.g/kg)/Cu.9/L) 
Bromomethane X 
Semivolatile Organic Compounds(~g/kg)/(~g/L) 
Acenapthene X 
Benzo(b )fluoranthene X 
Bls(2-ethylhexyl)phthalate 
DI-n-butyl phthalate X X X 
Diphenylamine X 
Herbicides (~g/kg)/(~g/L) 
2,4-D X X X 
Pesticides (u.9/kg) 
Methoxychlor X 
Energetics (Jl9/kg)/(u.9/L) 
1,3,5-Tnmtrobenzene X 
2,4-Dlmtrotoluene X 
2,4,6-Trimtrotoluene X X X X 
2-Amlno-4,6-Dlmtrotoluene X X X X X 
2-Nltrotoluene X 
4-Amlno-2,6-Dinltrotoluene X X X X 
HMX X X X X X 
Nitrocellulose X 
RDX X X X X 



TABLE 4-25 

SUMMARY OF MEDIUM SPECIFIC CHEMICALS RETAINED AS CHEMICALS OF POTENTIAL CONCERN FOR 
ECOLGOICAL RISK ASSESSMENT 

SWMU 03 - OLD JEEP TRAILILITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

SURFACE SEDIMENT SURFACE WATER 
CHEMICAL 

SOIL SHALLOW (0-6") DEEP (6-12") LOW-FLOW HIGH-FLOW 
Inorganics (mg/kg)/(mg/L) 
Aluminum X X 
Antimony X X 
Banum X X X 
Beryllium X 
Cadmium X X X X 
Chromium X 
Copper X X X X 
Iron X X 
Lead X X X X X 
Mercury X ---
Nickel X ---
Tm X X 

-. 

Zinc X X X X -

Notes 
All of the above chemicals were selected as a CO PC for the medium mdlcated by the X. 

COPCs - Chemicals of potential concern. 

• 

• 



• 

• 
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TABLE 4-26 

SUMMARY OF MEDIUM-SPECIFIC CHEMICALS OF POTENTIAL CONCERN 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

SURFACE SUB-SURFACE GROUND SEDIMENT SURFACE WATER 
CHEMICAL SOIL SOIL WATER I SHALLOW (0-6") I DEEP (6-12") I LOW-FLOW HIGH-FLOW 

Dioxln/FuransJnglkg) 
1,2,3,4,6,7,8,9-0CDD E,H H 
1,2,3,4,6,7,8,9-0CDF E 
1,2,3,4,6,7,8-HPCDD E,H H 
1,2,3,4,6,7,8-HPCDF H 
1,2,3,4,7,8-HXCDD E 
1,2,3,4,7,8-HXCDF H 
1,2,3,6,7,8-HXCDD E,H 
1,2,3,7,8,9-HXCDD E,H 
1,2,3,7,8-PECDD E,H 
2,3,4,7,8-PECDF H 
2,3,7,8-TCDD E,H 
TEQ BIRD E 
TOTAL HPCDD E,H 
TOTAL HPCDF E 
TOTAL HXCDD E,H 
TOTAL HXCDF ------ E;-R __ ·4~' __ ~ _~ • 

TOTAL PECDD ~ -. -. E~ H-----
TOTAL TCDD - . E, H ______ 

2,3,7,8-TCDD Egulvalents' E,H H 
Volatile Organic Compounds Jj.!gJkg)/IIIWL) 
1,1,2,2-Tetrachloroethane - - H H 
1,1,2-Tnchloroethane H 
1,1-Dlchloroethene H 
Acetone H 
Bromomethane E,H 
cls-1,2-Dlchloroethene H 
Methylene Chlonde H 
Tetrachloroethene H 
Trans-1,2-Dlchloroethene H 
Tnchloroethene H H H 
Vinyl Chlonde H 
Semivolatile Organic Com): ounds (l1g/kg)/{!J.BLLl 
Acetophenone H 
Acenaphthene E 
Benzo(a)pyrene H 
Benzo(b)fluoranthene H 
bls(2-ethylhexyl) phthalate E,H 
DI-n-butyl phthalate E E E 
Diphenylamine E 
Naphthalene E 



TABLE 4-26 

SUMMARY OF MEDIUM-SPECIFIC CHEMICALS OF POTENTIAL CONCERN 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Energetics (Mg/kg)/U19/L) 
1,3,5-Trlnltrobenzene E 
2,4-Dlnltrotoluene H H E 
2,4 ,6-Trinitrotoluene E,H H E E 
2-AmIn0-4,6-Dlnttrotoluene E,H H H E E,H 
2-Nltrotoluene E 
4-Amlno-2,6-Dlnltrotoluene E,H H H E E 
HMX E,H E E 
Nitrocellulose 
RDX E,H H H E 
Inorganics (mglkg)/(mglL) 
Aluminum H E,H E,H 
Antimony E,H H 
Barium E,H H H E,H E,H 
Beryllium E 
Cadmium E,H H H E E,H 
Chromium E,H H 
Cobalt H 
Copper E H E E 
Iron E,H H H 
Lead E,H H E,H E,H 
Manganese H H 
Mercury E,H 
Nickel E,H H H 
Silver H 
Thallium H 
Tin E E 
Zinc E,H H E E 

Notes 
E Indicates that the chemical was retained as a COPC for the ecological risk assessent 
H Indicates that the chemical was retained as a CO PC for the human health risk assessment 
• 2,3,7,8-TCDD Equivalents Includes TEO Mammal . 

COPCs - Chemicals of potential concern 

• 

E 
E,H E,H 

E,H E,H 
E E 

E 
E,H E,H 

H 

E 

E 
E • E,H E,H 

E 

• 



• 5.0 NATURE AND EXTENT OF CONTAMINATION 

NSWCCrane 
RFI 

RevIsion: 0 
Date: October 2003 

Section' 5 
Page 1 of 29 

Soil (surface and subsurface), ground water, surface water, and sediment samples were collected from 

OJT/LSC and analyzed for the presence of site-related contamination during this investigation. The 

chemical analyses performed on individual samples were selected based on the history of site operations 

and the need to conduct a technically defensible RFI. Areas that were known as potentially contaminated 

with particular chemicals were analyzed for those and related chemicals as presented in Table 2-2 of 

Section 2. Based on analytical data obtained dUring this investigation, the nature and extent of COPCs 

and related chemicals, such as chemical degradation products, are discussed on a matrix-specific basis 

In the follOWing subsections. 

The QAPP for OJT/LSC (TtNUS, 2001 b) states that the extent of contamination will be delineated by the 

perimeter encompassing both a Hazard Index (HI) of 1.0 and an Incremental lifetime cancer risk (ILCR) of 

10E-4 for a future potential resident. This was not necessary because an identification of sample 

concentrations at various sampling areas was sufficient to establish the extent of contamination. 

Contaminants are discussed relative to COPC screening levels that were used to select them as COPCs. 

• All references to bounding of contamination refer to spatial contammant patterns that exhibit 

concentrations In excess of CO PC screening levels toward the center, and concentrations less than 

COPC screening levels in a direction away from the center of the contaminated area. 

• 

Figures 5-1 through 5-7 are environmental media-specific presentations of chemical concentrations. 

Chemicals shown are the COPCs and related chemicals such as degradation products. In thiS project, all 

detected degradation products were, themselves, COPCs. All COPCs for the medium of Interest are 

plotted at each sampling location where they were analyzed and detected. If a chemical was not 

detected or its concentration at a particular location was not measured, then the chemical was not shown 

on the figure. Flags such as "ECO" and "R9RES" are Incorporated Into the tags to show where an 

analyte concentration exceeds one or more risk-based cnterla that were used as the bases for COPC 

selection criteria. 

If a COPC was selected for one medium, It was also plotted as If It was detected In an associated 

medium. For example, COPCs In surface soil were also plotted for subsurface soil whether or not they 

were selected as COPCs In subsurface SOIl. ThiS was done to show relationships for the affected 

analytes, If any, In the associated media. The associated media were: Surface sOil/subsurface soil; high­

flow surface waterflow-flow surface water; shallow sediment/deep sediment; total/dissolved metals in 

ground water or surface water. 
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A flag such as "ECO" or "R9T AP" appeanng in a tag next to a chemical name Indicates that the chemical 

concentration at the location of Interest exceeded the screening criterion presented in Section 4.0. For 

the selection of human health COPCs, the U.S. EPA Region 9 PRGs for direct contact with sOil (R9RES) 

and ingestion of tap water (R9T AP) were divided by 10 for noncarcinogenic compounds. For the figures, 

a R9RES or R9T AP flag appears next to a noncarcinogenic chemical when the concentration exceeds 

the unadjusted U.S. EPA Region 9 PRG. Consequently, It IS possible for a noncarcinogenic COPC to 

appear on a figure with no flag next to It. The U.S. EPA Region 9 PRGs for carcinogens were not divided 

by 10 so this discrepancy does not arise for carcinogens. The U.S. EPA Region 9 PRGs for soil and 

ground water are presented In Tables 4-8 and 4-9, respectively. 

Some chemicals plotted on the tag maps have no ecological screening criteria (and hence no COPC 

screening levels). Those chemicals were selected as COPCs and do not show exceedance flags 

because there are no screening criteria 

5.1 SURFACE SOIL 

Forty-eight surface soil samples were collected across the approximately 6-acre OJT. Figure 1-7 displays • 

the locations where these samples were collected and Table 2-2 identifies the analyte fractions for which 

each sample was analyzed. Figures 5-1 and 5-2 present a geographical depiction of organic and 

inorganic COPC ~oncentratlons In surface sOil, respectively. The same organic and Inorganic 

constituents are plotted for both surface and subsurface sOil samples although a particular analyte might 

be a COPC In only one of those media. This was done so the change In concentrations with soil depth 

could be seen. Table 4-1 presents a summary of the results reported for the surface soil samples 

collected from OJT/LSC. Tables 4-10 and 4-11 present a summary of descnptlve statistics for surface 

soil detections, Including ranges of detections, frequencies of detection, locations of maximum 

concentrations, comparisons to background concentrations, and human health risk assessment screening 

criteria. AppendiX E contains a copy of the entire analytical database for OJT/LSC surface soil. 

Volatile Organic Compounds 

Fifteen surface sOil samples were analyzed for VOCs near the Burn Pit, the Burn Area, and the fill dump 

areas. Figure 5-1 shows that COPC, trlchloroethene, was detected in Just three of those samples at 

concentrations ranging from 3 Ilg/kg to 14 Ilg/kg, which are generally greater than the 3 Ilg/kg human 

health COPC screening level (See Table 4-11, DAF1). The greatest concentration was detected in 

sample 03SS230002 at 14 Ilg/kg. Five other non-CO PC VOCs were also detected in up to four samples • 
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as shown In Table 4-10, but not at concentrations great enough to classify those chemicals as COPCs. 

In general, the VOC concentrations are low and sparsely distnbuted even when rejected data are 

considered. The locations where VOCs were detected are localized to three small areas near soil borings 

03SB23, 03SB48, and 03SB26. These areas are not completely bounded In all directions relative to the 

tnchloroethene screening level, but the observed concentrations do not appear to reflect a significant 

VOC contaminant source. 

Semivolatile Organic Compounds 

Forty-five surface sOil samples were analyzed for SVOCs across the OJT/LSC. Only bonngs located on 

the hillside east of the Burn Area and Burn Pit were not analyzed for SVOCs. Figure 5-1 shows that 

COPCs, naphthalene and dl-n-butyl phthalate, were detected In four and nine samples at concentrations 

ranging from 11 I-lg/kg to 130 1-l9/kg and 110 I-lg/kg to 4,500 I-lg/kg, respectively. Naphthalene exceeded 

the nsk based concentrations or (ARARs) that were used as the' basIs for COPC screening levels, 

herefore referred to as Risk-based Cntena (RBCs). The exceedances, which are Identified on the tags of 

Figure 5-1, with codes such as "ECO" and "R9RES" occurred In sample 03SB240002 only. Di-n-butyl 

phthalate exceeded the ECO RBC In samples 03SB130002, 03SB170002, 03SB180002, 03SB260002, 

and 03SB450002 (See Table 4-20). Fifteen Polycyclic Aromatic Hydrocarbons (PAHs), two phthalates, 

and 1,4-phenylenedlamlne were also detected in up to nine samples as shown In Table 4-10, but not at 

concentrations great enough to classify those chemicals as COPCs even when possible negative 

concentration biases are considered. The bulk of the PAH and phthalate detections occur In or near the 

Burn Area and Burn Pit, as might be expected (PAHs are combustion products). PAHs could also have 

come from sources such as discarded 011, combustion products and the creosote-coated utility poles to 

which bomb casings were lashed. Phthalates may be attributed to the disposal and burning of plastics. 

The samples that contain PAHs and phthalates that are located outside the burn area are sparsely 

distributed but suggest that burning or disposal could have occurred in other areas along the OJT/LSC, or 

the contaminants were spread by air transport/deposition. 

Energetics 

Forty-eight surface sOil samples were analyzed for energetics across the OJT/LSC Figure 5-1 shows 

that COPCs, (1,3,5-tnmtrobenzene, 2,4,6-tnnltrotoluene, 2,4-dinitrotoluene, 2-amIn0-4,6-dinltrotoluene, 

2-nltrotoluene, 4-amino-2,6-dlnltrotoluene, HMX, and RDX) were detected In up to nine samples at 

concentrations ranging from 0.28 mg/kg to 2,400 mg/kg. All but samples 03SB330002, 03SB380002, and 

03SB450002 are located within or Just outside the Burn Area and Burn Pit, indicating that residual 

• energetics from site operations remain In the surface soils of thiS area. The sample concentrations at 
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bonngs 035B22 and 035B24 of the locations near the Burn Pit and Burn Area exceed their COPC 

screening levels by at least one order of magnitude. Energetic compounds, as a group, represent the 

most prevalent surface sOil contaminants at the OJT/L5C. Energetics are well bounded along the eastern 

edge of the Jeep Trail, with the exception of a couple of detections of HMX at borings 035B01 and 

035B03, neither of which exceeds the CO PC screening level. Energetics are not bounded west of the 

Jeep Trail near the Burn Area, including the area southwest of the Burn Pit where the only surface soil 

sample collected In that area (035B260002) had an HMX concentration of 58 mg/kg and an ROX 

concentration of 4.3 mg/kg. The concentrations of Energetics greater than COPC screening levels are 

well bounded north and south of the Burn Area. All energetic concentrations that exceed R9RE5 

screening levels were found within 100 feet of soil bOring 035B24, which had the greatest energetic 

concentrations of all sOil bOrings, by at least a factor of five. ThiS boring is located at the southeast end of 

the Burn PIt. The area covered by the locations exceeding R9RE5 cnteria constitute approximately one 

tenth of an acre. 

Dioxins and Furans 

Eleven surface sOil samples along the OJT were analyzed for PCOOs and PCOFs, espeCially at areas 

• 

suspected of past burn activities. All 17 individual isomers for PCODs and PCDFs and six total PCDDs • 

and PCDFs (total HPCDD, total HPCDF, total HXCDD, total HXCDF, total PECDD, and total TCDD) were 

detected In surface samples at concentrations ranging from 0.12 ng/kg to 3,440 ng/kg. The TEas rather 

than the Individual PCDD or PCDF concentrations are plotted on Figure 5-1 because only the 

2,3,7,8-TCDD TEas are evaluated for human health and ecological risks. TEas ranged from 0.12 ng/kg 

to 7.4 ng/kg. Dloxln/furan compounds are often found In environmental media as a result of natural (e.g., 

forest fires) and anthropogenic activities (i.e., they are by-products of various combustion and chemical 

processes). The octa- and hepta-chlorlnated 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 represent 

burning processes carned out along the OJT. The 2,3,7,8-TCDD TEas (bird and mammal) reported from 

locations 035B17, 035B23, and 035B26 (5ee Figure 5-1) are Similar to background soil concentrations 

reported In the literature; concentrations in the remaining samples are less than background 

concentrations reported In the literature. [The arithmetic mean TEO concentration detected In soil 

samples representing background conditions in the United 5tates is estimated to be eight ng/kg [Agency 

for Toxic 5ubstances and Disease Registry (AT5DR), 1997]. 5ample 0355170002, located at the 

southeastern end of the Burn Area, contained the greatest concentrations of PCDDs and PCDFs. Based 

on contaminant patterns, most PCDDs and PCDFs are contained around the perimeter of the Burn Pit 

and could be attributed to the combustion of chlorinated-solvent-soaked rags or other chlonnated fuels. It 
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is logical to expect that the PCDDs and PCDFs generated through combustion were dispersed by wind 

because individual PCDD and PCDF concentrations and the TEQs generally decrease with distance from 

the Burn Area and Burn Pit. 

Pesticide and PCBs 

Five surface soil samples were analyzed for pesticides and PCBs along the old jeep trail extending from 

the north to south SIte boundaries. No pesticides or PCBs were detected at OJT/LSC in surface sOils. 

This is an indication that these chemicals are not significant site contaminants. 

Herbicides 

Five surface soil samples were analyzed for herbicides along the old jeep trail. Dlnoseb, 2,4-0 and 

2,4,5-T were detected Infrequently in OJT surface sOils at concentrations ranging from 6.4 ~g/kg to 

11 ~g/kg. As shown In Figure 1-7, the locations of these samples and the concentrations are along the 

OJT and are consistent with topical spot applications at OJT/LSC. No herbicides were retained as 

COPCs for surface soil samples because their concentrations were less than the COPC screening levels. 

• The eXistence of a negative concentration bias for herbicides does not reverse this conclusion. 

• 

Metals 

Thirty-two surface soil samples were analyzed for metals across the OJT ILSC except for the area 

between the northern end of the Burn Pit to soil bOring 03SB39 located to the north. Due to the 

operational history of the Burn Area, only explosives and semivolatlles were analyzed In samples 

collected from this area. Figure 5-2 shows that COPCs, barium, cadmium, chromium, Iron, lead, mercury, 

nickel, and ZinC exceeded human health and ecological cope screening levels and that beryllium and 

copper exceeded ecological screening levels only. Four of the detected metals (calcium, magnesi~m, 

potaSSium, and sodium) are conSidered to be essential nutrients and are not discussed any further. Nine 

non-CO PC metals were also detected In surface sOils but at concentrations that are statistically 

indistinguishable from background concentrations or less than COPC screening levels. 

• Barium, chromium, Iron, lead, nickel, copper, and zinc were detected In 32 of 32 samples. 

Concentrations ranged from 66.2 mg/kg to 2,040 mg/kg (barium), 7.7 mg/kg to 288 mg/kg 

(chromium), 8,280 mg/kg to 51,600 mg/kg (Iron), 9.2 mg/kg to 10,200 mg/kg (lead), 8.9 mg/kg to 

32.6 mg/kg (nickel), 5.4 mg/kg to 63.9 mg/kg (copper), and 19.5 mg/kg to 739 mg/kg (zinc) . 
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• Beryllium and Mercury were detected In 31 of 32 samples at concentrations ranging from 0.33 mg/kg 

to 1.4 mg/kg, and 0.017 mg/kg to 0.26 mg/kg, respectively. 

• Cadmium was detected in 29 of 32 samples at concentrations ranging from 0.35 mg/kg to 4.4 mg/kg. 

These metals could have been associated with waste incinerated at the Burn Area and Burn Pit. The 

majority of metal concentrations that exceed typical background concentrations are at sampling locations 

in or near the Burn Area and Burn Pit. The spatial distributions of these metals suggest a limited 

exposure potential of receptors to the metals outside the Burn Area and Burn Pit exposure unit because 

the greatest concentrations of metals are associated with a few bOrings spread across the site. Further 

evaluation of thiS IS presented in Section 7.1. Iron was detected In all samples at concentrations greater 

than screening levels. The iron concentration In surface soil is rather evenly distributed across the 

sampled locations of the OJT ILSC, with no hot spots, suggesting that the iron IS not an operationally 

related contaminant. Locations of elevated chromium concentrations are, physically bounded by the 

depreSSion surrounding bOrings 03SB27 and 03SB28. Iron is poorly bounded but poses limited human 

health risk as explained In Section 7.1. 

Miscellaneous Parameters 

Nitrate concentrations ranged from 0.8 mg/kg to 49 mg/kg. Nitrite concentrations ranged from 2.4 mg/kg 

to 5.6 mg/kg. Perchlorate concentrations ranged from 24 Ilg/kg to 470 Ilg/kg. All nitrate and nitrite 

detections were less than COPC screening levels and no toxiCity Information IS available for the 

perchlorate results. The maximum detection for nitrate was In sample 0388240002, which also had the 

maximum detections for the energetics COPCs. The presence of nitrate In high concentrations is 

interpreted to be an indication of the degradation of the energetics. 

5.2 SUBSURFACE SOIL 

Sixty-two surface SOil samples were collected across the approximately 6-acre OJT/LSC site. Figure 1-7 

displays the locations where these samples were collected and Table 2-2 identifies the analyte fractions 

for which each sample was analyzed. Figures 5-3 and 5-4 present a geographical depiction of organic 

and inorganic COPC concentrations In subsurface SOil, respectively. The same organic and inorganic 

constituents are plotted for both surface and subsurface SOil samples although a particular analyte might 

be a COPC in only one of these media. This was done so the change In concentrations with soil depth 

could be seen. Table 4-2 presents a summary of the results reported for the surface SOil samples 

• 

• 

collected from OJT/LSC. Tables 4-13 presents a summary of descriptive statistiCS for subsurface SOil • 
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detections, including ranges of detections, frequencies of detection, locations of maximum 

concentrations, comparisons to background concentrations, and human health risk assessment screening 

criteria. Appendix E contains a copy of the entire analytical database for OJT/LSC subsurface sOIL 

Volatile Organic Compounds 

Twenty-five subsurface soil samples were analyzed for VOCs near the Burn Pit, the Burn Area, and the fill 

dump areas. Figure 5-3 shows that COPCs, trlchloroethene and 1,1 ,2,2-tetrachloroethene, were 

detected In SIX and two of those samples at concentrations ranging from 6 Ilg/kg to 33 Ilg/kg and 1 Ilg/kg 

to 2 Ilg/kg, respectively. These concentrations were generally greater than the 0.2 Ilg/kg and 3 1l9/kg 

human health COPC screening levels (See Table 4-13, DAF1), respectively. Five other non-COPC VOCs 

were also detected In up to five samples as shown In Table 4-13, but not at concentrations great enough 

to classify those chemicals as COPCs in subsurface sOIL Chlorinated solvent detections are 

concentrated In locations 03SB46, 03SB47, and 03SB48. All of these sOil bOrings are located In or near 

the topographical depreSSion toward the southeastern end of the sampled area. While the exact location 

of the source IS not known it IS likely to be located within 100 feet of well 03-07 based on the observed 

VOC ground water concentrations described In Section 5.3. The source location IS estimated to be 

northwest of well 03-07. 

Semivolatile Organic Compounds 

Sixty-two subsurface so~1 samples along the OJT/LSC were analyzed for SVOCs. Figure 5-3 shows that 

COPCs, benzo(a)pyrene, benzo(b)fluoranthene, and acetophenone were detected In two samples each, 

at concentrations ranging from 11 Ilg/kg to 110 Ilg/kg, 14 Ilg/kg to 290 Ilg/kg, and 81 Ilg/kg to 120 Ilg/kg, 

respectively. Benzo(a)pyrene and benzo(b)fluoranthene exceeded RBCs (See Table 4-12, R9RES and 

Table 4-13, DAF1, respectively) In sample 03SB180204 only. ThiS IS eVident by the presence of R9RES 

and DAF1 flags in the tags of Figure 5-3 at soil boring 03SB18. Acetophenone exceeded the one tenth 

RBC for non-carcinogenic compounds (See Table 4-12, R9RES) in samples 038B220204 and 

03SB240406. Fourteen PAHs, three phthalates, and three phenolic compounds were also detected In up 

to seven samples as shown In Tables 4-12 and 4-13, but not at concentrations great enough to classify 

those chemicals as COPCs, even when possible negative concentration biases are considered. The bulk 

of the PAH and phthalate detections occur in or near the Burn Area and Burn Pit, as might be expected 

(PAHs are combustion products). PAHs could also have come from sources such as discarded 011, 

combustion products and the creosote-coated utility poles to which bomb casings were lashed. 

Phthalates may be attributed to the disposal and burning of plastics. The samples that contain PAHs and 

phthalates that are located outSide the Burn Area are sparsely distributed but suggest that burning or 
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disposal could have occurred In other areas along the OJT/L8C. Acetophenone was not detected in 

bOrings 038B19, 038B21, or 038B23 which bound borings 038B22 and 038B24 on three sides. This 

chemical was not detected In any surface sOils, Including the surface sOil sample Immediately above 

these subsurface samples. 80il boring 038B18, located on the northwestern edge of the Burn Pit, was 

the only location that had a PAH concentration greater than COPC screening levels. 

Energetics 

8lxty-two subsurface sOil samples along the OJT/L8C were analyzed for energetics. Figure 5-1 shows 

that COPCs, 2,4-dlnltrotoluene, 2-amino-4,6-dinitrotoluene, 4-amlno-2,6-dinitrotoluene, and RDX, were 

detected In up to five subsurface soil samples at concentrations ranging from 0.42 mg/kg to 4.4 mg/kg. 

2,4-dlnltrotoluene was detected in sample 038B180204 only, and ItS concentration in that sample 

(0.63 mg/kg) exceeded the human health COPC screening level (8ee Table 4-13, DAF1). RDX had the 

greatest concentration at sample 038B241215 (4.4 mg/kg). In general, the energetics concentrations are 

less and the frequencies of detection are less In subsurface samples than in surface samples. The 

majority of locations where detections occur are within the same footprint as the surface samples. This IS 

consistent with the long term burning of explosives in the Burn Area and Burn Pit The vertical extent of 

contamination IS well bounded at all locations except 038B24, as evident by no detectable energetic • 

compounds In the deepest sOil Interval or by a decreasing concentration trend With Increasing depth. 

With the exception of location 038B24, none of the detected energetics In the deepest sol Interval exceed 

COPC screening levels. 

Of all the SOil borings, soli bOring 038824 had the greatest RDX concentration In surface soil (2.4 mg/kg). 

The subsurface soil energetics concentrations are 1.4 mg/kg In the 4 to 6-foot interval and 4.4 mg/kg RDX 

In the 12 to 15-foot Interval. None of the energetic concentrations in subsurface soils exceed risk-based 

concentrations at soil boring 038B24. As shown in Figure 5-3 where none of the energetic compound 

concentrations have a flag next to them in subsurface soil at boring 038B24. Only 2,4-dlnltrotoluene 

exhibits an exceedance of the DAF1 at SOil bOring 038B18 (Figure 5-3) and the 2,4-dlnltrotoluene 

concentration (0.63 mg/kg) is very near to the nominal detection limit of 0.3 mg/kg. Thus, the 

concentrations of energetic compounds are sufficiently well bounded to support the evaluation of risk at 

thiS site. 

Dioxins and Furans 

Two subsurface soil samples were analyzed for PCDDs and PCDFs at the lowest sample depth bgs in 

the north and south ends of the Burn Pit. Three indiVidual isomers (1,2,3,4,6,7,8,9-0CDD, • 
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1 ,2,3,4,6,7,8-HPCDD, and 1 ,2,3,6,7,8-HXCDD) for PCDDs and PCDFs and two total PCDDs and PCDFs 

(total HPCDD and total PECDD) were detected in subsurface samples at concentrations ranging from 

0,029 ng/kg to 970 ng/kg. The TEas rather than the individual PCDD or PCDF concentrations are plotted 

on Figure 5-3 because only the 2,3,7,8-TCDD (TEas) are evaluated for human health and ecological 

risks. The dioxin results in subsurface samples are less In concentration and number of compounds 

detected as compared to the surface sample results. Dioxins were only analyzed In subsurface sOils at 

bOrings 03SB19 and 03SB24 so the full extent of contamination cannot be determined. However, the 

observed concentrations may be attributable' to the combustion of chlorinated-solvent-soaked rags or 

other chlonnated fuels. The 2,3,7,8-TCDD TEas (bird and mammal) reported from locations 03SB19 

(bird 0.019 ng/kg, mammal 0.029 ng/kg) and 03SB24 (bird 0.11 ng/kg, mammal 0.21 ng/kg) (See Figure 

5-3) are less than background sOil concentrations reported In the literature. [The arithmetic mean TEa 

concentration detected In sOil samples representing background conditions in the United States IS 

estimated to be 8 ng/kg (A TSDR, 1997)]. 

Although the full extent of diOXin and furan contamination greater than COPC screening levels cannot be 

defined from just two samples, the two samples analyzed for these chemicals were located where 

dloxin/furan contamination, If present, would be detected. The relatively low concentrations of the 

detected dioxins and furans indicate that these chemicals are not significant site contaminants. They may 

even represent local anthropogenic background concentrations based on comparisons of site TEas to 

literature values; however, there are no available background data for diOXinS and furans at NSWC Crane 

as noted above (U.S. EPA, 2000d). The insignificance of dioxin and furans at the OJT/LSC is also 

evident from a review of Figure 5-3 that shows no risk-based criteria exceedance flags next to the plotted 

TEas. This is the case even at sOil bonng 03SB24 where several chemicals exhibited the greatest 

degree of contamination. Therefore, while dioxins and furans were detected at concentrations greater 

than cope screening levels, the concentrations are low, and additional investigation of diOXinS or furans 

IS not warranted. 

Pesticide and PCBs 

Subsurface samples were not analyzed for pestiCides and PCBs. Given that surface sOils showed no 

detectable concentrations of these chemicals, there is a high level of confidence that these chemicals 

would playa minor role or no role at all as site related contaminants In subsurface soils . 
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Herbicides 

Subsurface samples were not analyzed for herbicides. Given that surface soils showed sparsely 

dlstnbuted and low concentrations of these chemicals, there is a high level of confidence that these 

chemicals are not significant site-related contaminants in subsurface soils despite the observed negative 

concentration biases. 

Metals 

Thirty-seven subsurface sOil samples were analyzed for metals across the OJT ILSC for the area between 

the northern end of the 8urn Area to soil boring 03S839 located to the north. Twenty-four of the metals 

were detected in at least one subsurface soil sample. Four of the detected metals (calcium, magnesium, 

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

Figure 5-4 shows that COPCs, barium, cadmium, cobalt, copper, iron, lead, manganese, nickel, silver, 

and zinc exceeded human health COPC screening levels. Ten additional non-CO PC metals were also 

detected In subsurface soils but at concentrations that are statistically indistinguishable from background 

concentrations or less than COPC screening levels. The samples exhibiting metal concentrations that 

exceed CO PC screening levels are scattered throughout the OJT/LSC at vanous depths and generally 

extend as far as the lateral OJT/LSC boundanes. The maximum concentrations of seven out of the ten 

occurred In borings 03S824 and 03S848. This, coupled With maximum concentrations (See Tables 4-12 

and 4-13), of non-COPC metals at the same locations, reinforces the understanding that most of the site­

related contaminants are found primarily In or near the 8urn Area, 8urn Pit, and the topographical 

depression near the southeastern end of the sampled area. 

Miscellaneous Parameters 

Nitrate concentrations ranged from 1.1 mg/kg to 38 mg/kg. Nitrite concentrations ranged' from 2.3 mg/kg 

to 15 mg/kg. Perchlorate concentrations ranged from 32 Ilg/kg to 43 Ilg/kg. All nitrate and nitrite 

detections were less than COPC screening levels and no tOXicity Information is available for the 

perchlorate results. MaXimum detections for nitrate and perchlorate occurred In sample 03S8390206. 

Sample 03S8390206 did not contain any detections for energetics so the presence of nitrate In this 

sample could Indicate migration from the breakdown of energetic compounds from surface contamination 

upgradient of boring 03S839. 
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Fifteen ground water samples were collected across the approximately 6-acre OJT plus additional area 

outside of the OJT. Figure 1-7 displays the locations where these samples were collected and Table 2-2 

identifies the analyte fractions for which each sample was analyzed. Figures 5-5 and 5-6 present a 

geographical depiction of organic and inorganic COPC concentrations in ground water, respectively. 

Table 4-3 presents a summary of the results reported for the surface soil samples collected from 

OJT/LSC. Table 4-14 presents a summary of deSCriptive statistics for ground water detections, including 

ranges of detections, frequencies of detection, locations of maximum concentrations, comparisons to 

background concentrations, and human health risk assessment screening criteria. AppendiX E contains a 

copy of the entire analytical database for OJT/LSC ground water samples. Sample 03GW2501 was 

analyzed for dissolved TAL metals because the turbidity of the ground water after stabilization (25 NTUs) 

was greater than 10 NTUs. Sample 03GW1601 was deSignated to be the OJT/LSC upgradlent ground 

water sample. 

Volatile Organic Compounds 

Figure 5-5 shows that 8 VOCs (1,1 ,2,2-tetrachloroethane, 1,1 ,2-trichloroethane, 1, 1-dichloroethene, 

cis-1,2-dichloroethene, tetrachloroethene, trans-1,2-dlchloroethene, trichloroethene, and vinyl chloride) 

were detected In ground water samples. Chlorinated solvents were detected in ground water samples 

03GW0701, 03GW1201, 03GW1501, 03GW2001, 03GW2201, al"1d 03GW2401 at concentrations 

exceeding COPC screening levels. The chlorinated solvent detections that excee~ COPC screening 

levels are from wells located in the south central portion of the OJT/LSC. The maximum detected 

concentrations of the chlorinated solvents were observed In sample 03GW0701. ThiS indicates that the 

chlorinated VOC source is located near well 03-07. Furthermore, the ground water flows northeast and 

southwest from that pOint for a short distance until the Karst conduits for Spring A and C are reached and 

then the direction of flow IS almost directly south (Section 1.3.4). The VOC concentrations decrease in 

the northeasterly and southwesterly directions from well 03-07 to the Karst condUits for Spnng A and C. 

When these data are Viewed with the potentiometric surface map (Figure 1-18) it IS apparent that the flow 

direction IS primarily northeasterly. The samples collected at the farthest points downgradient of well 

03-07 had detections for chlorinated solvents (03-20: trlchloroethene at 0.3 Ilg/L and 03-24: 

trlchloroethene at 23 Ilg/L, 1,1 ,2,2-tetrachloroethane at 3.9 Ilg/L, 1,1 ,2-trlchloroethane at 0.5 1l9/L, 

cls-1,2-dichloroethene at 7.7 Ilg/L, and trans-1,2-dichloroethene at 1.2 Ilg/L). Based on VOC 

concentration data alone, the extent of ground water VOC contamination does not appear to be bounded. 

However, Section 6.3.2 explains how the ground water flow characteristics are preventing northeasterly 

migration of VOCs beyond the viCinity of well 03-07. 
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Semivolatile Organic Compounds 

Bls(2-ethylhexyl) phthalate was detected in sample 03GW2301 at a concentration of 2 Ilg/L. This 

compound IS considered to be a common laboratory contaminant, and the low concentration found only in 

well 03-23 at the OJT/LSC IS similar to those concentrations commonly found in laboratory method 

blanks. Bls (2-ethylhexyl) phthalate was also detected infrequently In surface and subsurface sOil 

samples from the OJT/LSC. ThiS compound IS not conSidered to be a significant site contaminant. The 

observed ground water concentration is not great enough to cause it to be selected as a COPC In ground 

water. 

Energetics 

Six energetics (1,3,5-tnnltrobenzene, 2,4,6-tnnltrotoluene, 2-amino-4,6-dinitrotoluene, 4-amlno-2,6-

dinitrotoluene, HMX, and RDX) were detected In the ground water samples. Maximum detected 

concentrations of energetics occurred In sample 03GW21 01, located south of, and downgradlent to, the 

Burn Area. RDX, 2,4,6-tnnltrotoluene, 2-amino-4,6-dinitrotoluene, and 4-amlno-2,6-dlnltrotoluene were 

retained as COPCs. Ground water concentrations of RDX exceeding the COPC screening levels 

generally extend to the OJT/LSC site boundary, thus It IS unbounded. However, the RDX concentrations 

decrease from the north to south, which IS the general direction of regional ground water flow. Given that 

RDX was also detected in the surface and subsurface sOils at the OJT/LSC, the sOils could be a source of 

energetics contamination In ground water. The energetics, 2,4,6-tnnltrotoluene, 2-amino-4,6-

dlnltrotoluene, and 4-amlno-2,6-dlnitrotoluene are not detected In the most southerly, easterly, or westerly 

wells at OJT/LSC indicating that these energetics are bounded in three directions. 

Metals 

Twenty metals were detected in the ground water samples. Four of the detected metals (calcium, 

magnesium, potassium, and sodium) are conSidered to be essential nutrients and are not discussed any 

further. Cobalt, copper, lead, vanadium, selenium, and ZinC were statistically determined to exceed 

background concentrations but were not retained as COPCs because their maximum concentrations are 

less than their respective COPC screening levels. 

Aluminum, banum, cadmium, chromium, Iron, manganese, nickel, and thallium were retained as COPCs . 

• Barium, Iron, and nickel were detected In all 15 ground water samples at concentrations ranging from 

19.4 Ilg/L to 275 Ilg/L, 103 Ilg/L to 1,650 Ilg/L, and 1.3 Ilg/L to 91.2 Ilg/L, respectively. 
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Aluminum, chromium, and manganese were detected in 10, 12, and 13 of 15 samples at 

concentrations ranging from 7.5 ~g/L to 372 ~g/L, 0.24 ~g/L to 90.8 ~g/L, and 2.1 ~g/L to 445 ~g/L, 

respectively. 

• Cadmium and thallium were detected in one sample at a concentration of 12 ~g/L and 0.5 ~g/L, 

respectively. 

Sample 03GW2501 was analyzed for total metals (unfiltered sample) and dissolved metals (filtered 

sample) because the turbidity exceeded 10 NTUs. Un-filtered and filtered samples yielded similar 

concentrations for barium, chromium, and nickel. This Indicates that any particulate matter In the sample 

contnbuted little to the total metal concentration for these metals. Aluminum (total = 372 ~g/L, dissolved = 

23.7 ~g/L), iron (total = 768 ~g/L, dissolved = 98.8 ~g/L) and manganese (total = 27.0 ~g/L, dissolved = 

1.0 ~g/L) were detected at greater concentrations in the un-filtered sample. This Indicates that the 

preponderance of these metals is associated with particulate matter. Lead, thallium, vanadium, and zinc 

were detected In the unfiltered sample at concentrations near the detection limit, but were not detected in 

the filtered sample . 

The maximum detected metal concentrations were divided among 11 of 15 sampling locations. As shown 

In Figure 5-6, there does not appear to be a pattern of contamination In the ground water for barium, 

aluminum, chromium, manganese, and Iron. Well 03-12 had the greatest nickel concentration by a factor 

of ten over the next highest well and nickel is well bounded. Well 03-18, the furthest downgradient well at 

the OJT/LSC, had the only detection In ground water for cadmium. Cadmium and thallium were not 

detected In any wells In the Burn Area or Burn Pit, which are considered to be the most likely source 

areas of ground water contamination and further investigation of these metals IS not recommended. 

Metals detected In ground water were also detected In surface and subsurface SOil samples at SWMU 03 

as would be expected for naturally occurring metals and for ground water contaminants. 

Miscellaneous Parameters 

Nitrate concentrations ranged from 0.01 mg/L to 1.65 mg/L, With the maximum occurring In sample 

03GW1001. Nitnte concentrations ranged from 0.001 mg/L to 0.03 mg/L, With the maximum occurring in 

sample 03GW2201. Nitrate and nitrite extend to the OJT/LSC boundaries and may be breakdown 

products or residual components of explOSives. Nitrate exceeded the human health COPC screening 

level and has been retained as a CO PC . 
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As detailed In Table 2-2, 15 shallow sediment samples were collected and analyzed for the analyte 

fractions marked In the table. Figure 1-7 displays the locations where shallow sediment samples were 

collected. Figures 5-7 and 5-8 present a geographical depiction of organic and Inorganic COPC 

concentrations in shallow and deep sediments. The same organic and inorganic constituents are plotted 

for both shallow and deep sediment samples although a particular analyte might be a COPC In only one 

of those media. This was done so the change In concentrations with sediment depth could be seen. 

Table 4-15 presents a summary of deSCriptive statistics for shallow sediment detections, including ranges 

of detections, frequencies of detection, locations of maximum concentrations, comparisons to background 

concentrations, and human health risk assessment screening crltena. Appendix E contains a copy of the 

entire analytical database for OJT/L5C sediment samples. 5hallow sediment samples 0350010006, 

0350020006, 0350030006, and 0350040006, which were collected in Little 5ulphur Creek upgradient of 

the main treatment area In 5WMU 03, were used as the upgradient shallow sediment samples for the 

OJT/L5C evaluation 

Volatile Organic Compounds 

Five VOCs (1,1, 1-trichloroethene, 2-butanone, 4-methyl-2-pentanone, acetone, and carbon disulfide) 

were detected In the shallow sediment samples. Carbon disulfide was detected in samples 0350060006 

and 0350180006 at concentrations of 1.4 Ilg/kg and 2 Ilg/kg respectively. Acetone was detected in 

samples 0350050006 and 0350060006 at concentrations of 160 1l9/kg and 36 Ilg/kg respectively. 

1,1,1-Trlchloroethene was detected in sample 0350180006 at a concentration of 2 Ilg/kg. 3-Butanone 

was detected in sample 0350170006 at a concentration of 18 Ilg/kg. 4-Methyl-2-pentanone was 

detected in sample 0350190006 at a concentration of 2 Ilg/kg. 

No VOCs were retained as COPCs for shallow sediment samples because none of the measured VOC 

concentrations exceeds its COPC screening level. There IS no apparent pattern of VOC contamination. 

Although VOCs were detected in some sOil and ground water samples, the VOCs do not appear to have 

had a significant adverse Impact on shallow sediments. 

Semivolatile Organic Compounds 

Four PAHs (acenaphthene, fluoranthene, phenanthrene, and pyrene), dl-n-butyl phthalate, and 

diphenylamine were detected in shallow sediment samples. Acenapthene, dl-n-butyl phthalate, and 

diphenylamine exceeded the ecological COPC screening levels and were retained as COPCs. No 

5VOCs exceeded human health COPC screening levels even after conSideration of possible negative 
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concentration biases. Olphenylamlne was detected In samples 03S0070006, 03S0120006, and 

03S0150006 at concentrations ranging from 96-llg/kg to 420 Ilg/kg. Oi-n-butyl phthalate was detected in 

samples 03S0100006 and 03S0110006 at concentrations of 77 Ilg/kg and 590 Ilg/kg respectively. 

Acenaphthene was detected In sample 03S0180006 at a concentration of 25 Ilg/kg. The detections for 

these COPCs were highly localized and there is no pattern of spatial distribution. The SVOCs In shallow 

sediments were likely to have been deposited over time from past activities at OJT/LSC. Nevertheless, 

these chemicals represent minor OJT/LSC contaminants. 

Energetics 

Four energetics (2,4,6-tnnltrotoluene, 2,4-dinitrotoluene, 2-amino-4,6-dinltrotoluene, and HMX) were 

detected In a select number of the 15 shallow sediment samples that were collected along the LSC. 

Figure 5-7 shows that 2,4-dlnitrotoluene exceeds the ecological COPC screening level, while the other 

detected energetics were retained as COPCs because they have no ecological toxIcity screening level. 

No energetics exceeded the human health COPC screening levels. The energetics are detected 

infrequently, 2,4,6-trinitrotoluene was detected in four samples (03S0070006, 03S0100006, 

03S0110006, and 03S0130006) at concentrations ranging from 0.29 mg/kg to 0.69 mg/kg, HMX was 

detected In three samples (03S0070006, 03S011 0006, and 03S0130006) at concentrations ranging from 

1.1 mg/kg to 130 mg/kg, and 2,4-dlnltrotoluene and 2-amIn0-4,6-dlnitrotoluene were detected In one 

samples 03S0060006 and 03S011 0006, respectively, at concentrations of 1.1 mg/kg and 0.37 mg/kg, 

respectively. The energetics in shallow sediments were most likely deposited from past activities from the 

ammunition burial ground and OJT. The maximum concentration of HMX occurs In sample 03S011 0006 

which IS located approximately eighty feet down stream of the maximum surface sOil HMX concentration 

located at bonng 03S824. This Infers that explosives located In the surface sOil are stili being washed 

Into Little Sulphur Creek. 

Pesticide and PCBs 

Figure 5-7 show that methoxychlor exceeded the ecological COPC screening level and was retained as a 

COPC. Methoxychlor was detected only In sample 03S0180006 at a concentration of 17 Ilg/kg. 

Methoxychlor was most likely deposited from topical spot applications associated with past activities at 

OJT. 

Herbicides 

Five herbicides (2,4,5-T, 2,4,5-TP, 2,4-0, dinoseb, and hexachlorophene) were detected in several of the 

shallow sediment samples (Figure 5-7). 2,4,5-T was detected In 4 samples at concentrations ranging 
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from 2.7 \lg/kg to 4.8 \lg/kg. 2,4,5-TP was detected In five samples at concentrations ranging from 

2.4 \lg/kg to 4.5 \lg/kg. 2,4-0 was detected in seven samples at concentrations ranging from 4.9 \lg/kg to 

20 \lg/kg. Oinoseb was detected In three samples at concentrations ranging from 3.1 \lg/kg to 8.2 \lg/kg. 

Hexachlorophene was detected in one sample at a concentration of 3.5 \lg/kg. In addition, 

pentachlorophenol results were rejected in three samples, 2,4-0 results were rejected In six samples, and 

2,4,5-TP and Oinoseb results were each rejected in one sample. Figure 5-7 shows that 2,4-0 exceeds 

the ecological COPC screening level and was retained as a COPC. The 2,4-0 concentrations from 

samples collected at the OJT/LSC are similar In concentration to the up-gradient samples collected at the 

ABG and were most likely deposited from topical spot applications associated with past activities at OJT. 

The presence of rejected data does not change this impreSSion. Furthermore, the consistency of 

herbiCide detections In vanous media suggests that the major herbicides contaminants have been 

detected. 

Metals 

Twenty-four metals were detected in the shallow sediment samples. Four of the detected metals (calcium, 

magnesium, potassium, and sodium) are considered to be essential nutnents and are not discussed any 

further. Figure 5-8 shows that concentrations of COPCs, aluminum, antimony, banum, and lead exceed 

human health and ecological CO PC screening levels and that cadmium, copper, tin and zinc 

concentrations exceed ecological screening levels only. Twelve non-CO PC metals were also detected in 

sediment samples at concentrations statistically determined to be Similar to background concentrations. 

• Aluminum, banum, cadmium, copper, lead, and ZinC were detected In 15 of 15 samples at 

concentrations ranging from 4,590 mg/kg to 23,200 mg/kg, 91.6 mg/kg to 853 mg/kg, 0.37 mg/kg to 

3.5 mg/kg, 8.1 mg/kg to 198 mg/kg, 13.3 mg/kg to 653 mg/kg, and 27.5 mg/kg to 385 mg/kg 

respectively. 

• Antimony was detected In eight samples at concentrations ranging from 1.1 mg/kg to 7.6 mg/kg. 

• Tin was detected In two samples at 4.4 mg/kg and 13.8 mg/kg, respectively. 

The samples exhibiting metal concentrations that exceed COPC screening levels are scattered 

throughout the ABG and OJT/LSC and generally extend to the LSC downgradient sampling boundary 

near the NSWC Crane boundary. The maximum concentrations of three (aluminum, antimony, and 

copper) out of the eight metals occurred In sample 03S0150006. Tin was retained as an ecological 

COPC because its concentration exceeded the background concentration and an ecological CO PC­

screening level does not eXist for It. They are detected Infrequently at concentrations greater than 

background but only because they were not detected In the background samples. Antimony 
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concentrations exceeding COPC screening levels are bounded by sample 0380160006 to the south, 

although the concept of bounding should not be taken too literally because localized areas of 

contamination appear to be the rule rather than the exception. Aluminum was detected In all samples 

except 0380080006, 0380090006, 0380170006, 0380190006, and 0380140006 at concentrations 

greater than human health CO PC screening levels. Barium and lead maximum concentrations were in 

samples 0380050006 and 0380060006, respectively, which are both located in the ABG. This suggests 

that the ABG IS a source of banum and lead In the OJT sediments. 

Miscellaneous Parameters 

Nitrate was detected In 13 of 15 samples at concentrations ranging from 2.2 mg/kg to 8.4 mg/kg, with the 

maximum occurring in sample 0380080006. Nitrite was detected In samples 0380100006 and 

0380170006 at concentrations of 3.4 mg/kg and 3.5 mg/kg. Total organic carbon was detected in 14 of 

15 samples at concentrations ranging from 4,600 mg/kg to 28',000 mg/kg. Perchlorate was not detected 

In any shallow sediment samples. 

5.5 DEEP SEDIMENT 

As shown In Table 2-2, 15 deep sediment samples were collected and analyzed for the analyte fractions 

marked In the table. Figure 1-7 displays the locations where deep sediment samples were collected. 

Figures 5-7 and 5-8 present a geographical depiction of organic and Inorganic CO PC concentrations In 

shallow and deep sediments. The same organic and inorganic constituents are plotted for both shallow 

and deep sediment samples although a particular analyte might be a CO PC In only one of those media. 

This was done so the change in concentrations with sediment depth could be seen. Table 4-16 presents 

a summary of descnptive statistics for deep sediment detections, including ranges of detections, 

frequencies of detection, locations of maximum concentrations, compansons to background 

concentrations, and human health risk assessment screening cnteria. Appendix E contains a copy of the 

entire analytical database for OJT/L8C sediment samples. Oeep sediment samples 0380010612, 

0380020612, 0380030612, and 0380040612, which were collected In Little Sulphur Creek upgradlent of 

the main treatment area In 8WMU 03, were used as the upgradient shallow sediment samples for the 

OJT/L8C evaluation. 

Volatile Organic Compounds 

81x VOCs (1,1, 1-tnchloroethene, 2-butanone, acetone, carbon disulfide, toluene, and 

trichlorofluoromethane) were detected In the deep sediment samples. The first four chemicals In this list 

were also detected In shallow sediment. 1,1,1-Tnthloroethene was detected in five deep sediment 
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samples at concentrations ranging from 1 Ilg/kg to 4 Ilg/kg. Acetone was detected in four samples at 

concentrations ranging from 29 Ilg/kg to 220 Ilg/kg. Carbon disulfide and 2-butanone were detected In 

three samples at concentrations ranging from 1 Ilg/kg to 1.1 Ilg/kg and 10 Ilg/kg to 60 Ilg/kg, respectively. 

Toluene and tnchlorofluoromethane were detected In one sample at a concentration of 54 Ilg/kg and 

2 Ilg/kg, respectively. 

8imilar to shallow sediment, no VOCs were retained as COPCs for deep sediment samples because 

none of the measured VOC concentrations exceeds Its CO PC screening level. Although VOCs were 

detected In some sOil and ground water samples, the VOCs do not appear to have had a significant 

adverse Impact on deep sediments. 

Semivolatile Organic Compounds 

81x PAHs (benzo(a)anthracene, benzo(b)fluoranthene, chrysene, fluoranthene, phenanthrene, and 

pyrene) and dl-n-butyl phthalate were detected in deep sediment samples, although only 

dl-n-butylphthalate has been retained as a COPC. Figure 5-7 shows that the COPC, dl-n-butyl phthalate, 

was detected in samples 0380100612 and 0380110612 at concentrations of 110 Ilg/kg and 880 Ilg/kg, 

respectively. All SIX PAHs were detected In sample 0380160612 and benzo(b)fluoranthene was 

detected In sample 0380180612, at concentrations ranging from 10 Ilg/kg to 27 Ilg/kg. The di-n-butyl 

phthalate In deep sediment samples mimics the shallow sediment samples in both location and 

concentration. The deep sediment PAH detections do not generally mimiC the shallow sediment 

detections with regard to sampling location The PAHs and dl-n-butyl phthalate are detected infrequently. 

At location 038016 the PAH concentrations were undetected in shallow sediment and the PAHs are 

unbounded In the vertical direction at that location only. Oi-n-butyl phthalate is bounded by downgradient 

sample 0380120612. Possible negative concentration biases for these compounds have little to no 

impact on this conclusion. 

Energetics 

Five energetics (2,4,6-trinitrotoluene, 2-amIn0-4,6-dlnltrotoluene, 4-amino-2,6-dinitrotoluene, HMX, and 

ROX) were detected in the 15 deep sediment samples. Figure 5-7 shows that 2-amIn0-4,6-dlnitrotoluene 

exceeds the ecological and human health COPC screening levels, while the other detected energetics 

were retained as COPCs because they have no ecological toxIcity screening level. The energetics were 

detected Infrequently, 2,4,6-Tnmtrotoluene was detected In five samples at concentrations ranging from 

0.35 Ilg/kg to 2.2 Ilg/kg. HMX was detected In four samples at concentrations ranging from 0.37 Ilg/kg to 

19 Ilg/kg. ROX and 2-amlno-4,6-dinltrotoluene were detected In two samples at concentrations of 
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0.73 Ilg/kg and 0.35 Ilg/kg, and 0.45 1l9/kg and 0.45 Ilg/kg, respectively. 4-AmIn0-2,6-dinitrotoluene was 

detected In one sample (03S0120612) at a concentration of 0.4 Ilg/kg. Maximum detected 

concentrations occurred In samples 03S0110612 and 03S0120612. The maximum HMX value in 

shallow and deep sediment occurred at location 03S011, indicating possible vertical migration through 

the sediment. The energetics In deep sediments were most likely deposited from past activities at the 

ammunition burial ground and OJT. ROX is the most widely distributed energetic contaminant with 

detectable concentrations as far south as Spnng B. 

Pesticide and PCBs 

No pestiCides or PCBs were detected In deep sediment samples at the OJT/LSC. 

Herbicides 

SIX herbicides (2,4,5-T, 2,4,5-TP, 2,4-0, dlnoseb, hexachlorophene, and pentachlorophenol) were 

detected In the deep sediment samples. All but pentachlorophenol were also detected In selected in 

shallow sediment samples. 2,4,5-T and 2,4-D were detected in five samples at concentrations ranging 

from 2.5 Ilg/kg to 4.5 Ilg/kg and 6.9 Ilg/kg to 28 Ilg/kg, respectively. The remaining detected herbicides 

were detected in two samples at concentrations ranging from 2.1 Ilg/kg to 7.6 Ilg/kg. Figure 5-7 shows 

that 2,4-D exceeds the ecological COPC screening level and was retained as a COPC. HerbiCides in 

deep sediment samples were most likely depoSIted from surface water runoff washing sOils Into LSC. No 

herbicides were detected In deep sediments south of sampling location 03SWSD17. Thus the herbicides 

are bounded In the downgradlent direction. Despite a negative concentration bias for herbiCides, the 

consistency of herbicide detections in various media suggests that all major herbicide contaminants have 

been Identified. 

Metals 

Twenty-four metals were detected In the deep sediment samples. Four of the detected metals (calcium, 

magnesium, potaSSium, and sodium) are conSidered to be essential nutrients and are not discussed any 

further. Figure 5-8 shows that concentrations of COPCs, aluminum, barium, cadmium, antimony, and 

lead exceeded human health and ecological CO PC screening levels and that COPCs, copper, tin, and 

ZinC concentrations exceed ecological screening levels only. Twelve non-COPC metals were also 

detected in sediment samples at concentrations statistically determined to be similar to background 

concentrations. Only the COPCs are discussed here . 
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• Aluminum, barium, copper, lead, and ZinC were detected In 15 of 15 samples at concentrations 

ranging from 3,150 mg/kg to 56,900, 47.5 mg/kg to 981 mg/kg, 7.9 mg/kg to 273 mg/kg, 11.8 mg/kg 

to 445 mg/kg, 0.05 mg/kg to 0.12 mglkg, and 21.4 mg/kg to 1,120 mg/kg respectively. 

• Cadmium was detected In 14 of 15 samples at concentrations ranging from 0.39 mg/kg to 4 mglkg. 

• Antimony was detected In 8 of 15 samples at concentrations ranging from 0.85 mg/kg to 6.7 mg/kg. 

• Tin was detected In 3 of 15 samples at concentrations ranging from 1.5 mglkg to 4.1 mg/kg. 

Tin was detected Infrequently but was retained as an ecological COPC because the concentration 

exceeded background concentration and a COPC screening level does not exist for tin. The samples 

exhibiting metal concentrations that exceed COPC screening levels are scattered throughout the ABG 

and OJT ILSC and generally extend to the sampling boundaries. The maximum concentrations of SIX 

(aluminum, antimony, banum, copper, lead, and zinc) out of the eight COPC metals occurred In sample 

03S0110612. ThiS sample IS located downstream of the OJT Burn Area and Burn Pit where most site 

activities are known or suspected to have taken place. Lead was detected In sample 03S011 0612 at a 

concentration greater than U.S. EPA Region 9 PRG. Banum In samples 03S011 0612 and 03S0120612 

and cadmium In sample 03S0120612 were detected at concentrations greater than human health COPC 

screening levels, but they do not exceed the human health screening levels in other samples. It is 

possible that these metals could have been associated With inCineration activities at either the ABG or 

OJT. The distnbutlon of these metals In deep sediments is spotty. However, In the shallow sediments 

these metals are detected to the sampling boundaries. Lead was not detected at concentrations greater 

than U.S. EPA PRG downgradlent of sample 03S011 0612. Barium and cadmium are not detected at 

concentrations greater than human health screening levels downgradlent of samples 03S011 0612 and 

03S0120612, respectively. The OJT supports vehicular traffiC and several of the metals detected at the 

Jeep trail (e.g., copper, Iron, aluminum, lead, nickel, zinc) could be associated With traffic, disposal or 

burning of waste and other potential sources. These metals would then wash Into the LSC In overland 

runoff, be deposited In combustion plumes, be blown by Wind, etc.. Thus, with the observed spatial 

patterns of contamination, It IS difficult to determine the ongln of the detected metals, even those metals 

whose concentrations exceed COPC screening levels. The metals are generally scattered throughout the 

LSC sediments, and copper and lead concentrations exceed ecological COPC screening levels in the 

most down gradient shallow and deep sampling location (03S019). Cadmium, copper, lead and ZinC 

concentrations exceed ecological screening levels as far downgradlent as sampling location 03S018. 

Miscellaneous Parameters 

• 

• 

Nitrate was detected in 14 of 15 samples at concentrations ranging from 1.6 mg/kg to 6.5 mg/kg. Nitrite • 

was detected In samples 03S0060612 and 03S0130612 at concentrations of 2.6 mg/kg and 2.7 mg/kg, 
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respectively. Total organic carbon was detected in 15 of 15 samples at concentrations ranging from 

2,300 mg/kg to 34,000 mg/kg. No miscellaneous parameters were retained as COPCs. 

5.6 LOW-FLOW SURFACE WATER 

As shown In Table 2-2, SIX low-flow surface water samples were collected and analyzed for the analyte 

fractions marked in the table. Figure 1-7 displays the locations where low-flow surface water samples 

were collected. Figures 5-9 and 5-10 present a geographical depiction of organic and inorganic COPC 

concentrations In low-flow and high-flow surface water samples. The same organic and Inorganic 

constituents are plotted for both low-flow and high-flow surface water samples although a particular 

analyte might be a COPC In only one of those media. This was done so changes in concentrations With 

flow rate could be seen. Table 4-17 presents a summary of descriptive statistics for low-flow surface 

water detections, Including ranges of detections, frequen~les of detection, locations of maximum 

concentrations, comparisons to background concentrations, and human health risk assessment screening 

criteria. Appendix E contains a copy of the entire analytical database for OJT/LSC surface water 

samples. The QAPP, Ammunition Burning Grounds, Little Sulphur Creek, and Jeep Trail, Phase III 

RCRA Facility Investigation (TtNUS, 2001 b) indicated that 12 low-flow surface water samples would be 

collected at 12 locations; however, at the time of the field investigation all but SIX of these locations were 

dry. Therefore only SIX low-flow surface water samples were collected. Surface water samples 

03SW01 01, 03SW0201, and 03SW0301, which were collected In Little Sulphur Creek upgradient of the 

main treatment area In SWMU 03, were used as the upgradlent surface water samples for the OJT/LSC 

evaluation. 

Volatile Organic Compounds 

Figure 5-9 shows that three VOCs (bromomethane, 2-butanone, and trlchloroethene) were detected in 

low-flow surface waters. The COPC, bromomethane, was detected In samples 03SW1501, 03SW1601, 

and 03SW1701 at concentrations ranging from 0.8 Ilg/L to 1.6 Ilg/L, which exceed the COPC screening 

level. The maximum concentration was observed In sample 03SW1701. Bromomethane is not detected 

downgradient of sample 03SW1701 and IS therefore bounded. Trlchloroethene, while not a CO PC for 

low-flow surface water, was detected In sample 03SW1701 at 0.6 Ilg/L ThiS chemical was selected as a 

COPC in ground water. Based on these data, it does not appear that ground water VOCs were 

contaminating surface water to any significant degree at the time of sampling 

Semivolatile Organic Compounds 

No SVOCs were detected In OJT/LSC low-flow surface waters. 
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Five energetics (2,4,6-tnnltrotoluene, 2-amino-4,6-dlnitrotoluene, 4-amino-2,6-dinitrotoluene, HMX, and 

RDX) were retained as COPCs in low-flow surface water samples. Figure 5-9 shows that RDX exceeds 

the R9T AP screening level, while the other detected energetics were retained as COPCs because they 

have no ecological toxicity screening level. These same chemicals were detected consistently In most of 

the other media Investigated. HMX and RDX were detected in all six low-flow surface samples at 

concentrations ranging from 3.1 Ilg/L to 12 Ilg/L, and from 2.3 Ilg/L to 11 Ilg/L, respectively. 4-Amino-2,6-

dlnltrotoluene was detected in four samples at concentrations ranging from 0.54 Ilg/L to 1.7 Ilg/L. 

2-Amino-4,6-dinltrotoluene was detected In two samples at concentrations of 0.75 Ilg/L and 0.37 Ilg/L, 

respectively. RDX, HMX, and 4-amIn0-4,6-dinitrotoluene were detected in sample 03SW1901, which is 

the most downgradlent sample collected, and are therefore unbounded. 2,4,6-Trinitrotoluene and 

2-amino-4,6-dlnltrotoluene are not detected downgradient of sample 03SW1701 and are therefore 

bounded. 

Pesticide and PCBs 

No pesticides or PCBs were detected In low-flow surface water samples at the OJT/LSC. 

Herbicides 

2,4,5-T was detected in sample 03SW0601 at a concentration of 0.064 Ilg/L. Sample 03SW0601 is 

located at the ABG and the low concentration IS consistent with topical applications of herbiCides at the 

ABG. No herbicides were retained as COPCs in low-flow surface water samples. The eXistence of a 

negative concentration bias IS beheved to be inconsequential, espeCially consldenng the site history. 

Metals 

Seventeen metals were detected In the low-flow surface water samples. Four of the detected metals 

(calCium, magnesium, potassium, and sodium) are conSidered to be essential nutnents and are not 

discussed any further. Figure 5-10 shows that lead (total) exceeds the ecological and human health 

COPC screening level In sample 03SW0601, and iron (total) exceeds background and has no current 

screening level available. 

• 

• 

The total metals maximum concentrations for aluminum, arseniC, banum, chromium, cobalt, copper, iron, 

lead, magnesium, vanadium, and nickel occurred in sample 03SW0601. Sample 03SW0601, located in • 
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the ABG, also had the highest turbidity value (S.4 NTU) Indicating that the high metals concentrations are 

associated with the high particulate matter concentrations. Lead (total) is bounded downgradient by 

sample 03SWOS01, with respect to ecological and human health screening levels. Iron extends to the 

sampling boundaries and IS therefore not bounded. 

Miscellaneous Parameters 

Total suspended solids were detected in samples 03SW0601 and 03SW1701 at concentrations of 

20 mg/L and 9 mg/L, respectively. Sample 03SW0601 also had the maximum concentrations In 16 of the 

17 metals detected for low-flow surface waters. This Implies that suspended solids are a major 

contribution to the metals concentrations. 

5.7 HIGH-FLOW SURFACE WATER 

As shown In Table 2-2, eleven high-flow surface water samples were collected and analyzed for the 

analyte fractions marked In the table. Figure 1-7 displays the locations where high-flow surface water 

samples were collected. Figures 5-9 and 5-10 present a geographical depiction of organic and Inorganic 

COPC concentrations In low-flow and high-flow surface water samples. The same organic and inorganic 

constituents are plotted for both low-flow and high-flow surface water samples although a particular 

analyte might be a COPC in only one of those media. ThiS was done so changes In concentrations with 

flow rate could be seen. Table 4-17 presents a summary of descriptive statistics for high-flow surface 

water detections, Including ranges of detections, frequencies of detection, locations of maximum 

concentrations, comparisons to background concentrations, and human health risk assessment screening 

criteria. Appendix E contains a copy of the entire analytical database for OJT/LSC surface water 

samples. The QAPP, Ammunition Burning Grounds, Little Sulphur Creek, and Jeep Trail, Phase III 

RCRA FaCIlity Investigation (TtNUS, 2001 b) indicated that 12 high-flow surface water samples would be 

collected at 12 locations; however, at the time of the field investigation one of these locations was dry. 

Therefore only eleven high-flow surface water samples were collected. Surface water samples 

03SW0102, 03SW0202, and 03SW0302, which were collected In Little Sulphur Creek upgradient of the 

main treatment area In SWMU 03 were used as the upgradlent surface water samples for the OJT/LSC 

evaluation of inorganic chemical concentrations. 

Volatile Organic Compounds 

Methylene chloride was detected In samples 03SWOS02 and 03SW0902 at concentrations ranging from 

9.5 ~g/L to 13 ~g/L, with the maximum occurring In sample 03SW0902. Acetone was detected in sample 

03SW0902 at a concentration 64 ~g/L. The methylene chloride and acetone detections were at 
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concentrations greater than human health CO PC screenrng levels. Acetone and methylene chloride were 

not detected in any other downgradient samples and are therefore bounded. Because these two analytes 

are very volatile and are also common laboratory contaminants, it IS questionable whether the observed 

concentrations reflect actual surface water contamination. It IS suspected that the observed 

concentrations are laboratory artifacts. Although the available data are insufficient to demonstrate this. 

Semivolatile Organic Compounds 

Bls(2-ethylhexyl) phthalate was detected rn samples 03SW0902 and 03SW1402 at concentrations of 

4 Ilg/L and 6 Ilg/L, respectively. Acenaphthylene was detected In sample 03SW0902 at a concentration 

of 0.22 Ilg/L. The bls(2-ethylhexyl) phthalate concentration for sample 03SW1402 exceeds human health 

and ecological COPC screening levels. The acenaphthylene concentrations did not exceed screening 

levels. Bis(2-ethylhexyl) phthalate IS not detected downgradient of sample 03SW1402 and is therefore 

bounded. Phthalates are considered to be a common environmental laboratory contaminant. The 

concentrations of bls(2-ethylhexyl) phthalate found in samples 03SW0902 and 03SW1402 are similar to 

those typically detected rn laboratory method blanks. Thus the observed concentrations are suspected of 

berng laboratory artifacts although the available data are rnsufflclent to demonstrate this. 

Energetics 

Five energetics (2-amrno-4,6-drnitrotoluene, 4-amrno-2,6-drnltrotoluene, HMX, nitrocellulose, and RDX) 

were detected In the rn the high-flow surface water samples. Figure 5-9 shows that RDX, 2-amino-4,6-

dlnltrotoluene, and 4-amrno-2,6-drnitrotoluene exceed ecological and human health COPC screenrng 

levels, while the other detected energetics were retained as COPCs because they have no ecological 

tOXICity screening level. HMX was detected In 10 of 11 high-flow surface samples at concentrations 

rangrng from 1.1 Ilg/L to 90 Ilg/L. RDX was detected In 9 of 11 samples at concentrations rangrng from 

0.62 Ilg/L to 63 Ilg/L. 4-Amino-2,6-dinitrotoluene was detected rn samples 03SW0602 and 03SW1702 at 

concentrations of 1.4 Ilg/L and 2.9 Ilg/L, respectively. 2-AmIn0-4,6-dlnitrotoluene was detected in sample 

03SW1702 at a concentration of 1.5 Ilg/L. Nitrocellulose was detected in sample 03SW1502 at a 

concentration of 3,200 Ilg/L. RDX and HMX were detected In sample 03SW1902, which IS the most 

downgradient sample collected, and are therefore not bounded. 2-Amino-4,6-dlnltrotoluene and 

4-amlno-2,6-dlnltrotoluene are bounded downgradlent by sample 03SW1802. Nitrocellulose was 

detected only in sample 03SW1502 and IS bounded rn the downgradient direction. 

Pesticide and PCBs 

No pesticides or PCBs were detected In high-flow surface water samples at the OJT/LSC. 
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2,4,5-T was detected In three samples at concentrations ranging from 0.23 ~g/L and 0.63 ~g/L. 2,4-0 

was detected In samples 03SW0902 and 03SW1302 at concentrations of 0.36 ~g/L and 0.28 ~g/L, 

respectively. Pentachlorophenol was detected In sample 03SW1102· at a concentration of 0.71 Ilg/L. 

Pentachlorophenol exceeds the human health cope screening level and 2,4-0 was retained as a cope 
because it has no ecological toxIcity screening level. Pentachlorophenol and 2,4-0 are bounded relative 

to cope screening levels In the downgradlent direction by samples 03SW1102 and 03SW1302, 

respectively. The observed concentrations are likely to be biased low for all herbicides but the 

consistency of herbiCide detections In the various media suggests that the primary herbicide 

contaminants have been Identified. 

Metals 

Twenty-one metals were detected In the high-flow 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. Figure 5-10 shows that antimony (total and dissolved) exceed human health 

cope screening levels, lead exceeds the ecological and human health COPC screening level, and 

cadmium, copper, and ZinC exceed the ecological COPC screening levels. 

Antimony (total and dissolved) IS not detected downgradlent of 03SW11 02 and IS therefore bounded. 

Lead and zinc were not detected at concentrations greater than COPC toxIcity screening levels 

downgradlent of sample 03SW11 02. Copper was not detected at concentrations greater than cope 
toxIcity screening levels downgradient of sample 03SW1402. The maximum total lead, copper, and zinc 

concentrations occurred In sample 03SW1102, collected upstream of the OJT Burn Area and Burn Pit. 

The maximum suspended solid concentrations also occurred In sample 03SW1102. There is an 

approximate five times difference In the filtered result compared to the total result for sample 03SW11 02 

indicting that suspended solids is contributing to the total lead result. The maximum suspended solids 

concentration IS five times higher In the high-flow samples as compared to the low-flow samples 

indicating that the suspended solids IS contributing to the total metals concentrations as shown by the 

higher number of COPCs in the high-flow samples. The location of the most highly concentration metals 

suggests that the ABG is a contributor of contamination to the LSC near the OJT Burn Area and Burn PIt. 
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Total suspended solids were measured In sample 03SW1102 at a concentration of 100 mg/L. Sample 

03SW1102 also had the maximum concentrations in 9 of the 21 metals detected for high-flow surface 

waters. These data suggest that suspended solids are a major contribution to the metals concentrations. 

5.8 SUMMARY 

Chlorinated solvents (1 ,1 ,2,2-tetrachloroethane, 1,1 ,2-trlchloroethane, 1,1-dlchloroethene, 

tetrachloroethene, cls-1,2-dlchloroethene, trans-1,2-dlchloroethene, trlchloroethene, and vinyl chloride) 

were detected most frequently of the VOCs analyzed, and were detected In all media except high flow 

surface water samples. Trlchloroethene was retained as a COPC In surface soils and 

1,1,2,2-tetrachloroethane was retained as a COPC In subsurface sOils. The chlorinated solvents as a 

group were most prevalent In ground water and the maximum concentrations occurred in well 03-07, 

which IS located In the south central portion of the OJT/LSC. Chlorinated solvent concentrations 

decrease with distance from well 03-07 in the direction of ground water flow, which IS northeasterly and 

southwesterly. Bromomethane was retained as a COPC for low-flow surface water samples. 

Bromomethane was not detected downgradlent of sample 03SW1701, which IS located within 1,000 feet 

of the southern boundary of NSWC Crane. Acetone and methylene chloride were retained as COPCs for 

high flow surface water samples. Acetone and methylene chlonde were not detected down gradient of 

sample 03SW0902, which is located upstream of the OJT. 

PAHs and phthalates were the non-energetic organic chemicals to be detected with the greatest 

frequency In the OJT/LSC media. Benzo(a)pyrene, benzo(b)fluoranthene, and acetophenone were 

retained as COPCs in subsurface SOIl. None of these three compounds were retained as a COPC In 

surface sOil samples. BOring location 03SB18, located on the northwestern edge of the Burn Pit was the 

only location that had a PAH concentration greater than COPC screening levels. The PAHs were 

generally found at the greatest concentrations near the Burn Area and Burn Pit, suggesting that they are 

operationally related contaminants. Acetophenone was detected In bOrings 03SB22 and 03SB24 but not 

detected In bOrings 03SB19, 03SB21, or 03SB23, which bound acetophenone on three sides. 

Bls(2-ethylhexyl) phthalate was detected In sample 03SW1402 at a concentration greater than the MCL. 

However, the bls(2-ethylhexyl) phthalate concentration of 6 ~g/L IS similar to concentrations typically 

found In laboratory method blanks and IS therefore suspected not to be an operational contaminant. 

Various sources could have contributed to the observed PAH and other SVOC concentrations, Including 

site operations (burning of explosives and other materials), vehicular traffic, aerial deposition, local fires, 
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etc.. Nevertheless, these chemical are considered to be operationally related site contamination in the 

absence of data showing otherwise. 

The energetics (1,3,5-tnmtrobenzene, 2,4,6-tnmtrotoluene, 2,4-dlnltrotoluene, 2-amIn0-4,6-dlnitrotoluene, 

2-nitrotoluene, 4-amino-2,6-dlnitrotoluene, HMX, and RDX) were widely detected In the OJT I LSC media, 

primanly near the Burn Pit and Burn Area. As a group, these chemicals are the most prevalent 

operationally related contaminants at the OJT, although there are indications that some of the ground 

water, sediment, and surface water energetics contamination IS onginatlng at the ABG. RDX, HMX, 

1,3,5-trinltrobenzene, 2,4-dlnltrotoluene, 2-nltrotoluene, 2,4,6-trinltrotoluene, 2-amIn0-4,6-dlnltrotoluene, 

and 4-amIn0-2,6-dlnltrotoluene were retained as COPCs in surface soil samples. All energetic 

concentrations that exceed COPC screening levels were found within 30 feet of SOil bOring 03SB24, 

located at the southeastern end of the Burn Pit. Of all soil sampling locations, soil bonng 03SB24 had the 

greatest concentrations of energetics. The energetics are bounded on the north, east, and south of thiS 

boring by non-detects or concentrations less than COPC screening levels. RDX, 2,4-dlnltrotoluene, 

2-amlno-4,6-dlnltrotoluene, and 4-amino-2,6-dlnitrotoluene were retained as COPCs In the subsurface 

SOil samples. The energetics concentrations and frequencies of detection in subsurface samples are less 

than In surface samples. The majority of locations where detections occur in subsurface samples are 

Within the same footpnnt as the surface samples. Furthermore, the concentrations tend to decrease in a 

vertical direction with SOil depth. RDX, 2,4,6-tnmtrotoluene, 2-amIn0-4,6-dlnltrotoluene, and 4-amIn0-2,6-

dlnltrotoluene were retained as COPCs In ground water. Ground water concentrations of RDX exceeding 

. the COPC screening level generally extend to the OJT/LSC site boundary, thus thiS chemical is 

unbounded. However, the RDX concentrations decrease from the north to the south, which IS the general 

direction of ground water flow, indicating that the main source of contamination IS upgradlent of the OJT. 

Well 03-16, upgradlent of the OJT and locat~d between the ABG and OJT, had 241lg/L RDX and 1.3 Ilg/L 

HMX, Indicating that the ABG is a likely contributor to the ground water contamination at OJT. The 

energetics, 2,4,6-tnnitrotoluene, 2-amino-4,6-dlnltrotoluene, and 4-amino-2,6-dinitrotoluene are not 

detected In the most southerly, easterly, or westerly wells at OJT ILSC indicating that these energetics are 

bounded in three directions. 2-Amlno-4,6-dlnltrophenol was retained as a COPC In the deep sediment 

samples and was not detected south of location 03SWSD12. RDX, 2-amlno-4,6-dlnltrotoluene, and 

4-amIn0-2,6-dlnltrotoluene were retained as COPCs In low-flow surface water samples. RDX and 

4-amlno-2,6-dlnitrotoluene were detected In sample,03SW1901, which IS the most downgradlent sample 

collected, and therefore are not bounded. 2-Amino-4,6-dlnitrotoluene IS not detected downgradlent of 

sample 03SW1701. RDX, 2-amino-4,6-dlnltrotoluene, and 4-amlno-2,6-dlnltrotoluene were retained as 

COPCs In high-flow surface water samples. RDX was detected in sample 03SW1902, which IS the most 

downgradient sample collected, and therefore IS not bounded. 2-AmIn0-4,6-dinitrotoluene and 4-amlno-

2,6-dlnitrotoluene are not detected downgradlent of sample 03SW1701. 
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All seventeen Individual isomers for polychlorinated PCDDs and PCDFs and SIX total PCDDs and PCDFs 

(total HPCDD, total HPCDF, total HXCDD, total HXCDF, total PECDD, and total TCDD) were detected in 

the OJT / LSC surface and subsurface soils. 1,2,3,4,6,7,B,9-0CDD, 1,2,3,4,6,7,B,9-0CDF, 

1,2,3,4,6,7,B-HPCDD, 1,2,3,4,7,B-HXCDD, 1,2,3,6,7,B,-HXCDD, 1,2,3,7,B,9-HXCDD, 1,2,3,7,B,-PECDD, 

2,3,7,B-TCDD, total-HPCDD, total-HPCDF, total-HXCDD, total-HXCDF, total-PECDD, total-TCDD, 

2,3,7,B-TCDD TEO (bird and mammal) were retained as COPCs in surface soil samples. Sample 

03SS170002 contained the greatest concentrations of PCDDs and PCDFs. Based on contaminant 

patterns, most PCDDs and PCDFs are contained around the perimeter of the Burn Pit, and could be 

attributable to the combustion of chlOrinated-solvent-soaked rags or other chlOrinated fuels. It is logical to 

expect that the PCDDs and PCDFs were dispersed by wind because concentrations and TEOs generally 

decrease with distance from the Burn Area. Three individual isomers (1,2,3,4,6,7,B,9-0CDD, 

1,2,3,4,6,7,B-HPCDD, and 2,3,7,B-TCDD TEO (mammal) were retained as COPCs In subsurface soils. 

The diOXin results in subsurface samples are lower in concentration and number of compounds detected 

as compared to the surface sample results. This indicates that dioxins are bounded in the ~ertical 

direction, although It is acknowledged only two subsurface soil samples were analyzed for diOXinS and 

furans. These compounds were only analyzed in soil bOrings 03SB19 and 03SB24 so the extent of 

• 

contamination cannot be determined. It IS not expected that these contaminants represent a Significant • 

contamination source at the OJT/LSC. 

Pesticide/PCBs were not analyzed In subsurface SOils or ground water. No pesticide/PCBs were 

detected In surface SOil or deep sediment samples, Indicating that these chemicals are not site-related 

contaminants. Methoxychlor was detected In shallow sediment sample 03S018006 and this pestiCide 

may have been deposited from topical spot applications associated With past activities at OJT. 

Methoxychlor was the only pestiCide retained as a COPC In any media at OJT/LSC. The vertical and 

hOrizontal extent of methoxychlor contamination is localized to the shallow sediment at sampling location 

03SD1B and does represent a Significant contamination source. 

SIX herbiCides (2,4,5-T, dinoseb, 2,4-D, 2,4,5-TP, hexachlorophene, pentachlorophenol) were detected in 

OJT/LSC media. 2,4-D was retained as a COPC in shallow and deep sediment samples. The 2,4-D 

concentrations In sediments are Similar to upgradient sediment concentrations and may have been 

deposited from surface SOil washing Into LSC. Pentachlorophenol and 2,4-D were retained as COPCs In 

high-flow surface water samples. Pentachlorophenol and 2,4-D were not detected downgradient of 

samples 03SW 1102 and 03SW 1302, respectively and are therefore bounded. 

060208/P 5-2B CTO 0159 

• 



• 

• 

•• 

NSWC Crane 
RFI 

RevIsion 0 
Date October 2003 

Section 5 
Page 2901 29 

Twenty-four out of a list of 27 metals were detected In OJT/LSC media. Banum, beryllium, cadmium, 

chromium, copper, Iron, lead, mercury, nickel, and zinc were retained as COPCs in surface soil samples. 

Banum, cadmium, cobalt, copper, iron, lead, manganese, nickel, silver, and ZinC were retained as COPCs 

In subsurface SOil samples. Aluminum, banum, cadmium, chromium, Iron, manganese, nickel, and 

thallium were retained as COPCs In ground water samples. Aluminum, antimony, barium, cadmium, 

copper, lead, tin, and ZinC were retained as COPCs in shallow sediment samples. Aluminum, antimony, 

banum, cadmium, copper, lead, tin, and ZinC were retained as COPCs in deep sediment samples. Lead 

and Iron were retained as COPCs In low-flow surface water samples. Antimony (total and dissolved), 

lead, cadmium, copper, and zinc were retained as COPCs in high-flow surface water samples. Metals 

were retained as COPCs In all media at OJT/LSC and were detected In greatest frequency in surface and 

subsurface Salls In the area of the Burn Area and Burn Pit. Soil borings 03SB24 and 03SB48, in 

particular, showed the greatest metal concentrations. These locations of relatively high metal 

concentrations appear to represent small, contaminated areas that should have little effect on receptor 

exposures . 
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ECO
R9RES MIG DAF1 DC ECO

R9RES MIG DAFI DC ECO

R9RES

R9RES MIG DAFI DC ECO

R9RES MIG DAF1 DC ECO

R9RES MIG DAFt DC ECO I

0.82
0.63
0.93

0.44

5
7. ,

(UG/KG)
1.5
11
760

2)

2)

21
(UG/KG)

1200

\
ECO

2)

(0

(0 - 2)

(0 - 2)

10

R9RES MIG DAF1 DC ECO

(0

(MG/KG)

R9RES MIG DAFl DC EeO

03SB09
NO DETECTlONS

NO DETECTIONS

03SB12
NO DETECTIONS

03SB17
Dioxins (NG/KG)
TEQ BIRD
TEQ MAMMAL
Semivolatile Organic~

BENZO (A) PYRENE
BENZO(B)FLUORANTHENE
DI~N-BUTYL PHTHALATE

03SB13 (0 ~

Semivolatile Ot:ganics
DI-ll-BUTYL PHTHALATE
Energetic"" (MG/KG)
2-~~IllO-4,6-DIliITROTOLUENE

4-AMINO-2,6-DINITROTOLUENE
RDX

_.

035803
Energetics
HMX

03SB08

2)

(UG/KG)
28
.9

0.51

R9RES MIG DAFt DC ECO I

21
(UG/KG)

510

" 035B20
~ Dioxins lNG/KG)

""'\ TEQ BIRD 0.32 ECO
TEO MAMMAL 0.43 D,\Fl ECO

~'0.olSi'x~ fl ,. <....:"""~\\'''''~';::1:03:S~B:2~'=====:1::0=:2~'======:R:9:R~ES::M:'~G::D~A~'7'-D~C'-;E~-C~O-' I
"<: 'XX~ ~,\~~:,g""o, IMG/KG, 0.36 "

(}-~~?~~~~ 03SB22 (0 - 2)~ Energet~cs (MG/KG)'" .::'~S;----------~,,--"'J 1,3, 5-TRINITROBENZENE 0.72, I 2,4,6-TRINITROTOLUENE 510

Q

\; 2-AMINO-(,6-DINITROTOLUENE 1.2
\ 4-AMINO-2,6~DIllITROTOLUENE 2

HMX 77
RDX 140

----

R9RES MIG OAF 1 DC ECO I

---------

\

035811 (0 ­
3emivolatile Organics
BEIIZO (A) PYRENE
BENZO(B)FLUORANTHENE

R9RES MIG DAFt DC ECO I

033B45 (0 ­
3emivolatile Organics
DI-N-BUTYL PHTHALATE
Energetics (MG/KG)
HMX

--.,

\

"OC3~S"B;;"I-------;1~0-='2;-'-------R,",9R;;E"S"M"';;G"D"A;:;,Cl~D;;C"E;;C;;o,l\ \
NO DETECTIONS \ \, \
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.. 035B32 (0 - 2) R9RES MIG DAFt DC F,CO
.... Dioxins (NG/KG)

.... TEQBIRD 0.6 ECO
1EO MAMMAL 0.68 DAF t ECO

10

ECO

ECO
ECO

(0 - 2)

R9RES MIG OAF 1 DC ECO I

x :x
'OX

DAF1

DAFt

ECO
ECO

R9RES MIG DAF1 DC ECO

03SB07
NO DETECTIONS

ECO
ECO

DAFI

R9RES

R9RES MIG DAFt DC ECO

2)

ECO

R9RES MIG DAFI DC ECO I

1
03S806
NO DETECTIONS

DAF1

DAFI

7.5
6.9

R9R~3 MIG DAF1 DC ECO

R9RES
R9RES

R9RES

0.77
1
58
'-3

R9RES MIG DAFI DC ECO

"

(0 - 2)

,
(UG/KG)

20
980
19

ECO

R9RES MIG DAFI DC ECO

ECO

R9RE3 MIG DAFI DC ECO

R9RES MIG DAF1 DC ECO

\~"rc===------",--",----V-
r~_-_-_-_-_~~~l~~~~~~;=:~:::~t:i~':';::I:M~G~/:K~G~;:O:::;--2_'__-'0",.-'3", R_9_R_E_'_M_'_G_DA_'_'_D_C__EC_0_JI

1
03S802 (0 2) R9RES MIG DAFt DC ECO I
NO DETECTIONS

R9RES MIG DAF1 DC ECO

R9RES MIG DAFt DC ECO

(0 - 2)

2)

,

,

R9RES MIG DAFl DC EeO

R9RES MIG DAFI DC ECO

,

21
(UG/KG)

54
160
130

10

4.l
3.8

0.07
0.14

(UG/KG)
11

(IiG/KG)

0.72
0.43
0.72
1.2

1.2
2
2.3
1.4
14
6.2

(0 - 2)

2)

21
(UG/KG)

52
160
4500
33

21
(UG/KG)

12
11

(UGlY-G)

2)

(UG/KG)
10
24
140

(0 - 2)

TEQ BIRD
TEQ MAMMAL
Volatile Organics (UG/KG)
TRICHLOROETHENE
3el:livolat ile Orga:1ic."!
BENZO(B)FLUORANTHENE
DI-N-BUTYL PHTHALATE
NAPHTHALENE
Energetics (MG/KG)
2-AMINO-4,6-DIIiITROTOLUENE
4-AMIII0-2,6-DINITROTOLUENE
HMX
BOX

035B26
Dioxins

0.091
0.18

(UG/KG)

14

0.087
0.24

(UG/KG)

12

1. 65)

1.1 )

(0

\

(NG!KG)

ECO

R9RES MIG DAFt DC ECO

R9RES MIG DAFI DC ECO

10

10

(NG/KG)

\
\

1
03S836
NO DETECTIONS

J

,
,

03SB24. (0 ~

3emivolatile Organics
BEIIZO(A)PYRENE
BENZO(B)FLUORANTHENE
NAPHTHALENE
Energetics (MG/KG)
1,3,5-TRINITROBENZEIiE 11 J
2,4.,6-TRINlTROTOLUEIiE 1700
2,4. -DllIlTROTOLUEIIE 1 J
2-AMINO~4,6~DINITROTOLUENE 30 J
4-AMINO-2,6-DINITROTOLUENE 15 J

WH~M~X__-;::::::::::::::::::':6:0:0:::"===::::::::::::::::~ ./ ~RDX 2400 J R9RES / \

TEQ BIRD
TEQ MAMMAL
Semivolatile Organic~

BENZO(B}FLUORANTHENE

035831
Dioxins

,
\

(lIG/KG)

(NG!KGJ

R9RES MIG DAFI DC ECO

\\

0.39
0.56
0.35

MIG DAF1 DC ECO I
,
\
\,,,,,

\
\,
\,

TEQ BIRD
TEO MA."fMAL
Volatile Organics
TRICHLOROETHENE

035B23
Dioxins

\
,

03SB18 (0 ­
Semivolatile Organics
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
DI-N-BUTYL PHTHALATE
NAPHTHALENE
Energetics (MG/KG)

2-AMINO-4,6-DINITROTOLUENE
4-AMINO~2.6~DINITROTOLUENE

8M'
RDX

03SB15 (0 ­
Semivolatile Organic~

BENZO(B)FLUORANTHENE
NAPHTHALENE

03SB19 (0 ­
Sernivolatile Organics
BENZO(A)PYRENE
BENZO(BIFLUORANTHENE
DI-II-BUTYL PHTHALATE
Energetics (MG/KG)
l,3,5-TRTNI'l'ROBENZENE
2,4,6-TRINITROTOLUENE
2-AMINO-4,6-DIIIITROTOLUEIIE
4-AMINO-2,6-DINITROTOLUENE
HMX
ROX

\
\
\
\
\
\
I
I
I
I
\
\
\

2)

(UG/KG)
150

2)

(UG/KG)
14

R9RES

1
033834.
NO DETECTIONS

033830
Dloxin3

035829

TEQ BIRD
TEQ MAMMAL

Sernivolatile Organics
BENZO(B1FLUORANTHENE

TEQ BIRD
TEQ MAMMAL
Semivolatile Organic3
BENZO (8 1FLUORANTHENE

Dioxins

2)

(UG/KG)
S
120

\

UNO

2)

GR

10

033B14 (0 ­
Semivolatile Organics
BENZO(B)FLUORANTHENE

03SB16 (0 ­
3emivolatile Organics
DI-II-BUTYL PHTHALATE
Energetic"" lMG/KG)
2,4,6-TRINITROTOLUENE
2-MIIl0-4,6-DINITROTOLUENE
4-AMIllO-2 6-DTNI'l'ROTOLUENE

\
\

03SB10 (0
3emivolatile Organics
BENZO(B)FLUORANTHENE
DI-N-BUTYL PHTHALATE

1

03S805
NO DETECTIONS

R9RES MIG DAF1 DC ECO L
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033B38 (0 - 2) R9RES MIG DAFI DC ECO \
WN"O,-,D~E.'WE"C",,,I~O~N"Sl... .....l;',,, \

\\

1

033B3:'
NO DETECTIONS

Building/Structure

Burn PillBurn Area

SWMU (Estimated Boundary)

Storage Trailer

Surface Soil Sampleo
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Surface Water
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I! P:\GIS\NSWC_CRANE\APR\OJT_LSC_TAGS.APR 5·01 ORGANIC CHEMICALS

I OF POTENTIAL CONCERN IN SURFACE SOIL LAYOUT· 0 SIZE 10116103 JAL

SCALE

AS NOTED

CONTRACT NO.

3960

R9RES
DC

MIG
DAFI
ECO

Vegetation

Miscellaneous

= EPA Region 9 Residential Preliminary Remediation
= IDEM Tier 1 Direct Contact Values.
= IDEM Tier 1 Migration to Ground Water Values.
= U.S. EPA SSL Migration to Ground Water DAF of 1.
= EPA Region 5 Ecological Data Quality Level.
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ECO

'CO

'CO
'CO
BCO

'CO'CO
'CO
'CO

<CO

£0O

OAI'I
OAFl
DAn

0111'1

,co

,CO
ECO'CO
'CO

,co

BCO
"CO

'CO

'co
'CO
I\CO
ECO

DAFI
OAF1

DAFI

DAF1

DAn
DAI'l

DA~·l

DAFI

DA~·l

R9RES MIG OAF 1

R9RES MIG DAF1 DC ECO

R9RBS

'CO

J
J

J

J
J
J

I

5O~"""""'li ~0 ""'l50iiiiiO iiiil100 Feet
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P:\GIS\NSWC_CRANE\A.PR\OJT_LSC_TAGS.APR 5-02 INORGANIC CHEMICALS OF
POTENTIAL CONCERN IN SURFACE SOIL LAYOUT· 0 SIZE 10116103 JAL

R9RSS MIG DAF! DC ECO

R9RES M!G DAFI DC ECO

it9~ES ~IG OAFI DC ECO

DAn

J

J
J

J

J
J

J
J

J
J

J
J
J

75.7 J
0.S4
0.56
12.6 J

6.'
13.7
12600
20.6
<51
0.03
12.8
44. 8
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03SB28 (0 - 2)
Inorganics (MG/KG)
BARIUM 313 J
BERYLLIUM 0.75
ClID~IUM 0.82
CHROMIUM 52.4 J

COBALT 13.7
COPPER 41.7
IRON 28400
LEAD 22.6
MA.'lGANESE 1470
~iiRCURY 0.26
raCKEL 21.5
ZH/C 739 J

R9RES MIG DAFI DC ECO

035B43 (0 - 2)
Inorganics lMG/KGl
BARIUM
BERYLLIUM
CADMIUM
CliROMIUI":
COBALT
COPPER
IRON

L'AD
,...ANGANESE
MERCURY
NICKEL
Zwe

03SB4' (0 - 2)
Inorganic:! (~G/KG)

BARIUM 108 J
BERYLLIUM 0.62
CADMIUM 0.59
CHROMIUM 11.8 J
COBALT 13.5 J
COPPER 12' J
I ROil 20200
LEAD 61.1
MANGANESE 1270
MERCURY 0.028
NICKH 15.3
ZINC 51.2

o
o

ECO

fiCO

ECO
ECO
IiCO
ECO

BCO

'CO

ECO

,co

'CO
ECO

'CO
,CO

'CO

'CO

'CO

'CO

'CO
'CO
,co

DC ECO

OAFI
DAft

DAFl

DAF!

0"1'1

OAF!

DAn
0"1'1

OAF 1

OAF!

DAFI

......------------I
\
\

\
\

\" ...,
,-

R9RES MIG OAF! DC BCO

R9RES

\
I
\
\
I

I \
I \, \, ,

" ', ', "" ......
..., ' ,

' _- ...
, '

il.9RE5 MIG OAFI DC ECO

R9R;;:S MIG

R9RE5 MIG OAl'l DC ECO

J
J

J

J
J

03SB42 (0 - 2)
Inorqanic3 (MG/KG)
BARruM 118 J
BERYLLIUM 0.8
CADMIUM 0.38 500
CHROMIUM 11 . 8 J DAn RCO
COBALT 17.5 J SCO
COPPER 8.9 J SCO
IRON 26800 J R9RES ...---...-----------
LEAD 14.8 J SCO _ ........
.....AlIGANSSE 1500 J .........
MERCURY 0.026 J ,... "
NICKEL 14.1 J OAF 1 RCa ..,.,."

,-_",:",._--; 5 fiNER 0.33 _---

_------':~..._;Z:':.N~Cs:::===':6:.~'<:;::J'::====:::;:====':C:0~- -"- ---v-; ~

J

J
J

J
J

\,
I
I
I
I
I
I
I
\
\
I
I

- ~)

(MGIKG)
107 J

1
0.48
19 J

L8.1 J
9.1 J
26900
16 J
1530
0.021
19.2
0.5
36.7

I
I
\
\
\
\
\
\
\
\
I
\

035B25 (0
Inorganic3
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM
COBALT
COPPRR
IRON
1.RAD
MANGANESE
MERCURY
IIlCKFl r.
5I1.VER
ZINC

035924 (0 - 2)
Inorganlcs (HG/KG)
BARIUM 150 J
BERYLLIUM O. 3J J
CAD~IUM 4.4
CHROMIUM 12.2
COBAL, 7.4
COPPER 34.5
IRON 13500
LEAD 10200
~Jl~GASRSE 292 J
MERCURY 0.066
NICKfiI. 14 J
SILVER 0.62 J
ZINC 21 \ J

035B20 (0 - 2)
Inor9anic~ (KG/KG)
BARIUM 120 J
BSRYLLIUM 0.75 J
CHROHIu~ 7.7 J
COBALT 9.6 J
COPPSR 5.4 J
IRON B280 J
LEAD 1l.3 J
M.A!IGAN!iSE 1090 J
MERCURY O. o:~ J
SICKEL 8.9 J
7.1NC !9.5 J

-

BCO

RCa

BCO
geO
IiCO

ECO
seD
'CO
£00

ECO

aco

eco
'CO

HCO
aco
'CO
'CO

DAFl

DAFl
DAr"l

OAF 1
DAFI

OAFI
OAFl

OAFI

DAft

R9RES MIG DAF1 DC ECO
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\
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I 'I \
\ I
I I
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I \, '
I 'I I, ', I
I I
I '\ I
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\ ,

\ ,
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\ \

\

R9RES MIG DM'l DC ECO

R9RES MIG DAFI DC ECO

J

J

J
J
J

J
J

J

J
J

J
J

J
J

311 J
0.55
l.S
10.1
11.8
54. 9
14300
63.3
1020
0.16
14 . 5
211

035B46 (0 - 2)
Inorganic.!3 (MG/KG)
BlIRIUM 72.2 J BCO
Bt:RYLLIU/1 1.1 ECO
CADMIUM 0.4 BCO
CHROMIUM 2S. 8 J DAFI ECO
COBAI,T 17.2 J ECO

COPPBR 18 J BCO I~
IRON 49700 J R9RE5
LEAD 17 • 3 J IlCO
MANGANESE 1120 J

MERCURY 0.017 J ~
~ICKEL 22.4 J DAFl Eoo
SILVER 0.32 J

,-,Z",""C'--;:=='::'::.:,'==J=======::::r===":O,=,-_..l,
03SB41 (0 - 2) "-9P.SS MIG OAFI DC ECO ~
Inorqanic5 (MG/KG) 035B27 (0 _ 2)

:;:;~~nJM ~~~1 J DAFt ECO Inorganlc.!3 (MG/KG)

CADMIUM 0.78 DM'l EeO BARIUM 167 J
CHROMIUM 19.9 J DAn SCO B£RYLLIUM 0.91
COBALT 15.':: J ECO CAD!'lImt 2.4 DAFl ECO

CHROMIUM "88 J R9RBS MIG DAI'l EOO ...
~~=ER ~~4~0 JJ ..9 RES ECO C08ALT 13.6 5CO ,. .....,.,.

LEAD 16 J KCO COPPER 63.9 J ECO _ ...,."
MANGANESE 1210 J IRON 23800 J R9RE5 ..... D
MERCURY 0.022 J LEAD 36 J ECO ..",,/"-'

I;tCKEL 19 J DAFt ECO f'''--- ----------__ !'l.i\NGANS5S 83"1 J ~ ........ ,... ~
,-"'.'.N.c__-r""'"'::."'=J",,=====,,,,===,,,',,,·C;;O,,,,'-__L--, :;~~~Y~,~i ; g~;~ ~~~ ,...'

'-'Z"!"',C'-__...,••"5_,,J ,"_;::::::r==':C:O:::'- ..£~-~- --./ :'03SB48 (0 - 2) R9RES MIG DAI'1 DC ECO I I
Inorgllnic::: (MG/KG) I I f
BAR!U!"J 2040 J MIG DAn ECO 8 'I 03SB3~ (0 - 2) R9RS5 MIG DAI'l DC ECO I
BERYLLIUM 0.55 I I I!lOI:ganics IMG/KGJ l
~~~~~~ ~j SB J ~~~~ ~~~ ~ + !; ~~~~~~IUM ~~ 67 J ECO i
COBALT 6.7 J SCO 8 : : CADM!UM 0.( KeO:
COPPER H.4 J ECO {~+' I CHROMIU~ 15.3 J OAFl ECO I
IRON 28800 J R9RES " : COBALT 12 J ECO \
LEAD 124 J MIG ECD I I COPPER 7.9 J ECO l

¥.AIiGANE5B 423 J (0+ /: IRON" 21100 J \
MEitCURY 0.075 J ECO I I LEAD 14.4 J ECO I
NICKEL 25.5 J DAFI ECO I I !'".ANGANESE 1020 J
ZINC 79.7 J SCO \ : MERCURY 0.02

\ I N"ICKEL 12.5 J DAn

./ ,,: zmc 29.5 J ECO I

/ \' I :

\ \\./\/ I
\ \ I
I I I
I , I
I I I
\ ;---''-----------------, I

\ 035B33 (0 - 1.1) R9RE5 MIG OAF! DC' KCO I
\ Inorganic9 (I'W/KG) :
\ BARIUM 81.3 J BCO'
, CADMIUM 0.56 OAF 1 ECO J
\ CHROMIUM 11.9 J DAFl ECO I
\ COBALT 3 J ECO :
\ COPPER 6.7 J ECO I
, IRON 15300 J :

LEAD 9.2 J ECO ,
KANGANE5E 3.21 J :
NICKEL 14.4 J DAFI SCO ,
ZINC (8.2 J ECO :,

(

r:CO
I':CO

BCO

ReO
I-:CO
RCa
RCa

I-:CO

03SB45 (0 - 2)
Inorganic~ (MG/KG)
BARIUM
BERYLLIUM
CAOl"IIUM
ClfROMruM
COBALT
COPPER
IRON
LEAD
MANGANESE
MERCURY
NICKEL
ZINC

,
\ ', \, ,, \

\ ,
r-------'~-----'.---''---'--, \ ...,

\ ,
I ,

\ ,
I '.
\ \
\
\ I
I I
I \

\
I ,
I
I

\ ,,
I

035B21 (0 - 2)
Inorgonics (KG/KG)
BARIUM 1~9 J
BERYLI,IUM 0.82 J
CADMIUM 0.42
CHROMIUM 10.8 J
COBALT 14.6 J
COPPER 8.7 J
IRO.... 1l!600
LEAD 16.2
~.ANGASE5E 1390
MERCURY 0.03l
NICKEL lCB
ZINC 37.4

DAlil

011.1'1

DAn
OAlil

ceo

ECO

ECO

ECO

seo

'CO

'CO

Io:CO
,CO
'CO
ECO

BCO

,co

,co
BCO
,CO

'CO

,co
,co

R9RES

it9P.SS MIG OAI'1 DC ECO

J

J
J

OAFI

DAFI
DAF1

DAFI

OAF 1
DAFl

DAFI

DAFI
DAFI

DAFt

MIG

R9RE5 MIG DAFI DC ECO

R9RRS MIG DAFl OC Reo

R9RE5

'CO

'CO
'CO

'CO

BCD,CO
'CO
'CO

J
J
J

J

J
J

J
J

J
J

J
J
J

J

,co

,co

,co

,CO
'CO'CO

DAFl

OAF!

DAFl

""r------------,

OM' 1

OAFI

OAFl

R9RE5

R9RBS MIG DAFl DC ECO

035B41 (0 - 2)
IlIorg~nic.!3 IMG/KG)
BARIUM 429 J
BERYI,I,lUM 0.52
CADMIUM 1.3
CHROMIUM 10.8 J

COBAI,T 12.6
COPPBR 62 J
IRON 15200
LEAD 83.5
MANGANESE 1160
MERCURY 0.13
~l! CKBI. 13 . 5
ZINC 230

03sa40 (0 - 2)
!norqanic:5 (MG/KG)
aARIUH 11 J J
BERYLLIUM 0.73
CADMIUM 0.4B
CHROMIUM 13.B J
COBAL!' 17.! J

COPPER 9.8 J
IRON 24200
LEAD 15.7
.....ANGANSSE 1 {90
MSil,CURY 0.028
IHO:SL 16 J
ZU1C 42 J

" ........
~....., "''''''''''

"""", ",

""""""",,.,
.........._-- ...

"\
\ \

\ \
\ (\
....~..C\­

""l.l; ....... ~ .....-
r------------"'--{'~'_"rC',

035B26 (0 - 2) R9RES MIG 011.1'1 DC ECO ..--~~... - ... -
Inorga:'lic:5 (MG/KG) -"'_... -- _

BARIUM ';65 J DAFI RCO ....
BBRYLLIUM 0.55 ..-- _

CADMIUM 1.2 OAFI SCO
CHRO~IUM 12. ( J DAFI ECO
COBALT 13. B BCO
COPPER 46.6 J ECO
IRON 17100 J

LEAD 66 J
MANGANB5E 1150
MSRCURY 0.093
NICKEL 13.6
ZINC 191

-

ECO

ECO
£00
ECO

ECO

ECO

,co

J
J
J

J

R9RES MIG OAF1 DC ECO

'CO
'CO

ECO

,;CO
geO

,co

'CO
'CO

,CO
'CO
'CO
'CO

'CO

'CO

'CO
'CO
1:;('0

ECO

ECO

ECO

J
J

J

J
J
J

'CO
1>CO
'CO
'CO

DAFl

DAFl
DAFl

DAFt

DAFt
DAFl

OAF 1

DAFl

DAFI

OAF 1

O,\Fl
DAFI

DAn
DAFt

OAF!
OAF 1

DAFI

R9RES MIG DAFI DC ECO

03SB37 (0 - 2)
Inorganics (MGn:G)
BARIUM 95." J
BERYLLIUM 0.77
C1iROMIUM 10.4. J
COBALT 15 J
COPPER to.8
IROS 18100
LEAD 15.5
~JL~GANESE 379 J
M"RCURY 0.019
NICKEL 13.6
ZINC 33.7

R9RES MIG DAFI DC ECO

il.9RE5 MIG DAl'l DC ECO

R9RES MIG OAF1 DC BOO

J
J

J

J

J
J

J
J

J
J
J

J

J

J
J

J
J

J
J

J

,CO
,co

ECO
,CO
BCO
,CO
,CO
,co
,co

DAn

DAft

DAn
DAFt

03SB39 10 - 2)
Inorganlc~ (MG/KG)
BARIUM 132 J
B3RYLLIUM 0.79
CADMIUM 0.37

"'-'.:J-----_\__J CHROMIUM 11 .2 J
COBALT 18.9 J

"\

COPPER 8.1 J
IRO~ 26900
LEAD 16.3
~NGANESE 1760
MERCURY 0.028
NICKEL 17 J
ZINC 34.4 J

035B19 {O - 21
Inorqanics (MG/KG)
BARIUM 103 J
BSRYLLIU~ 0.78 J
CADMIUM 0.84
CHRO~lU!'l 15.5
COBAL!' 11.7
COPPER 15.1
IRON 20900
LEAD 1(.7
HA~GANESE 260 J
MERCURY 0.038
NICKEL 20.2 J

ZH;C 56.7 J

03SB22 (0 - 2)
Inorganlc8 (MG/KG)
BARIU~ 118 J
BERYLLIUM 0.77 J
CADMrtJM O. B3
CHROMIUM 15.6
COBALT )1.6
COPPER 23.1
IRON 19700
LBAD 27.6
MAIlGA!lESE 788 J
MERCURY 0.046
NICKEl. 17.7 J
ZINC 79.2 J

035823 (0 - 2)

Inorganics (MG/KG)
BARIUM 420 J
I:lERYLLIUM 0.48
CADMIUM 1.1
CHRO~IUM 11.2 J
COBALT 10.6
COHEiR 53.7
IRON 15500
LEAD 54.7
,...AtlGM/E5E 7( 1
MERCURY 0.18
NICKEL 12.9
ZINC t89

il,9RES

R9RES MIG DAFl DC ECO

J
J
J

\ 035B31 (0 - 2)
Inorganic~ (MG/KG)
BARIUM 66.2 J
BERYLI,IUM 0.62
CHROMIUM 21.2 J
COBALT 12.9 J
COPPER 8.2 J

IRON 22800

;l_--+----l LEAD 20.8MAI/GANESE 853
I1HRCURY 0.2
NICKEL 9 J
ZIIIC 7.7.1 J

(

,,
\

\ ,
"

"
' ...............,

~,,
\ ,

\
\

\ ,

I \ ~
\ \
\ \
\ \
I ,
\ \
\ \
\ \
\ I
\ I
I I
\ \

\ 'I \, \
\ \
\ I
\ \
I \
\ \
\ \
I I
\ \
, I
\ I, \

\ \

I '
I '
\ I
I I

I I
\ I
\ I
\ \
, I
I I
I \
, I
I I

" \ 03SB17 (O - 2)
, , Inorganlcs (MG/KG)

\ \ BARIUM 93.1 J
, , BERYLLIUM 0.57 J

\ \ ~~~~~~~M ~6~~ J
\ , COBALT 12.3 J
\ \ COPPER 7.3 J

, \ ~ IRON 28600 J

" \ ...000 I,EAD 21.2 J
, , MANGANESE 796 J
\ \ MF.RCURY 0.023
, \ "'li:l 0< NICKEL 17.9

\ .. ~~"NC 44.6I , ....

" \ l()..,
" \ 03SB18 (0 - 2) P.9R£S MIG DAFl DC RCO

, , Inorganic:! (MG/KG)

\ \ :~:~~~IUM i~: J DAFl :~~ ~
, , CADMIUM 1.7 DAFt BCO

\ I CHRO~IUM 11.8 J OAFI ECO
\ I COBALT 10 . 6 SCO '<~~:X,>(\h
\ 1 COPPER 12.B J ECO :x:X><
, I IRON 13700 J J
"LI::AO H4 J MIG ECO

" ' ", \ I f".AtlGANSSE 322 J ...
'.... ,'MERCURY 0.019 J

.... - __ , \ SICKEL 3~. 6 J
"\ '\ ZINC 68.9 J

I ' \\ \,,
I,
I,,,,

I':CO

ECO

ECO'CO

'CO
'CO
ECO
EeO

'CO

DA~'l

DAI'l

DA~·l

DAn

OIli'l

ECO

BCO

'CO
'CO
BCO
BCD

'CO

MtG

------------------------------_..,,-
/

/
/

/

"//
/,.-

I
I,,

,.",.,.,.J
/

/,,,
/

I

/
,.,.,.,.,,/

",,/

"_/--------,.,.,.,...
------------------------_... ,.

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

DAFl

DAFl

R9itES MIG DAn DC seQ

ECO
,CO
,co

,co

,co

,CO'CO
'CO
'CO

J
J
J

J
J
J

J
J

DAF1
OAF 1

DAFI
OAFl

OAF!

1l.9RES MIG OA~l DC ECO

R9RES

R9RES MIG DAFI DC ECO

R9RE5

03S838 (0 - 2)
Inorganics (MG/"''')
8AP.IUM 177 J
BERYLLIUM O. 5B
CADMIUM 1.6
CHROMIUM B.B
COBALT 12.1
COPPER 54.6
IRON 14500
LEAD 85.5
MANGANESE 1210
M~;RCURY 0.14
IHCKF:L 13.7
SILVER 0.72
ZINC 142 J

J
J

J
J
J

Vegetation

Miscellaneous

Burn PitlBurn Area

Storage Trailer

Road, Bridge

Surface Water

Surface Soil Sample

Building/Structure

SWMU (Estimated Boundary)

035836 (0 - :!)

Inorganic:! (MG/KG)
BARIUM 77 J
BERYLLIUM 0.45
CADMIUM 1).35
CHRO~IUM 13. _ J
COBALT 14 J
COPPER 8 J
IRON 20600 J
LEAD 12.8 J
Mk~GANESE 917 J
MERCURY 0.027 J
NrCKKL 10 J
ZINC 30.2 J

03SB35 (0 - 2)
Inorganic!! (MG/KG)
BARIUM 178 J
BERYLLIUM 1
CADMIUM 1.2
CHRO~IUM 33.5 J
COBALT 16.4
COPPER 39.B
IRON 39600
LEAD 60.3
MA.!-1GMIESE 1290
MiHtCURY 0.12
NICKBL 22 J
ZINC 120 J

D­W
o

Legend
a

---

--...-, .,..."
I '\ ,.": ...._-----,,,

/-----------------_...

I I
I \
I \
\ \
I I
\ \
\ I
I \
\ \
\ " 035B30 (0 ~ 1.65)

\ \ Inorganics (MG!KG\
\ , BARIUM 105 J
\ \ BRRYLLIlw. 1.1

\ \ Cl.DM!UM 0 • -Hi
\ \ CHROt'lIUM 22 J

\ \ COBALT 17.1 J

\ \ COPPER 9.3 J
\ \ IRotl 3UOO
\ \ LKAD 20.9

\ \ MANGANESE 1210
\ \ HERClHY 0.03

\ \ NICKEL 19.4 J
\ \ ZINC 48.9 J

SWMU 03 - AN "'UNIT1~ B,~ ING GROUNDS \
\ I

\

\ \ ,---__-------r-J
\ \ 035829 (0 - 1.1) R9RES MIG DAF! DC Eeo

\ \ Inorganic$ IMG/KG)
\ \ oARIUY. 114 J DAFl EeQ

. := \~'~~\~"~~::::~0: ~~\~...l,,~·l ~;:;;.iJH ;.6 "'....... "W\ .' • \\ CHROMIUM 19.4 J DAFt ECO

l__-----------..\"\\~~ %~~fT" ~?6tO JJ P.9iUiS ECO\ \ • \ l.~':&;:~ 2'6.8'1 J YC3
\ I
\ \ KANGAtlESE 1170 J

~ \ \ MERCURY 0.04
\ \ IHCKEL 23.2 J OAF! EeQ

r-----------------'~---_',\ ZINC 55.7 J ECO

035B34 (0 - 2) R9RES !'<IG DAn DC ECO \
Inorqanic3 (HG/I\"G) \ \
BARIUM 103 J DAFt EeQ,'
BIo:R'iLLIUH 1.2 ECO \ \
CADMIUM 0.5 DAFt BCO \ \
CHROMIUM 2~. 6 J DAFl ECQ \ \

I I
COBALT H.9 J ECa \ \
COPPER 10.2 J ECO \'
IRON 51600 J R9RES ' "

~~~~ANESE i~9~ ~ ECO ~\,\
MERCURY 0.023 J

;:N:':C:K~-E:L===2:.,:.:3=:J=======D:A:F:'==:~:CC:Oo~ '\ I,7. INC 49 J '"
\ I
\ I
I ,
I \
I \
\ \
I ,
I I
I I
I \
\ \
\ \
\ \
\ \
\ \

Note: MeL for Iron is the Secondary MeL.
SCALE

AS NOTED

R9RES
OC
MIG
DAFl
ECO

= EPA Region 9 Residential Preliminary Remediation
= IDEM Tier 1 Direct Contact Values.
~ IDEM Tier 1 Migration to Ground Water Values.
= U.S. EPA SSL Migration to Ground Water OAF of 1.
= EPA Region 5 Ecological Data Quality Level.
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, 
" 

03S836 
NO OETECTIONS 
03SB36 (6 10) 
NO DETECTIONS 

S1NMU 03· AMMUNmON BU 

03S805 
NO DETECT tONS 
03SB05 
NO DETECTIONS 

0.3SBI0 
\ NO DETECTIONS 

0.3SB10 
NO DETECTIONS 

" 
>OJ 

(2 6) 

16 10) 

(2 61 

(6 10) 

0.3SB16 {2 -
Semivolatile Organic!! 
BENZO (A) PYRENE 

" (UG/KG) 

BENZO (8) fLUORANTHENE 
II 
14 

OI-N-BUTYL PHTHALATE 110 J 
&nerget icoS (MG/KG) 
2 , 4,6-TRINITROTOLUENE D.91 
2-AMINO-4,6-0INITROTOLUENE 1 . 1 
~-AMINO-2. 6-0INITROTQLUEN"E 0 . 55 

R9RES MlG DAn 

R9RES MlG DAn 

R9RES MIG DAFt DC 

R9RES MIG DAFt DC 

R9RES MIG OAFl DC 

R9RES MIG DAn DC 

R9RES MIG DAFt DC 

03SB16 (6 - 10) R9RES MIG DAFt DC 
NO nETECTTONS 

O.3SBl~ 

NO DETECT IONS 
0.35B14 
NO OF.TECTtONS 

03SB13 
NO DETECTlONS 
03S813 
NO DETECTIONS 

(2 - 6) 

(6 10) 

(2 6) 

(6 10) 

R9RES IHG DAFI DC 

R9RE5 MIG DAFt DC 

R9RES /'IIG DAn DC 

R9RES MIG DAn DC 

0.3S818 (2 - 'I) MRES MIG OAFl DC 
Semivolatile Org!!nlcs (UG/KG) 
8ENZO {A) PYRENE 110 R9RES 
8EN1.0 (8) I"LUORAN"tHENE 290 OAF} 
Ol-N-BUTYL PHTHALATE 2300 
NAPHTHALENE 110 
Energetics (MG/KG) 
2 . 4-DINITROTOLUENE 0.63 J DAn 
2-AMINO-~, 6-DHftTROTOLUENE 1.1 
4-AMINO-2, 6-0IN tTROTOl.UtNE 1.1 
HMX 0 99 
ROX .3.9 

03SBl!) 12 - 4) R9RES MIG DAft DC 
SemJvolatile Organic!! (OG/KG) 
Dt-N-BUTYL PHTHAt.ATE )20 J 
EnerqetJ cos (MG/KG) 
2. 4. 6-TRINITROTOLUENE 2.1 
2-AMJNO-4,6-0INITRO"tOLUENE 0 83 
<I-AMINO-2,6-DINITROTOLUENE 0 65 
MX 58 
ROX 0 92 
OJSB19 (12 - 15) 
Olo>!lns ING/I<G) 
TEO BIRO 
TEO AAMMAL 
Ener-qetics (MG/KG) 

H" 

OJS823 16 10) 

0.019 
0.029 

0.63 

R9R.ES l":JG DAn DC 

R9RES MIG OAFt DC 

, .. ~":O:O:':T:'C:T:J:O:"S::::::::::::::::~::::::::::::::::::~ 
03S822 12 • 
Semi volatile Organics 
ACETOPHENONE 
OI-N-BUTYL PHTHiU.ATE 
NAPHTHALENE 

., 
lUG/kG) 

81 J 
100 .J 
180 

03SI\22 112 - IS) 
Semivohtile Org~nicoS 'UC/KG) 
NAPHTHAt.F.NE 2J 
Enerqetics (MG/KG) 
HMX 3.9 
ROX 2.1 

R9RES l'IIG DAn DC 

R9RES MIG DAFt DC 

03S824 (4 - 6) R9R£S MIG DAn DC 
Semivo1atile Organic!! (UG/I<C) 
ACETOPHENONE 120 J 
NAPHTHAI.ENE 210 
Ener-qetics (MG/kG) 
2. ~, 6-TRINITROTOLDENE 0.16 
ROX 1.4 J 
03S824 D2 - 15) R9RES MIG DAFt DC 
Olodn!! lNG/KG) 
TI!:Q BIRO 
TEO MM'_"VIL 
Semlvol~tile Organics 
NAPHTHALENE 
I!:nerqeticoS ,MG/KG) 
2.4.6-TR.JNITROTOLOENF. 
HM' 
." 

o II 
o 2l 

lUG/KG) 
16 

0)Sa.39 (2 -
Semivolat lie Organics 
NAPMTKAL£N£ 

" lUG/KG) 

• 
OJSBJ9 {6 - 10) 
NO DETECT TONS 

03SB02 (2 6) 

N 
R9R£S MIG DAFt DC 

R9RES MIG DAn DC 
~ .. ' : 

R9RES MIG OAI"I DC 
NO DETECTIONS 
03SB02 ,6 10) R9RES MIG DAn DC 
NO DETECTIONS 

03S806 
NO DETECTIONS 
03SB06 
NO DETECTIONS 

0)S801 
NO DETECTIONS 
03S807 
NO DETECT IONS 

(2 6) 

'6 10) 

,2 6) 

(6 10) 

R9RES MIG 0101"1 DC 

R9RES InG DAFt CC 

R9RES MIG OAf' I DC 

R9RES MIG OAFI DC 

(2 6) R9RSS MIG OAFI DC 

(6 10) R9RES MIG OAFl DC 

-.. , 
, .. 

DETf:CTTONS 

03S81 t 
NO DETECTIONS 
03SBli 

OJSB08 
NO DETECTIONS 
03SB08 

(2 6) R9RES MIG DAn DC 

'6 10) R9RES MIG DAn DC 

12 61 R9RES MIG DAFt DC 

(6 10) 

(2 - <I) 

R9R£S MIG DAF! OC 

R9RES l'IIG DAFt OC 

NO DETECTIONS 
03S13.15 
NO DETECT TONS 

NO DETECTIONS 
0)Sa17 

NO DETECTIONS 
03S842 
NO DETECTIONS 

NO DETECTIONS 
0)S844 
NO OETECTTONS 

(2 6) 

(6 10) 

(4 6) 

(12 - 14) 

(B - 10) 

(12 - 1.5) 

, 
110 12) 

(12 15) 

(6 - B) 

,2 6) 

16 10) 

'2 6) 

(6 10) 

(2 6) 

(6 10) 

R9RES MIG OAI"I DC 

R9R£S MIG OAI"I DC 

R9RES MIG OAfl DC 

R9RES 

R9RES MIG OAf'! DC 

R9RES MIG DArt OC 

R9RES MIG DArt DC 

R9RES MIG oAn DC 

R9RES MIG DAn DC 

R9RES MIG OAfl DC 

R9RES MIG OArt DC 

R9RES MIG DAFt DC 

R9RES MIG OAf! DC 

R9RES MIG DAFI DC 

R9RES MIG OAI'"1 DC 

10 J OAFI 
(6 - 10) R9RES MIG OAF'! DC 

Volatile OrqanJcoS lOG/KG) 
l,l , 2,2-TETRACHt.OROSTHANE 2 J OAFI 
TRICHLOROETHENE 6 J DA'l 

(2 6) R9R.ES MIG DAFt DC 

(6 7) R9RES MIG OAPI DC 
P-'G/KG) 

0.28 J 

(2 - 4 ) R9RES MIG DAn DC 

20 J 

33 J 
IOG/XG) 

.90 

R9RES MIG OAI'"l DC 

'_ .. _. 
R9RES MIG OAI"I DC 

OAI"I 

R9RE$ MIG OAF1 DC 

DAFl 

l8 J 010.1"1 

0.42 J 

l J 
lS J 

R9RES MrG DAn DC 

DAn 
DAFt 

Legend 

o Subsurface Soil Sample 

Building/Structure 

Storage Trailer 

Burn PitlBurn Area 

SWMU (Estimated Boundary) 

Road, Bridge 

Surface Water 

Vegetation 

Miscellaneous 

R9R£S EP A Region 9 Residential Preliminary Remediation Goal. 
DC - IDEM Tier 1 Direct Contact Values. 
MIG - IDEM Tier 1 Migration to Ground Water Values. 
DAFl - U. s . EPA SSL Migration to Ground Water OAF of 1 . 
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DC

DC

DC

DAF1

DAFI

DAFI

DAFI

DAFI

DAFI

DAFI

DAFI

DAFI

DAFl

DAFI

DAFI

DAFI

MIG

MIG

MIG

MIG

R9RES
R9RES
R9RES

R9RES MIG DAFI DC
DAFt

R9RES MIG DAF1 DC

R9RES

R9RES MIG DAF1 DC
MIG DAFI

R9RES MIG DAFI DC

R9RES

R9RES
R9RES
R9RES

R9RES MIG DAFI DC

R9RES XIG DAF1 DC

R9RES

R9RES

R9RES MIG DAF1 DC

R9RES MIG DAFI DC

R9RES

J

J
J

J
J

"
J

J
J

J
J

J

J
J
J

J
J

J
J

J
J

e'
J

J
J

J

e'
J
J

J
J

J

03SB48 (2 - 6)
Inorg~nic~ (MG/KG)
BARIUM 614 J
BERYLLIUM 0.26
CADMIUM 0.63
CHROMIUM 32.7 J
COBALT 7~ 0 J
COPPER 22500
IRON 50900
LEAD 3590
~NGANESE 1200
MERCURY 0.025
NICKEL 79100
SILVER 33.9
ZINC 253 J
03SB48 (6 - 10)
InolCganic."! (MG/KG)
BARIUM 822 J
BERYLLIUM 0.56
CADMIUM 0.86
CHROl1IUM 32.3
COBALT 487
COPPER 9580
IRON 49800
LEAD 3410
MANGANESE 14 4 0
MERCURY 0.025
NICKEL 48300
SHVER 16.6
ZINC 157 J

035844 (2 ~ 6)

Inorganic."! (MG/KG)
BARIUM 119 J
BERYLLIUM 1. 4
CADMIUM 0.49
CHROMIUM 27.5
COBALT 21.2
COPPER 10.3
TROll 44400
LEAD 20 J
MANGANESE 1730 J

MERCURY 0.027 ,I
NICKEL 23.7 J
ZINC 41.4 J

03SB44 (6 - 10)
Inorganics (MG/KG)
BARIUM 83.1 J
BERYLLIUM 0.8"
CADMIUM 0.31
CEROMIUM 20.4 J
COBALT 20.1 J
COPPER 9. J J
IRON 56400
LEAD 18.5
MANGANESE 1450
MERCURY 0.02
NICKEL 19.9
ZIllC 43.9

OAF 1

5'10~ ""'l ;;;;;i0~ 5~O.. iiiii100 Feet

P:\GIS\NSV\iC_CRANE\APR\OJT_LSC_TAGS.APR 5·04 INORGANIC CHEMICALS
OF POTENTIAL CONCERN IN SUBSURFACE SOIL LAYOUT - 0 SIZE 10/15103 JAL

R9RES

/
/

I
I

/
I

R'1RES MIG DAFI DC /

I
I

I
I

I
I
I

I
I

DAPI

DAF1

J
J
J

J
J

J

\ ,
\ \

\ \\ ,
\ \
\ ,, ,
\ ,
\ \
\ ,
\ ,
\ ,
\ I
\ ,
, I
\ ,, ,, ,, ,
I ,

\ t, ,
I ,
, I
, I, ,, ,, ,, ,
I ,
I ,, ,
, I
I I
, I

\ 1
, I
I I, ,
"I'I I

I I
I I
I I
I I
I I
I I
, I
, I
I I
I I
I I
I I

/ I "
" I //
" 1/i l:~/;",.-.l.---------';",.--J..--'--'-----------_t

I
I
I,,

I
I
I

I
I

R9RES MIG DAFI DC

",,,
\

\ I
I I
\ I
\ I
I I
\ I
\ I
\ I

I "I I
I I
'i,

I,
I
I
I,
I
I,

I
I

R9RES MIG DAF] DC

8
8

--,--,,,

J
J
J

J
J
J

(2 - 4)

Inorganics (MG/KG)
BARIUM 104 J
BERYLLIUM 0.73
CADmUM 0.46
CHROMIUM 13.8 J
COBALT 13.7-
COPPER 2.'lS J
IRON 26200
LEAD 20.8
MANGANESE 1060
MERCURY 0.027
NICKEL 17.2
ZINC 137

, ,----

---- -----_...

_...-----­,--
\
I
I
I
I

\'-

03SB25 (6 - 8)
InolCganic."! (MG/,:G)
BARIUM 77.9 J
BERYLLIUM 0.58
CADMIUM 0.35
CHROMIUM 9.6 J
COBALT 14.6 J
COPPER 7 J
I ROll 18300
LEAD 12.5
MANGANESE 1420
MERCURY 0.023
NICKEL 11.1
ZINC 21.8

DA~'l

DAFI

DAFl

DAFI

DAFI

DAFI

MIG

R9RES MIG DAFI DC

R9RES MIG DAFI DC

R9RES

DAF1

DAFl

DAF1

J
J

J

J
J

J

J

J
J

R9RES MIG DA.Fl DC

R9RES MIG DAFI DC

J
J
J

J
J

03S827 (2 - 6)
Inorganics (MO/KG)
BARlUM 85.4 J
BERYLLIUM 0.75
CADMI UM O. 71
CHROMIUM 18.3 J

COBALT 12
COPPER 1230 J
IRON 35900 J
LEAD 49 J
~NGANESE 1150
MERCURY 0.035
NICKEL 22.7
ZINC ]26 J
03SB2'7 (6 - 7)
Inorg.:lnic~ (MG/KG)
BARIUM 85.4 J
BERYLLIUM 11.59
CADMIUM 0.48
CHROMIUM 18.4 J
COBALT 9.2

COPPER 26.3
IRON 22600
LEAD 14 . 5
MANGANESE 495 J

MERCURY 0.098
NICKEL 13.8
ZINC 66.4

R9RES MIG DAF1 DC

R9RES MIG DAF1 DC

\,
\
\
\
\,
I
I,
I
I,,

\ I
\ \

\ I
\ ,

\ ,
\ \

\ \
\ ,

\ ,, ,
....,,',

\ "".'\
I
I

J
J

J

DAFI

DAFI

DAF1

DAFI

DAFt

DAFI

DAFt

DAFt

DAFI

DAFI

DAF1

DAFI

DAFI

DAFt

035821 (10 - 12)
Inorganic~ (MG/KG)
BARIUM 10.8 J
BERYLLIUM 0.11 J

CHROMIUM 3 J
COBALT 3.7
COPPER 1.4
IRON 2620
LEAD 3 J
MANGANESE 130 J
NICKEL 3 J
ZINC 1.2 J
03SB;>l (12 - 15)
Inorganics (MG/KG)
BARIUM 20.3 J
BERYLLIUM 0.24 J
CHROXIUM to J
COBALT 3.4 J
COPPER 3.8 J
IRON 8990 J
LEAD 4.3 J

MANGANESE 1070 J

NICKEL 5.8 J
ZINC H.2 J

03SB20 (8 - 10)
Tnorganics (MO/KG)
BARIUM 13 5 J
BERYLLIUM 0.84. J

CADMIUM 0.4
CHROMIUM 6.1
COBJ\LT 9.3
COPPER 5.5
I ROil 9530
LEAD 10.5
MANGANESE 450 J
MERCURY 0.026 J

NICKEL 10.3 J
ZINC 24.4 J
03SB20 (12 - 15)
InolCganic~ (MG/KG)
BARIUM 42.4 J

-,,----"c-I BERYLLIUM 0.4 J
CHROMIUM 8.3 J
COBALT 3.5 J
COPPER 4.2 J

IRON 11300 J
LEAD 4.5 J
MANGANESE 809 J

NICKEL 9.4 J
ZINC 13.3 J

R9RES

R9RES MIG DAF1 DC

R9RES MIG DAF1 DC

R9RES

R9RES MIG DAFI DC

R9RES MIG DAF1 DC

R9RES

R9RES MIG DAFI DC

R9RES

R9RES MIG DAFl DC

J

J
J

J

J
J

J

J
J
J

J

J
J
J

J
J
J

J
J
J

J
J
J

J

J

03SB26 (6 - 10j
Inorg~nic~ (MG/KG)
BARIUM 989 J
BERYLLIUM 0.59

CADMIUM 0.82 DAft 03SB40 (2 _ 6)
CHROMIUM 12.8 J InolCg<mics (MG/KG)

.i:-"_~-------.\,-----~\---':~;--------ICOBALT 14.3 BARIUM 139 J
COPPER 21.3 J BERYLLIUM 0.15
IRON 17300 J CADMIUM 0.35
LEAD 34 J CHROXIUM 9.9 J
MAlIGA.NESE 1080 J COBALT 14.6 J
MERCURY 0.28 J DAft COPPER 16.4 J
NICKEL 18.7 J DAFI IRON 17300 J

~,..,'\\~:__..:::",,\~~\~_~Z~I~N:C===~2~1~7=:J========~~~~_ LEAD 12.6 J

MANGANESE 1440 J
MERCURY 0.027 J
NICKEL 15.5 J
ZINC 32.5 J
03SB40 (6 - 10)
Illorganics (MG/KG)
BARIUM 94 .5 J
BERYLLIUM 0.73
CADMIUM 0.35
CHROMIUM 21.8 J
COBALT 16.1 J
COPPER 8.6 J
IRON 43800
LEAD 16.2
MAlrGANESE 1390
MERCURY 0.022
NICKEl, 15.9
ZINC 37.2

DAFI

DAFl

DAFI

R9RES MIG DAF1 DC

113SB42 (2 - 6)

InolCganics (MG/KG)
BARIUM 153 J
BERYLLIUM 0.78
CADMIUM 0.36
CHROMIUM 8.5
COBALT 14.9
COPPER 10.2
IRON 16700
LEAD 13.5
MANGANESE 1680
MERCURY 0.027
NICKEL 15.9
SILVER 0.11
ZINC 37.9 J
03SB42 (6 - 10)
Inorganics (MG/KG)
BARIUM 101 J
BERYLLIUM 0.37
CADMIUM 0.41
CHROMIUM 18.6 J
COBALT 19.7 J
COPPER 6.9 J
IRON 26500
LEAD 15 J

MANGANESE 1680
MERCURY 0.023
NICKEL 20.3
SILVER 0.05
ZINC 31. 7 J

03SB41 (2 - 6)
Inorganics (MG/KG)
BARIUM 77.9 J

BERYLLIUM 0.96
CADMIUM 0.41
CHROMIUM 24.1 J

COBALT 15 J

COPPER 92.6 J
IRON 40300 J

LEAD 34 J
MANGANESE 1320 J
MERCURY 0.018 J
NICKEL 171 J
SILVER 0.51 J
ZINC 7405 J
113SB4'I (6 - 10)
InorganiGs (MG/KG)
BARIUM 87.8 J
BERYLLIUM 0.~3

CADMIUM 0.32
CEROMIUM 19.4. J
C0BALT 12.1 J

COPPER 9." J
I ROil 42100 J
LEAD 13.6 J
MANGANESE 799 J
MERCURY 0.018
NICKEL 19.2
ZINC (0.1

DAr'l

R9R~S XIG DAfl DC

N

03SB46 (2 - 6)
Inorganics (MG/KG)
BARIUM 138 J

BERYLLIUM 0.87
CADMIUM 0.83
CHROMIUM 12.1 J

COBALT 15.4 J
COPPER 7.6 J
IRON 16400
LEAD 13.3
MANGANESE 1790
MERCURY 0.026
NICKEL 16 J
ZINC 26 J
03SB46 (6 - 10)
tno~ganics (MG/KG)
BARIUM 72.3 J
BERYLLIUM 0.74
CADMIUM 0.7
CHROMIUM 20 J
COBALT 17.3 J

COPPER 9 J
IRON 421100
LEAD 17.1
!".ANGANESE 1310
MERCURY 0.019
NICKEL 17.9
ZINC 51.6

J

J

J
J

J

DAFI

MIG OAF 1 DC

DAF1

MIG

DAFt

MIG DAFI

03S817 ~ 0)

Inorganic9 ~Gn:G I
BARIUM 151 J
8ERYLLlUM 0.62 J
CADMIUM 0.53
CHROMIUM 9.5 J
COBALT 1:::.1 J
COPPER 4.6 J
IRON 11000
LEA.D 12.6
MANGANESE L,70
MERCURY 0.019
NICKEL 9.2 J

ZINC 13.3 J

03SB17 (12 - H)
InolCg,,-nlc9 (MG/KG)
BARIUM 38.7 J

BERYLI,!UM 0.29 J
CHROMIUM 10.1 J
COBALT 6.2 J
COPPER ~.3 J

IRON 13900
LEAD 7.5 J

MANGANESE 378 J
NICKEL 8.'] J
ZINC 29.5 J

R9RES

R9RES MIG DAFl DC

DAfl
R9RBS MIG DAF1 DC

J

J
J

J
J

R9RES MIG DAFI DC

DAFI

R9RES MIG DAFI DC

DAFt

03SB24 (4 - 6)

InolCganics (MG/KG)
BARIUM 1340 J
BERYLLIUM 0.4 J
CADMIUM 12.1
CHROMIUM 34.5 J
COBALT 14 J

COPPER 244 J
IRON 21000
LEAD 277 J
MANGANESE 1060 J
MERCURY 0.03';
NICKEL 1600 J
SILVER 0.48 J
ZINC 1100 J
03SB24 (12 - 15)
Ino!:ganlc."l (MG/KG)
BARIUM 60.2 J
BERYLLIUM 0.49 J
CADMIUM 0.46
CHROMIUM 10.7 J
COBALT 7 J
COPPER 9.2 J

IRON 18300
LEAD 23.6
MANGANESE 1060
NICKEL 14.9
ZINC 78 J

R9RES

DAft
DAFI

J

J

J

J
J
J
J

e'

DC

DAFI

DAFt
DAFI

DAFl

DAF1

DAFl

DAF1

DAF1

DAFI

DAFl
DAF1

DAFt

DAft

DAFI

DAFt

MIG

MIG DAFI

DC

R9RES MIG OAF 1 DC

R9RES MIG OAF] DC

R9RES MIG DAFI DC

DAft

DAft

DAFl

DAft

R9RES MIG DAF1 DC

R9RES MIG DAFI DC

R'1RES

R9RES MIG DAF1 DC

R9RES
R9RES MIG

J
J

J
J

J
J

J

J
J

J

J

J
J

J
J

J
J

J
J

J

R9RES MIG DAF1 DC

R9RES MIG

R9RES MIG DAFI DC

J

03SB39 (2 - 6)
Inorganics (MG/KG)
BARIUM 95.1 J
BERYLLIUM 0.64
CHROMIUM 111.2 J
COBALT 13.7 J
COPPER 9.2 J
IRON 16900
LEAD 15 J
MANGANESE 879 J
MERCURY 0.035
NICKEl, 12 J

.f--------',,---'-q ZINC 33 • 2 J
• 03SB39 (6 - 10)

Inorg.:lnic:'< CMG/KG)
5ARIUM 8l.2 J
BERYLLIUM 0.96
CADMIUM 0.35
CHROMIUM 21.2 J
COBALT 18.2 J
COPPER 8.5 J
IRON 36900
LE,'\D 16.7
I-'..i\N"GANESE 1370
11ERCURY 0.21
NICKEL 16.8
ZINC 37.2

03SB23 (6 - 10)
Inorganics (MG/KG)
BARIUM 933 J
BERYLLIUM 0.62
CADMIUM 1.2
CHROMIUM 11.3 J
COBALT 11.1
COPPER 19.7
IRON 13700
LEAD 28.5
MANGANESE 684
MERCURY 0.57
NICKEL 13.6
ZINC 204

03SB22 (2 - 4)
Inorganic9 (MG/KG)
BARIUM 69.5 J
BERYLLIUM 0.35
CADMIUM 8.6
CHROMIUM 11.4
COBALT 9.4
COPPER 12.9
IRON 10600
LEAD 387 J
!"..ANGANESE 817 J

NICKEL 9.5 J
ZINC 122 J
03SB22 (12 - 15)
Inorganics (MG/KG)
BARIUM 58.3 J
BERYLLIUM 0.36 J
CADMIUM 0.75
CHROMIUM 15.9 J
COBALT 5.6 J

COFPER 6.1 J
IRON 18200 J
LEAD 26.8 J
MANGANESE 406 J

MERCURY 0.027
NICKEL 9 J
ZINC 31.1 J

035B36 (2 - 6)
Inorganicl.l (MG/KG)
BARIUM 116 J
BERYLLIUM 0.79
CADMIUM 0.33
CHROMIUM 11.1 J
COBALT 15.5 J

COPPER 6.4 J
IRON 22500 J
LEAD 13.9 J
!".ANGANESE 1550 J

MERCURY 0.33 J
NICKEL 14.4 J

ZINC 34.3 J
035B36 (6 - 10)
Inorganics (MG/KG)
BARIUM 106 J
BERYLLIUM 1
CADMIUM 0 _ 4
CHROMIUM 24.5 J
COBALT 17.2 J
COPPER 9.5 J

IRON 34400
LEAD 16.6
MANGANESE 1480
MERCURY o.on
NIC1:EL 19.2
ZINC 44.5

03SB19 (2 - 4)

Inorganics (MG/KG)
BARIUM 100 J

BERYLLIUM 0.44. J
CADMIUM 3. 1
CHROMIUM 6.3 J
COBALT 7 J

COPPER 4.3 J
IRON 7200 J
LEAD 616 J
MANGANESE 797 J
MERCURY 0.023
NICt:EL 10.6 J

ZINC 70.8 J
03SB19 (12 - 15)
Inorganic9 (MG/KG)
BARIUM 39.3 J
BERYLLIUM 0.29 J
CADMIUM 0.37
CHROMIUM 19.1 J
COBALT 5.3 J

COPPER 4.5 J
IRON 12800
LEAD 45 J
MANGANESE 400 J
MERCURY 0.016
NICKEL 9 J
ZlllC 21.5 J

,,,
'-

\ I
\ I
\ \
\ I
\ \
I I
\ \
\ I
\ I
\ I
\ \
I I
I I
I I
I \
I \
I I
I I
I I

\ \
\ I
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I I
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I I
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\ \
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\ \
\ \
\ \
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\ \
\ \
\ \
\ \
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\ \
\ \
\ \
\ \
\ \
\ \
\ I
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ I
\ I
\ I
\ \

\ \ 03SB18 (2 - 4)

\ " InOlCg<l.nic~ (MG/KG)
\ I BARIUM 95.2 J
\ \ BERYLLIUM 0.63

" "CADMIUM 3.6
, 'CHROMIUM 21.8 J
\ COBALT 9.9
, COPPER 12.6
\ IRON 27200
,LEAD 1110
, MANGANESE 810 J

" MERCURY 0.026 J
I NICKEL 17.3 J
\\ """'"""C ....;'1",,2_J'- "

OAF 1

DAFl

DAF1

I \

I \
I \
I \
\ \
\ \
\ \
\ \
\ \

R9RES MIG DAF! DC \ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ ,
\ \
\ \
\ \
\ \
\ \
\ I
\ \
\ \
\ I
\ I
I I
\ \
\ I
\ I
\ I

R9RES

R'1RES MIG DAF1 DC

J
J
J

SWMU (Estimated Boundary)

Subsurface Soil Sample

Burn PiIlBurn Area

Road, Bridge

Surface Water

Storage Trailer

035B34 (2 - 6)
Inorganics (MG/KG)
BARIUM 77.1 J
BERYLLIUM 0.43
CADMIUM 0.62
CHROMIUM 8.9 J
COBALT 10.9 J
COPPER 8.5 J
IRON 16900 J
LEAD 12.2 J
MANGANESE 996 J
MERCURY 0.022 J
NICKEL 10.8 J
ZINC 30.2 J
035B34 (6 - 10j
lnorganics (MG/KG)
BARIUM 40.4 J
BERYLLIUM 0.57
CADMIUM 0.33
CHROMIUM 20.2 J
COBALT 13.9 J

COPPER 7.3 J

IRON 44 000 J
LEAD 16 J
MANGANESE 9116 J
MERCURY 0.021
NICKEL 14.1
ZINC 30.7

Building/Structure

\ \
\ \
\ \
\ \
I \
\ I
\ \
\ \

I \
I \
\ I
I I
I I
\ I
I I

03-A~iw.NI
I I
I \
I \
I I
\ I
\ I
\ I
\ I
I I
I I
I I
I \
I I
I \

Vegetation

Miscellaneous

•
Legend

, .

Note: MeL for Iron is the Secondary MeL.
SCALE

AS NOTED

CONTRACT NO.

3960

o
REV.

DATE

11111/02

OWNER NO.

CTO 159

FIGURE 5-4

DRAWING NO.

APPROVED BY

T. JOHNSTON

INORGANIC CHEMICALS OF POTENTIAL CONCERN
IN SUBSURFACE SOIL

SWMU 03 - OLD JEEP TRAIULITILE SULPHUR CREEK
NSWC CRANE

CRANE, INDIANA

DATE

6118102

DATE

11111102

DATE

CHECKED BY

J. GOERDT

CHECKED BY

DRAWN BY

A. JANOCHA

Goal.EPA Region 9 Residential Preliminary Remediation
IDEM Tier 1 Direct Contact Values.
IDEM Tier 1 Migration to Ground Water Values.
U.S. EPA SSL Migration to Ground Water DAF of 1.

R9RES
IX:
MIG
DAFl



P:\GIS\NSWC_CRANE\APR\OJf _LSC_TAGS.APR 5-05 ORGANIC CHEMICAlS OF POTENTIAL CONCERN IN GROUND WATER LAYOUT 10/8103 JAL 

03-21 

. -, 
• 

Energetics (UG/L) 
2 , 4 , 6-TRINITROTOLUENE 
2-AMINO-4 , 6-DINITROTOlUENE 
4-AMINO-2,6-DINITROTOLUENE 

17 
2.6 
10 

MCL R9TAP IDEM 

R9TAP 
R9TAP 
R9TAP 

ROX 280 J 

_ ....... -.. _ ..... 

03-16 
Energetics (UG/L) 
RDX 

03 - 23 

UPGRADIENT 

Energetics (UG/L) 
4-AMINO-2,6-DINITROTOlUENE 0.62 J 
RDX 12 

-.. 

' .. 

: ..... " 

- ".~ ~'.~~ .~;: . .,~ .... 

, 
, .. 

03-12 
Volatile Organics (UG/l) 
CIS-1 , 2-DICHLOROETHENE 0.3 J 
TRICHlOROETHENE 3.7 J 
Energetics (UG/l) 
2-AMINO-4,6-DINITROTOLUENE 1 
4-AMINO-2 , 6-0INITROTOLUENE 1.5 
RDX 35 

03-20 
Volatile Organics (UG/l) 
TRICHLOROETHENE 

03-17 
Energetics (UG/L) 
ROX 

.. , 

, .. , 

03-18 
Energetics (UG/L) 
RDX 

.. , 

" - " 

.. -..... 

0 . 3 J 

' . 2 

3.8 

, .. 

Mel R9TAP IDEM 

Mel R9TAP IDEM 

R9TAP 

R9TAP 

MCl R9TAP IDEM 

MCl R9TAP IDEM 

R9TAP 

MCL R9TAP IDEM 

R9TAP 

, 
, .. 

03 - 07 
Volatile Organics (UG/l) 
1, 1 , 2,2-TETRACHLOROETHANE 
1, I , 2-TRICHlOROETHANE 
l,l-DICHLOROETHENE 
CIS-l , 2-DICHLOROETHENE 
TETRACHLOROETHENE 
TRANS-l,2-DICHLOROETHENE 
TRICHlOROETHENE 
VI NYL CHLORIDE 
Energetics (UG/L) 
ROX 

.. , 
, . , 

. .. .. ... .. I 
.. 

..... -.. 

J 

. .. ,-

-: .. ' 

MCL R9TAP IDEM 

R9TAP IDEM 
MCl R9TAP IDEM 

R9TAP 
MCl R9TAP IDEM 
MCL R9TAP IDEM 

... .. -..... .. 

.. .. -

, .. 
~ .. " 

.. -.' 

530 
12 
1.1 
150 
5 . 7 
37 
640 
3 . 9 

MCL R9TAP IDEM 
MCL R9TAP IDEM 

.. -.. -..... .. " .. ' .. _ ....... ... .. 

1.5 J R9TAP 

03-15 
Volatile Organics (UG/L) 
1 , 1, 2 , 2-TETRACHLOROETHANE 
1 , 1, 2-TRICHLOROETHANE 
CIS-l , 2-DICHLOROETHENE 
TETRACHLOROETHENE 
TRANS - 1 , 2-DICHLOROETHENE 
TRICHLOROETHENE 
Energetics (UG/L) 
ROX 

03-24 
Volatile Organics (UG!L) 
1 , 1, 2 , 2-TETRACHLOROETHANE 
1 , 1 , 2-TRICHLOROETHANE 
CIS-l , 2-0ICHLOROETHENE 
TRANS - l,2-DICHLOROETH ENE 
TRICHLOROETHENE 

, .... ,. .. " 

03-25 
NO DETECTIONS 

03-10 
Energetics (UG/L) 
ROX 

03-22 
Volatile Organics (UG!L) 
1, 1, 2 , 2-TETRACHLOROETHANE 
CIS-l,2-DICHLOROETHENE 
TRICHLOROETHENE 
Energetics (UG/L) 
ROX 

03-11 
NO DETECTIONS 

03-14 

100 
2 . 3 
7.9 
0 . 3 J 
1.9 
57 J 

'.8 

3 . 9 J 
0 . 5 J 
7 . 7 
1. 2 J 
23 J 

7 . 2 

5 
0.6 
6 J 

18 

Energetics (UG/l) 
2-AMINO-4,6-0INITROTOLUENE 0 . 55 J 
4 - AMINO-2 , 6-DINITROTOLUENE 0.82 J 
RDX 11 

MCl R9TAP IDEM 

R9TAP IDEM 
R9TAP 

MCL R9TAP IDEM 

R9TAP 

MCL R9TAP IDEM 

R9TAP IDEM 
R9TAP 

MCL R9TAP IDEM 

R9TAP 

MCl R9TAP IDEM 

MCL R9TAP IDEM 

R9TAP 

MeL R9TAP IDEM 

R9TAP IDEM 

MCl R9TAP IDEM 

R9TAP 

MCL R9TAP IDEM 

MCL R9TAP IDEM 

R9TAP 

MCL R9TAP IDEM 
Energetics (UG/L) 
4-AMINO-2 , 6-DINITROTOLUENE 0 . 77 J 

.. .. ... 

" " " 

RDX 16 R9TAP 

......... _ .. 

.. .. -

.. , 

, 
, 

Legend 

CJ 
I, 'j 
' ... ~ ..... ' ........... 
' .......... ' ............... 

Groundwater Sample 

BuildinglStructure 

Storage Trailer 

Bum PiUBum Area 

N 

.. _ .. - .. 

.~ - ....... -. 

SWMU (Estimated Boundary) 

MCL - U.S . EPA Maximum Contaminant Level . 
R9TAP - EPA Region 9 Tap Water Goal. 

.. ..... _ .. ..... -.. '; 

" ··-.l\ 

IDEM - Indiana Dept. of Env. Mgmt. Default Closure level. 
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, 

03-23 MCL R9TAP IDEM 
Total Metals (UG/L) 
ALUMINUM 11 . 4 
BARIUM 58.3 J 
IRON 207 J 

'._.. MANCANESE 16 J 
... NICKEL 2 . 2 J 

, 
, 

.. 

, 

, 
, 

.. 

........ 

Field Parame t ers 
NITRATE 0.04 

03-07 MCL 
Total Metals (UG/L) 
ALUMINUM 7 . 5 
BARIUM 153 J 
IRON 238 J 

, MANGANESE 255 J MCL 
NICKEL 3.6 J 
Field Parameters 
NITRATE 0.02 

03-22 MCL 
Total Metals (UG/L) 
BARIUM 113 J 
CHROMIUM 0 . 82 
IRON 356 J MCL 
MANGANESE 8 . 8 J 
NICKEL 3 . 6 J 
Field Paramete~s 
NITRATE 0 . 14 

R9TAP IDEM 

R9TAP IDEM 

03-12 MeL R9TAP IDEM 
Total Metals (UG/L) 
ALUMINUM 63.6 MCL 
BARIUM .q6 . 2 J 
CHROMIUM 90 . 8 J 
IRON 1210 J MeL 
MANGANESE 38 . 3 J 
NICKEL 91 . 2 J 
Field Parameters 
NITRATE 0 . 32 

03-20 MCL 
Total Metals (UG/L) 
ALUMINUM 46.8 
BARIUM 44 . 8 J 
IRON 103 J 
MANGANESE 3.1 J 
NICKEL 1.1 J 
Field Parameters 
NITRATE 0 . 36 

03 - 11 MCL 
Total Metals (UG/L) 
ALUMINUM 26.5 
BARIUM 26.2 J 
CHROMIUM 0.7 J 
IRON 408 J MCL 
MANGANESE 4 J 
NICKEL 2 J 
Field Parameters 
NITRATE 0 . 18 

.. , 

UPGRADIENT 
03-16 MCL R9TAP IDEM 
Total Metals (UG/L) 
ALUMINUM 32.6 J 
BARIUM .q3 J 
CHROMIUM 1 
IRON 193 J 
MANGANESE 6 . 7 J 
NICKEL 1.2 J 

03-2.q MCL 
Total Metals (UG/Ll 
ALUMINUM 78 . 8 MCL 
BARIUM 50.9 J 
CHROMIUM 1.2 J 
IRON 37.q J MCL 
MANGANESE 20 J 
NICKEL 2.4 J 
Field Parameters 
NITRATE 0.37 

MCL R9TAP IDEM 
Metals (UG/L) 

275 J 
0.29 
196 J 
1.8 J 

R9TAP IDEM 

, .. , 
: , ,' 

''' - '' 
; ­, 

, 
, 
, 

, 

.. , 

, .. 

.. .. , 

, .. , 

, 
" 

.... -

, 
, 
, 
! 

, .. , 
" . _ .. - " 

03-25 MCL R9TAP IDEM 
Total Metals (UG/L) 
ALUMINUM 372 MCL 
BARIUM 19.4 J 
CHROMIUM 3 J 
IRON 768 J MCL 
MANGANESE 27 J 
NICKEL 1.3 J 
THALLIUM 0 . 5 
Filt.ered Metals (UG/L) 
ALUMINUM 23.7 
BARIUM 18.1 J 
CHROMIUM 2 . 6 J 
IRON 98,8 J 
MANGANESE 1 J 
NICKEL 0 . 85 J 
Field Parameters 
NITRATE 0.18 

, 

03-15 MCL R9TAP IDEM 
Total Metals (UG/L) 
BARIUM 88 . 5 J 
CHROMIUM 0.1 
IRON 126 J 
MANGANESE 2.5 J 
NICKEL 3 J 

, 

.. -" 

, .. .. , 

" - ' . .' ........ .. 

~~~~,-~~ __ ~~~ Field Parameters 

03-18 MCL 
Total Metals (UG/L) 
ALUMINUM 218 MCL 
BARIUM 58 . 6 J 
CADMIUM 12 MCL 
CHROMIUM 1 J 
IRON 564 J MCL 
MANGANESE 18 J 
NICKEL 1.9 J 
Field Parameters 
NITRATE 0.11 

-.. , 
, 

, 
, '. _ .. .. 

" " - "- .. 

NITRATE 0 . 16 

MCL R9TAP IDEM 
Metals (UG/L) 

71.3 J 
0.24 

IRON 230 J 
NICKEL 2.1 J 
Field Parameters 
NITRATE > 1.65 

MeL R9TAP IDEM 
Metals (UG/L) 

228 MCL 
88.6 J 
1. 3 J 
122 J MeL 
31 . 5 J 
3.2 J 

MCL R9TAP IDEM 
Metals (UG/L) 

96.5 J 
3 . 6 J 
430 J MCL 
2.1 J 
4.6 J 

MeL 
Metals (UG/L) 

340 MCL 
66.8 J 
1 J 
1650 J MCL 
445 J MCL 
8 . 3 J 

R9TAP IDEM 

Field Parameters 
NITRATE 0.23 

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

..... .. 

.. , 
Legend 

~~ .. -;, .. -.. : ........... 
~ ':.~".::~':.:. 

..... - .. ... 

Groundwater Sample 

Building/Structure 

Storage Trailer 

Bum Pit/Bum Area 

, 
, 

N 

"':"' . , 

"-"-"-'. 
SWMU (Estimated Boundary) -.. -.. -..... 

MCL - U.S. EPA Maximum Contaminant Level. 
R9TAP - EPA Region 9 Tap Water Goal . 

, 
.... .. -.. -.. 

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

Note: MCL for Iron is the Secondary MCL. 
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,,-' ;.-

l:;:~~~~~--------------------~~~~~------'~·~-. .i •• UPGRADIENT 
0351015001 (0 - 0.5) 
Herbicides (UG/KG) 
2,4-0 
035101$001 

10 J 
10.5 - 11 

NO DETECTIONS 

• • UPGRADIENT 
0351015002 (0 - 0 . 5) 

(UG/KG) 

, , , 

Herbicides 
2 , 4-0 
0)51015002 

23 
(0.5 - 1) 

NO DETECTIONS 

r , 
; .. 

035005 
NO DETECTIONS 
035005 (0.5 - 1) 
Herbicides (UG/KG) 
2,4-0 28 J 

03SWS003 
Herbicides 

.... UPGRADIENT 
(0 - 0 . 51 

(UG/KG) 
10 

1) 
J 

Semivolat i le Organ i cs 
DIPHENYLAMINE 
Energet1cs tMG/KG) 
2 ,4, 6-TRINITROTOLUENE 
HMX 

0.55 
6.1 

J 

Herbicides tUG/KG) 
2,4-0 
035007 10.S 

" J 
1) 

NO DETECTIONS 

, ;' -. ( .. ~.' 

',1/ 
\ " '.: 

03SWS009 
NO DETECTIONS 
03SWSD09 
NO DETECTIONS 

035010 (0 - 0.5) 
Semivolatile Organics (UG/KG) 
DI-N-BUTYL PHTHALATE 77 
Energetics (MG/KG) 
2 , 4, 6-TRINITROTOLUENE 0.29 
035010 (0.5 - 1) 
Semi volatile Organics (UG/KG) 
DI-N-BUTYL PHTHALATE 110 

0.56 

J 

J 

J 
Energetics (MG/KG) 
2,4,6-TRINITROTOLUENE 
HMX 0 . 48 J 
Herbicides 
2 ,4- 0 

(UG/KG) 

" J 

03SWSD14 (0 - 0 . 5) 
Herbicides (UG/KG) 
2 ,4 -0 
03SWS014 

NO DETECTIONS 
03SWSD17 

fUG/KG) 

4.9 J 
(0 . 5 - 1) 

(0 . 5 - 1) 

6.9 J 
'.~:. 

~ .... '.' 
03SWSDl8 (0 - 0.5) 
Semi volatile Organics (UG/KG) 
ACENAPHTHENE 25 
Pesticides/PCS's (UG / KG) 
METHOXYCHLOR 17 J 
03SWSD18 (0.5 - 1) 
Energetics (MG/KG) 

R9RES Eeo 

ECO 

R9RES 

R9RES 

ECO 

ECO 

.. '\ 

(0.5 - 1) 

R9RES ECO 

ECO 

R9RES 

R9RES 

R9RES 

R9RES 

.. ~R~D~X~ _ _ ____ ",;:=::;;~~,".~4~5"=-.:J7-,;,c .. :,"" ________ ....J 

I /'." .... ' ..... _'. ... 

" ........... :.- .. 
, '. 

.. - .. , 
.. ' .. -.. -" 

, , 

, 
, ,- o 

20 
10.5 - 11 

.. , 
'c' -

..... J . - ~ .... <~.- .. 
'. 

.5} 
NO DETECTIONS 
0351015004 (0 . 5 11 

fUG/KG) 
7.8 J 

.' 
(0 - 0 . 5) 

Semivolatile Organics (UG/KG) 
DI-N-BUTYL PHTHALATE 590 
Energetics (MG/KG) 
2 , 4 , 6-TRINITROTOLUENE 0.69 
2-AMINO-4 , 6-DINITROTOLUENE 0 .3 7 
HMX 130 
Herbicides (UG/KG) 
2,4 - 0 12 
03SW5011 (0.5 - 1) 
Semi volatile Organics (UG/KG) 
DI-N-BUTYL PHTHALATE S80 
Energetics (MG/KG) 
2 , 4 ,6-TRINITROTOLUENE 1.1 
2-AMINO-4 , 6-0INITROTOLUENE 0.73 
HMX 19 

0 .4 5 

10 - 0 . 5) 
Semivolatile Organics (UG/KG) 
DIPHENYLAMINE 100 
Herbicides lUG / KG) 
2 ,4 -0 8 . 3 
035012 (0.5 1) 
Energetics (MG/KG) 
2 , 4, 6-TRINITROTOLUENE 2.2 
2-AMINO-4,6-DINITROTOLUENE 0.35 
4-AMINO-2, 6- DINITROTOLUENE 0.4 
HMX 0 .68 

(UG/KG) 
8 .8 

J 

J 

J 

J 

J 

J 
J 

N 

R9RES EeO 

R9RES ECO 

ECO 

ECO 
R9RES ECO 

ECO 

R9RES* ECO 

ECO 

ECO 
R9RES ECO 

ECO 
.. -... .. ", 

(0 
Energetics (MG/KG) 
2 , 4 , 6-TRINITROTOLUENE 

,. Herbicides (UG/KG) 

0.5) 

0 . 62 
1.1 

2 , 4-0 8.4 
03SWSD13 (0 . 5 - 1) 
Energetics (MG/KG) 
2 , 4, 6-TRINITROTOLUENE 0.35 

~HMX 
...... · O;~SPR-c l 

.. --.- ~~ .\ c, ... _ ....... -., 

'.. .' .... :~ . 

(0 - 0 . 5) 
Semi volatile Organics fUG/KG) 
DIPHENYLAMINE 420 
03SWSD15 (0.5 - 1) 
NO DETECTIONS 

(0 - 0 .51 
(UG/KG) 

J 

J 

5 . 6 J 
(0.5 - 1) 

Herbicides (UG/KG) 
2 ,4- 0 7.2 

~r"~~~t---______________ .J0 3SWS D19 
2: NO DETECTIONS 

(0 - 0 .5) 

03SWSD19 (0.5 - 1) 

NO DETECTIONS 

Legend 

Spring 

J 
J 

o 
A Sediment Sample 

Building/Structure 

R9RES ECO 

ECO 
R9RES ECO 

R9RES ECO 

ECO 

R9RES ECO 

R9RES ECO 

ECO 

SWMU (Estimated Boundary) 

Road, Bridge 

Surface Water 

Vegetation 

Miscellaneous .-
J;--' --'---'----"'-------"-"-~----'---'----'-_.,,", :> .. _., -1.:.: 

\ ~~RES : ~~~M R~~!;n 1 9 D~;:!=e~~~~!c~r~!~:!:~ry Remediation Goal . .....,;. \ 

MIG - IDEM Tier 1 Migration to Ground Water Values. 
DAFl - U.S. EPA sst Migration ~o Ground Water OAF of 1. 
ECe - EPA Region 5 Ecological Data Ouality Leve l . 
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R9RES ECO IDEM
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Eeo
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Eca
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INORGANIC CHEMICALS OF POTENTIAL CONCERN
IN SHALLOW AND DEEP SEDIMENT

SWMU 03 - OLD JEEP TRAIL/UTILE SULPHUR CREEK
NSWC CRANE

CRANE, INDIANA

R9RE5

R9RE5 ECO IDEM

R9RE5 ECO IDEM

ECO
R9RES ECO

/
.... _-.. ;-:-... --.--.... t,,,

,..
/

"e
/ ,-"
I ,

_ .... ' I
( / .... ).--_..

.• -·\·_ .... _1-:..-:._·-·.. ".-

>",,--_.'

,,-

\ ....
)-----_.,-

--,'

o

ECO

,co

".'---

03SWSD13 (0 - 0.5)
Inorganics (MG/KG)
ALUMINUM 11100 J

ANTIMONY 2.5 J
BARIUM 326 J
CADMIUM 1.4
COPPER H.9
LEAD 139 J
MERCURY 0.08
ZINC 229 J
035WSD13 lO.5 1)
Inorganics (MG/KG)
ALUMINUM 8720 J

ANTIMONY 1.6 J
BARIUM 180 J
CADMIUM 2.5
COPPER 49.7
LEAD 98.3 J
MERCURY 0.03
ZINC 185 J

.- ....---

ECO
ECO
ECO

R9RES ECO

ECO
ECO

R<tRES ECO IDEM

R9RES ECO

R9RES ECO

R9RES ECO IDEM

R9RES ECO IDEM

--_/--

i..

'"

R9RE5 ECO

R'tRES ECO IDEM

..., ....-_ ..,
~

"

'"

,,-.....-­,-
~ ...... "

,
..

T

.",_- ...
.',

-'
",

j
,.-,,,,

.... -·-1/
,,-' I, ,,,

'''--

03SWSDI5 (0 - 0.5)
Inorganics (MG/KG)
ALUMINUM 23200 J
ANTIMONY 7.6 J
BARIUM 334 J
CADMIUM 1.7
COPPER 198
LEAD 118 J
MERCURY 0.31
ZIIIC 270 J
03S"SD15 (0.5 1)

'~L.-----'lInorganics (MG/KG)
ALUMINUM 15500 J
ANTIMONY 3.4 J
BARIUM 352 J

.--- --j CADMI UM 2

.... -j~~~~ER i~~ J

MERCURY 0.05
Zll1C 319 J

-..

035012 (0 - 0.5)
Inorganics (KG/KG)
ALUMINUM 8740 J
ANTIMONY 2 J
BARIUM 353 J
CADJ-HUM 1.4
COPPER 71.9
LEAD 184 J
MERCURY 0.06
TIN 13.8 J

::.l1i/~'"":1111------~,,----i ZINC 260 J
•• , __-- 035D12 (0.5 - 1)

Inorganics (MG/KG)
ALUMINUM 17200 J
ANTIMONY 2_3 J
BARIUM 744 J

CADMIUM 4
COPPER 89.3
LEAD 122 J
MERCURY 0_13
ZINC 421 J

03SWSD09 (0 0_5)
Ino.ganics (MG/KG)
ALUMINUM 6780
BARIUM 104 J
CADMIUM 0.59 J
COPPER 8.6
LEAD 1~.6

MERCURY 0.03 J
ZINC 36.9 J
035WSD09 (0.5 - 1)
Inorganics (MG/KG)
ALUMINUM 11000
BARIUM 55.8 J

COPPER 7.9
LEAD 11.e
MERCURY 0.03 J
ZINC 21. 4 J

DATE

7/02/02

DATE

DATE

11112102

1·· ... ---·
:-...... -_ ..

-._-

/ .. -
",

.'

IDEM

,,,,,,
/

......1'
-' ,

/ I

" I,,,,,,,
,.\,,,

,
"

ECO
ECO
ECO

_.-.- ....
..._--

,/• __--J

R9RES

R9RES ECO IDEM

CHECKED BY

SCALE

AS NOTED

CHECKED BY

J, GOERDT

DRAWN BY

A JANOCHA

035W5D08 (0 0.5)
Inorganics (MG/KG)
ALUMINUM 6250
BARIUM 91.6 J
CADMIUM 0_42 J

COPPER 8.1
LEAD 13.3
MERCURY 0_03 J

ZINC 27.5 J
035WSD08 (0.5 - 1)
Inorganic~ (MG/KG)

.... -1~----lALUMINUM 7420
BARIUM 105 J
CADMIUM 0.55 J

COPPER 8.8
LEAD 15.8
MERCURY 0.03 J

;":Z:,1:":C::::::3:,:':'5:::~J:::::::::;::",,,,,::::::~ " ..-"-"-'''---

IDEM

..... _-'- .... _---,
...... _-- .....

/,,
'"

ECO
ECO
ECO

ECO
ECO
ECO

ECO

035WSD17 (0 - 0.5)
Inorga~ics (MG/KG)
ALUMINUM 4590 J
BARIUM 124 J
CADMIUM 0.37

//1'-----jCOPPER '1_2

1";~r----1~~~~URY ~~o; J

.~l------fit,L.--1 ZINC 4 1. 1 J~ 035WSD17 (0.5 - 1)
Inorganics (MG/KG)
ALUMINUM 4650 J
BARIUM 57.3 J
CADMIUM 0.4. 7
COPFr-;P. 9.5
LEAD 16.5 J

ZINC 50.1 J

ECO
ECO
ECO

ECO
ECO
ECO

ECO

ceo
ECO
ceo
ECO

ECO
ECO
ECO

~

R'IRES ECO IDEM

ECO
R9RES ECO

R9RB5 ECO

R9RE5 ECO IDEM

R'IRE5

ECO
R9RE5 ECO

R9RE5 ECO IDEM

,
,,,
i

"./--·::;.... ----- .... l."..._.-".__ ..... -..--- ,

J

J
J

,..-...._......-_.-_.

ECO
ECO
ECO

ECO
ECO
ECO

/'
"",

/

" ",,,
",
..

035W5D19 (0 - 0.5)
Inorganic~ (MG/KG)
ALUMlllUM 6190 J
BARIUM 114 J
CADMIUM 0.67
COPPER 19.-'
LEAD 33.8 J
MERCURY 0.03
ZINC 'II. 1 J

'i'",,~;;;;;~:::::<..,JjJf~r------l 03SWSD19 (0_5 - 1)
; Inorganics (MG/KG)

ALUMINUM 5250 J
BARIUM 112 J
CADMIUM 0.57
COPPER 20.1
LEAD 37 J
ZINC 113 J

ECO
ECO
ECO

ECO
ECO
"ECO

ECO
R9RES ECO

R9RES ECO IDEM

_.'

R9RES ECO IDEM

ECO
R'IRES ECO

, ,

03SW5D16 (0 - 0.5)
Inorganics (MG/KG)
ALUMINUM 8950 J

ANTIMONY 1.6 J
BARIUM 165 J
CADMIUM 1.1
COPPER 43.7
LEAD 87 J

MERCURY 0.03
ZINC 385 J
035W5D16 (0.5 1)

Inorganic~ (MG/KG)
ALUMINUM 1~900 J
BARIUM 1J.G J
CADMIU~ 0.96
COPPER 33.3
LEAD 53.9 J
MERCURY 0.04
ZINC 136 ,J

03SWSD11 (0 - 0.5)
Inorganics (MG/KG)
ALUM IlIUM 17900
ANTIMONY 3.3 J
BARIUM 500 J
CAD~'HUM 3.5 J
COPPER 115
LEAD 257
MERCURY 0.18 J
TIN 4.4 J
ZINC 308 J
03SWSD11 (0_5 1)
Inorg~nics (MG/KGl
ALUMINUM 56'100
ANTIMONY 6.7 J

BARIUM 981 J

CADMIUM 2.9 J
COPPER 273
LEAD 44 5
MERCURY 0.08
TIN 1.7
ZINC 1120

"/..,,

ECO

'-,,
I
" ,

,
/,,,

", .......,
_._---\

03SWSDH (0 - 0.5)
Inorgal\ic~ (MG/KG)
ALUMINUM 6770 J
BARIUM 139 J
CADMIUM 1.1
COPPER 29
LEAD 43 J
MERCURY 0.14
ZINC 114 J
035WSD14 (0.5 1)
Inorganic~ (MG/KG)

\ ~~~~G~UM ~::O J J,
...... CADMIUM 1.1

--- COPPER 41.9
" , LEAD 59.3 J

~"""" MERCURY 0.13

'" !-""'"'"~C'_ '.3"3'-"J'------'E"C"0'---J
' .._.. _-. \ ... ­--, ..._-_....:-,

./ ' .- .'-'..... / --' '- ...,

,,,,, ", ,, ,
v

.'

1)3SWSD18 (0 - 0.5)
Inorganics (MG/KG)
ALUMINUM 10900 J
BARIUM 166 J
CADMIUM 0.87
COPPER 29.6
LEAD 53.5 J
MERC'tJRY 0.04
ZINC 133 J
035W5D18 (0.5 1)

Inorg~nic~ (MG/KG)
ALUMINUM 12500 J

BARIUM 228 ~
CADMIUM 1.6

52.8
61. I J
0.03
186

03SD10 (0 - 0.5)
Inorganic~ (MG/KG)
ALUMINUM 16400
BARIUM 342 J
CADMI UM 1. 3 J
COPPER 60.1
LEAD 93.2
MERCURY 0.1 J
ZINC 192 J

035010 (0.5 1)
Inorganics {MG/KG)
ALUMINUM 21000
ANTIMONY 4.1 J
BARIUM 419 J
CADMIUM 1.8 J
COPPER 148
LEAD H9
MERCURY 0.1.2 J
TIN 4.1 J

.__ .. _--- .. ."Z':,'':~~~~_",,::_-"'.1"2'_;~J:::''''::~:::::E~C~O:::~::::'''---- -.

"

Gee.

ECO
ECO
ECO

,
"

UPGRADIENT h

03SWSDOl (0 - 0.5) R9RES
InQrganic~ (MG/KG)
ALUMINUM 9570 J
BARIUM 57.8 J
CADMIUM 0.79 J
COPPER 7.7 J
LEAD 13 J
MERCURY 0.03

ZINC 3.3.1 J
03SWSDOl (0.5 - 1) R9RES ECO

Inorganics (MG/KG)
ALUMINUM 9960
BARIUM 1~9 J
CADMIUM 0.56 J

COPPSR 8.3
LEAD 3.6

/ ZINC 21.6 J
f..-I r"''---''"''"''....:'---~7"'-~"...'"'',

,,
),
",

"

---_ ..

ECO
R9RES ECO

J
J
J

..-.._----

J
J
J

<1-.-- ....-

/

..!..~.__ .....
,

;-----
/'

s

"---""

" ,,
"

03SD05 (0 - 0.5) R9RES ECO IDEM \
Inorganics (MG/KG) I
ALUMINUM 21500 J I

ANTIMONY 3.5 J j
BARIUM 853 J I

CADMIUM 1.8 J ECO l
COFFER 78 J ECO "
LEAD 20~ J ECO ' 03SWSD06 (0 - 0.5)

"MERCURY 0.1 Inorg~nic~ (MG/KG)
ZINC :06 J ECO ALUMINUM 8780 J
03SD05 (0.5 1) R9R8S ECO ANTIMONY 1.9 J
Inorganics (MG/KG) BARIUM 189 J
ALUMINUM 8140 J CADMIUM 0.62 J
ANTIMONY 1.1 J COPPER 27. ~ J

BARIUM 152 J .... LEAD 653 J

CADMIUM 0.63 J ECO MERCURY 0.02
COPPER 16_2 J ECO ZIllC 100 J ;'

r-:~:=~:if~)~~~~L~E~A~D~:..~3~'~'~6~~J~;~:::~E~C~O:::~~J 03S"SD06 (0.5 1) R9RES ECO I UPGRADIENT
MERCURY 0.07 Inorganics (MG/KG) , 03SWSD04 (0 - 0.5) R9RES ECO IDEM
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Knowledge of a contaminant's potential to migrate and persist In an environmental medium IS important 

when evaluating the potential for a chemical to elicit an adverse human health or ecological effect. This 

section contains information on chemical properties and degradation potential of the COPCs and on the 

environmental conditions of the site and hydrological considerations that are likely affecting contaminant 

fate and transport at the OJT site and the LSC watershed. Section 6.1 contains a general diSCUSSion of 

the various chemical and phYSical properties of COPCs detected at the OJT site and LSC. Section 6.2 

reviews the potential for chemical compounds to biodegrade or undergo other transformations. Section 

6.3 presents a discussion of transport pathways where migration and attenuation might be occurring and 

how spatial and temporal variations In hydrologic conditions might be affecting transport. Section 6.4 

presents an overall summary of contaminant migration in the LSC watershed. 

In Section 4.0, a total of 60 different chemicals were identified as COPCs in the four different media Within 

the OJT site and LSC (Table 4-26). Many of these chemicals were only detected In a few samples In one 

medium above the screening level. For example, acetone, methylene chloride, and bromomethane were 

detected at low concentrations In a few ground water, surface water, and sediment samples; however, 

these VOCs were not detected In any of the 40 SOil samples analyzed for VOCs. Eight SVOCs and two 

herbiCides were also Identified as COPCs (Table 4-26); however, their presence and concentrations at 

OJT or within the watershed are very limited. Based on the concentration levels and the frequencies of 

detection In the different environmental media, nine energetic compounds and eight chlorinated VOCs 

(not including methylene chlOride) are listed In Table 4-19 and are conSidered to be true site-related 

contaminants that are significant. In addition, 17 metals and nitrate may be site-related contaminants and 

are also of potential concern. The remainder of this section focuses on the energetic compounds, the 

chlOrinated VOCs (except methylene chlOride), and the inorganic COPCs listed In Table 4-26. 

6.1 CHEMICAL AND PHYSICAL PROPERTIES AFFECTING COPC MOBILITY 

Table 6-1 presents physical and chemical properties of the organic COPCs detected at OJT/LSC. These 

properties can be used to estimate the environmental mobility and fate of site contaminants. The 

properties that are discussed include the following: 

• SpeCific gravity 

• Vapor pressure 

• • Water solubility 

06020S/P 6-1 CTO 0159 



• Octanol/water partition coefficient 

• Organic carbon partition coefficient 

• Henry's Law constant 

• Bioconcentratlon factor 

• Mobility Index 
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Empirically determined literature values of the water solubility, octanol/water partition coefficient, organic 

carbon partition coefficient, vapor pressure, Henry's Law constant, bioconcentratlon 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. 

6.1.1 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, including halogenated allphatlcs, PAHs, 

phthalate esters, explOSives, and pestiCides, Will tend to sink. Chemicals With a specific gravity less than 1 

(e.g., ketones) will tend to float. ThiS parameter becomes Important only when the chemicals are at very 

high concentrations and are liqUid when they are in pure phase. None of the COPCs are at 

concentrations in ground water or surface water that are great enough to suspect that there is a non­

aqueous phase liquid (NAPL) present at the OJT site or in LSC. 

6.1.2 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 soil/air and surface water/air. 

Volatilization from stream sediments could also be significant under low-flow conditions (i.e., dUring 

summer months and drought conditions) when the sediments are exposed to the atmosphere in a dry 

creek bed. Volatilization is a Significant process that causes loss of VOCs from the surface water, 

particularly dUring hot summer weather and turbulent high-flow conditions. Volatilization IS not as 

Important when evaluating contaminated ground water and subsurface SOils that are not exposed to the 

atmosphere. Vapor pressures for ketones and halogenated allphatlcs are generally many times greater 

than vapor pressures for PAHs, phthalate esters, and dioxlns/furans. Some of the energetic compounds 

• 

• 

(I.e., 2,4-0NT and TNT) have moderate values of vapor pressure, so they too can be subject to a small • 
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rate of volatilization. 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 Inorganlcs. Surface soils and 

surface waters at OJT/LSC do not contain high concentrations of VOCs. Therefore, volatilization from soil 

IS not likely to be an Important loss mechanism at thiS site. 

6.1.3 Water Solubility 

The rate at which a chemical IS leached from a waste deposit or contaminated sOils 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 6-1 Indicate that the VOCs (ketones and 

halogenated aliphatics) and the energetic compounds are usually several orders of magnitude more 

water soluble than pesticides, the dloxins/furans, and some of the PAHs. Chemicals with high solubilities 

have a tendency to migrate at a relatively rapid rate while In solution. 

6.1.4 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 (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 10.5 atm-m3/mole, such as pesticides and dioxins, should 

volatilize very little and should be present only In minute amounts In the atmosphere or soil gas. For 

chemicals With a Henry's Law constant greater than 5 x 10.3 atm-m3/mole, such as many of the 

halogenated aliphatlcs, volatilization and diffUSion in SOil gas could be Significant. 

6.1.5 OctanollWater Partition Coefficient 

The octanol/water partition coeffiCient (Kow) IS a measure of the eqUilibrium partitioning of chemicals 

between octanol and water. A linear relationship between the Kow and the uptake of chemicals by fatty 

tissues of animal and human receptors (the bloconcentratlon factor) has been established (Lyman 

et aI., 1990). It IS also useful in characterizing the sorption of compounds by organic soils where 

experimental values are not available. Pesticides, dioxins, and aromatic compounds lacking functional 

groups that enhance water solubility are several orders of magnitude more likely to partition to fatty 

tissues than the more soluble VOCs. The Kow IS also used to estimate bioconcentration factors In aquatic 

organisms . 
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The organiC carbon partition coefficient (Kae) Indicates the tendency of a chemical to adhere to organic 

matter contained in sOils. Nitrogen-containing compounds, such as TNT, 2ADNT, 4ADNT, HMX, and 

RDX, have relatively low Koc values and tend to be fairly mobile In the environment. Chemicals with high 

Kaes generally have low water solubilities and vice versa. ThiS parameter may be used to infer the 

relative rates at which the more mobile chemicals (e.g., ketones and halogenated aliphatics) are 

transported In the ground water. Chemicals such as most pesticides, PAHs, and dloxlns/furans 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 can be transported by erosional processes when they are present in surface sOils or 

sediments. Several factors affect the measured value of Koc. For example, values of Koc usually 

decrease with increasing temperature. The fine silt and clay fraction of sOil and sediments may have a 

greater tendency to adsorb chemicals because they often have a greater concentration of organic matter 

(hence, a greater number of adsorption sites per unit volume). 

6.1.7 Soil-Water Distribution Coefficient 

The sOil-water distribution coefficient (KJ) IS a measure of the equilibrium distribution of a chemical in 

sOIl/water systems. The Kd of organic chemicals is a function of both the Koe and the fraction of organic 

carbon (foe) in the soil. 

~ = Koe * foe 

The degree to which organic chemicals sorb to sOils IS very Important when assessing migration potential. 

If a chemical tends to sorb strongly to soil, then there is much less probability that the chemical Will reach 

ground water and affect ground water quality. The presence and mobility of energetic compounds in soils 

at numerous federal faCilities have been investigated and reported In sCientifiC literature and U.S. EPA 

and USACE reports. The ~ values estimated or measured for energetic compounds at a few of these 

sites are summarized in Table 6-2. 

For the OJT, low concentrations of PAHs were detected In surface and subsurface sOils (Tables 4-11 and 

4-13), but none were detected In the 16 ground water samples (Table 4-14). Although ground water 

samples were not analyzed for dloxlns/furans, It IS even less likely that dloxlns/furans could migrate a 

short distance vertically downward to the water-table surface. Chemicals that migrate slowly through 
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saturated or unsaturated soils have a relatively long time period where they can be subjected to 

biodegradation processes before they reach a surface water body. 

As a consequence of low migration potential, there is a very low probability that chemicals with very high 

K1 values (I.e., PAHs and dioxins/furans) Will reach surface water bodies via ground water flow. However, 

If PAHs and dloxlns/furans are present at the ground surface, eroded, and transported in surface runoff 

with sOil particles (as a sorbed phase), then there IS potential for the compounds to reach LSC. PAHs, 

one pesticide, and herbicide compounds were detected In LSC sediments (Tables 4-15 and 4-16), but 

very few of these compounds were detected In the creek water (Tables 4-17 and 4-18). Only two 

herbicides (pentachlorophenol and 2,4-D) have been identified as COPCs In surface water (Table 4-26). 

None of the other herbicides, pesticides, or PAHs have been identified as COPCs In surface water. The 

only means by which these compounds are present or transported in the creek is via the sediment (i.e., 

sorbed phase). 

A total of 38 sediment samples collected from LSC were analyzed for TOC. Values of TOC ranged from 

less than 1,000 to 34,000 mg/kg. TOC IS also expressed as foe In sediment. For the LSC sediments, the 

foe values ranged from less than 0.1 to 3.4 percent (average is 0.88 percent). This amount' of organiC 

carbon In the sediments provides a relatively large capacity for sorption of organic compounds. 

6.1.8 Bioconcentration Factor 

The bloconcentration factor represents the ratio of aquatlc-animal-tlssue 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 octanol/water coefficient. Many of 

the pesticides, diOXinS, and PAHs will bloconcentrate at levels three to five orders of magnitude greater 

than those concentrations found In the water, but VOCs and energetic compounds are not as readily 

bloconcentrated. 

6.1.9 Mobility Index 

The mobility index (MI) IS a quantitative assessment of mobility that uses water solubility (S), vapor 

pressure (VP), and the Koe (Laskowski, et aI., 1983). It IS defined as 

MI = log ((S*VP)/Koe) 

• A scale to evaluate MI, as presented by Ford and Gurba (1984), as follows: 
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Of the organic chemicals detected at OJT/LSC, chlorinated solvents and ketones generally have Mis 

greater than 5 and are considered extremely mobile. Lighter molecular weight PAHs, such as 

naphthalene, have Mis ranging from -5 to 0 and are considered slightly mobile. Heavier molecular weight 

PAHs [e.g., benzo(a)pyrene] and dloxlns/furans are classified as very immobile, with Mis less than -10. 

The Mis of phthalate esters detected at OJT/LSC range from -0.7 to -7.5 and therefore are classified as 

slightly mobile to Immobile. The Mis for organic COPCs detected at OJT/LSC are presented in Table 6-1. 

6.1.10 Inorganic COPCs 

The solubility and mobility of Inorganlcs are strongly Influenced by their valence state(s) and mineral 

forms present In soils (e.g., Silicates, hydroxides, oxides, carbonates, etc.). The solubility of a metal also 

depends on pH, Eh (redox potential), temperature, and other IOniC species in solution (the Debye-Huckel 

theory). Nearly all metals are more soluble at lower water pH values (e.g., less than 5.0). Iron, 

manganese, and chromium are metals that have more than one valence and are more soluble In the 

reduced valence states. As a result, these metals are more soluble under redUCing conditions. 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. 

The Kd for inorganic constituents is the ratio of the concentration adsorbed on soil surfaces to the 

concentration In water. ~s for ~etals vary over several orders of magnitude because the Kd IS 

dependent on the size and charge of the Ion and the sOil properties governing exchange sites on soil 

surfaces. Relative mobilities of inorganic COPCs, as a function of environmental conditions in sOil, are 

presented In Table 6-3. This table provides the relative mobilities In a qualitative fashion, In part because 

environmental conditions are seldom characterized well enough to permit more detail. 
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Degradation and other transformation processes that affect the COPCs are discussed in this section, 

including hydrolysIs, biodegradation, photolYSIS, and oxidation/reduction reactions. Biodegradation rates 

for some of the more Important OJT/LSC organic compounds in soils and ground water, obtained from 

sCientific literature and U.S. EPA and USACE publications, are summarized In Table 6-4. 

6.2.1 Ketones 

HydrolysIs IS generally not a Significant fate process for this class of chemicals. Acetone has a high vapor 

pressure and, once released to the atmosphere, photolysis and reaction with hydroxyl radicals result In an 

average half-life of 22 days (Howard, 1990). 

6.2.2 Halogenated Aliphatics 

Photolysis and oXidation reactions are not conSidered to be significant degradation mechanisms for this 

class of compounds (Mabey et aI., 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 (Le., 

alkenes) (Mabey et aI., 1982). 

SIX of the chlonnated VOCs detected in sOil and ground water samples from the OJT area are chlorinated 

ethene compounds: tetrachloroethene (PCE), TCE, three dichloroethene (DCE) isomers (1, 1-DCE, 

cls-1,2-DCE, and trans-1,2-DCE), and vinyl chloride Generally, PCE and TCE are sold and used as 

cleaning solvents, and the DCE compounds and vinyl chloride are considered to be biodegradation 

products of PCE and TCE. TCE can also be a biodegradation product of PCE. In general, soil microbes 

strip off chlorine atoms from the ethene chain via reductive dechlorination, one chlorine atom at a time 

(Azlz et aI., 2000): 

PCE - TCE - DCE - vinyl chloride 

The dechlorination of TCE tYPically produces much more cls-1,2-DCE than either 1, 1-DCE or 

trans-1 ,2-DCE (Azlz et aI., 2000). At the OJT site, TCE was detected frequently (nine of 40 samples) and 

PCE was detected Infrequently (two out of 40 samples) In surface and subsurface SOils (Tables 4-11 and 

4-13). Cls-1 ,2-DCE was also detected Infrequently (three times), and 1, 1-DCE, trans-1,2-DCE, and Vinyl 

chloride were not detected at all in the 40 vadose zone soil samples (Tables 4-11 and 4-13). These data 

suggest that TCE was the primary chlorinated solvent spilled or disposed at the OJT area and that some 

biodegradation to cls-1,2-DCE IS occurring In the SOils. In ground water, TeE was the most frequently 
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detected (SIX of 15 wells) and detected at the highest concentration (640 Ilg/L, well 03-07) of all the 

chlorinated allphatics (Table 4-14). Cls-1,2-DCE was detected in five wells, with a maximum 

concentration of 150 Ilg/L in well 03-07. Trans-1,2-DCE, 1, 1-DCE, and vinyl chlonde were also detected 

in well 03-07, with concentrations ranging from 1.1 to 37 Ilg/L. The increased presence of cis-1 ,2-DCE 

and the first appearance of trans-1,2-DCE, 1, 1-DCE, and vinyl chloride In ground water suggest that 

biodegradation of the chlonnated ethene compounds is occurring around well 03-07 and farther 

. downgradlent toward well 03-24. 

Two chlonnated ethane compounds were detected in OJT sOils: 1,1 ,2,2-tetrachloroethane (1,1 ,2,2-PCA) 

and 1, i, Hnchloroethane (1,1, 1-TCA) (Tables 4-11 and 4-13). Although detected In nine out of 40 sOil 

samples, 1,1,1-TCA was not detected In any of the 16 ground water samples collected. Presumably, 

1,1,1-TCA is being sequentially biodegraded to 1, 1-DCA, chloroethane, and ethane before it reaches the 

water table although these compounds were not detected In soils or ground water. This pathway for 

biodegradation is described by Aziz et al. (2000). 

• 

1,1,2,2-PCA was only detected In two of the 40 sOil samples. However, It was detected In four of 15 

ground water samples collected. The maximum 1,1 ,2,2-PCA concentration in ground water (530 Ilg/L, 

well 03-07) was the second highest VOC concentration detected in ground water. 1,1 ,2-TCA, a • 

biodegradation product of 1,1 ,2,2-PCA (Lorah et aI., 1997), was not detected In any of the OJT soil 

samples; however, it was detected In three of the 15 ground water samples (maximum concentration = 
12Ilg/L, well 03-07). This provides evidence that the 1,1 ,2,2-PCA IS biodegrading to 1,1 ,2-TCA just 

before and/or after it reaches the water table surface. In addition, the 1,1 ,2-TCA is also biodegrading to 

either 1 ,2-dlchloroethane and/or vinyl chlonde (Lorah et ai., 1997). 

Thus, the original chlonnated VOCs spilled at the OJT site were apparently TCE, 1,1,1-TCA, and 

1,1,2,2-PCA. Biodegradation of these compounds by soil microbes has apparently resulted in the 

reduction In overall chlonnated VOC mass at the site and the formation of five or more chlonnated 

daughter products. 

Among the chlorinated aliphatic compounds detected In ground water, TCE was detected at the highest 

concentration (well 03-07, 640 Ilg/L). Between adsorption and biodegradation In the ground water flow 

system and dilution In the creek, none of the chlorinated aliphatic compounds were detected in LSC 

except TCE. It was detected In only one surface water sample (03SW17) under low-flow conditions 

(Table 4-17). Creek sample site 03SW17 IS located just downstream of where discharges from Springs A 

and A' enter the creek. TCE has been measured in discharges from these springs In the past (Murphy, 

1994; Krothe, 2002). So, It appears that the TCE measured In the creek originated from ABG and 
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migrated to the creek via these two springs. With additional dilution In the creek and volatilization of TCE 

from the creek to the atmosphere, TCE was not detected in any samples collected from sampling 

locations downstream of 03SWSD17. 

6.2.3 P~Hs 

PAHs released to sOil are much more likely to bind to soil and be transported via erosion and surface 

water runoff than to go Into solution. PAHs are subject to slow degradation via aerobic bacteria but may 

be relatively persistent In the absence of microbial populations or macronutrients such as phosphorus and 

nitrogen. 

Land-spreading applications have indicated that PAHs are highly amenable to microbial degradation In 

SOil (ATSDR, 1997). 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 

considered to be an inSignificant degradation mechanism. The rate of photodegradatlon is influenced by 

water depth, turbidity, and temperature. 8enzo(a}pyrene and chrysene are reported to be resistant to 

photodegradatlon. PAHs may also be metabolized by microbes under oxygenated conditions (ATSDR, 

1997). 

PAHs were not detected in any ground water samples collected from the OJT area (Table 4-14) and were 

not detected In any of the surface water samples (Tables 4-17 and 4-18). PAH compounds were only 

detected In five or fewer SOil samples from the OJT area and four or fewer LSC sediment samples. 

6.2.4 Dioxins as 2,3,7,8-TCDD 

2,3,7,8-TCDD is usually released to the environment primarily through emissions from the incineration of 

residential, municipal, and chemical wastes, In exhaust from automobiles and diesel vehicles, 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 matenal as a sorbed phase. TCDD near the 

• water's surface may experience some photodegradation. Volatilization from the water column may be 
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Important, but adsorption to sediment will limit the overall rate by which TCDD is removed from the creek. 

The persistence half-life of TCDD in lakes has been estimated to be In excess of 1.5 years. 

Photodegradation on terrestrial surfaces may be an important transformation process. Volatilization from 

sOil surfaces dUring warm conditions may also 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 to biodegradation. 

Dioxins and furans were detected In several surface and subsurface soil samples collected from the OJT 

area (Tables 4-10 and 4-12). The pattern of contaminant distribution suggest that these chemicals were 

dispersed during burning operations at the OJT. Although ground water and surface water samples were 

not analyzed for dloxlns/furans, It is assumed that these compounds are not present in ground water 

because their mobility IS so low. It IS possible that these compounds might be present in creek sediments 

due to sOil erosion and transport in surface runoff. 

6.2.5 Energetic Compounds 

• 

Nine different nitrogen-containing explosives (I.e., energetic compounds) were detected In sOil, ground • 

water, surface water, and sediment samples collected from OJT/LSC. All nine of these compounds have 

been Identified as COPCs for the OJT area and LSC (Table 4-19). 

Numerous laboratory studies and past site investigations at Department of Defense facilities have yielded 

Information on the biodegradation of energetic compounds. TNT In sOils, ground water, and surface 

water can degrade blotlcally or ablotlcally and can degrade under a fairly Wide range of pH and Eh 

conditions (Price et aL, 1997; Brannon et aL, 1998; Talmage et aL, 1999). The two most common 

degradation products found In sOils and ground water have been 2ADNT and 4ADNT (Li et aL, 1981; 

Daun et aL, 1998; Pennington et aL, 1999a,b,c). These compounds subsequently degrade to 

dlaminonltrotoluene compounds and other less reactive compounds. 2ADNT and 4ADNT have been 

found in surface and subsurface soils collected at the ABG (Albertson et aL, 1998) and In surface and 

subsurface sOils collected at the OJT area (see Section 5.0). 2ADNT and 4ADNT have also been 

detected in ground water samples collected at the ABG area, particularly wells 03C08P2 and 03C20 

(TtNUS, 2001d), ground water samples collected from the OJT area, particularly well 03-21 (Table 4-14 

and Figure 5-5), and Spring A (TtNUS, 2001 d). Thus, there is ample eVidence that microbial 

biodegradation of TNT IS occurnng In soils and the ground water system. Recent research by the USACE 

(May et aL, 2002) suggests that plant uptake and phytoremediation may also be removing and degrading 

TNT from the soils at ABG. 
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SCientifiC studies have also shown that 2,4-DNT, HMX, and RDX are also degraded In soils and ground 

water (Table 6-4). Recent research by the USACE (May et aI., 2002) suggests that plant uptake and 

phytoremedlation may also be removing, degrading, and volatilizing RDX from the sOils at ABG. 

6.2.6 Inorganics 

Metals are highly persistent environmental contaminants. They do not biodegrade. However, their 

valence state and IOniC form can readily change based on pH and Eh conditions, biotic uptake and 

assimilation Into living organisms, and decay and decomposition of dead plant matter. The major fate 

mechanisms for metals are adsorption to the soil matrix or precipitation as a minerai coating, uptake and 

bloaccumulatlon In plants, or transport through the hydrologiC system. 

Nitrate can be present in SOils, ground water, and surface water as a result of degradation of nltrogen­

containing energetic compounds. In this investigation, nitrate was found in only one monitoring well 

(03-10) at a concentration, 1.65 mg/L, that was above the background concentration found In well 03-16 

(1.29 ~g/L). For this reason, nitrate was Identified as a CO PC for ground water (Tables 4-14 and 4-19) . 

The other 14 mOnltonng wells had nitrate concentrations less than the background concentration. Thus, 

there does not appear to be a Significant amount of nitrate In the ground water in the vicinity of the OJT as 

a result of the degradation of energetics. The greatest concentrations of nitrate detected in LSC were 

0.2 mg/L under low-flow conditions (site 03SWSD17) and 1.44 mg/L under high-flow conditions (site 

03SWSD06). These values are less than the background creek water values, so nitrate is not a CO PC In 

surface water. Hence, there does not appear to be a significant amount of nitrate that IS being produced 

In the watershed as a result of biodegradation of energetic compounds. 

6.3 CONTAMINANT TRANSPORT PATHWAYS 

A contaminant transport pathway represents the phYSical path or the mechanism by which a contaminant 

moves or might move from one location (I.e., the source area) to another. A transport pathway may also 

Involve a phase change for the contaminant (e.g., a contaminant is absorbed to soil, volatilizes to SOil gas 

In the vadose zone, and then migrates Into basements as a gas). In addition, contaminant transport 

pathways typically Imply that -the contaminant IS migrating to a new location, which may result in an 

unacceptable human health or ecological risk at the contaminant destination. The determination of 

whether a pathway IS currently causing a risk or could potentially cause a future nsk depends on the 

combination of chemical characteristics, the eXistence of a potential pathway, the phYSical site conditions, 

• and the potential for exposure to occur now or In the future. 

06020S/P 6-11 CTO 0159 



NSWC Crane 
RFI 

RevIsion' 0 
Date October 2003 

Section 6 
Page 12 of 19 

This section presents a brief overview of contaminant fate and transport pathways that exist at OJT/LSC. 

Based on the evaluation of eXisting conditions at OJT/LSC, the following potential contaminant transport 

pathways may exist at the site: 

• Leaching of soil contaminants to ground water. 

• Migration of ground water contammants within the aquifer. 

• Mixing of ground water (I.e., spring discharges and creekbed seepage) with surface water in LSC. 

• Erosion and runoff of contaminated particles from sOil and deposition In surface water bodies (Le., 

LSC). 

• Leaching of contaminants from creek sediment to surface water. 

• Migration of contaminants In surface water to downstream areas as dissolved or sorbed phases. 

• Volatilization from soil, ground water, or surface water. 

6.3.1 Leaching of Soil Contaminants to Ground Water 

Contaminants that adhere to soil particles or have accumulated In sOil pore spaces at the OJT site can 

• 

leach and migrate vertically to the ground water as a result of Infiltration of precIpitation. The rate and • 

extent of this leaching are Influenced by the amount of preCipitation, rate of infiltration, the physical and 

chemical properties of the sOil, the physical and chemical properties of the contaminant, and the depth of 

the water table. 

Currently, there are no SVOCs or herbicides detected in ground water whose concentrations are greater 

than risk-based screening levels. Because of their extremely low mobility, It IS assumed that 

dloxlns/furans are also not present In ground water above relevant RBSLs. During the selection of 

COPCs In sOil (Section 4.2), the maximum detected concentrations of individual soil contaminants were 

compared against SSLs. The SSLs (for protection of ground water) are derived from assumptions 

regardmg aqUifer hydraulic conductiVity, hydraulic gradient, infiltration rate, mixing zone height, aquifer 

thickness, source area Size, and chemical-specific SOil-water KdS. These SSLs for protection of ground 

water are used to conservatively estimate whether a chemical could potentially leach from soil, migrate to 

ground water, and Increase the ground water concentration to be greater than the pertinent RBSL for 

ground water. 

Based on the above information, eight chlOrinated VOCs, energetic compounds, metals, and nitrate are 

presumably leaching from surface and near-surface soils In the OJT area. Hence, there IS a soil-to­

ground water migration pathway present at the site for these chemicals. 
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There IS no measurable migration of dioxlns/furans, SVOCs, or herbicides to the ground water. However, 

the soil-to-ground water SSLs indicate that such an exposure pathway IS possible. For the OJT Site, the 

SSLs for protection of ground water were exceeded (in at least one soil sample) for all the dloxlns/furan 

compounds, one PAH [benzo(b)fluoranthene]. one energetic compound (2,4-DNT), and eight metals 

(Table 4-14). Some of these chemicals, therefore, could eventually reach the water-table surface and 

affect ground water quality In the OJT area in the future. In the case of the SVOCs, the dioxlns/furans, 

and the metals, the potential Impacts In the future are very Improbable, because the Kd values for these 

chemicals are so large. 

6.3.2 Migration of Ground Water Contaminants to Little Sulphur Creek 

Two pnmary groups of contaminants were detected In the ground water Within the OJT area. Eight 

chlonnated VOCs compnse the first group. These were detected above human health screening levels in 

four different wells [03-07, 03-12, 03-15, and 03-24 (Figure 5-5)]. The wells are aligned from southwest to 

the northeast, and the highest concentrations were detected In well 03-07 In 2001 and in past sampling 

events It IS assumed that the highest concentrations of these VOCs are located In close proximity of 

03-07 and that vadose zone SOil at thiS location is the source of the VOCs. Ground water near well 03-07 

IS flOWing pnmarily to the northeast toward well 03-24 (Figures 1-19 and 1-20). By the time the ground 

water reaches 03-24, the number of detectable chlonnated VOCs decreases from eight to five, and the 

concentrations of all the detected VOCs decreases approximately one to two orders of magnitude (Figure 

5-5). ThiS large reduction In concentrations occurs over a travel distance of less than 250 feet. A recent 

dye tracer study (Jock and Krothe, June 2002) performed in the OJT area showed that dye injected in 

well 03-24 traveled 0.3 mile (about 1,600 feet) and first arrived at Spnng C In 7 hours. This dye test 

supports the conclusion that a karst condUit runs from north (near well 03-24) to south and discharges at 

Spnng C. ThiS supposition IS discussed further in Section 1.3.4. A map shOWing a rough approximation 

of where thiS eastern karst condUit IS located IS presented In Figure 1-18. Thus, hydrologiC eVidence and 

the results of a dye tracer test strongly suggest that most of the small chlorinated VOC plume present in 

the OJT area IS entenng thiS karst condUit, traveling rapidly southward, and discharging to LSC via Spring 

C. At Spring C, Virtually no chlonnated VOCs were detected dunng the ABG RFI for ground water 

(Murphy, 1994) or the subsequent quarterly monltonng events (e.g., TtNUS, 2001 d). A Single compound 

(TCE) was detected at 4 Ilg/L In a Single sample collected from Spring Con April 1, 1991 (Murphy, 1994). 

However, TCE has not been detected again In this spnng In the past 11 years. It IS believed that the 

chlonnated VOCs are not being detected in Spring C because: 
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• Their concentrations are relatively low In ground water at well 03-24, before entering the karst condUit 

(concentrations detected at 0.5 to 23 J.lg/L, Figure 5-5). 

• A large amount of ground water is entering the condUIt, resulting In substantial dilution (total flow rate 

can be 10,000 gpm or higher). 

• The rapid velocity and turbulent flow In the karst condUit cause a significant amount of volatilization to 

occur. 

Hence, . If the chlorinated VOCs from OJT are reaching Spring C and LSC, they are at such a dilute 

concentration that they are not detectable. 

• 

Potentiometric contours of ground water In the OJT area (Figures 1-19 and 1-20) Indicate that a ground 

water ridge lies beneath and adjacent to LSC. Ground water flows in two directions away from the ridge: 

to the east-northeast and to the south-southwest. As stated above, the source of the chlorinated VOCs 

lies near 03-07 and most of the ground water contaminated with chlorinated VOCs is migrating 

northeastward toward well 03-24 and the eastern karst ground water conduit. However, two wells (03-12 

and 03-20) located on the southwest Side of LSC are also contaminated with chlOrinated VOCs, but at • 

very low concentrations (Figure 5-5). These data Indicate that a small portion of the VOC-contaminated 

ground water Originating from near 03-07 IS flowing south-southwest. The contaminated ground water 

proceeds In this direction for about 500 to 1,000 feet before It reaches the western karst condUit system, 

and then proceeds southward to Springs A and A' (Figure 1-18). 

The second primary group of contaminants detected In ground water at the OJT IS the energetic 

compounds. Four of these compounds have been identified as COPCs for ground water (TNT, 2ADNT, 

4ADNT, and RDX). RDX and HMX are the energetic compounds that have the lowest Kd values and the 

greatest relative mobilities among the energetics (Table 6-3). These two energetic compounds have 

been detected in the Spring C discharge In the past. For example, RDX and HMX were detected at 0.72 

and 0.51 J.lg/L on September 13, 1999 (TtNUS, 2001 d). Therefore, It IS concluded that ground water 

containing energetic compounds in the OJT area enters the eastern karst conduit, travels rapidly 

southward With dilution along the way, and discharges from Spring C. 

Ground water samples collected from the western Side of LSC showed very minor concentrations of TCE, 

cls-1,2-DCE, 2-ADNT, and 4-ADNT. Well 03-12 also had a moderate concentration of RDX (35 J.lg/L). 

The ground water near these wells is flOWing southwestward (Figures 1-19 and 1-20) toward the western 
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karst conduit (Figure 1-18). In the conduit, the contaminants that originate from the OJT area mix with 

contaminants that originate from the ABG and flow rapidly southward to Springs A and A'. 

The concentrations of VOCs and energetics detected in Spring A are greater than concentrations 

detected In ground water on the western side of LSC, west of the OJT (e.g., well 03-12), Therefore, It is 

assumed that the majority of the contaminant mass flowing through the western karst conduit originates 

from the ABG, not the OJT area. In other words, the OJT IS contributing only a very small portion of the 

energetic compounds traveling through the western karst conduit. 

Some ground water containing contaminants may be migrating through the karst system and discharging 

to LSC via different avenues (I.e., smaller springs or diffuse seepage). However, It appears that the 

eastern and western karst condUits are capturing a very large portion of the ground water flow In the 

BC-BC aquifer. The regional ground water potentiometriC map (Figure 1-18)' also shows that ground 

water In the BC-BC aquifer throughout the watershed is eventually flowing toward LSC at the southern 

end of the watershed. The flow rate through the karst conduits IS so quick that there IS no time for 

microbial biodegradation to occur. However, contaminants in the aquifer at locations away from the 

condUits are subjected to biodegradation dUring their slow rate of travel. 

6.3.3 Migration of Contaminants from Surface Soil to Surface Water 

Rainfall, snowmelt, and surface water runoff that come In direct contact with surface SOils can leach 

contaminants from the SOils and transport them to LSC, Soil particles containing sorbed contaminants 

can also be dislodged from the soil surface and be phYSically transported to the creek via overland runoff. 

The OJT area IS located directly adjacent to LSC, so there is some potential for contaminants to reach the 

creek as dissolved phase and particulates in overland runoff. However, the topography In the immediate 

area of OJT IS very flat, and the area IS also heavily vegetated With trees, bushes, and weeds. Hence, 

the amount of overland runoff from this site should be very small. 

Surface water samples were collected under low-flow and high-flow conditions from LSC at sampling 

locations shown In Figures 1-5 and 1-7. Surface water sampling pOint 03SWSD08 IS located on the 

southeastern side of the ABG area, downstream of any ABG treatment activities and upstream of OJT. 

Sampling point 03SWSD11 IS the first surface water sampling station downstream of the OJT. A 

comparison of analytical results for high-flow samples from these two stations Indicates that the 

concentrations of both total and dissolved antimony, copper, lead, and zinc Increased dramatically in LSC 

water between these two sampling stations (Figure 5-10). These data suggest that overland runoff from 

the OJT area IS contributing these contaminants to the creek water as dissolved phase and sorbed to 

06020S/P 6-15 CTO 0159 



NSWC Crane 
RFt 

Revision' 0 
Date' October 2003 

Section 6 
Page 16 of 19 

suspended sediments. However, the high-flow water sample collected from station 03SWSD13, which IS 

located about 1,200 feet downstream of 03SWSD11, had much lower concentrations of these metals than 

found at 03SWSD11. At 03SWSD14, located 800 feet farther downstream, the concentrations of these 

four metals under high-flow conditions were similar to those found upstream of OJT at 03SWSD08 

(Figure 5-10. Thus, the OJT area may be creating an increase In antimony, copper, lead, and zinc (total 

and dissolved) In LSC water as It passes the OJT area; however, the increase diminishes quickly and 

disappears In the downstream direction, Concentrations of antimony In surface soils at OJT were not 

found to be greater than background concentrations (Table 4-10), so overland flow from the OJT area 

should not be influenCing the antimony concentration In the creek water. Although the increases In metal 

concentrations in the creek water near the OJT area during high flow could be attnbutable to overland 

runoff from the OJT area, the increases could also be due in part to a temporary suspension and 

entrainment of creekbed sediments In the water column of the creek during the storm event. 

The kind of comparison made above for the high-flow event IS not possible to make under low-flow 

conditions, because sampling stations 03SWSD08, 03SWSD011, 03SWSD13, and 03SWSD014 (the 

surface water sampling stations closest to the OJT area) were all dry dunng that sampling event. 

6.3.4 Transport of Contaminants via Surface Water 

Surface water IS normally flOWing In some of the small channels uphill of the ABG (I.e., the headwaters of 

LSC) and the channels leading through the ABG. At the eastern end of the ABG, advanced karst 

development has caused the Beech Creek Limestone and the overlYing Big Clifty Sandstone to collapse 

In the geologic past. In thiS area, LSC percolates into the ground and disappears from view. It IS actually 

flOWing down the LSC valley; however, the flow IS in the subsurface through the collapse rubble and 

allUVium. DUring normal flow conditions (I.e., between storm events), LSC does not reappear above 

ground until it reaches Spring C, At that location, the creek bottom IS at an elevation that IS approximately 

equal to the base of the Beech Creek Limestone. At thiS point, ground water In the collapse breCCia and 

ground water In the karst condUits start to emerge at the land surface and provide baseflow to the stream 

(I.e., the stream becomes a gaining stream south of Spring C). DUring major storm events, surface water 

flow can occur from the headwaters all the way southward to the faCIlity property line. 

LSC receives all surface runoff and all ground water flow that leaves the ABG and OJT areas. Thus, If 

contaminants are migrating from these two Sites, then they would have to appear In LSC dissolved in the 

water or sorbed to the sediment. Sediment transport in the creek can be as suspended sediment or as 

bedload (I.e., sediment traveling on the creek bed itself, rather than suspended In water). 
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Five energetic compounds and two metals (lead, Iron) were identified as COPCs in the creek water dUring 

low-flow conditions (Table 4-26). By the time the creek reached the southernmost sampling pOints on the 

facIlity property (03SWSD19), the only contaminant remaining above screening levels was RDX 

(7.7Ilg/L). During high-flow conditions, five energetic compounds and five metals (antimony, cadmium, 

copper, lead, and Zinc) were Identified as COPCs in the creek water (Table 4-26). By the time the creek 

reached the southernmost sampling pOint on the facIlity property (03SWSD19), the contaminant 

remaining above screening levels was again RDX (10.0 Ilg/L). Thus, transport of contaminants from the 

ABG and OJT areas to the creek appears to be occurnng via the springs, diffuse ground water seepage, 

and possibly overland runoff. However, VOCs present In the creek water, if any, are volatilizing from the 

creek surface to the atmosphere before the creek reaches the property line. Any metals that were 

present upstream in the water column (dissolved and sorbed to suspended solids) are presumably 

retained on sediment and deposited on the creek bed to a large extent. Transport of metals off site in the 

creek water IS not a Significant process. 

The distnbutlon of contaminants found in Little Sulfur Creek sediments indicates that very similar levels of 

VOCs, PAHs, explosives, herbicides, and metals were found In shallow (depth of 0 to 6 Inches) versus 

deep sediments (depth of 6 to 12 Inches). The chemicals detected In sediments that were Identified as 

COPCs Include nine metals, SIX energetic compounds, and three SVOCs (Table 4-26). In most cases, 

the maximum concentrations detected In the sediments were only slightly greater than screening levels. 

Hence, there does not appear to be a significant amount of contaminants residing in the LSC sediments. 

By the time the sediment reaches the southern end of the watershed near the property line (03SWSD19), 

no chemicals were detected In the sediment that exceeded human health screening crltena and only 

three metals (cadmium, copper, and lead) and no organics were detected that exceeded ecological 

screening cntena (Figures 5- and 5-8). Thus, the export of contaminants from NSWC Crane via LSC 

sediment load appears to be very small, although transport rates do Increase during high-flow events. 

6.4 SUMMARY OF CONTAMINANT MIGRATION 

The chlonnated VOC concentrations detected In sOils at the OJT area are relatively minor; It appears that 

the chlorinated solvents have leached out of or volatilized from the sOils In the past and only a small mass of 

these contaminants still reSides In the sOils. However, a larger quantity of energetic compounds stili reSides 

In the soils. In addition, s'mall residual quantities of other VOCs and SVOCs (e.g., PAHs) were detected In 

the surface and near-surface soils. Because the SVOCs, dloxlns/furans, and herbicides have relatively low 

solubilities and very high ~ values, their mobility In subsurface sOils IS very limited. In the case of the OJT 

area, these compounds were not detected at all In ground water. The energetic compounds and the 

chlonnated VOCs were the only compounds that were at suffiCiently high concentrations In the sOils and low 
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enough f«t values to have any effect on ground water quality. There is a small distinct plume In the OJT 

area ground water that contains the chlonnated VOCs. This area includes three wells (03-07, 03-15, and 

03-24) that lie along the southwest-northeastern axiS of the plume and three wells that lie on the penphery 

of the plume (03-12, 03-20, and 03-22). Well 03-07 contained the greater concentrations of chlonnated 

VOCs dunng thiS investigation, as well as during a prevIous sampling event In September 1994 (Murphy, 

1996). ThiS indicates that the source of the TCE, 1,1,2,2-PCA, and some of the other VOCs is located close 

to well 03-07. Some of the other chlonnated VOCs (e.g., cls-1,2-DCE, trans-1,2-DCE, 1,1-DCE, vinyl 

chloride) are the degradations products of the pnmary contaminants. Hence, degradation of these 

compounds IS occurnng In the shallow ground water system and possibly in the vadose zone SOils as well. 

Energetic compounds were detected In 13 of the 16 mOnitoring wells sampled in the OJT area dunng thiS 

Investigation (Figure 5-5), including the background well 03-21 located northwest of the OJT area in the 

direction of the ABG. The greatest concentrations of energetics at the OJT area were found In well 03-21, 

which is located along Jeep Trail 25 and southeast of the burn pit. Thus, it appears that the burn Pit may 

have been a source of some of the energetics detected In ground water; however, there also appears to be 

a plume of energetic contaminants that have moved southeastward into the OJT area along LSC; these 

energetic compounds In ground water (e.g. wells 03-21,03-23) onginated from upvalley In the ABG. 

The ground water In the ABG and OJT does not move rapidly through the areas because the hydraulic 

conductiVities are generally less than 4 feet/day (Table 1-2). However, there are at least two karst conduit 

systems, one on each Side of the creek, that draw ground water from beneath the two sites and transfer the 

water qUickly southward toward the springs. The results of dye tracer studies Indicate that contaminated 

ground water In the Big Clifty/Beech Creek/collapse breCCia aqUifer at the ABG and OJT areas enters karst 

condUits, and travels rapidly southward, and eXits the ground water system via Spnngs A, A', C, and several 

very minor seeps. Ground water from these seeps and spnngs Immediately enters LSC. 

The chlorinated VOCs traveling from the OJT area to Spring C through the eastern karst condUit are 

volatilized and diluted. They do not reach the outlet of Spnng C In measurable concentrations. The 

energetic compounds travel through the eastern karst condUit and are greatly diluted, but not volatilized, 

during migration through the conduit. 

Little Sulphur Creek receives dissolved contaminants from the ground water system via spnngs, seeps, 

and diffuse seepage through the streambed. During Significant rainstorm and snowmelt events, the flow 

rates in the springs nse rapidly (Figure 1-21) In response to a rapid Influx of water Into the karst conduits. 

Because of the rapidity With which the flow rates Increase, the water entenng the condUits dunng the 

storm events IS likely a combination of surface water entering the conduits directly and some ground 
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water that travels through macropores or preferential pathways In the soil and/or bedrock. In any case, 

water enters both of the conduits qUickly and travels through the condUits quickly. The spring discharges 

can become qUite turbid dUring these peak flow events, indicating that the surface water and/or ground 

water entering the condUits are bringing in eroded soil particles with them and transporting them to the 

creek. Therefore, at least some of the contaminants transported to the stream are sorbed to the 

suspended sediment dUring peak flow events. 

LSC IS perennial south of Spring C, because of the large amount of ground water that is entering the 

creek as springs and baseflow. The ground water entering LSC comes from both sides of the creek and 

drains a substantial portion of the watershed. The large amount of total seepage Into the creek appears 

to dilute the contaminants that are migrating from a small portion of the watershed. If present at all, the 

VOCs are likely volatilizing from the shallow, turbulent creek. Organic compounds (e.g., PAHs), if present 

In the water column, are probably sorbing to sediment and gradually biodegrading In the creek bed. 

Metals with high ~ values, If present, are also sorbing to the sediment and removed from the creek 

water. 

By the time the creek reaches the southern end of the watershed near the facility property line, the 

concentrations of contaminants In the creek water and sediments are the lowest or almost the lowest for 

the entire watershed. There are no contaminants In the creek water or the creek sediments at 

03SWSD19 that exceed human health screening criteria. There are no contaminants In the creek water 

and only three metals In the sediments at 03SWSD19 that exceed ecological screening criteria (Figures 

5-7 through 5-10). 

Reiterating the discussions concerning hydrology and hydrogeology In Section 1.0, all ground water in the 

watershed, including the contamlnanted ground water, flows toward Little Sulphur Creek and discharges 

to the creek primarily as springs. The potentiometric map of the BC-BC aquifer (Figure 1-18) indicates 

the regional flow southward and toward the creek. There IS no indication that ground water flow or 

contaminants are leaving the watershed via ground water flow (I.e., Interwatershed transfers). The same 

IS true for surface runoff and overland flow. All runoff and surface transport of contaminants from the 

treatment/disposal areas end up in LSC Therefore, any migration of contaminants in the watershed 

eventually end up In LSC by the time It reaches the faCIlity property line . 
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11E+00(7) 

530E-OS 
NA") 

NA'" 
NA") 

Water Solublhty 
(mglL @ 20'Cj<') 

124E+02 
270E+02(3) 

2 BOE+03 
NA'" 
NA

"
) 

5 9BE+01 

NSWC CRANE 
CRANE. INDIANA 

PAGE 2 OF 2 

OctanoliWater 
Partition Coeff,c,ent

"
) 

100E+00 
102E+02(3) 

115E+01 

NA'" 
3 B9E+00 
741E+00 

Organoc Carbon 
Partition Coefhclent(') 

100E+00 
955E+01(3) 

400E+00 
NA") 

3 BOE+OO 

7 B9E+01 

Henry's Law Constant I Bloconcentratlon Factor 
(atm-m'/mole)(') (mglkglmglL)(2) 

137E-05 33E+01(4) 

92BE-OBP) 19E+01(4) 

395E-09 NA") 
NAta) NAta) 

17E+OO(4) 

630E-OB 192E+02,4) 

• 
Mobility Index 

log«solublllty·VPVK.c) 

139E+00 
493E-01 

-443E+00 

NA 
NA 

NA 

Ipenlachlorophenol NA 1 10E-4 (25'C!,,) 1 4E+1 (25'C)'7) 512E+00'71 592E+02''') 2 45E-B (25'C) 1 09E+02 iiij ~ -558E+OO 

COPC - Chemicals of potential concern 
NA - Not available 

1 US EPA, 1992 
2 Mabey et ai, 19B2 
3 US EPA. 1996b SOil Screening GUidance 
4 Lyman et ai, 1990 Eq 5-2 
5 Lyman et ai, 1990, Equation 5-3 
6 Lyman et ai, 1990 Equation 4-5 
7 Syracuse Research Corporation Online Database Interactive Physical Properties Database Demo wwwesc syrres comlefdb htm Web site last update October 17,2001 
B Howard, 19B9 Handbook of EnVIronmental Fate and Exposure Data for Organic Chemicals, Volume 1 
9 US EPA, 2000c Exposure and Human Health Reassessment of 2,3,7,B-Tetrachlorodlbenzo-p-Dloxln (TCDD) and Related Compounds EPN600/P-001001BC 

Draft Final Report Part I, Volume 3 National Center for EnVIronmental Assessment Washington, DC 
10 ORNL Risk Assessment Information System 
11 US EPA. 1999g Screening Level Ecological Risk Assessment Protocol for Hazardous Waster Combustion Facilities, AppendiX C Medla-to-Receptor BloconcentratlOn Factors (BCFs) 

'> 



TABLE 6-2 

PARTITION COEFFICIENTS OF ENERGETIC COMPOUNDS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

COMPOUND Kd (1) REFERENCE 
(Ukg) 

RDX 0.21 - 0.33 (0.30) Pennington et aI., 1999c 

0.80 - 4.15 (2.67) Sikka et aI., 1980 

1.4, 4.2 (2.8) Spanggord et aI., 1980b 

0.2 - 7.8 (4.05) Hale et aI., 1979 

(2.17) Layton et aI., 1987 

0.101, 0.284 (0.19) AMEC, 2001 

1.57, 1.59 (1.58) Xue, Iskandar, and Selim, 1995 

0.12 - 2.37 (0.89) Ainsworth et aI., 1993 

0.95, 0.97 (0.96) Singh et aI., 1998 

0.2 - 7.8 Townsend and Meyers, 1996 

6.38 Sheremata et aI., 2001 

0.29 Price et aI., 2000 

0.42 May et aI., 2002 

TNT 2.0 - 11.0 (4.0) Pennington and Patrick, 1990 

5.5 - 22.2 (14.6) Sikka et aI., 1980 

5.5 - 19.3 Spanggord et aI., 1980a 

1.1, 2.5 (1.8) AMEC, 2001 

0.08 - 0.33 (0.23) Pennington et aI., 1999c 

2.58 May et aI., 2002 

2ADNT 3.7, 4.9 (4.3) Pennington and Patrick, 1990 

2.42 May et aI., 2002 

4ADNT 2.42 Mayet aI., 2002 

1 Individual values or range of values listed In column; average value shown In parentheses. 

• 

• 

• 
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TABLE 6-3 

RELATIVE MOBILITIES OF METALS AS A FUNCTION OF 
ENVIRONMENTAL CONDITIONS (Eh,pH) 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE, INDIANA 

Environmental Conditions 

Relative Mobility OXidizing ACidic Neutral/Alkaline 

VeryHlgh 

High 

Medium 

Low 

- - -
_ 4~. 

Very Low 

Notes: 

Se,ln 

Cu, NI, Hg, Ag, 
As, Cd 

Pb,Ba,Se 

Fe,Cr 

As = Arsenic 
Ag = Silver 

Se, In, Cu, Ni, 
Hg,Ag 

As, Cd 

Pb,Ba,Be 

Cr 

Se 

As, Cd 

Pb,Ba,Be 

Cr, In, Cu, NI, 
Hg, Ag 

Fe = Iron 
Hg = Mercury 
Ni = Nickel 
Pb = Lead 
Se = Selenium 
In = llnc 

Reducing 

Cr, Se, In, Cu, 
NI, Hg, Pb, Ba, 

Be,Ag 

Ba = Barium 
Be = Beryllium 
Cd = Cadmium 
Cr = Chromium 
Cu = Copper Eh = Standard Redox Potential 

Source: Swartzbaugh et aI., 1992 . 



TABLE 6-4 

BIODEGRADATION CHARACTERISTICS OF ORGANIC CHEMICALS OF POTENTIAL CONCERN 
SWMU 03 - OLD JEEP TRAILJLITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

COMPOUND Half-life(1) Reference 
(years) 

RDX 36 DuBoIs and Baytos, 1991 
0.88 - 10.7+ (10.6) Pennington et aI., 1999c 

TNT 1.0 DuBoIs and Baytos, 1991 
0.1 Cataldo et aI., 1989 

0.88-10.7+ (4.1) Pennington et aI., 1999c 
1.11 May et aI., 2002 

2ADNT < 0.05 Funk et aI., 1993 
< 0.05 Alvarez et aI., 1995 

4ADNT - -

1 Individual values or range of values listed In column; average value shown In parentheses. 

• 

• 

• 
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7.0 HUMAN HEALTH RISK ASSESSMENT 
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This section presents the HHRA for the OJT and LSC at NSWC Crane. The objective of the risk 

assessment IS to determine whether detected concentrations of chemicals within the study areas pose a 

significant threat to potential human receptors under current and/or future land use. The potential risks to 

human receptors are estimated based on the assumption that no actions are taken to control contaminant 

releases. 

7.1 INTRODUCTION 

The following current U.S. EPA and the IDEM risk assessment guidance documents were used to 

develop the framework for the HHRA: 

• Risk Assessment GUidance for Superfund: Volume I, Human Health Evaluation Manual (Part A). 

(U.S. EPA, 1989a). 

• Human Health Evaluation Manual, Supplemental GUidance: Standard Default Exposure Factors . 

Washington, D.C. OSWER Directive 9285.6-03 (U.S. EPA, 1991). 

• Supplemental GUidance to RAGS: Calculating the Concentration Term. OSWER Publication 

No. 9285.7-081 (U.S. EPA, 1992b). 

• Distnbutlon of Preliminary Review Draft: Superfund's Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure. Office of Solid Waste and Emergency 

Response, Washington, D.C. (U.S. EPA, 1993a). 

• SOil Screening GUidance: Technical Background Document. Office of Solid Waste and Emergency 

Response, Washington, D.C. EPAl540/R-95/128 (U.S. EPA, 1996b). 

• Exposure Factors Handbook. Office of Health and Environmental Assessment, Washington, D.C. 

EPAl600/P-95/002Fa (U.S. EPA, 1997d). 

• RISC (Risk-Integrated System of Cleanups). Technical Resource GUidance Document. Indiana 

Department of Environmental Management, Office of Environmental Response (IDEM, 2001) . 
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• Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part D, 

Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (U.S. EPA, 1998a). 

• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, (Part E, 

Supplemental Guidance for Dermal Risk Assessment), Interim, EPAl540/R/99/005, Office of 

Emergency and Remedial Response, Washington, D.C. (U.S. EPA, 2001). 

This HHRA also follows the methodology and decision rules presented In the QAPP (TtNUS, 2001 b). 

An HHRA consists of five components: data evaluation, exposure assessment, toxIcity assessment, risk 

characterization, and uncertainty analysIs. Sections 7.2 through 7.6 contain detailed discussions of the 

five components of the HHRA. A schematiC diagram of the general risk assessment process is provided 

as Figure 7-1. 

• 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks· Contaminants with tOXIC characteristics must be found In enVIronmental media; 

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 anyone 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. 

7.2 DATA EVALUATION 

Data evaluation, the first component of an HHRA, 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. 

7.2.1 Data Usability 

Data collected from the field investigation were used to assess risks to potential human receptors. All 

analytical data used in the quantitative estimation of potential risks were subject to a data quality 

evaluation. A discussion of the data validation protocol IS provided In Section 3.1 of this report. A data 

quality report is Included in Section 3.0 that provides Information on preCIsion, accuracy, 

representativeness, completeness, and comparability of the analytical data. 

06020S/P 7-2 CTO 0159 
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Fixed-based laboratory analytical results only for the targeted analytes for the investigation were used in 

the quantitative risk evaluation. Typically, unfiltered results for ground water and surface water are used 

to assess risks associated with those media. Field measurements and data regarded as unreliable (I.e., 

qualified as "R" dUring the data validation process) were not used In the quantitative risk assessment. 

7.2.2 Selection of Chemicals of Potential Concern 

Chemicals that were retained as COPCs and evaluated In this HHRA were Identified In Section 4.2 and 

summarized In Table 4-19. 

7~ 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 the OJT/LSC. 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 OJT/LSC 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. 

7.3.1 Conceptual Site Model 

This section discusses the conceptual site model (CSM) for the OJT/LSC. A CSM model facilitates 

consistent and comprehensive evaluation of the potential risks to human health by creating a framework 

for identifYing the pathways by which human receptors may come In contact With contaminated media 

resulting from the source area. A CSM depicts the relationships among the following elements, which are 

necessary for defining complete exposure pathways: 

• Site sources of contamination 

• Contaminant release mechanisms and transport/migration pathways 

• Exposure routes 

• • Potential receptors 

060208/P 7-3 CTO 0159 



NSWC Crane 
RFI 

RevIsion· 0 
Date· October 2003 

Section 7 
Page 4 of 50 

Physical site characteristics, results of previous site investigations, hazard identification (detected 

chemicals of interest based on the prevIous investigations), and current and future land use scenanos 

also were considered dunng the development of the site-specific CSM. Details on the site background, 

physical setting, previous investigations, and hazard identification were presented In Section 1.0. The 

site-specific CSM for the OJT/LSC is presented In Figure 7-2 In this section. 

The elements of the CSM (contaminant source, release mechanisms, transport/migration pathways, 

exposure routes, and potential receptors) establish the manner and degree to which a potential receptor 

may be exposed to chemicals present at the site. The degree of risk Incurred by a potential receptor 

vanes 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 

"unacceptable" health or environmental nsk, although nsks generally increase with increased frequency 

and/or duration of exposure. 

The elements of the CSM, Including how they pertain to the OJT/LSC, are presented in Sections 7.3.1.1 

through 7.3.1.3. 

7.3.1.1 Site Sources of Contamination 

Based on the site investigations, the following parameters are among the site-related chemical 

contaminants known to be present or potentially present in environmental media within the study area: 

• Explosives (e.g., TNT and HMX) and their degradation products (e.g.,2-ADNT). 

• Metals (e.g., lead). 

• Chlorinated VOCs Including but not limited to 1,1,2,2-trichloroethane, 1,2-dlchloroethene, 

tnchloroethene, and vinyl chlonde. 

7.3.1.2 Potential Contaminant Release Mechanisms and Transport Pathways 

Past activities at the OJT/LSC appears to have resulted In contaminant releases to the surrounding 

environment. A summary of the contaminant release mechanisms that may have occurred at the 

OJT /LSC is as follows: 

• Transport of surface soil contaminants to the subsurface soils and ground water via infiltration, 

percolation, and migration within the ground water aquifer. 
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• Recharge of ground water via surface waters. The study area in the vicinity and Immediately 

downgradlent of the ABG is a ground water recharge area. LSC is a "losing stream" just below the 

ABG. 

• Discharge of ground water to surface water and sediments as noted at Spnng A, B, and C located 

downstream of the source areas. LSC becomes a "gaining stream" downstream of the OJT in the 

vicinity of Spring C, which feeds LSC. 

• Ov~rland runoff of surface waters and sediments from the ABG and the OJT toward and Into LSC. 

(On-site surface soil contaminants at the OJT may also migrate to off-site soils as a result of overland 

flow of surface waters.) 

A discussion of potential contaminant transport pathways was presented in Section 6.0. 

7.3.1.3 Potential Current and Future Receptors of Concern and Exposure Pathways 

NSWC Crane IS an active naval base and Will remain active for the foreseeable future. The ABG IS an 

• active and RCRA-permitted open burning ordnance treatment unit, and there are no plans to close the 

unit. In contrast, the OJT IS no longer used as a treatment area and is likely to be used for military 

(non-disposal) purposes In the future. However, for purposes of completeness, the baseline nsk 

assessment considers receptor exposure under residential, Industnal, and recreational land use 

scenarios. Based on current and potential future land use, the following potential receptors may be 

exposed to contaminated environmental media within the study area: 

• 

• Trespassers - A plausible receptor under current or future land use. Although access to the base is 

controlled, once Inside the base, access to the study area is not limited by any physical constraints 

(thiS IS particularly true for the OJT). In addition, hunting activities are permitted at the base. Because 

the study area is relatively remote and surrounded by forested areas, hunters (particularly 

adolescents) may trespass within the study area. This receptor may be exposed to potentially 

contaminated surface sOil (0 to 2 feet bgs) (incidental ingestion; dermal contact), air (inhalation), 

surface water (incidental ingestion; dermal contact), and sediments (Incidental Ingestion; dermal 

contact) in the intermittent streams. However, because of the Intermittent nature of surface water in 

some portions of LSC, exposure to surface water IS likely to be very limited for those portions (e.g., the 

section adjoining the OJT). Direct contact with ground water (except where ground water has 

discharged to LSC) or subsurface soils IS not anticipated for this receptor. Potential risks to hunters 
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from ingestion of game species that were caught on-site will be qualitatively evaluated in Section 7.6, 

Uncertainty AnalysIs. 

• Maintenance Workers - A plausible receptor under future land use. This Includes adult military or 

ciVIlian personnel assigned duties Infrequently within the study area (e.g., grounds keeping activities, 

storm sewer and drainage maintenance). This receptor could be exposed to surface soils (incidental 

ingestion; dermal contact; and inhalation of fugitive dust and volatile emissions), surface water (dermal 

contact), and sediments (incidental Ingestion; dermal contact). Direct contact With ground water or 

subsurface SOils IS not antiCipated for thiS receptor. While maintenance workers might incidentally 

ingest soil or sediment that has adhered to their hands through unintentional hand to mouth activity, It 

IS unlikely that they would incidentally Ingest significant quantities of surface water. Consequently, 

inCidental ingestion of surface water IS not evaluated for a maintenance worker. There are currently no 

maintenance workers assigned to the OJT or to LSC. 

• Construction Workers - A plaUSible receptor under future land use. No construction actiVities are 

currently planned for the study area. Additionally, the shallow depth to ground water In some sections 

of the study area would likely preclude excavation and construction. However, excavation and 

construction are plaUSible In other sections of the study area. Consequently, thiS receptor could be 

exposed to surface and subsurface SOils (Incidental ingestion; dermal contact; and Inhalation of fugitive 

dust and volatile emissions), and ground water (dermal contact and inhalation of volatile emissions). 

Routine exposure to surface water and sediments is not expected for the construction worker. 

• Occupational Worker - A plaUSible receptor under future land use for the OJT. (It should be noted that 

base workers are currently assigned to the ABG.) ThiS Includes adult military or Civilian personnel 

assigned to routine dally work tasks. ThiS receptor could be exposed to surface SOil (incidental 

Ingestion; dermal contact; and inhalation of fugitive dust and volatile emissions). It IS antiCipated that 

this receptor would not be routinely exposed to subsurface SOils, surface waters, or sediments. 

Conservatively, it Will be assumed that the occupational worker may be exposed to ground water 

(ingestion; dermal contact). (It should be noted that a public water supply IS not currently available 

Within the study area.) ThiS receptor IS expected to be exposed on a more frequent basis than the 

maintenance or construction worker. (It should be noted that water IS currently supplied via a well in 

the Beaver Bend aqUifer. ThiS well IS tested regularly and IS not In the path of the contaminant 

migration.) 

• Recreational Users - A plaUSible receptor under future land use. If NSWC Crane were to close, the 

most likely scenario IS that the property would be converted to a park. A recreational user may be 
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exposed to potentially contaminated surface soil (0 to 2 feet bgs) (Incidental ingestion; dermal contact; 

and inhalation of fugitive dust and volatile emissions), and surface water (Incidental ingestion; dermal 

contact) and sediments (Incidental Ingestion; dermal contact) in LSC. Conservatively, it will be 

assumed that the recreational user may be exposed to ground water (Ingestion; dermal contact; and 

Inhalation of volatile emissions). (A public water supply IS not currently available within the study 

area.) Surface water In the vIcinity of the OJT is Intermittent and exposure IS expected to be very 

limited. Direct contact with subsurface soils IS not anticipated for thiS receptor. NSWC Crane IS not 

expected to close because prinCipal base operations, the demilitarization of mUnitions, are Critical to 

the support of the U.S. Naval fleet. 

• On-Site Residents - An unlikely receptor under future land use. Although this scenario is highly 

unlikely, a future residential scenario IS typically evaluated in a 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. It IS assumed that a hypothetical resident may 

be exposed to surface sOils (Incidental ingestion; dermal contract; and inhalation of fugitive dust and 

volatile emissions), ground water (ingestion, dermal contact, and Inhalation of volatile emissions), 

surface water (ingestion; dermal contact; and Inhalation of volatile emissions), and sediment 

(incidental ingestion; dermal contact). 

• Off-Base Residents - Off-base residents do exist downgradlent of the study area. It is assumed that 

an off-base resident may be exposed to surface water (ingestion; dermal contact; and inhalation of 

volatile emissions). Although thiS IS a conservative and unlikely scenario. As discussed in Section 

1.3.4, on-site shallow ground water flows to LSC; therefore, off-base residents are ·exposed to shallow 

ground water via surface water. Off-base residents may also be exposed to site sediment that has 

been transported off Site, although such exposures are expected to be less than those experienced by 

future on-site residents. 

These receptors are similar to the following receptors evaluated In the Current Contamination Conditions 

Risk Assessment (TtNUS, 1999): 

• Base personnel and families (current land use) 

• SWMU workers (current land use) 

• Park employees (future land use) 

• Park vIsitors (future land use) 

• On-SWMU residents (future land use) 
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Table 7-1 provides a site-specific listing of all exposure pathways conSidered and the basis for inclusion 

or exclusion of each exposure pathway for each receptor. Table 7-2 provides a site-specific summary of 

the potential receptors and exposure routes that are addressed quantitatively in the HHRA. 

7.3.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated rn the HHRA were based on the concept of a reasonable maximum 

exposure (RME) only, which IS defined as "the maximum exposure that IS reasonably expected to occ'ur 

at a site" (U.S. EPA, 1989a). However, recent risk assessment gUidance (U.S. EPA, 1992a) 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 were evaluated in the HHRA 

for the OJT/LSC at NSWC Crane. The available gUidance (U.S. EPA, 1993a) concerning the evaluation 

of CTE is limited. Therefore, professional judgment IS used when deflnrng CTE conditions for a particular 

receptor at a site. 

7.3.3 Exposure Point Concentrations 

The exposure pOint concentration (EPC), which is calculated for COPCs only, is a reasonable maximum 

estimate of the chemical concentration that IS likely to be contacted over time by a receptor and IS used to 

calculate estimated exposure rntakes. The 95 percent upper confidence limit (UCL) on the arithmetic 

mean, 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, 1992b). The 95 percent UCL is 

used as the exposure concentration to assess RME and CTE risks (U.S. EPA, 1993a). For data sets with 

fewer than 10 samples, the UCL IS conSidered to be a poor estimate of the mean, and the exposure 

concentration IS defined as the maximum detected concentration. For soils, sediments, and surface 

waters, the EPC is affected signrflcantly by the spatial distribution of contaminants and the potential for a 

receptor to be exposed to the measured chemical concentrations in various locations. For ground water, 

It IS assumed that receptors access the ground water via wells that are fixed in their location In the study 

area. 

Conventional statistical methods (I.e., the Shaplro-Wllk W-Test) were used to determrne the distribution 

and UCL of a particular data set (Gilbert, 1987; U.S. EPA, 1992b). If the results of the Shapiro-Wilk 

W-Test were rnconcluslve, the data was assumed to be log normally distributed. Nondetected data points 
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were utilized; In general, one-half the sample-specific detection limit represented these analytical results 

In the statistical analysIs. If the calculated 95 percent UCL exceeded the maximum detected 

concentration, then the maximum detected concentration was selected as the exposure concentration. 

The following paragraphs discuss the exposure units that were evaluated and the gUidelines used to 

calculate the medium-specific exposure pOint concentration. 

The OJT exposure unit (EU) Includes the two treatment sub-units (the burn Pit and the burn area; each 

treatment unit IS approximately 100 feet by 30 feet separated by 30 feet) and the area immediately 

beyond (I.e., within 10 feet of) the presumed extent of contamination. As discussed in the work plan 

(TtNUS, 2001 b), the size of the study area was approximately 1 acre and thiS 1-acre study area was 

considered the EU for soils. Surface soil were defined as soils In the 0 to 2 foot bgs interval; subsurface 

soli included all sOil from a depth of 2 feet to bedrock. A 1-acre EU area was considered a reasonable 

size based on the current and anticipated land use for the study area (I.e., militarylindustrial) and the rural 

nature of the area surrounding the base (I.e., farmland). As discussed In Section 1, the size of the study 

area was extended dUring the field investigation to approximately 6 acres. The entire study area was still 

used as the EU for all the receptors exposed to soil. In addition, exposures to hypothetical future on-site 

residents exposed to sOil were also evaluated uSing the 1 acre as specified in the work plan. The location 

of the 1-acre EU was determined by selecting the 1-acre area within the 6-acre study area that had the 

highest concentrations of the COPCs. The location of the 1-acre EU is shown on Figure 1-7. ThiS area is 

believed to be the area where the majority of treatment occurred. The uncertainty associated with the 

EUs for future on-site residents is discussed In the uncertainty analysIs presented In Section 7.6. 

The EPC for a receptor hypothetically using or otherwise exposed to ground water underlYing the OJT 

study area was the arithmetic average of all the wells sampled as part of this Investigation. The entire 

ground water database was used to calculate the EPC because COPCs were identified in all of the 

ground water wells. ThiS deviates from the QAPP where It was proposed that the EPC for ground water 

would be based on the arithmetic average of all wells located In the concentrated area of the plume. The 

uncertainty associated with calculating the EPC for ground water using all the wells will be discussed In 

the uncertainty analysIs. 

Based on anticipated receptor activity for maintenance workers, trespassers, and recreational users, the 

entire proposed LSC study area (I.e., upgradlent of the ABG to the confluence with Johnson Hollow 

Creek) IS the most plausible EU for surface water and sediment exposure . 

06020B/P 7-9 CTO 0159 



NSWCCrane 
RFI 

RevIsion 0 
Date. October 2003 

Section 7 
Page 10 of 50 

The surface water flow In LSC below the ABG but above Spring C is intermittent and, consequently, 

cannot be evaluated as a reliable domestic water supply resource for future on-site residents. In contrast, 

there IS year-around ground-water-to-surface-water flow at Springs A, B, and C. It is likely that a future 

on-site resident would use one spring as a domestic water supply as opposed to using all springs. 

Therefore, the maximum detected concentrations in surface water samples collected downstream of 

Springs A, B, and C (03SWSD15, 03SWSD16, 03SWSD17, 03SWSD18, and 03SWSD19) were used to 

evaluate domestic water use by future on-site residents. 

Surface water samples collected at the southern boundary of the site (03SWSD19) were used to evaluate 

domestic water use by current and future off-site residents. 

EPCs for COPCs for surface sOil, surface/subsurface soil, ground water, surface water, and sediment are 

summarized In Table 7-3. RAGS Part.o tables for the EPCs are presented in Appendix G. 

7.3.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure Intakes are presented here. Intakes for 

the Identified potential receptor groups are calculated using current U.S. EPA risk assessment gUidance 

(U.S. EPA, 1989a and 2001) and presented in the risk assessment spreadsheets (Appendix G). Risk 

assessment spreadsheets are appended to the site-specific risk assessments as support documentation. 

NoncarCinogenic Intakes were estimated uSing the concept of an average dally exposure. Carcinogenic 

Intakes are calculated as an incremental lifetime average daily exposure, which assumed 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 7-4. Overall the exposure 

assumptions presented in thiS section are the same as those presented In the QAPP except that some 

values have been updated to reflect current U.S. EPA gUidance (e.g., U.S. EPA, 2001). 

7.3.4.1 Inhalation of Air and Fugitive Dust/Volatile Emissions 

As mentioned previously In Section 4.2, a qualitative evaluation of exposure (I.e., comparison of 

maximum site sOil concentrations to U.S. EPA generic SSLs for chemical transfers from soil to air) was 

used to Identify whether a quantitative analysis of the inhalation exposure pathway was warranted. As 

shown In Tables 4-11 and 4-13, the concentrations of all chemicals detected in soil at the OJT/LSC are 

less than the Inhalation SSLs. Therefore, a quantitative evaluation of inhalation risks from sOil is not 
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required and was not performed. The potential risks associated with the Inhalation pathway are regarded 

as minimal. 

7.3.4.2 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 were estimated In the following manner (U.S. EPA, 2001): 

Intake
S' 

(CS1 )(SA)(AF)(ABS)(CF)(EF)(ED) 

(BW)(AT) 

where: Intakesl = amount of chemical "i" absorbed during contact with soil/sediment 

(mg/kg/day) 

CSI = concentration of chemical "I" In sOil/sediment (mg/kg) 

SA = skin surface area available for contact (cm2/day) 

AF = skin adherence factor (mg/cm2) 

ABS = absorption factor (dimensionless) 

CF = conversion factor (1 x 10.6 kg/mg) 

EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 

BW = body weight (kg) 

AT averaging time (days); 

for noncarclnogens, AT = ED x 365 days/yr; 

for carcinogens, AT = 70 yrs x 365 days/yr 

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, 2001; U.S. EPA, 1997b) 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 [e.g., Brown & Root 

(B&R) EnVIronmental, 1997] were also reViewed when developing the exposed surface areas. The 

rationales used to select the skin areas are as follows: 

• For construction workers, maintenance workers, and occupational workers exposed to soil, the 

surface area available for sOil contact is assumed to be the head, hands, and forearms. The skin 
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surface area IS 3,300 cm2 for the eTE and the RME. These values represent the 50th percentile areas 

for the head, hands, and forearms (U.S. EPA, 2001). 

• 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 and/or sediment contact. The RME value 

(3,280 cm2
) was derived from the 95th percentile surface area data and the eTE value (3,100 cm2

) 

was derived from the 50th percentile data, as provided in Table 6-6 of the Exposure Factors 

Handbook (U.S. EPA, 1997d). 

• For adult recreational users assumed to be exposed to surface sOil and sediment, the exposed 

surface area available for contact is 9,070 cm2 for the RME and eTE scenarios. This value 

represents the 50th percentile areas for the arms, hands, lower legs, and feet (U.S. EPA, 1997b). For 

a small child recreational user (0 to 6 years old), It was assumed that 50 percent of the body surface 

area was exposed to surface soil and sediment (I.e., 3,300 cm2
, respectively) (this value represents 

the 50th percentile areas presented In Table 6-6 of the Exposure Factors Handbook) (U.S. EPA, 

1997d). 

• 

• For adult residents exposed to surface soil/sediment, the exposed surface area available for contact • 

was the U.S. EPA recommended value of 5,700 cm2 for the RME and eTE scenarios (U.S. EPA, 

2001). This value assumes that the adult resident IS wearing a short-sleeved Shirt, shorts, and shoes; 

therefore, the exposed skin surface is limited to the head, hands, forearms, and lower legs. For a 

child resident, the recommended value of 2,800 cm2 was used as the exposed skin surface area for 

the RME and eTE scenarios (U.S. EPA, 2001). ThiS value assumes that the child resident IS wearing 

a short-sleeved shirt, shorts, and no shoes; therefore, the exposed skin surface area IS limited to the 

head, hands, forearms, lower legs, and feet. 

The follOWing values of soil adherence factors provided in RAGS Part E (U.S. EPA, 2001) were used to 

evaluate risks from exposure to soil and sediment. 

• Construction workers - 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the eTE (U.S. EPA, 2001). 

• Maintenance workers and occupational workers - 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the 

eTE (U.S. EPA, 2001). 

• Adolescent trespassers - 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the eTE (U.S. EPA, 2001) . 
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• Child recreational users and child residents - 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE 

(U.S. EPA, 2001). 

• Adult recreational users and adult residents - 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for the CTE 

(U.S. EPA, 2001). 

For the constituents Identified as COPCs In soil and sediment, the following absorption factors were used 

(U.S. EPA, 2001): 

• PAHs-O.13 

• Dioxlns/furans - 0.03 

• ArseniC - 0 03 

• Cadmium - 0.001 

• Semlvolatile organics - 0.1 

As indicated In RAGS Part E, absorption factors for other metals have not been developed due to 

insuffiCient data to support a default value. Therefore, risks from dermal absorption of metals (other than 

arsenic and cadmium) from SOil were not quantified In this risk assessment. The uncertainty associated 

with the omission of these constituents IS discussed in the uncertainty analysis. 

7.3.4.3 Incidental Ingestion of Soil/Sediment 

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, 

1989a): 

where: Intakes, = 

CS1 = 

IRs = 

FI 

EF = 

ED = 

CF = 

06020S/P 

IntakeS, = (CS1 )(IRs )(FI)(EF)(ED)(CF) 

(BW)(AT) 

intake of contaminant "I" from SOil or sediment (mg/kg/day) 

concentration of contaminant "I" In SOil or sediment (mg/kg) 

ingestion rate (mg/day) 

fraction Ingested from contaminated source (dimensionless) 

exposure frequency (days/yr) 

exposure duration (yr) 

conversion factor (1 x 10-6 kg/mg) 

7-13 CTO 0159 



BW 

AT 

= 

= 

body weight (kg) 

averaging time (days); 

for noncarclnogens, AT = ED x 365 days/yr; 

for carcinogens, AT = 70 yrs x 365 days/yr 

NSWCCrane 
RFI 

RevIsion 0 
Date: October 2003 

Section 7 
Page 14 of 50 

The same exposure frequencIes and durations used in the estimation of dermal intakes were used to 

estImate exposure vIa incIdental ingestIon. Default values of 1.0 (RME) and 0.5 (CTE) were used for the 

fraction of soil ingested from the source. SedIment ingestIon rates were the same as those assumed for 

soil Ingestion except that, for the reSIdent, the proposed sediment Ingestion rate was assumed to be 

50 percent of the proposed sOIl ingestIon rate. 

7.3.4.4 Dermal Contact with Ground Water/Surface Water 

The same equatIon IS used to estImate Intakes for dermal contact wIth ground water and surface water. 

DIrect contact wIth ground water at the OJT/LSC is limited to exposure that would occur under a 

reSIdential, recreatIonal, tYPIcal industrial (occupational), and constructIon scenarios. Hypothetical future 

on-base reSIdentIal receptors were assumed to use ground water for domestic purposes (Le., bathing, 

showering, washIng dIshes), that can result In a dermal exposure. It is also assumed that off-base 

reSIdents may use the surface water resource for domestIc purposes, although thIS IS a conservative and 

unlikely scenario. Short-term dermal exposure was assumed to occur for the constructIon worker during 

excavatIon actIvItIes and for the hypothetIcal recreational user or occupatIonal worker receptors that may 

occasIonally use restroom facilities (supplied by ground water pumped from the underlying aquifer) whIle 

working or recreatIng. It should be noted that neither facilitIes nor ground water supply wells eXIst at the 

OJT/LSC at thIS tIme. Such faCIlitIes currently eXIst at the ABG. Dermal contact wIth surface water may 

also occur whIle receptors are Involved In certaIn actIvItIes such as landscapIng (maintenance worker), 

trespassing, or recreatIonal sport (hiking, biking, etc.) or if off-base residents use off-SIte springs feeding 

LSC as a domestIc water supply. 

The following equation was used to assess exposures resultIng from dermal contact wIth water (U.S. 

EPA,2001): 

where: DADw, 

DAevent = 

EV = 

06020S/P 

DADWI = (DAev.". )(EV)(ED)(EF)(A) 
(BW)(AT) 

dermally absorbed dose of chemIcal "I" from water (mg/kg/day) 

absorbed dose per event (mg/cm2-event) 

event frequency (events/day) 
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Ground water or surface water exposure for hypothetical future on-base or off-base residential receptors 

uSing the ground water/surface water as a domestic water supply was assumed to occur on a dally basIs. 

Exposure to ground water for construction workers, recreational users, or typical occupational workers 

and exposure to surface water for maintenance workers, trespassers, and recreational users was also 

assumed to occur each day the receptor visits the study area. Dermal Intakes for residents assumed total 

body exposure. For construction workers, trespassers, occupational workers, maintenance workers, and 

recreational users, the exposed surface area of the body available for contact was based on assumed 

activities and was similar to the assumptions outlined for dermal contact with soil and sediment. Table 

7-4 summanzes the exposure parameters that were used In this HHRA. 

The absorbed dose per event (DAevent) was estimated uSing a nonsteady-state approach for organic 

compounds and a traditional steady-state approach for Inorganics. For organics, the follOWing equations 

apply: 

If levenl <t', Ihen : DAevenl = (2)(FA)(K.)(C. )(CF) [ 6, ;w", 1 

If tevent > t *, then: DAevent = (FA)(Kp) (C WI ) (CF) [tevent + 2 1: [1 + 3 B + 3B 2ll 
1+B (1+B)2 

where: tevent = duration of event (hr/event) 

f = time It takes to reach steady-state conditions (hr) 

Kp = permeability coefficient from water through skin (cm/hr) 

CWI = concentration of chemical "I" in water (mg/L) 

r = lag time (hr) 

7t = constant (dimenSionless; equal to 3.141592654) 

CF = converSion factor (0.001 Ucm 3
) 
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Dimensionless ratio of the permeability of the stratum corneum relative to 

the permeability across the viable epidermis. 

Chemical specific fraction absorbed (dimensionless) 

Values for the chemical-specific parameters (tevent' f, Kp, To FA, and B) were obtained from RAGS Part E, 

the current dermal gUidance (U.S. EPA, 2001), and are presented in Table 7-5. If no published values 

were available for a particular compound, they were calculated uSing equations provided In the cited 

guidance. 

The following steady-state equation were used to estimate DAevent for inorganics: 

In general, the recommended default value of 0.001 was used for the dermal permeability of Inorganic 

constituents. For most metals, dermal absorption IS not a significant pathway because penetration 

through the skin IS minimal. 

7.3.4.5 Incidental/Direct Ingestion of Ground Water/Surface Water 

Residents may be exposed to ground water or surface water via direct ingestion. Maintenance workers, 

trespassers, and recreational users may Incidentally Ingest surface water while at the site. Intakes 

associated with ingestion of water were evaluated using the following equations (U.S. EPA, 1989a): 

where: Intakew1 = 
Cw, = 
IRw = 
IRw = 

CR = 
ET = 
EF = 

ED = 

BW = 

060208/P 

Intake
Wi 

(C
WI 

)(IRw )(EF)(ED) 
(BW)(AT) 

intake of chemical "I" from water (mg/kg/day) 

concentration of chemical "I" In water (mg/L) 

direct contact ingestion rate for ground water (Uday) 

Incidental ingestion rate for surface water (L/day) = (CR)(ET) 

contact rate for surface water (Uhr) 

exposure time for surface water (hr/day) 

exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 
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The same exposure times, frequencies, and durations used to assess dermal exposure to water were 

used to estimate mtakes for ingestion of water. 

7.3.4.6 Inhalation of Volatiles in Ground Water 

Ground water or surface water exposure may also result In an mhalatlon exposure If the water resource IS 

used as a domestic water supply. This exposure route was evaluated for residential receptors only who 

may be exposed while showenng, bathmg, washmg dishes, etc. Inhalation exposures were estimated 

usmg a mass transfer model, developed specifically for this exposure route, in combination with an air 

mtake estimation model. The mass transfer model accounts for mhalation that occurs dunng a shower 

and after a shower while the receptor remains m the closed bathroom. The method employed was as 

follows (U.S. EPA, 1989a; Foster and Chrostowski, 1987): 

where: Intakew1 = 
S 

IRsh 

K = 
EF 

ED 

BW 

AT = 
Ra = 
CF = 
Ds = 
Dt = 

06020S/P 

Intakesl = (S)(IRSh )(K)(EF)(ED) / (BW)(AT)(Ra )(CF) 

K D 
exp(-R. x D,) _ exp[R. x(Ds -D,)] 

s + --~~~--~ 
R. R. 

Intake of chemical "I" from water via inhalation (mg/kg/day) 

volatile chemical generation rate (~g/m3-min-shower) 

mhalatlon rate (Umm) 

mass transfer coefficient (min) 

exposure frequency (showers/yr) 

exposure duration (yrs) 

body weight (kg) 

averagmg time or penod of exposure (days) 

air exchange rate (mm·') 

conversion factor (1 x 1 0+6 ~g-Umg-m3) 

shower duration (min) 

total time in bathroom (mm) 
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The volatile chemical generation rate were 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. For metals 

at the OJT/LSC, volatilization IS not a significant pathway because these substances do not vaporize at 

room temperature. 

Exposures for construction workers associated with the inhalation route are estimated In the follOWing 

manner (U.S. EPA, 1989a): 

where: Intakeal = 

Cal 

IRa = 

ET 

EF = 

ED = 

BW 

AT = 

Intakeal = 
(Cal)(IRa)(ET)(EF)(ED) 

(8W)(AT) 

Intake of chemlcal"i" from air via inhalation (mg/kg/day) 

concentration of chemlcal"i" In air (mg/m3) 

Inhalation rate (m3/hr) 

exposure time (hours/day) 

exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); 

for noncarclnogens, AT = ED x 365 days/yr; 

for carcinogens, AT = 70 yr x 365 days/yr 

Construction workers may be exposed to COPCs that have volatilized from ground water when 

excavation exposes the shallow water table. Ambient air concentrations resulting from the volatilization of 

COPCs from ground water to outdoor air were calculated by using the following equation from American 

Society for Testing and Materials Standard GUide for Risk-Based Corrective Action (ASTM, 1997). The 

air concentration was calculated as follows: 

= 
VFgw,amb= 

Cgw = 

chemical concentration in Indoor air, mg/m3 

volatilization factor from ground water to indoor air, Um3 

chemical concentration In ground water, mg/L 

The volatilization factor, VFgw.amb, was calculated as follows: 
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and 

where: VFgw,amb= 

H' = 

LGW = 

= 

hv = 

heap 

Deff 
ws 

DFamb = 

Ualr 

da1r 

W = 

A 

VF = 1 
gwamb [DF L ] 1 

3mb GW ._ 

D: H' 

volatilization factor for ground water, (Um3
) 

Henry's law constant, chemical specific, (cm3-H20)/(cm3-air) 

depth to ground water, (cm) 

hv + heap 

thickness of vadose zone, (cm) 

thickness of capillary fnnge; (cm) 
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effective diffusion coefficient between ground water and surface soil, chemical 

specific, (cm2/sec) 

dispersion factor for outdoor air, (cm/sec) 

wind speed above ground surface In miXing zone, (cm/sec) 

ambient air mixing zone, (cm) 

width of source parallel to ground water flow direction, (cm) 

source-zone area, (cm2
) 

Because exposure to constituents that have volatilized from ground water is a result of direct exposure, 

the depth to ground water is simply (Lgw) defined as the thickness of the capillary fringe (heap). 

The effective diffusion coeffiCient between ground water and surface SOil, Deff ws is calculated as follows: 

where: Deffeap = 

Deff
s = 

effective diffusion through capillary fringe, chemical specific, cm2/sec 

effective diffusion In SOil based on vapor-phase concentration, chemical specific, 

cm2/sec 

It was assumed that excavation would occur to the water table; therefore, the thickness of the vadose 

zone was set equal to 0 and the thickness of the capillary fringe was set equal to 0.1 cm. Because hv is 
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equal to zero, this equation reduces to show that the effective diffusion between 

surface soil (Oeffws ) IS equal to the effective diffusion through the capillary fnnge (Oeffcap). 

The effective diffusion through the capillary fnnge, Oeffcap, IS calculated as follows: 

where: Oa.r 

owat 

= 
= 

diffUSion coeffiCient in air, chemical specifiC, cm2/sec 

diffusion coeffiCient in water, chemical specifiC, cm2/sec 
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ground water and 

8 acap 

8 wcap 

8 T 

= 
= 
= 

volumetnc air content in capillary fnnge SOils, 0.038 cm3-alr/cm3-soil 

volumetnc water content In capillary fnnge soils, 0.342 cm3-H20/cm3-sOlI 

total SOil pOroSity, 0.38 cm3/cm 3-soll 

Input assumptions for the volatilization from ground water to outdoor air model are presented in Table 

7-6. Site-specific values are used whenever possible. Model default values are used when they are 

believed to be representative of site conditions. Chemical properties were obtained from the SOil 

Screening Guidance: User's GUide (U.S. EPA, 1996b) and are presented In Table 7-7. 

7.3.4.7 Summary of Exposure Parameters 

A summary of the exposure Input parameters for all exposure pathways IS presented In Table 7-4 for the 

Identified potential receptor groups at the OJT/LSC. In general, standard default parameters (U.S. EPA, 

1991, 1997d, and 2001), which combine mid-range and upper-end exposure factors, were used to assess 

RME conditions. CTE scenanos were assessed pnmarlly by the use of mid-range exposure factors 

presented in current risk assessment gUidance (U.S. EPA, 1989a and 1993a). 

7.3.5 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 follOWing models: 

• The latest version of the U.S. EPA's IEUBK Model for lead (U.S. EPA, 2002a). ThiS model IS tYPically 

used to evaluate lead exposure assuming a reSidential land use scenario. 
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The U.S. EPA's Technical Review Workgroup (TRW) Model for Lead (U.S. EPA, 1996d). This model is 

typically used to evaluate lead exposure assuming a non-residential land use scenario. 

The IEUBK Model for lead 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, dnnking water, diet, dust, and soli exposure. 

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 Ilg/dL to 15 Ilg/dL. Blood-lead levels greater than 10 Ilg/dL are considered to be a "concern." 

For the OJT/LSC, 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 Ilg/L federal action level 

promulgated under the Safe Dnnking Water Act and when detected sOil and sediment concentrations 

exceed the OSWER sOil screening level of 400 mg/kg for residential land use (U.S. EPA, 1994c). 

Average chemical concentrations, as well as default parameters for some Input parameters, were used. 

Estimated blood-lead levels and probability density histograms are presented as support documentation 

for thiS analysIs and are Included In Appendix G . 

Non-residential adult exposure to lead In soil was evaluated uSing the U.S. EPA's Technical Review 

Workgroup Model for Lead (U.S. EPA, 1996d). 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., Industrial and recreational). The output of the spreadsheet IS 

the probability that the blood-lead concentrations in the fetus exceed 10 Ilg/L. The probability that the 

fetal blood-lead level would exceed 10 Ilg/L was calculated In accordance with the following EPA 

gUidelines: 

• Use of the TRW Intenm Adult Lead Methodology In Risk Assessment, Memorandum from Pat Van 

Leeuwen (Region 5 Superfund Program) and Paul White (ORD/NCEA) to Mark Maddalonl, Chair, 

TRW Adult Lead Subgroup, Apnl 7, 1999. 

• Frequently Asked Questions (FAQs) on the Adult Lead Model, Technical Review Workgroup for Lead, 

GUidance Document, April 1999, Rev. o . 
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No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead. 

Therefore, the results of the IEUBK Model for children were used to qualitatively assess exposure and 

risk for this receptor. 

7.4 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 Will be 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. 

The tOXicity value used to evaluate noncarcinogenic health effects is the reference dose (RfD). 

CarcinogeniC effects are quantified uSing the cancer slope factor (CSF). 

7.4.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs used In the HHRA for the OJT and LSC were obtained from the 

follOWing primary literature sources: 

• Integrated Risk Information System (IRIS) (U.S. EPA, 2002b) 

• Health Effects Assessment Summary Tables (HEAST) (U.S. EPA, 1997c) 

• National Center for Environmental Assessment (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 values presented 

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 used as a source 

of toxIcity criteria. The RfDs and CSFs for the constituents selected as COPCs for OJT/LSC are 

presented In Tables 7-8 through 7-11. 

7.4.1.1 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 
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dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

companson to estimated dermal exposure Intakes is made. 

The adjustment to an absorbed dose was made using chemical-specific absorption efficiencies published 

In RAGS Part E (U.S. EPA, 2001) and the following equations: 

7.4.1.2 

RfDdermal = (RfDoral )(ABSGI ) 

CSFdermal = (CSForal ) I (ABSGI ) 

where' ABSG, = absorption effiCiency In the gastrointestinal tract 

Toxicity Criteria for Carcinogenic 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 is classified by the U.S. EPA 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, 1993b). 

These parameters are based on the carcinogenicity of benzo(a)pyrene and are available for select 

carcinogenic PAHs. The equivalent oral CSF for these chemicals is denved by multiplYing the CSF for 

benzo(a)pyrene by the order of potential potency. The orders of potential potency used In this HHRA are 

as follows: 

Compound TEF 
Benzo(a)pyrene 1.0 
Benzo(a)anthracene 0.1 

Benzo(b )fluoranthene 0.1 

Benzo(k)fluoranthene 0.01 

Chrysene 0.001 

Dlbenzo(a,h)anthracene 1.0 
Indeno(1,2,3-cd)pyrene 0.1 

7.4.1.3 Toxicity Criteria for Carcinogenic Effects of Dioxins/Furans 

Similar to the concept of estimated orders of potential potency for PAHs, chlorinated dlbenzo-p-dioxins 

(CDDs) and -dlbenzofurans (CDFs) were evaluated using TEFs relative to the toxicity of TCDD (U.S . 

EPA, 1989b). Based on a variety of approaches that generate toxIcities relative to 2,3,7,8-TCDD, U.S. 
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EPA developed TEFs for other dloxins/furans from structure-activity relationships and the available 

toxicological Information. The TEFs are applied to the dloxln/furan congeners to calculate an eqUivalent 

2,3,7,8-TCDD concentration. TEFs that were used In the HHRA are presented In Section 4.2.1. 

7.4.1.4 Toxicity 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 suggest that hexavalent chromium IS present at the 

OJT/LSC as a contaminant, speciation analyses were not performed for the OJT/LSC. 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. 

7.4.2 Toxicity Profiles 

TOXicological profiles for each COPC are presented In Appendix G. These bnef profiles present a 

summary of the current available literature on the carcinogenic and noncarcinogenic health effects 

associated with human exposure to COPCs. 

7.5 RISK CHARACTERIZATION 

This section provides a characterization of the potential human health risks associated with the potential 

exposures to COPCs at the OJT/LSC. Section 7.5.1 outlines the methods used to quantitatively estimate 

the type and magnitude of potential risks for human receptors. A summary of the risk characterization for 

the OJT/LSC IS provided in Section 7.5.2. 

7.5.1 Quantitative Analysis 

Quantitative estimates of risk were calculated according to risk assessment methods outlined In U.S. EPA 

gUidance (U.S. EPA, 1989a). Lifetime cancer risks are expressed in the form of dimensionless 

probabilities, referred to as ILCRs, based on CSFs. NoncarCinogenic risk estimates are presented in the 

form of HQs that are determined through a comparison of Intakes With published RfDs. 

ILCR estimates are generated for each COPC uSing estimated exposure intakes and published CSFs, as 

follows: 

ILCR = (Estimated Exposure Intake)(CSF) 

If the above equation resulted in an ILCR greater than 0.01, the follOWing equation was used: 
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A ILCR of 1 x 10.6 indicates that the exposed receptor has a on~-in-one-million chance of developing 

cancer under the defined exposure scenano. Alternatively, such a nsk may be Interpreted as 

representing one additional case of cancer In an exposed population of one million persons. 

As mentioned previously, noncarcinogenic nsks were assessed uSing the concept of HOs and His. The 

HO for a COPC IS the ratio of the estimated Intake to the RfD, as follows: 

HO = (Estimated Exposure Intake)/(RfD) 

An HI was generated by summing the individual HOs for all COPCs. The HI is not a mathematical 

prediction of the seventy of tOXIC effects and therefore IS not a true risk; it IS simply a numencal Indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 

7.5.1.1 Comparison of Quantitative Risk Estimates to Benchmarks 

To interpret the quantitative nsks and to aid nsk managers In determining the need for remediation at a 

Site, quantitative nsk estimates are compared to typical benchmarks. Calculated ILCRs are interpreted 

uSing the U.S. EPA's target range (10.4 to 10.6), and His are evaluated using a value of 1.0. 

U.S. EPA has defined the range of 10.4 to 10.6 as the ILCR target range for hazardous waste facilities 

addressed under CERCLA and RCRA. Individual or cumulative ILCRs greater than 1 x 10.4 are generally 

considered to be "unacceptable" by the U.S. EPA. (Risk management decIsions are necessary when the 

ICR is within 1 x 10.4 to 1 x 10.6.) 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health nsks associated 

with exposure. If an HI exceeds unity, target organ effects associated with exposure to COPCs are 

segregated. Only those chemicals that affect the same target organ(s) or exhibit similar cntical effect(s) 

are regarded as truly additive. Consequently, It may be possible for a cumulative HI to exceed 1.0, but no 

adverse health effects are anticipated if the COPCs do not affect the same target organ or exhibit the 

same cntlcal effect. 
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This section contains a summary of the results of the risk characterization for the OJT/LSC. Quantitative 

risk estimates for potential human receptors are developed for those chemicals Identified as COPCs. 

Uncertainties associated with the risk estimates are discussed in Section 7.6. The methodology used to 

calculate the risks presented In this section is provided in Sections 7.3 and 7.4. Potential cancer risks 

and His were calculated for current adolescent trespassers and off-site residents and future construction 

workers, maintenance workers, occupational workers, child recreational users, adult recreational users, 

and off-site residents under the RME and CTE scenarios and are summarized in Tables 7-12 and 7-13, 

respectively. Potential His and ILCRs for future on-site residents are summarized in Tables 7-14 and 

7-15, respectively. Sample calculations are presented in Appendix G, and the results of the risk 

assessment in RAGS Part D format are Included In Appendix G. 

7.5.2.1 Noncarcinogenic Risks - RME 

Cumulative His for the adolescent trespasser, off-site child and adult resident, construction worker, 

maintenance worker, and adult recreational user under the RME scenario are less than or equal to unity 

(1), Indicating that adverse non-carcinogenic effects are not anticipated for these receptors under the 

defined exposure conditions. 

His for the potable use of ground water by occupational worker (HI = 2), child recreational user (HI = 2), 

future on-site child resident (HI = 21), and future on-site adult resident (HI = 6) exceed unity. 

Trlchloroethene was the major contributor to the HI for the occupational worker (HQ = 2), child 

recreational user (HQ = 2), and future on-site adult resident (HQ = 5) ingesting ground water. 

Trichloroethene and 2-amIn0-4,6-dinitrotoluene were the major contributors to the HI for the future on-site 

child resident ingesting ground water. 

His for domestic use of surface water by future on-site child residents (HI = 9) and future on-site adult 

reSidents (HI = 3) exceeded unity. 2-Amino-4,6-dlnitrotoluene (HQ = 2), 4-amino-2,6-dlnitroluene (HQ = 

5), and RDX (HQ = 2) were the major contributors to the HI for the future on-site child reSident. 

4-Amino-2,6-dlnltroluene (HQ = 1) was the major contributor to the HI for the future on-site adult resident. 

The His calculated for on-site reSidential use of surface water as a domestic water source are subject to 

the following sources of uncertainty: 
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• There are no toxicity data for 2-amIn0-4,6-dinitrotoluene and 4-amino-2,6-dinltrotoluene on IRIS or in 

HEAST; therefore, provisional RfDs from NCEA were used to estimate risks. The use of provIsional 

toxicity values introduces uncertainty Into the risk assessment except that HI calculations are biased 

high. 

• The maximum detected concentration In surface water was used as the exposure point concentration 

for estimating nsks to future on-site residents. The maximum detected concentrations of COPCs In 

surface water all occurred In the sample collected from location 03SWSD17, which is immediately 

downgradlent of Spnng A. If His were calculated for the other individual sample locations, His for 

locations 03SWSD16, 03SWSD15, 03SWSD18, and 03SWSD19 would be less than 1. 

For the 1-acre EU, the HI for a future on-site child resident (HI - 24) 'and future on-site adult resident 

(HQ = 3) exposed to surface soil exceeded unity. 2,4,6-Trinitrotoluene (HQ = 19) and RDX (HQ = 3) were 

the major contributors to the HI for the future on-site child resident. 2,4,6-Tnnltrotoluene (HQ = 2) was the 

major contnbutor to the HI for the future on-site adult resident. As discussed In Section 5.1, Surface Soil, 

the highest detected concentrations of 2,4,6-tnnitrotoluene and RDX occurred In samples 03SS22 and 

03SS24. His for exposure to surface soil samples collected outside of the area bounded by these two 

samples would be 0.2 for the adult resident and 2 for the child resident, although the target organ specific 

His would be less than or equal to 1, Indicating that adverse noncarcinogenic effects would not be 

anticipated for these receptors. This Indicates that the unacceptable His for child and adult residents are 

a result of being dnven by the elevated concentrations of 2,4,6-tnnltrotoluene and RDX at sampling 

locations 03SS22 and 03SS24. 

For the 6-acre EU, the HI for a future on-site child resident (HI = 2) exposed to surface soil exceeded 

unity. Ingestion of Iron (HQ = 1) was the major contnbutor to the HI for the future on-site child resident. 

The RfD for iron IS based on the Recommended Dally Allowance (RDA) for adult human nutntlon. 

Children and adolescents require more Iron In their diets than adults do; consequently, use of an RfD 

based on the adult RDA for Iron to evaluate exposures to children results In an overestimation of the risks 

for children. When the HI for exposures to Iron by children exceed Unity, U.S. EPA Region 3 

recommends recalculating the HI uSing an RfD of 1.1 mg/kg/day. This value IS based on the RDA of 0.36 

to 1.11 mg/kg/day for children ages 6 months to 10 years. Recalculating the HI for a child resident 

exposed to sOil uSing a RfD of 1.1 mg/kg/day results In a HQ of 0.3 for Iron and a total HI of 0.7 . 
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Cumulative IlCRs for the adolescent trespasser, off-site child and adult residents, construction worker, 

maintenance worker, and child and adult recreational users were less than or within U.S. EPA's target 

risk range of 10-4 to 10-6
. The cumulative IlCR of 1 x 10-4 for the occupational worker is equal to the 

upper bound of the target risk range. Chemical specific IlCRs exceeded 1 x 10-6 for off-site child 

residents (llCR = 9 x 10-6), off-site adult resident (IClR = 1 x 10-5), and off-site lifelong residents (llCR = 

2 x 10-5) exposed to RDX In surface water. Chemical specific IlCRs were greater than 1 x 10-6 for 

occupational workers exposed to 1,1,2,2-tetrachloroethene (llCR = 3 x 10-5), trlchloroethene (llCR = 7 x 

10-5), RDX (llCR = 1 x 10-5), and vinyl chloride (llCR = 1 x 10-6) In ground water. Chemical specific 

IlCRs were greater than or equal to 1 x 10-6 for child recreational users exposed to 

1,1,2,2 tetrachloroethene (llCR = 7 x 10-6), trlchloroethene (llCR = 2 x 10-5), and RDX (llCR = 2 x 10-6) 

In ground water and RDX (llCR = 1 x 10-6) in surface water. Chemical specific IlCRs for adult 

recreational users exposed to 1,1,2,2-tetrachloroethene (llCR = 6 x 10-6), trlchloroethene (llCR = 2 x 

10-5), and RDX (llCR = 2 x 10-6) In ground water were greater than 1 x 10-6). Chemical specific IClRs 

were greater than or equal to 1 x 10-6 for lifelong recreational users exposed to 1, 1,2,2-tetrachloroethene 

(IClR = 1 x 10-5), trlchloroethene (IClR = 3 x 10-5), and RDX (IClR = 5 x 10-6) in ground water and RDX 

(IClR = 1 x 10-6) in surface water. 

For the 1-acre EU, the IlCRs for exposure to surface soil by the future on-site lifelong reSident (llCR = 

2 x 10-4) exceeded the U.S. EPA's target risk range. 2,4,6-trlnltrotoluene (llCR = 4 x 10-5) and RDX 

(llCR = 1 x 10-4 ) were the major contributors to the cancer risk. Chemical specific IlCRs were greater 

than or equal to 1 x 10-6 for exposures to 2,4,6-trlnitrotoluene (ILCR = 2 x 10-5), RDX (ILCR = 8 x 10-5), 

and 2,3,7,8-TCDD eqUivalents (llCR = 1 x 10-6) by future on-site child reSidents; 2,4,6-trlnitrotoluene 

(llCR = 1 x 10-5) and RDX (llCR = 4 x 10-5) by future on-site adult reSidents; and 2,3,7,8-TCDD 

eqUivalents (llCR = 2 x 10-6) by future lifelong residents. As previously discussed, the highest detected 

concentrations of 2,4,6-trlnltrotoluene and RDX occurred In samples 03SS22 and 03SS24. The IlCR for 

exposures to surface sOil samples collected outside of the area bounded by these two samples would be 

6 x 10-6 for the future on-site lifetime reSident, which is within the U.S. EPA target risk range. This 

indicates that the unacceptable IClRs for child and adult reSidents are the result of the elevated 

concentrations of 2,4,6-trlnltrotoluene and RDX at sampling locations 03SS22 and 03SS24. 

For the 6 acre EU, IlCRs for exposure to surface soil by future on-Site, child, adult, and lifetime residents 

were less than or within U.S. EPA's target risk range. Chemical specific IlCRs were greater than or 

• 

• 

equal to 1 x 10 6 for exposures to 2,3,7,8-TCDD eqUivalents by future on-site child reSidents (IClR = 1 x • 

10-6) and future on-site lifelong reSidents (llCR = 2 x 10-6). 
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The ILCRs for domestic use of ground water by future on-site child resident (ILCR = 3 x 10-4), on-site 

adult resident (ILCR = 4 x 10-4), and on-site lifelong resident (7 x 10-4) exceeded the U_S. EPA's target 

risk range. Trichloroethene (ILCR = 2 x 10-4) and 1,1 ,2,2-tetrachloroethene (ILCR = 9 x 10-5) were the 

major contributors to the ILCR for the future on-site child resident. Trichloroethene (ILCR = 3 x 10-4 ) and 

1,1,2,2-tetrachloroethene (ILCR = 1 x 10-4 ) were the major contributors to the ILCR for the future on-site 

adult resident. Trlchloroethene (ILCR = 5 x 10-4) and 1,1 ,2,2-tetrachloroethene (ILCR = 2 x 10-4) were the 

major contributors to the ILCR for the future on-site lifelong reSident. Chemical specific ILCRs were 

greate~ than or equal to 1 x 10-6 for exposures by future on-SIte child residents to 1, 1-dichloroethene 

(ILCR = 1 x 10-6), RDX (ILCR = 2 x 10.5), and Vinyl chloride (ILCR = 2 x 10-6). Chemical specific ILCRs 

were greater than or equal to 1 x 10-6 for exposures by future on-site adult residents to 1, 1-dichloroethene 

(ILCR = 1 x 10-6), RDX (ILCR = 3 x 10-5), and Vinyl chloride (ILCR = 3 x 10-6). Chemical specific ILCRs 

were greater than 1 x 10-6 for exposures by future on-site lifelong reSidents to 1, 1-dlchloroethene (ILCR = 

3 x 10-6), RDX (ILCR = 5 x 10-5 ), 1,1 ,2-trichloroethane (ILCR = 1 x 10-6), and vinyl chloride (ILCR = 5 x 

10-6) 

The ILCR of 1 x 10-4 for domestic use of surface water by future on-site lifelong residents IS equal to the 

upper bound of U.S. EPA's target risk range. RDX (ILCR = 1 x 10-4) was the major contributor to the risk 

for domestic use of surface water by the future on-site life long reSident. Chemical specific ILCRs for 

exposure to RDX in surface water were greater than 1 x 10-6 for future on-site child reSidents (ILCR = 6 x 

10-5) and future on-site adult residents (ILCR = 7 x 10-5). 

7_5_2_3 Noncarcinogenic Risks - eTE 

Cumulative His for all receptors were less than or equal to unity for all receptors, with the exception of the 

occupational worker and future on-site residents. For the 1-acre EU, the HI for exposures to surface soil 

under the CTE scenario for future on-site child was 7. 2,4,6-Trlnltrotoluene was the major contributor to 

the HI for exposures to surface soil for a 1-acre EU. As previously discussed, the highest detected 

concentrations of 2,4,6-trlnltrotoluene occurred In samples 03SS22 and 03SS24. If these two samples 

are removed from the dataset, then the HI for future child residents would be within acceptable levels. 

His for exposures to ground water under the CTE scenario for occupational workers and future on-site 

child and adult residents are 2, 7, and 3, respectively. Ingestion of trichloroethene and 2-amino-4,6-

dlnitrotoluene was the major contributor to the HI for exposures to ground water. His for exposures to 

surface water under the CTE scenario for future on-site child and adult reSidents were 3 and 1, 

respectively. 4-Amlno-2,6-dlnitroluene was the main contributor to the HI for surface under the CTE 

scenario. 
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Cumulative ILCRs for all receptors under the CTE scenario did not exceed U.S. EPA's target risk range of 

10.4 to 10-6 . 

7.5.2.5 Risks from Lead 

Lead was Identified as a COPC In soil, surface water, and sediment at the OJT/LSC. The maximum 

detected concentration of lead In surface sOil (10,200 mg/kg), subsurface soil (3,590 mg/kg), shallow 

sediment (653 mg/kg), and deep sediment (445 mg/kg) exceeded the OSWER soil screening level of 

400 mg/kg for residential land use. The maximum detected concentration of lead in surface water under 

low-flow conditions (20 Ilg/L) and high-flow conditions (285 Ilg/L) exceeded the 15 Ilg/L federal action 

level promulgated under the Safe Drinking Water Act. 

Hypothetical future residential exposures to lead in surface sOil and surface water were evaluated uSing 

U.S. EPA's IEUBK lead model (U.S. EPA, 2002a). Exposures to lead In surface sOil by occupational 

workers and exposures to lead In surface/subsurface sOil by construction workers were evaluated uSing a 

slope-factor approach developed by the U.S. EPA Technical Review Workgroup for Lead (EPA, 1996d). 

The IEUBK model was also used to evaluate residential exposures to lead in sediment by future child 

residents, although It should be noted that the IEUBK model IS designed to evaluate residential exposures 

to soil and therefore the results of the evaluation are conservative since the exposure frequency used In 

the IEUBK model for exposure to sOil IS greater than the exposure frequency for exposure to sediment. 

The IEUBK model and adult lead model cannot be used to evaluate exposures to surface water by 

trespassers and recreational users; therefore, risks from exposures to lead In surface water to these 

receptors were evaluated qualitatively. 

Hypothetical future residential exposures to lead In surface sOil were evaluated uSing the IEUBK lead 

model (U.S. EPA, 2002a). As recommended by the IEUBK model, the average concentration of lead In 

surface soil of 1,224 mg/kg was used as the exposure pOint concentration for sOil for the 1-acre EU. The 

average concentration of lead In ground water of 0.34 Ilg/L was used as the exposure pOint concentration 

for drinking water. Default parameters were used for the rest of the model input parameters. IEUBK 

model outputs are included in AppendiX G. The lead concentration of 1,224 mg/kg In surface soil results 

In 60 percent of future on-site child residents having a blood-lead level greater than 10 Ilg/dL and a 

geometric mean blood-lead level of 11 Ilg/dL. ThiS exceeds the U.S. EPA goal, as desCribed In the 1994 

OSWER directive, of no more than 5 percent of children with blood-lead levels greater than 10 Ilg/dL. 
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Lead was detected In only one surface sOil sample (10,200 mg/kg - 03SS240002) at a concentration that 

exceeded the screening level of 400 mg/kg. The second highest detected concentration of lead in 

surface and subsurface soil across the entire site was 244 mg/kg. The average concentration of lead In 

surface sOil excluding sample 03SS24 is 57 mg/kg. USing this value In the IEUBK model results in 

0.02 percent of future on-site child residents haVing a blood-lead level greater than 10 Ilg/dL and a 

geometric mean blood-lead level of 1.6 Ilg/dL. These results are within the goals described In the 1994 

OSWER directive, of no more than 5 percent of children with blood-lead levels exceeding 10 Ilg/dL. 

These results indicate that the unacceptable risks from exposure to lead in surface sOil by child residents 

are being driven by the elevated lead concentrations in sample 03SS24002. 

For the 6-acre EU, the average concentration of lead In surface soil of 358 mg/kg was used as the 

exposure pOint concentration for soil. The average concentration of lead In ground water of 0.34 Ilg/L 

was used as the exposure pOint concentration for drinking water. Default parameters were used for the 

rest of the model input parameters. IEUBK model outputs are Included In Appendix G. The lead 

concentration of 358 mg/kg In surface sOil results In 4.5 percent of future on-site child residents having a 

blood-lead level greater than 10 Ilg/dL and a geometric mean blood-lead level of 4.5 Ilg/dL. This IS within 

the blood-lead goal, as described In the 1994 OSWER directive, of no more than 5 percent of children 

exceeding a 10 Ilg/dL blood-lead level. 

The IEUBK model was also used to evaluate residential exposures to lead In sediment by future child 

reSidents, although it should be noted that the IEUBK model IS deSigned to evaluate residential exposures 

to soil; therefore, the results of the evaluation are conservative since the exposure frequency used in the 

IEUBK model for exposure to sOil is greater than the exposure frequency assured for exposure to 

sediment. As recommended by the model, the average concentration of lead In sediment of 120 mg/kg 

was used as the exposure pOint concentration. Default exposure parameters were used for the rest of 

the model Input parameters. IEUBK model outputs are Included in Appendix G. The lead concentration 

of 120 mg/kg In sediment results In 0.1 percent of future on-site child reSidents haVing a blood-lead level 

greater than 10 Ilg/dL and a geometric mean blood-lead level of 2.4 Ilg/dL. ThiS IS within the blood-lead 

goal as described In the 1994 OSWER directive, of no more than 5 percent of children exceeding a 

10 Ilg/dL blood-lead level. 

As discussed above, U.S. EPA recommends that exposures to lead by nonresidential adults can be 

evaluated by use of a slope-factor approach developed by the U.S. EPA Technical ReView Workgroup for 

Lead (U.S. EPA, 1996d). The slope factor approach was used to evaluate exposures to lead in soil by 

construction workers and occupational workers at the OJT. The slope factor approach was not used to 

evaluate exposures to lead In sOil by maintenance workers because the model should not be used when 
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exposures are less than 1 day a week and the exposure frequency for maintenance workers IS 1 day 

every other week (24 days/year). As recommended by the model, the average lead con.centrations of 

310 mg/kg In all (surface and subsurface) soil and 358 mg/kg in surface soil were used as the exposure 

point concentration for construction workers and occupational workers, respectively. The Incidental 

Ingestion rates were 100 mg/day for construction workers and 50 mg/day for occupational workers. The 

exposure frequency was assumed to be 150 days per year for construction workers and 219 days per year 

for occupational workers. Default parameters were used for all the model input parameters. The results of 

the model are included In Appendix G. For construction workers, the lead concentration of 310 mglkg 

results In 1.8 percent of construction workers haVing a blood-lead level greater than 1 0 ~g/dL and a 

geometnc mean blood-lead level of 7.4 ~g/dL. For occupational workers, the lead concentration of 

358 mg/kg results In 1.6 percent of occupational workers haVing a blood-lead level greater than 1 0 ~g/dL 

and a geometric mean blood-lead level of 7 ~g/dL. This is within the blood-lead goal of no more than 

5 percent of children (fetuses of exposed women) exceeding a 1 0 ~g/dL blood-lead level. 

Lead was identified as a CO PC In surface water, although It should be noted that concentrations of lead 

exceeded the screening levels only in samples collected upstream of Spring C. As previously discussed, 

the surface water flow In LSC above Spnng C IS intermittent and could not be used as a reliable domestic 

water supply for future on-SIte residents. There is year-around surface water flow In LSC downstream of 

Spring C. The maximum detected concentrations of lead In surface water samples collected downstream 

of Spnng C was 1 ~g/L, which IS less than the screening level of 15 ~g/L. Therefore, no adverse health 

effects from exposures to lead In surface water are antiCipated for future on-site residents or current and 

future off-Site residents uSing surface water downstream of Spnng C as a domestic water source. 

Current and future trespassers and future recreational users are assumed to be exposed to surface water 

along the entire length of LSC; consequently, they may be exposed to locations where the samples with 

elevated lead concentrations were collected. Lead was detected in only one surface water sample 

collected during low-flow conditions at a concentration (20 ~g/L) that exceeded the drinking water 

screening level of 15 ~g/L. The average concentration of lead In surface water samples collected dunng 

low-flow conditions was 3.6 ~g/L, which IS less than the dnnklng water screening level. Lead was 

detected In three surface water samples collected dunng high-flow conditions at concentrations 

(50.3 ~g/L, 111 ~g/L, and 285 ~g/L) that exceeded the dnnklng water screening level. Samples collected 

to charactenze the high-flow conditions were collected dunng a storm. It IS unlikely that trespassers and 

recreational users Will be plaYing In LSC dunng a storm. Consequently, surface water samples collected 

during low-flow conditions are more representative of site conditions when trespassers and recreational 

users are most likely to be exposed to surface water In LSC. Therefore, no adverse health effects are 
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anticipated for trespassers and recreational users exposed to lead In surface water in LSC under the 

defined conditions. 

7.5.3 Qualitative Risk Evaluation of Metals Eliminated as COPCs Based on Background 

Aluminum, antimony, arsenic, chromium, 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 companng the maximum detected 

concentrations to the EPA Region 9 PRGs for residential and Industnal soil exposure. 

Parameter Maximum Maximum Maximum Region 9 Region 9 Literature 
(mglkg) Surface Soil Subsurface Soil Sediment Residential Industrial Background 

Concentration Concentration Concentration PRG PRG (mglkg) 
(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Aluminum 14,900 11,500 NA 76,000 100,000 10,000 - 300,000(1) 

Antimony 4.4 30 NA 31 410 0.6 - 10(1) 

Arsenic 28.4 12.6 22 0.39 1.6 0.1 - 97(2) 

Chromium NA 34.5 48.9 30(3) 64(3) 1 -2,000(2) 

Iron NA NA 87,700 23,000 100,000 7,000 - 550,000(1) 

Manganese NA NA 2,780 1,800 19,000 10 - 4,000(3) 

NA - Not Applicable 
1 Dragun, 1988. The Soil Chemistry of Hazardous Matenals. Hazardous Matenal Controls Research 

Institute, Silver Spnng, Maryland. 
2 U.S. Region 9 Preliminary Remediation Goals Table, October, 2002. 
3 Value IS for hexavalent chromium. 

The PRGs presented for aluminum, antimony, iron, and manganese are based on the potential for non­

cancer health effects (the values are 10 times the cope screening levels used in this HHRA). The 

maximum detected concentration of aluminum IS one-fifth the relevant reSidential PRG, and 

approximately one-seventh the relevant Industrial PRG. However, based on toxIcity information proVided 

by the U.S. 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 antimony is approximately the 

relevant reSidential PRG, and approximately one-fourteenth the relevant Industnal PRG. The maximum 

detected concentration of manganese is one and a half times the relevant reSidential PRG, and 

approximately one-seventh of the relevant Industnal PRG. The maximum detected concentration of iron 

does exceed the reSidential 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 PRGs presented for arsenic and chromium are 
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based on the potential for cancer effects and represent the 1 x 10-6 (one in-one-million) cancer risk level 

(the values are the COPC screening levels used in this HHRA). PRGs representing the 1 x 10-5 and 1 x 

10-4 cancer risk levels would be 10 and 100 times the values presented for the 1 x 10-6 cancer risk level. 

Consequently, the maximum detected concentration of arsenic exceeds the 1 x 10-6 and 1 x 10-5 cancer 

risk levels, but not the1 x 10-4 risk levels. The maximum detected concentration of chromium exceeds the 

1 x 10-6 cancer risk level for the relevant reSidential PRG, but not the 1 x 10-5 or 1 x 10-4 risk levels. 

Additionally, with the exception of antimony, the metals concentrations reported in the soils and 

sediments are within the background range reported in the literature. Based on this discussion, the 

results and conclUSions of the risk assessment are not affected by the elimination of aluminum, antimony, 

arsenic, chromium, iron, and manganese from the quantitative risk assessment for soils and/or 

sediments. 

• 

Aluminum, arseniC, Iron, and manganese were detected in surface waters, and arsenic in ground water at 

concentrations exceeding the conservative screening levels established for COPC selection but were not 

selected as a COPC because the study area concentrations did not exceed the background 

concentration. The follOWing table prOVides a qualitative risk evaluation of these metals by comparing the 

maximum detected concentration to the EPA Region 9 PRG for tap water and the Federal Safe Water 

Drinking Act (SWDA) MCl: • 

Parameter Ground Water Surface Water Region 9 Federal Literature 
Concentration Concentration PRG SWDAMCL Background 

(J.lglL) (J.lg/L) (J.lglL) (J.lg/L) (Ground Water) 
(J.lg/L) 

Aluminum NA 2,010 36,000 50 - 200(1) NA 

Arsenic 0.3 2.5 0.045 10 <1.0 - 30(2) 

Iron NA 2,550 11,000 300(1) NA 

Manganese NA 201 880 50(1) NA 

NA - Not Applicable 
1 Secondary (aesthetic-based) MCls are presented for aluminum, Iron, and manganese. 
2 Dragun, 1988. The SOil Chemistry of Hazardous Materials. Hazardous Material Controls Research 

Institute, Silver Spring, Maryland. 

The PRGs for aluminum, Iron, and manganese are based on the potential for non-cancer effects (the 

values are 10 times the COPC screening levels used In this HHRA). The maximum detected 

concentration for aluminum IS approximately one-eighteenth the PRG. 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. The maximum detected concentrations for Iron and 

manganese are less than one-fourth the relevant PRGs. As noted above, the PRG for iron is a very 
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conservative risk-based concentration because it is actually 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 x 10 

6 (one-in-one-million) cancer risk level (the values are the COPC screening levels used in this HHRA). 

PRGs representing the 1 x 10-5 and 1 x 10-4 cancer risk levels would be 10 and 100 titnes the values 

presented for the 1 x 10-6 cancer risk level. Consequently, the maximum detected concentration of 

arsenic exceeds the 1 x10-6 and 1 x10-5 cancer risk levels, but not the1 x10-4 risk level. Additionally, the 

maximum detected concentration for arsenic does not exceed the current SWDA MCl of 1 0 ~g/l and is 

within the background range for groundwater reported in the literature. Based on this discussion, the 

results ~nd conclUSions of the risk assessment are not affected by the elimination of aluminum, arsenic, 

Iron, and manganese from the quantitative risk assessment for ground water and surface water. 

7.6 UNCERTAINTY ANALYSIS 

There IS uncertainty associated With all aspects of the baseline human health risk assessment presented 

In this section. A summary of the uncertainties, including a diSCUSSion of how they may affect the final 

risk estimates, IS provided in this section. 

• Uncertainty In the selection of COPCs IS related to the current status of the predictive databases, the 

grouping of samples, the numbers, types and distributions 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 welght-of-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 random uncertainty and bias, the magnitude of bias and 

uncertainty and the direction of bias 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 
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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 

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 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 

overpredictlng both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk 

assessment 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., 10.6 ), 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., 

10.4), a conclusion can be difficult unless uncertainty IS considered. 

Potential Risks Associated with the Ingestion of Game Species by Hunters 

• 

• 

As discussed In Section 7.3.1.3, Potential Current and Future Receptors of Concern and Exposure 

Pathways, hunting IS allowed at Crane. Potential exposures by hunters to surface SOil, surface water, and 

sediment were quantitatively evaluated In the HHRA. Potential exposures through ingestion of game 

species was not quantitatively evaluated In the HHRA, although risks resulting from these exposures are 

expected to be minimal. The general public IS restricted from hunting at Crane. Only military employees, 

Civilian employees, their families, and guests are permitted to hunt at Crane (TtNUS, 2003). NSWC 

Crane encompasses approximately 62,463 acres or approximately 98 square miles. In comparison, the 

OJT/LSC study area covers less than 10 acres. Consequently, It is unlikely that a hunter would hunt only • 
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at the OJT/LSC. Additionally, deer and small game animals may avoid the area because of the 

operations occurring at the ABG, which IS located adjacent to the OJT. 

Reportedly, white tall deer are the only game species hunted at Crane that would provide a route for any 

potentially significant exposure to contaminants, in part because they are the only large game species 

(TtNUS, 2003). However, white tall deer have a large home range that encompasses an area much 

larger than the study area. Consequently, the deer exposures to site-related contaminants are expected 

to be minimal. Small games species and turkeys are also hunted at Crane. A typical take is one turkey 

and two to four small game animals a year (TtNUS, 2003), therefore, any small game and turkeys 

consumed by people hunting at Crane will comprise a very small portion of their overall diet. In addition, 

the major COPCs Identified In site soil, surface water, and sediment (e.g., explosives and Inorganlcs) do 

not significantly bloaccumulate, bloconcentrate, or biomagnlfy within the food chain. Thus, potential risks 

through exposure to contaminants through Ingestion of game species IS expected to be minimal. 

7.6.1 Uncertainty in Selection of COPCs 

The most significant Issues related to uncertainty In COPC selection are the usability of eXisting 

databases (I.e., the use of validated and unvalidated sample results, and the completeness, precision, 

and accuracy of the data set), the Inclusion of chemicals potentially attributable to background, the 

screening levels that are used, the absence of screening levels for a few chemicals detected In the site 

media, and changes In the screening criteria. A brief discussion of each of these Issues is provided In the 

remainder of thiS section 

Usability of Existing Databases 

All data used In the risk assessments for the OJT/LSC were obtained from samples collected In the 

summer of 2001 (and reported in Appendix E of thiS report). All the data were validated as desCribed In 

Section 3.0. An overall review of data quality IS also prOVided In that 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 quantltatlon 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 
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conservatively assumed to be present at a concentration equal to one-half the sample-specific 

quantltatlon limit. This includes those chemicals for which the detection limits were elevated relative to 

the target limits. Analytical results for some chemicals were qualified "R," unreliable, and were not used 

In the risk assessment. The sporadic rejection of a few chemicals (e.g., HMX, 2-amlno-4,6-dinltrotoluene) 

in a few samples IS not considered to be problematic because there are enough usable analytical data for 

these parameters to Identify whether these chemicals are actually present at the site and to estimate the 

necessary data distribution parameters. In addition, based on historical knowledge of the site, most of the 

chemicals with rejected results (e.g., acrolein, acrolonltrile, 1 A-phenylenediemlne, kepone) are not 

expected to be present and are not expected to have been 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. This IS espeCially true because the COPCs used 

In the quantitative risk calculations were minimally affected by data quality problems. 

As discussed in Section 2, not all of the surface and subsurface sOil samples were analyzed for the same 

parameters. PestiCides and herbicides were analyzed for In surface sOil samples but not In subsurface 

soil samples. PestiCides were not detected In the surface sOil samples so they would not be expected to 

be found in subsurface soil samples. LikeWise, herbicides were detected Infrequency and at low 

• 

concentrations in surface sOil so they also would not be expected to be found In subsurface soil samples. • 

Metals were only analyzed for In 32 of 48 surface sOil samples and 37 of 62 subsurface sOil samples. 

Metals were not expected to be a chemical of concern at the site and the analytical results Indicated that 

metal contammatlon is not a problem at the site. Consequently, the uncertainty associated with not all 

samples were not analyzed for the same parameters IS expected to be minimal. 

Also, as discussed In Section 2, five surface water samples were not able to be collected from the upper 

portion of LSC dUring periods of low flow as planned because there was not surface water present In this 

portion of the stream at the time of sampling. The Inability to collect these five surface water samples 

does not Introduce any uncertainty Into the risk assessment since the upper portion of LSC is an 

Intermittent stream and IS frequently dry. Consequently, there Will be no exposures to surface water 

during these dry periods. 

Chemicals Potentially Attributable to Background 

COPCs for the OJT/LSC were selected uSing available background concentrations for sOil, ground water, 

surface water, and sediment. Metal concentrations In sOil were compared to background concentrations 

provided In the NSWC Crane Basewlde Background SOIl Investigation (TtNUS, 2001a) using the 

Wilcoxon Rank Sum Test at the 95 percent confidence level. The background data sets used for these • 
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comparisons were the representative sOil types described In the Basewlde Background SOil Investigation, 

which most closely matched the site soil samples in terms of depositional environment, depth, and grain 

size. The use of matching soil types reduces the uncertainty In the background comparisons for soils. 

Because basewide background data are not available for ground water, concentrations In the upgradient 

sample were used for the background determination 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 ngorous background evaluation. Therefore, site-related nsks for Inorganlcs in 

ground water media may be overestimated. 

Basewide background data were also not available for surface water and sediment, although three 

upgradlent surface water samples and four upgradlent sediment samples were available. Surface water 

and sediment results were compared to the upgradlent samples were performed uSing the Wilcoxon Rank­

Sum test. In some cases where the Wilcoxon Rank-Sum test showed that site chemical concentrations 

were not statistically greater than background concentrations, the site concentrations appeared to be 

Incongruous With the background concentrations. In these cases, further statistical evaluations were 

performed, as discussed In Section 3.4.6. The additional statistic evaluations ensured that only chemicals 

that truly exceeded background were eliminated from the evaluation and reduced the uncertainty In the 

background compansons for surface water and sediment. 

COPC Screening Levels 

The use of nsk-based screening values based on conservative land use scenanos (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 10-6 and HI of 0.1, should ensure that all 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 10.6 and an HI less than 0.1 should not affect the final conclusions of the risk assessment 

because those chemicals are not expected to cause a potential health concern at the detected 

concentrations. 

Chemicals without Established Screening Levels 

Risk-based screening levels are currently not available for some constituents [e.g., acenaphthylene, 

benzo(g,h,l)perylene, 2-methylnaphthalene, and phenanthrene]. Therefore, surrogates were selected for 

• these chemicals based on similar chemical structures. In the COPC screening, acenaphthene was used 
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as a surrogate for acenaphthylene, naphthalene was used as a surrogate for 2-methylnaphthene, and 

pyrene was selected as a surrogate for benzo(g,h,i)perylene and phenanthrene. 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. 

A large number of constituents do not have U.S. EPA SSLs for the migration from soil to air pathway. The 

uncertainty caused by this lack of data IS expected to be small because potential risks associated with 

exposures via Inhalation are typically orders of magnitude lower than those associated With exposures via 

Incidental Ingestion and dermal contact With SOIl. A companson of the screening cnterla for direct contact 

exposures With the screening cntena for migration from soil to air shows that the direct contact screening 

criteria are at least an order of magnitude lower than the migration screening criteria for the same 

compound. If there are unacceptable risks resulting from inhalation exposures then usually there are 

unacceptable risks from exposures via Incidental ingestion and dermal contact. 

Uncertainty Associated with Changes in Screening Criteria 

U.S. EPA continually reviews the to~icity data for chemicals that tYPically are detected at hazardous 

waste sites and as new studies become available U.S. EPA may revise the information presented in the 

IRIS database. In addition, as new Information becomes available U.S. EPA may revise the methodology 

used to prepare risk assessments. These changes In the toxiCity data or nsk assessment methodology 

may result In changes In the screening levels used to select COPCs, which may Introduce uncertainty Into 

the selection of COPCs. In addition, these changes may result In an underestimation or overestimation of 

nsk. 

Since the HHRA was prepared, U.S. EPA has withdrawn the oral cancer slope factor for 

1,1-dlchloroethene. The U.S. EPA Region 9 PRG of 0.046 I-lg/L for 1, 1-dlchloroethene which was used in 

the HHRA to select COPCs In ground water was based on carcinogenic effects. The current value of 

340 I-lg/L is based on noncarcinogenic effects. 1, 1-Dichloroethene was retained as a COPC in ground 

water since the maximum detected concentration of 1.1 I-lg/L exceeded the old PRG. 1, 1-Dlchloroethene 

would not be selected as a COPC If the most recent PRG had been used In the HHRA. The evaluation of 

1,1-dlchloroethene as a carcinogen in the HHRA does not introduce Significant uncertainty In the results 

of the HHRA since the estimated cancer risks for 1, 1-dlchlroethene are over two orders of magnitude 

lower than those for the major nsk drivers in ground water. 

The PRG for tnchloroethene has also changed since the HHRA was prepared. As a result of this change, 

• 

• 

trichloroethene would now be retained as a COPC in low-flow surface water. Tnchloroethene was • 
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detected In one of six low-flow surface water samples. The detected concentration of 0.4 ~g/l exceeded 

the updated PRG of 0.028 ~g/l, but was less than the U.S. EPA MCl of 5 ~g/L. The HHRA evaluated 

exposures to hypothetical future on-site residents using surface water as a drinking water source. If 

trichloroethene was carned through the HHRA, then the cancer nsks would be 2 x 10.6 for a child 

resident, 2 x 10-6 for an adult resident, and 4 x 10-6 for a lifelong resident. This does not introduce 

significant uncertainty in the HHRA since the cancer risks for trichloroethene are less than an order of 

magnitude lower than the estimated cancer risks for surface water. In addition, trichloroethene is 

believed to be present In surface water as a result of ground water discharging to surface water and 

tnchloroethene was Identified as a major risk dnver In ground water. 

7.6.2 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, the 

estimation of exposure pOint concentrations, 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 limiting the uncertainty 

associated With land use assumptions. land use at the OJT/lSC is currently limited and IS expected to 

be limited In the future, as long as NSWC remains open (off-SIte reSidents and potential and Infrequent 

trespassers are the only current and likely future receptors). To be conservative, risks to potential and 

future construction workers, maintenance workers, occupational workers, recreational users, and on-site 

residents were estimated for the site. 

Exposure Point Concentrations 

Uncertainty IS associated With the use of the 95 percent UCl on the mean concentration as the EPC. As 

a result of uSing the 95 percent UCl, the estimations of potential nsk for the RME scenano are most likely 

overstated since this IS a representation of the upper limit that potential receptors would be exposed to 

over the entire exposure penod. In some cases (because datasets were fewer 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 nsks 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 
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quantltatlon limit in the calculation of the EPC. This may either overstate or understate the risks to the 

receptors. 

There IS uncertainty In assuming that current ground water and surface water concentrations will not 

change In the future, and this would Introduce additional uncertainty in the EPC and risks for any ground 

water or surface water COPC. Concentrations In ground water may diminish over time due to natural 

attenuation processes involving source depletion and dilution. Because shallow ground water discharges 

to surface water at the site, any change In the ground water concentrations could affect surface water 

concentrations. 

Exposures to future on-site residents were evaluated uSing a 1-acre EU located within the 6-acre study 

area. Exposures were not evaluated for additional 1-acre EUs, which could be located In other regions 

within the 6-acre study area, although exposures were evaluated using the entire study area as the EU. 

As previously noted, the location of the 1-acre EU was determined by selecting a region within the 6-acre 

study area that contained the highest detected concentrations of COPCs near the most active treatment 

area. As discussed In Section 7.5.2, ILCRs and His for 2,4,6-trlnltrotoluene and RDX exceeded U.S. EPA 

acceptable levels for the 1-acre EU. In addition, risks exceeded acceptable levels for exposures to lead 

In surface SOIl. As shown on Figure 5-1, concentrations of 2,4,6-trlnltrotoluene and RDX only exceeded 

the screening levels at locations 03SS19, 03SS22, and 03SS24, which are located in the 1-acre EU. As 

shown on Figure 5-2, concentrations of lead only exceeded the screening level at location 03SS24, which 

IS located In the 1-acre EU. Risks from exposures to these compounds uSing a 6-acre exposure unit 

were within acceptable levels, which indicates that concentrations of these compounds are lower outside 

the 1-acre EU. Therefore, exposures to COPCs In areas outside the 1-acre EU are believed to be within 

acceptable levels. 

The EPCs for ground water were calculated uSing data from all the ground water monitor wells as 

opposed to using the mOnitor wells located In the concentrated areas of the plume. The conclusions of 

the HHRA would not change If the EPCs had been based on the wells located In the concentrated area of 

the plume. ICLRs and His for exposures from domestic use of ground water exceeded U.S. EPA 

acceptable levels when the EPCs were based on data from all the ground water monitoring wells. 

Therefore, ICLRs and His would stili exceed U.S. EPA acceptable levels If the EPCs had been based on 

monitoring wells located In the concentrated area of the plume. VOCs and RDX were identified as the 

major risk drivers In ground water and these chemicals would still be the major contributors to risk if the 

EPCs were based on the mOnitoring wells located In the concentrated area of the plume. Therefore, the 

uncertainty associated with calculating EPCs for ground water uSing all the ground water monitoring wells 

IS minimal. 
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The determination of various receptor groups and exposure routes of potential concern was based on 

current land use observed at the site and the anticipated future land use. Therefore, the uncertainty 

associated with the selection of exposure routes and potential receptors IS minimal because they are 

considered to be well defined. Although residential use of ground water was evaluated as an exposure 

scenariO, ground water IS not currently used at the site nor IS It expected to be used In the future. In 

addition, It IS unlikely that on-site surface water will be used as a domestic water source in the future. 

Therefore, the evaluation of direct exposure to ground water and on-site surface water (domestic use) 

that was performed In this baseline HHRA was Included primarily to aid In risk management decision 

making. 

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, 1991) on the RME receptor were used, which generally specify the use of the 95th percentile value 

for most parameters. Therefore, the selected values for the RME receptor represent an 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 calculating 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, 2001) does not provide 

dermal absorption factors for exposure to most metals (except arsenic and cadmium) In SOIl. Therefore, 

risks for dermal contact from sOil are not evaluated for most metals in thiS risk assessment. 

Consequently, risks from exposure to sOil may be underestimated 
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Many of the exposure parameters used to calculate exposures and risks In this report are selected from a 

distribution of possible values, Including U.S. EPA guidance (U.S. EPA, 1991, 1993a) and dermal 

gUidance (U.S. EPA 1997b and 2001). For the RME scenario, the value representing the 95th percentile 

IS generally selected for each parameter to ensure that the assessment bounds the majority of 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. 

To address these Issues, U.S. EPA (1992a) 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 Ju.dgment, although U.S. 

EPA does provide limited gUidance for the CTE evaluation (U.S. EPA, 1993a). 

7.6.3 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 Toxicity 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 ca~clnogenlclty is evaluated 

as a welght-of-evidence determination, uSing the U.S. EPA methods. Positive animal cancer test data 

suggest that humans contain tlSsue(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 pharmacoklnetlc data indicate a similar 

fate In humans and animals; when postulated mechanisms of toxicity are similar for humans and animals; 
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and when the chemical of concern IS structurally similar to other chemicals for which the toxicity IS more 

completely charactenzed. 

Uncertainty In the dose-response evaluation includes the determination of a CSF for the carcinogenic 

assessment and denvatlon of an RfD for the noncarcinogenic assessment. Uncertainty is Introduced 

from Interspecles (animal to human) extrapolation, which, In the absence of quantitative pharmacokinetlc 

or mechanistic data, IS usually based on consideration of Interspecles differences in basal metabolic rate. 

Uncertainty also results from intraspecles vanatlon. Most toxicity expenments are performed with animals 

that are very Similar In age and genotype, so intragroup biological vanatlon 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 nsk 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 

lineanzed multistage model IS conservative for chemicals that exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the denvation of the RfD 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, 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 

anses In estimation of an RfD for chroniC exposure from subchronlc 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 subchronlc study. Uncertainty In the derivation of RfDs 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 . 
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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. 

Uncertainty Associated with Evaluation of the Dermal Exposure Pathway 

According to RAGS Part E (U.S. EPA, 2001), nsks for dermal absorption of chemicals in soil are to be 

quantitatively evaluated for arseniC, cadmium, chlordane, 2,4-dlchlorophenoxyacetlc acid, DDT, TCDD (and 

other diOXinS), PAHs, PCBs, pentachlorophenol, and semivolatlle organic compounds only because of the 

limited information gUidance available to evaluate dermal exposure to other constituents. Therefore, nsks 

from dermal exposure to aluminum, antimony, barium, cobalt, copper, Iron, manganese, and nickel (the only 

COPC metals found In the OJT/LSC solid media aside from cadmium) were not quantified in the risk 

assessment. Consequently, potential risks may be underestimated by excluding these constituents from the 

dermal risk assessment calculations. 

The model for dermal exposure to sOil and sediment assumes that only a very thin, constant thickness layer 

of sOil IS available for contaminant transfer to the stratum corneum and that a constant amount of 

contaminant, proportional to the sOil concentration, Will be absorbed per unit area of skin and per exposure 

event. However, adherence to skin varies with such factors as particle Size, soil type, and organic carbon 

content. As estimated by U.S. EPA (U.S. EPA, 2001), the absorbed dermal dose could vary by as much as 

a factor of 50 from the model estimates, even assuming that activity patterns lead to the exposure duration 

applied In the experimental trials used to develop absorption factors. 

Experimental determination of absorption rates Indicates that Interspecles differences are considerable, 

WhiCh, along with other variabilities related to condition and age of skin, differences In lag time, and site of 

application effects, Yields appreciable uncertainty In estimated dermal exposures using published 

chemical-specific permeation functions. In addition, literature data indicate a variation by as much as a 

factor of 300 In chemical absorption rates for skin in different anatomical areas of the body. It should also 

be noted that children generally have greater absorption rates than adults. 

Use of Aluminum and Iron Toxicity Criteria 

NCEA provISional RfDs are used to evaluate noncarcinogenic effects from exposure to aluminum 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 
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some U.S. EPA regions (e.g., Region 1) consider the use of the oral RfD for aluminum and Iron 

inappropriate and recommend that these metals not be evaluated quantitatively In risk assessments. 

7.6.4 Uncertainty in the Risk Characterization 

Uncertainty In risk characterization results from assumptions made regarding additivity of effects from 

exposure to multiple COPCs from various exposure routes. High uncertainty eXists when summing 

noncancer risks for several substances across different exposure pathways. This assumes that each 

substance has a similar effect and/or mode of action. Even when compounds affect the same target 

organs; they may have different mechanisms of action or differ In their fate In the body, so additivity may 

not be an appropriate assumption. However, the assumption of additivity IS considered because In most 

cases it represents a conservative estimate of risk. 

Risks to any Individual may also be overestimated by summing multiple assumed exposure pathway risks 

for any single receptor. Although every effort was made to develop reasonable scenariOS, not all individual 

receptors may be exposed via all pathways considered . 

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. Because 

chemical-specific interactions cannot be predicted, the likelihood for risks to be overpredicted or 

underpredlcted cannot be defined, but the methodology that was used is based on current U.S. EPA 

gUidance. 

7.7 SUMMARY AND CONCLUSIONS 

ThiS section summarizes the results of the human health risk assessment performed for the OJT/LSC. A 

brief summary of the information contained in the human health risk assessment is provided. Table 7-16 

contains a summary of conclUSions and recommendations. 

The baseline human health risk assessment for the OJT/LSC 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 and off-Site residents. Potential receptors under future land 

use are construction workers, maintenance workers, occupational workers, recreational users, and 

hypothetical reSidents (children and adults). 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. 
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Potential risks associated with inhalation exposures are considered to be minimal for soil, sediment, and 

surface water. Inhalation of volatile emissions and fugitive dust was evaluated qualitatively via a 

comparison of site data with U.S. EPA generic SSLs for transfers from sOil to air. Inhalation exposure was 

considered to be relatively Insignificant because all detected soil concentrations were less than the SSLs. 

Inhalation of volatiles from surface water and sediment was conSidered to Yield 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, were evaluated for the OJTILSC 

because volatile organics were Identified as COPCs In ground water. 

The list of COPCs for the OJT ILSC includes the following: 

• Surface 5011 - 2,3,7,8-TCDD equivalents, 2,4-dlnltrotoluene, 2,4,6-trlnltrotoluene, trichloroethene, 

2-amIn0-4,6-dlnltrotoluene, 4-amIn0-2,6-dlnintrotoluene, HMX, RDX, barium, cadmium, chromium, 

Iron, lead, mercury, nickel, and zinc 

• Subsurface sOil 2,3,7,8-TCDD equivalents, 1,1 ,2,2-tetrachloroethane, trichloroethene, 

acetophenone, benzo(a)pyrene, benzo(b)fluoranthene, 2-amIn0-4,6-dlnitrotoluene, 

4-amIn0-2,6-dlnitrotoluene, 2,4-dlnltrotoluene, RDX, barium, cadmium, cobalt, copper, iron, lead, 

manganese, nickel, and zinc. 

• Ground water 1,1,2,2-Tetrachloroethane, 1,1,2-tnchloroethane, 1,1-dichloroethene, 

cls-1,2-dlchloroethene, tetrachloroethene, trans-1,2-dlchloroethene, trlchloroethene, vinyl chlonde, 

2,4,6-tnnitrotoluene, 2-amino-4,6-dlnitrotoluene, 4-amino-2,6-dinitrotoluene, RDX, banum, cadmium, 

Iron, nickel, and nitrate. 

• Sediment - 2-Amlno-4,6-dinltrotoluene, aluminum, antimony, banum, cadmium, and lead. 

• Surface water - Acetone, methylene chloride, bromomethane, bis(2-ethylhexyl) phthalate, 

2-amino-4,6-dinitrotoluene, 4-amIn0-2,6-dlnltrotoluene, RDX, pentachlorophenol, antimony, lead, and 

nitrate. 

Quantitative estimates of noncarcinogenic and carcinogenic risks (His and ILCRs, respectively) were 

developed for potential human receptors. Cumulative His for current and future adolescent trespassers, 

current/future off-sit child and adult residents, future construction workers, future maintenance workers, and 

future adult recreational users under the RME scenano are less than unity (1), indicating that adverse non-

060208/P 7-48 CTO 0159 

• 

• 

• 



• 
NSWC Crane 

RFI 
RevIsion· 0 

Date: October 2003 
Section 7 

Page 49 of 50 

carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

Cumulative His for the future on-site child and adult resident exposed to surface soil in the 1-acre EU 

exceeded unity. 2,4,6-Trinltrotoluene and RDX were the major contributors to the HI for the future on-site 

child resident and 2,4,6-tnnltrotoluene was the major contnbutor to the HI for the adult resident. The 

highest detected concentrations of 2,4,6-trinitrotoluene and RDX occurred In samples 03SS22 and 

03SS24. His for exposures to surface soil samples collected outside of the area bounded by these two 

samples would be within acceptable levels indicating that the unacceptable His for child and adult 

residents are the result of elevated concentrations of 2,4,6-trinltotoluen and RDX at sampling locations 

03SS22 and 03SS24. Cumulative His for the future on-site child and adult resident exposed to surface 

sOil In the 6-acre EU were within acceptable levels. 

His for future occupational workers, future child recreational users, and future on-site child and adult 

residents exposed to ground water and future on-site child and adult residents exposed to surface water 

exceeded unity. Tnchloroethene and 2-amlno-4,6-dinitrotoluene were the major contributors to the HI for 

exposures to ground water. 2-Amlno-4,6-dlnltrotoluene, 4-amino-2,6-dinltrotoluene, and RDX were the 

major contnbutors to the HI for exposures to surface water. 

• Cumulative ILCRs for all receptors were less than or within U.S. EPA's target nsk range of 10.4 to 10.6 

with the exception of the future on-site child, adult, and lifetime residents. The ILCRs for the future on­

site lifelong resident exposed to surface sOil In the 1-acre EU exceeded the U.S. EPA target nsk range of 

10.4 to 10-6. 2,4,6-Tnnltrotoluene and RDX were the major contributors to the ILCR. The highest 

detected concentrations of 2,4,6-tnnitrotoluene and RDX occurred In samples 03SS22 and 03SS24. The 

ILCR for exposures to surface sOil samples collected outside of the area bounded by these two samples 

would be within the U.S. EPA target nsk range. This indicates that the unacceptable ICLRs for the future 

lifetime residents are the result of elevated concentrations of 2,4,6-tnnltotoluen and RDX at sampling 

locations 03SS22 and 03SS24. ILCRs for the future on-site child, adult, and lifelong resident exposed to 

surface soil in the 6-acre EU were within U.S. EPA's target nsk range. 

• 

ILCRs for future on-site Child, adult, and lifetime residents exposed to ground water exceeded the U.S. 

EPA target nsk range. 1,1 ,2,2-Tetrachloroethane and tnchloroethene were the major contnbutors to the 

ILCR for ground water. 

Exposure to lead In surface soil by future on-site child residents were evaluated with the IEUBK Model. 

The results of the IEUBK model Indicated that nsks to future on-site child residents from exposures to 

lead In surface soil exceeded the EPA goal as described in the 1994 OSWER directive, of no more than 

5 percent of children exceeding a 1 0 ~g/dL blood-lead level. Lead was detected In only one surface soil 
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sample (10,200 mg/kg - 03SS24002) at a concentration which exceed the screening level of 400 mg/kg. 

Exposures to lead in surface sOil outside of sample 03SS24002 would be within the goals described In 

the 1994 OSWER directive of no more than 5 percent of children with blood-lead levels exceeding 

10 Ilg/dL. These results indicate that the unacceptable risks from exposure to lead in surface sOil by child 

resident are being driven by the elevated lead concentrations in sample 03SS24002. 

Exposure to lead In sediment by future on-site child reSidents were also evaluated with the IEUBK Model. 

Results of the IEUBK model analysIs indicate that child blood-lead levels were within the goals of no more 

than 5 percent of children exceeding a 10 Ilg/dL blood-lead level. 

Exposures to lead In sOil by future occupational workers and future construction workers were evaluated 

with adult lead model. Results of the adult lead model analysis indicate that blood-lead levels for children 

(fetuses of exposed woman) were within the goal of no more than 5 percent of children exceeding a 

10 Ilg/L blood-lead level. 

In summary for the OJT/LSC, no significant potential human health risks are expected for exposures to sOil 

and sediment under current or future land use. Under current land use, no Significant potential human 

health risks are antiCipated for exposures to surface water. There are no exposures to ground water under 

current land use. Under future land use elevated noncarcinogenic and/or carcinogeniC risks were elevated 

for on-site child and adult reSidents uSing surface water as a potable water source, mainly as a result of 

samples collected from location 03SWSD17. 2-Amino-4,6-dlnltrotoluene, 4-amino-2,6-dlnitrotoluene, and 

RDX were the major contributors to the elevated risks for surface water. Also under future land use 

elevated noncarCinogenic and/or carcinogenic risks were calculated for occupational workers, child 

recreational users, and on-site child and adult residents using ground water as a potable water source. 

Tetrachloroethane, trlchloroethene, and 2-amIn0-4,6-dimtrotoluene were the major contributors to the 

elevated risks for ground water. A summary of the major contributors to risks at OJT/LSC IS provided in 

Table 7-16. 
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Scenario Medium Exposure Exposure 

Tlmeframe Medium Pomt 

CurrenVFuture Surface SOil Surface SOil Old Jeep Trail 

Air Old Jeep Trail 

Subsurlace Soil Subsurlace Sod Old Jeep Trail 

Air Old Jeep Trail 

Ground Water Ground Water Shallow AqUifer 

Air Shallow AqUIfer 

Surlace Water Surlace Waler LIllie Sulphur Creek 

• • 
TABLE 7-1 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 03 - OLD JEEP TRAILlLITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 5 

Receptor Receptor Exposure On-Site! Type of Rationale for Selection or Exclusion 

Population Ago Route Off-Site AnalysIs of Exposure Pathway 

Trespassers Adolescents Ingestion On-Slle Quant Although access to the base IS controlled, once InSIde the base, access to Ihe OJT/LSC IS nol 
limited by any physical restraint Adolescenllrespassers may be exposed to surface 5011 Yklile 

Dermal On-Site Quant at the site 

ReSidents Child Ingeshon Olf-Slte None Oft-base reSidents are nol exposed to on-Site surface 5011 

Dermal Off-SII. None 

Adult Ingesllon Off-Site None Off-base reSidents are not exposed to on-site surlace soli 

Dermal Off-Site None 

Trespassers Adolescents Inhalation On-Site None Although access to the base IS controlled, once InSide the base, access to the OJT/LSC IS not 
limited by any physical restraint No COPCs 'Nere Identified In soli for the Inhalation pathway, I 
therefore this pathway IS nol evaluated 

ReSidents ChIld Inhalation Off-SII. None Off-base reSidents are not exposed to on-site surlace 5011 In additIOn, no COPCs were 
Identlfted In sOil for the InhalatIOn pathway, therefore this pathway IS nol evaluated 

Adull Inhalatton Off-SII. None Off-base reSidents are nol exposed to on-site surface sod In adchllOn, no COPCs were 
Identified In 5011 for the inhalation pathway, therefore this pathway IS not evaluated 

Trespassers Adolescents Ingestion On-Site None Trespassers are nol exposed to subsurlace SOIl 

Dermal On-Site None 

ReSidents Child Ingestion Off-Slle None Off-base reSidents are not exposed to on-site subsurface soli 

Dermal Off-Slle None 

Adull Ingestion Oft-Site None Off-base reSidents are not exposed to on-site subsuriace sOil 

Dermal Off-SII. None 

Trespassers Adolescents Inhalallon On-Site None Trespassers are not exposed to subsurface soli In addition, no COPCs were Identified In soli 
for the inhalation pathway, therefore thiS pathway rs not evaluated 

Resrdents ChIld InhalallOn Off-Site None Off-base reSidents are not exposed to on-site subsurface sOil In addition, no COPCs were 
Identlfred In sOil for the InhalallOn pathway, therefore thiS pathway IS not evaluated 

Adult Inhalatron Off-SII. None Off-base reSidents are not exposed to on-site subsurface soli In ack:hhon, no COPCs \Yare 
Idenllfled In soli for the inhalation pathway, therefore thiS pathway IS not evalualed 

Trespassers Adolescents Ingeslton On-Site None Adolescent trespassers aTe not expected to be exposed to ground water 

Dermal On-Site None 

ReSidents Child Ingeslion Off-SII. None Off-base reSidents are not exposed to ground water from the OJTIlSC 

Dermal Off-SIte None 

Adult Ingestion Off-Site None Off-base reSidents are not exposed to ground water from the OJT/LSC 

Dermal Off-SII. None 

Trespassers Adolescents InhalahOn On-Site None Adolescent trespassers are nol expected to be exposed to ground water 

ReSidents Child Inhalation Off Slle None Off-base reSidents are not exposed to ground water from the OJT/LSC 

Adult Inhalation Off-Site None Off-base reSidents are nol exposed to ground waler from the OJT/LSC 

Trespassers Adolescents Ingeshon On-SUe Quant Although access to the base IS controlled, once inSide the base, access to the OJT/LSC IS not 
limited by any phYSical restraint Adolescent trespassers may be exposed to surface water 

Dermal On-Site Quant 'A'tllte al the site 



Scenario Medium Exposure Exposure 

Tlmeframe Medium Pomt 

CurrenVFuture Surface Water Surface Water little Sulphur Creek 

(continued) 

Sediment Sediment Little Sulphur Creek 

Future Surface Soil Surface SOIl Old Jeep Trail 

Air Old Jeep Trail 

• 

TABLE 7-1 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 03 - OLD JEEP TRAIUUTILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 20F5 

Receptor Receptor Exposure On-S.tel Type 01 Rationale for Selection or Exclusion 

Population Age Route Off-Site AnalysIs of Exposure Pathway 

Residents Child Ingestion Off,Slle Quant Off·base residents may also use surface water as a dnnkmg water source Although this IS a 

Dermal Off-Site Quant conservative and unhkely scenario 

Adull Ingesllon Off-Sit. Quant Off·base residents may also use surface water as a dnnkmg water source Although this IS a 

Dermal Off-SII. Quant conservative and unlikely scenario 

Trespassers Adolescents Ingestion On-Site Quant Although access to the base IS controlled, once InSide the base, access to the OJT/LSC IS not 
limited by any physical restraint Adolescent trespassers may be exposed to sediment \Mule 

Dermal On-Site Quant at the site 

ReSidents Child Ingesllon Oil-Sit. Qual Off-base resldenls may be exposed to sediment Although such exposure are expected to be 

Dermal Off-Slle Qual less than those experienced by future on-Site reSidents 

Adult Ingesllon Oft-Site Qual Off-base reSidents may be exposed 10 sediment Although such exposure are expected to be 

Dermal Off-Sit. Qual less than those experienced by future on-site reSidents 

Construction Adult Ingestion On-Site Quant Construction workers may have contact With surface soli dunng excavation actIVIties 

Workers Dermal On-Site Quant 

Maintenance Adull Ingeslion On-Slle Quant Maintenance workers may contact surface 5011 dUring normallNOrk actlvllies 

Worker Dermal On-Slle Quant 

OccupatIonal Adult Ingestion On-Site Quant Occupational workers may contact surface soli dUring normal work actIVIties 

Worker Dermal On-Slle Quanl 

Recreational Child Ingesllon On-Site Quant ThiS scenano IS evaluated on the assumpllOn that the FaCIlity would close and be turned Into a 

Users Dermal On-Site Quant stale park In the future 

Adull IngestIon On-Site Quant ThiS scenano IS evaluated on the assumption that the Facility 'M>uld close and be turned mto a 

Dermal On-Slle Quant slate park In the future 

ReSidents Child Ingesllon On-Site Quant Although a future residential scenano IS conSidered unlikely at the Site, thiS scenario IS 

Dermal On-Site Quant Included to aid In future risk management deCISions 

Adull Ingesllon On-Site Quant Although a future residential scenano IS conSidered unhkely at the Site, thiS scenano 19 

Dermal On Site Quant Included to aid In future nsk management deCISions 

Construcllon Adult Inhalation On-Site None Construction y.,()rkers may be exposed to tugilive dust and volatile emiSSions dunng 

Workers 
construClion actiVities No COPCs were Identlfted In soil tor the Inhalation pathway, therefore, 
thiS pathway IS not evaluated 

Mamtenance Adult Inhalation On Site None Matntenance workers may be exposed to fuglltve dust and volatile emiSSions dUring w:>rk 

Worker 
acllvltles No COPCs were Identified tn SOil for the IOhalatlon pathway, therefore, thiS pathway 
IS not evaluated 

Occupallonal Adult Inhalation On Site None Occupational y.,()rkers may be exposed to fugitive dust and volatile emiSSions dunng VtOrk 

Worker 
actiVities No COPCs were Identified In soli for the Inhalation pathway, therefore. thiS pathway 
IS not evaluated 

Recreational Child Inhalation On Site None ThiS Scenario 18 evalualed on the assumption that the FaCIlity 'M>uld dose and be turned Into a 
state park tn the future No COPCs were ldenltfled In soli for the Inhalation pathway, therefore, 

Users thiS pathway IS not evaluated 

Adult Inhalallon On-Site None ThIS Scenario IS evalualed on the assumption that the FaCIlity would close and be turned IOto a 
slate park In the future No copes were Idenltfled In soli for the lnhalatlon pathway, therefore, 
thiS pathway IS not evaluated 

ReSidents Child Inhalation On-Site None Although a future residential scenario IS considered unlikely at the 8lte, thiS scenano IS 
Included to aid In future nsk management deciSions No COPCs wefe Identified In SOil for the 
Inhalation pathway, therefore, thiS pathway IS not evaluated 

• • 
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Scenario Medium Exposure Exposure 

Tlme'rama Medium POint 

Future Surface SOIl Air Old Jeep Trail 

(continued) 

Subsurface Soli Subsurface SOIl Old Jeep Trail 

Air Old Jeep Trail 

Ground Waler Ground Water Shallow Ground Water 

L-_____ -

• • 
TABLE 7·' 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 03· OLD JEEP TRAIUUTILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 3 OF 5 

Receptor Receptor Exposure On-Sltal Type 01 Rabonale for Selection or Exclusion 

Population Age Route Off-Site AnalysIs of Exposure Pathway 

Adult Inhalation On-Site None Although a fulure residential scenariO IS considered unhkely at the site. thiS scenano 18 , 

Included to aid In future nsk management decIsions No copes were identified In sOil for the i 
inhalation pathway, therefore, thiS pathway 15 not evaluated 

Construction Adult Ingesllon On-Slle Quant ConstrucllOn 'AOrkers may have contact With subsurface soli dunng excavation actiVities 

! Workers Dermal On-Site Quant 

Maintenance Adult Ingestion On-Slle None Maintenance workers are not expected to be exposed to subsurface 5011 
! Worker Dermal On-Site None 

Occupallonal Adult Ingestion On-Site None Occupational 'M)rkers are not expected to be exposed to subsurface soli 

Worker Dermal On-Site None 

Recreational Child Ingestion On-Site None Recreahonal users are not expected to be exposed to subsurface SOil 

Users Dermal On-Site None 

Adult Ingestion On-Slto None Recroalronal users are not expected to be exposed to subsurface sOil 

Dermal On-Site None 

ReSIdents Child IngesllOn On-Slle None Future reSIdents are not expected to be exposed to subsurface soli 

Dermal On-Slle None 

Adult IngestIOn On-SIte None Fulure reSidents are not expected to be exposed to subsurface sOil 

Dermal On-SIte None 

ConstrucllOn Adult InhalatIOn On-Slle None Construction 'Mlrkers may be exposed to fugItIve dust and vola hie emiSSions dunng 

Workers 
construction acllvltles No COPCs were Identified In SOil for the inhalation pathway, therefore, 
thiS pathway IS not evaluated 

Maintenance Adult Inhalation On-SIte None Maintenance 'M)ri<ers are not expected to be exposed to subsurface sod In addition, no 

Worker COPCs were Identified In soil for the Inhalalron pathway 

Occupallonal Adult Inhalation On-Site None Occupational 'M)rkers are not expected to be exposed to subsurface SOil In addition, no 
Worker COPCs were Identified In soil for Ihe Inhslatlon pathway 

RecreatIonal Child InhalatIon On-Site None Recreallonal 'M)rkers Bre not expected 10 be exposed to subsurface SOIl In addllron, no 

Users COPCs were identifIed In SOil for the Inhalation pathway 

Adult Inhalation On Slle None Recreational workers are not expected to be exposed to subsurface 5011 In Bddillon, no 
COPCs were Idenllfled In soil for the Inhalalron pathway 

ReSIdents Child Inhalation On-SlIe None Future re~ldents are not expected 10 be exposed 10 subsurface SOIl In addition, no COPCs 
were Identified rn SOil for the inhalation pathway 

Adull Inhalallon On-SIte None Future reSidents are not expected to be exposed to subsurface SOil In addItion, no COPCs 
'Nere IdentifIed In SOil for the mhalatron pathway 

Construction Adult Ingestion On-SIte None Construction w:>rkers are not expected to Ingest groundwater 

Workers 
Dermal On-Site Quant Construction 'M)rkers may have dermal contact Yillh ground water dUring excavation acllVltres 

Maintenance Adult Ingesllon On-Slle None Maintenance oorkers are not expecled to have contact Yillh ground water 

Workers Dermal On-Slle None 

Occupational Adult Ingestion On Slle Quant OccupallOnal w:>rkers may be exposed 10 ground waler It ground water were used as a potable 
Worker Dermal On-Slle Quant waler source 

Recreational Child IngestIon On-SIIe Quant Recreational users may be exposed to ground water If ground water were used as a potable 

Users Dermal On-Site Quant waler source 

Adult Ingestion On-Site Quant Recreational users may be exposed to ground waler If ground waler 'N9re used as a potable 

Dermal On-S119 Quant waler source 



Scenario Medium Exposure Expoaure 

Tlmeframe Medium POint 

Future Ground Water Ground Water Shallow Ground Water 

(conllnued) 

AIr Shallow Ground Water 

Surface Water Surface Water lillie Sulphur Creek 

Sediment Sedlmenl little Sulphur Creek 

• 

TABLE 7-1 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 
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Receptor Receptor Exposure On~SIte/ Type 01 Rationale for Selection or Exclusion 

Population Age Route Off-Site AnalY·ls of Exposure Pathway 

ReSidents Child Ingestion On,Slte Quant Although a future reSidential scenariO IS consIdered unlikely at the site, this scenano IS 

Dermal On-Slle Quant Included to aid In future risk management decIsions 

Adult IngestIon On Slle Quant Although a future reSIdentIal scenario IS considered unhkely at the slle, this scenano IS 

Dermal On-Slle Quant Included to aid In future risk management decIsions 

Construction Adull Inhalation On-Site Quant Construction v.t)rkers may be exposed to COPCs thaI have volatilized from ground water 

Workers dUring excavallon actiVities 

Maintenance Adult Inhalallon On-Slle None Malnlenance YoUrkers are nol expected 10 be exposed 10 COPCs thai have volatilized Irom 

Workers ground water 

Occupational Adult InhalatIOn On Site None Occupattonal YoUrkers are not expected to be exposed to COPCs that have volatlhzed from 

Worker ground waler 

Recreational Child Inhalallon On-Site None Recreational users are not expecled 10 be exposed to COPCs thai have volatilized from 

Users ground water 

Adull Inhalallon On-Slle None RecreallOnai users are not expected to be exposed to COPCs that have volatilized from 
ground water 

ReSidents Child Inhalation On-Site Quant Although a future reSidential scenario IS conSidered unlikely althe site, this scenario IS 
Included to aid In future nsk management deCISions 

Adult Inhalation On-Site Quant Although a future reSidential scenano IS conSidered unlikely althe slle, thiS scenano IS 
Included to aid In future fisk management deciSions 

Construcllon Adult Ingesllon On-Slle None Construction workers are nOI expected to be exposed to surface water 

Workers Dermal On-Slle None 

Maintenance Adull Ingestion On-Slle None Maintenance workers are not expected to IOgest surface water 

Workers Dermal On-Site Quant Maintenance workers may have dermal contact With surface water 

Occupational Adult Ingesllon On-Slle None Occupahonal workers are not expected 10 be exposed to surface water 

Worker Dermal On-Site None 

Aecreahonal Child Ingestion On-Site Quant ThiS scenario IS evalualed on the assumption that the FaCIlity would close and be turned Into a 

Users Dermal On Slle Quant state park In the future 

Adult Ingeslion On-Site Quant ThiS scenartO IS evaluated on the assumpllon that the FaCIlity would close and be turned Into a 

Dermal On-Slle Quant slate park In the future 

ReSidents Child Ingesllon On-Site Quant Although a future reSidential scenario IS conSidered unlikely at the slle, thiS scenario IS 

Dermal On-Site Quant Included to aid In future fisk management deciSions 

Adull Ingestion On-Site Quant Although a future resldenhal scenario IS conSidered unlikely at Ihe slle, thiS scenario IS 

Dermal On-Site Quant Included to aid 10 future fisk management deciSions 

Construction Adult Ingestion On-Site None Construction workers are not expected to be exposed to sediment 

Workers Dermal On-Site None 

Maintenance Adult Ingesllon On-Site Quant Maintenance workers may contact sediment 

Workers Dermal On-Site Quant 

Occupational Adull Ingeslion On Site None Occupational workers are nol expected to be exposed to sediment 

Worker Dermal On-Slle None 

Recreational Child IngestIOn On-Site Quant ThiS scenariO IS evaluated on the assumptIOn thai the Faclhty would close and be turned Into a 

Users Dermal On-Site Quant slale park In the future 

Adult Ingestion On-Site Quanl ThiS scenano IS evaluated on the assumptIOn thai the FaCility would close and be turned Into a 

Dermal On-Slle Quanl state park In the future 

• • 



• 
Scenario Medium 

Tlmeframe 

Future Sediment 

(continued) 

Notes 

Quant - Quantitative 

Qual - QualitatIve 

Exposure Exposure 

Medium POint 

Sediment Lillie Sulphur Creek 

• 
TABLE 7-1 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 03 - OLD JEEP TRAlULITILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 50F 5 

Receptor Receptor Expo8ure On-Sltal Type of Rationale for Selection or Exclu810n 

Population Age Route Off-Site AnalysIs of Exposure Pathway 

Residents Ch,ld Ingestion On-Slle Quant Although a fulure resldenllal scenano IS conSidered unhkely al the Site, thIS scenariO IS 

Dermal On Site Quant Included to aid In future risk management decIsions 

Adult Ingesilon On-Slle Quant Although a future reSidential scenario IS conSidered unlikely at the site. thiS scenano IS 

Dermal On-Site Quant Included to aid In luture risk management decIsions 

• 



TABLE 7-2 

EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 
OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWCCRANE, 
CRANE INDIANA 

Receptors Exposure Routes 
Construction Workers • Surface/Subsurface Soil Incidental Ingestion 
(future land use) • Surface/Subsurface Soil Dermal Contact 

• Ground Water Dermal Contact (during excavation) 

• Ground Water Inhalation of Volatile Organics (during 
excavation) 

Maintenance Workers • Surface Soil Incidental Ingestion 
(future land use) • Surface Soil Dermal Contact 

• Surface Water/Sediment Dermal Contact 

• Sediment Incidental I~estlon 
Occupational Worker • Surface SOil Incidental Ingestion 
(future land use) • Surface Soil Dermal Contact 

• Direct Ingestion of Ground Water 

• Ground Water Dermal Contact 
Adolescent Trespassers • Surface Soil Incidental Ingestion 
(6 to 17 Years) • Surface Soil Dermal Contact 
(current/future land use) • Surface Water/Sediment Dermal Contact 

• Surface Water/Sediment Incidental Ingestion 
Small Child (0 to 6 years) and • Surface SOil Dermal Contact 
Adult Recreational Users • Surface SOil Ingestion 
(future land use) • Surface Water/Sediment Dermal Contact 

• Surface Water/Sediment Incidental Ingestion 

• Direct Ingestion of Ground Water 

• Ground Water Dermal Contact 
On-Base Residents (Children/Adults) • Surface SOil Incidental Ingestion 
(future land use) • Surface Soil Dermal Contact 

• Direct Ingestion of Ground Water (Domestic water 
source) 

• Ground Water Dermal Contact (Domestic water 
source) 

• Inhalation of Volatiles In Ground Water (Domestic 
water sou~ce) 

• Sediment Dermal Contact 

• Sediment Incidental Ingestion 

• Surface Water Ingestion (Domestic water source) 

• Surface Water Dermal Contact (Domestic water 
source) 

Off-Base Residents (Children/Adults) • Surface Water Ingestion (Domestic water source) 
(current/future land use) • Surface Water Dermal Contact (Domestic water 

source) 

Note: No COPCs were Identified from the inhalation pathway for sOil, therefore inhalation of fugitive 
dust and volatiles from soil IS not quantitatively evaluated In the risk assessment. 

• 

• 

• 



• 
Surface 

Soil 
1-Acre EU 

Chemical 
Dioxin/Furans 

• 
TABLE 7-3 

EXPOSURE POINT CONCENTRATIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWt CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Surface Surfacel 
Soil Shallow 

Ground Water 

IL 

• 
Surface Water L 

Trespassersl Future Current/Future 
Recreational On-Site Off-Site 

Users(l) Residents(2) Residents(3) 

12,i7,S.:TCDD EqUivalents I 0.0000074(4) 0.0000074(4) 00000074(4) NA NA NA NA NA 
Volatile Oraanic Comoound 

Acetone NA NA NA NA NA 64(4) NA NA 
Bromomethane NA NA NA NA NA 0.529 1.6(4) NA 
Methylene Chlonde NA NA NA NA NA 3.23 NA NA 
1,1,2,2-Tetrachloroethane NA NA NA 1 11 (5) NA NA NA NA 
Tnchloroethene NA NA NA 48.9(5) NA NA NA NA 
1,1,2-Tnchloroethane NA NA NA 489(5) NA NA NA NA 
1 ,1-Dlchloroethene NA NA NA 0.213(5) NA NA NA NA 
Cls-1,2-Dlchloroethene NA NA NA 11.3(5) NA NA NA NA 
Tetrachloroethene NA NA NA 0.617(5) NA NA NA NA 
Trans-1,2-Dlchloroethene NA NA NA 287(5) NA NA NA NA 
Vinyl Chloride NA NA NA 04(5) NA NA NA NA 
Semi volatile Organic Compounds 
Acetophenone NA NA 0.044 NA NA NA NA NA 
Benzo(a)pyrene NA NA 0.002 NA NA NA NA NA 
Bls(2-ethylhexyl)phthalate NA NA NA NA NA 1.36 NA NA 
Pentachlorophenol NA NA NA NA NA 0059 NA NA 
Energetics 

2.4,6-Tnnttrotoluene 581 262 0522 1 3(5) NA NA NA NA 
2-Amlno-4,6-Dlnltrotoluene 236 0.433 0.249 0409(5) 0178 0.384 1.5(4) NA 
4-Amlno-2,6-Dlnttrotoluene 1.44 0365 0218 1 03(5) NA 1.06 2.9(4) 0.54(4) 

HMX 291 4.77 0890 NA NA NA NA NA 

RDX 522 3.41 0.678 272(5) NA 63(4) 63(4) 10(4) 
------------- -- ------



Surface 
Soil 

1-Acre EU 

Chemical 
norganlcs 

Aluminum NA 
Antimony NA 

Barium 235(6) 

Cadmium 44 

Chromium 14.6(6) 

Cobalt NA 

Iron 21431(6) 

Lead 1324 

Manganese NA 

Nickel NA 

Thallium NA 
llnc NA 

-- ~- -- - --

Miscellaneous Parameters 
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Surface Surface! 
Soil Shallow 

6-Acre EU Ground Water 

L 

NA NA 95(5) 14196 
NA NA NA 288 

252 236 87.8(5) 359 

1.19 1 13 1.78(5) 1.78 

26.4 20.9 7.02(5) NA 
NA 22 NA NA 

26855 28009 505(5) NA 
358(5) 310(5) NA 120(5) 

NA 1217 58.2(5) NA 
NA 125 8.86(5) NA 

NA NA 0.173(5) NA 
NA NA NA NA 

Surface Water 
'T res passers! Future Current/Future 
Recreational On-Site Off-Site 

Users(l) Residents(2) Residents(3) 

NA NA NA 
0784 NA NA 

NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
29.1(5) NA NA 

NA NA NA 

NA NA NA 

NA NA NA 
NA NA NA 

INltrate NA NA NA I -296W---1 NA NA NA NA 

Notes' 
RAGS Part 0 Tables for the exposure pOint concentrations are Included In AppendiX G. 
NA - Not applicable - Chemical IS not a CO PC for this medium. 
Concentrallons are the 95 percent UCL on lognormal dlstnbutlon unless otherwise noted. 
1 - Includes all surface water samples. 
2 - Includes only surface water samples collected downstream of Spnng C (SWSD15 through SWSD19). 
3 - Includes only surface water samples collected at location SWSD19 
4 - MaXimum detected concentrallon 
5 - Anthmetlc mean concentration 
6 - 95 percent UCL on normal dlstnbutlon . 

• • • 
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TABLE 7-4 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
SWMU 3 - OLD JEEP TRAIULITILE SULPHUR CREEK 

NSWCCRANE 
CRANE INDIANA 

PAGE 1 OF2 

Exposure Parameter I Off-Site Child Residents i Off-Site Adult Residents 

I RME I CTE I RME I CTE 
All Exposures 
Cso,VCsed (mglkg) NA NA NA NA 

Cgw (uglL) NA NA NA NA 

Csw (uglL) Maximum or 95% UCL(l) Maximum or 95% UCL(l) Maximum or 95% UCL(l) Maximum or 95% UCL(1) 

ED (years) 6(4) 2(4) 24(4) 7(4) 

BW (kg) 15(4) 15(4) 70(4) 70(4) 

ATn (days) 2,190(6) 730(6) 8,760(6) 2,555(6) 

ATc (days) 25,550(6) 25,550(6) 25,550(6) 25,550(6) 

Incidental InllestloniDermal Contact with Soil 
IR (mQ/day) NA NA NA NA 
EF-Soll (days/year) NA NA NA NA 
FI (umtless) NA NA NA NA 

SA (cm2/day) NA NA NA NA 

AF (mQ/cm2) NA NA NA NA 

ABS (umtless) NA NA NA NA 

CF (kglmq) NA NA NA NA 

Ingestion/Dermal Contact with Ground Water 

IRgw (Uday) NA NA NA NA 

EF(davs/year) NA NA NA NA 

ET (hours/day) and tevent 
NA NA NA NA 

hours/event) 

EV (events/day) NA NA NA NA 

A (cm2/day) NA NA NA NA 

Kp (cm/hour) NA NA NA NA 

t' (hour/event), 't (hour), and 
NA NA NA NA 

B (umtless) 

Inhalation of Volatile Emissions from Ground Water 

Carr (mg/m3) NA NA NA NA 

InhR (m3/hour) NA NA NA NA 

ET (hours/day) NA NA NA NA 

Ingestion/Dermal Contact with Surface Water 

CRsw (ml/hr) or IRgw (Uday) 15(16) 066(16) 2(4) 1 4(4) 

E F (days/year) 350(4) 234(4) 350(4) 234(4) 

ET (hours/day) and tevent 025(16) 0167(16) 025(16) 0167(16) I (hours/event) 
EV (events/day) 1(2) 1 (2) 1 (2) 1(2) 

A (cm2/day) 6,600(12) 6,600(12) 18,000(12) 18,000(12) 

Kp (cm/hour) chemlcal-speclhc(12) chemlcal-speclflc(12) chemlcal-speClflc(12) chemlcal-speclflc(12) 

t* (hour/event), 't (hour), and 
chemlcal-speclflc(12). chemlcal-speclflc(12) chemlcal-speclflc(12) chemlcal-speclflc(12) 

B (umtless) 

CF (Ucm3
) lE-03 lE-03 lE-03 lE-03 



Exposure Parameter I 
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Off-Site Child Residents I Off-Site Adult Residents 
RME I CTE 1 RME I 

Incidental Ingestion/Dermal Contact with Sediment 
IR (mglday) NA NA NA 
EF-Sedlment (days/vear) NA NA NA 
FI (unltless) NA NA NA 

SA (cm2/day) NA NA NA 

AF lmg/cm2
) NA NA NA 

ABS (unltless) NA NA NA 
CF (kglmQ) NA NA NA 

Notes: 
A Skin surface area available for contact 
ABS AbsorpllOn factor 
AF SOII-to-skln adherence factor 
ATe Averaging time for carcinogenic effects 
ATn Averaging time for noncarcinogenic effects 

B Bunge Model partitioning coeffiCient 
BW Body weight 
CF Conversion factor 
CR Contact rate 

CsolVsed Exposure concentration for soli/sediment 

Cgw/sw Exposure concentration for ground water/surface water 

CalT Exposure concentration for air 

ED Exposure duration 
EF Exposure frequency 
ET Exposure time 
EV Event frequency 
FI FraCllOn Ingested from contaminated source 
InhR Inhalation rate 
IR Ingesllon rate (soil or groundwater) 
Kp Permeability coefhclent from water through skin 

SA Skin surface area available for contact 
't Lag time 
t' Time It takes to reach steady-state conditions 
tevenl Durallon of event 

1 - U S EPA, 1992 Supplemental GUidance to RAGS Calculating the Concentration Term PB92-963373 
2 - ProfeSSional Judgement 

CTE 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

3 - U S EPA, 1991 Human Health Evaluallon Manual, Supplemental GUidance Standard Default Exposure Factors OSWER Directive 9285 6-03 
4 - U S EPA, 1993 Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure 
5 - Adolescents ages 7 to 16 years old 
6 - U S EPA, 1989 Risk Assessment GUidance for Superfund Vol 1 Human Health Evaluation Manual, Part A 
7 - CTE IS assumed to be one half the RME value 
8 - Ground IS assumed to be frozen or snow covered 22 weeks/year 
9 - Assume 2 days a month for RME and one day a month for CTE 
10 - Assume 1 day a week In warm weather months for RME and every other week for CTE 
11 - Assume 2 days a week In warm weather months for RME and one day a week for CTE 
12 - U S EPA,2001 Risk Assessment GUidance for Superfund (Part E, Supplemental GUidance for Dermal Risk Assessment) Intenm 

E P Al540/R/99/005 
13 - Assume 25 percent of total body surface area IS exposed, U S EPA, 1997 Exposure Factors Handbook EPAl600/8-95/002FA 
14 - Assume 50 percent of total body surface area IS exposed, U S EPA,2001 
15 - Assume that head, arms, hands, lower legs, and feet are exposed, U S EPA,1997 
16 - U S EPA, 1997 Exposure Factors Handbook EPAl600/8-95/002FA 
17 - ASTM, 1997 Standard GUide for Risk-Based Corrective Action, E50 04 
18 - Foster, S A and P C Chrostowski, 1987 Inhalation Exposure to Volatile Organic Contaminants In the Shower 
19 - U S EPA Region 4,1995 Supplement GUidance to RAGS Region 4 Bullelins 
20 - Maximum detected concentration IS surface water samples collected downstream of Spnng C (Samples SW15 through SWI9) 

• 

• 

• 
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TABLE 7-5 

PARAMETERS FOR EVALUATION OF DERMAL CONTACT 
WITH GROUND WATER/SURFACE WATER 

SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 
NSWCCRANE 

Chemical 
V I I 0 - 0 atl e rganlc C d ompoun s 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1 ,1-Dlchloroethene 
Acetone 
Bromomethane 
Cls-1,2-Dlchloroethene 
Methylene Chloride 
Tetrachloroethene 
Trans-1,2-Dlchloroethene 
Trlchloroethene 
Vinyl Chloride 

nerge ICS 

2,4,6-Trinitrotoluene 
2-Amlno-4,6-Dlnitrotoluene 
4-Amlno-2,6-Dinltrotoluene 
RDX 
norganlcs 

Antimony 
Barium 
Cadmium 
Chromium 
Iron 
Lead 
Nickel 
Manganese 
Thallium 
Miscellaneous Parameters 
I Nitrate 

Notes: 

NA - Not applicable for Inorganlcs 
1: - Lag time. 

CRANE, INDIANA 

Estimated 
Kp 

(cmlhr) FA 

694E-03 1 
6.44E-03 1 
1 17E-02 1 
5.21 E-04 1 
2.84E-03 1 
1.29E-02 1 
354E-03 1 
334E-02 1 
7.71 E-03 1 
1 16E-02 1 
560E-03 1 

249E-02 0.8 

3.93E-01 0.9 

9.64E-04 1 
6.41 E-04 1 
641E-04 1 
345E-04 1 

1.00E-03 NA 
1 00E-03 NA 
1 00E-03 NA 
2.00E-03 NA 
1 OOE-03 NA 
1 00E-03 NA 
2.00E-04 NA 
1 00E-03 NA 
1.00E-03 NA 

1 00E-03 NA 

t* - Time It takes to reach steady-state conditions. 

't 

(hr) 

931 E-01 
5.96E-01 
372E-01 
2.22E-01 
3.63E-01 
3.67E-01 
3.19E-01 
906E-01 
3.72E-01 
581 E-01 
2.39E-01 

166E+01 

3.33E+00 

1.96E+00 
1.34E+00 
1.34E+00 
1.85E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

Source: EPA, 2001: Risk Assessment GUidance for Superfund Volume l' Human 
Health Evaluation Manual (Part E, Supplemental GUidance for Dermal 
Risk Assessment) Interim. EPAl540/R99/005. 

B 

3.46E-02 
2.86E-02 
4.41 E-02 
1.53E-03 
1.06E-02 
4.87E-02 
1.26E-02 
1.66E-01 
2.92E-02 
5.13E-02 
1 70E-02 

1 90E-01 

2.47E+00 

559E-03 
3.46E-03 
346E-03 
1.98E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

t* 
(hr) 

2.24E+00 
1.43E+00 
8.93E-01 
5.32E-01 
8.71 E-01 
8.80E-01 
7.65E-01 
2.18E+00 
8.93E-01 
1.39E+00 
5.73E-01 

3.99E+01 

1.38E+01 

471E+00 
321 E+OO 
3.21 E+OO 
443E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 



Parameter 
Heff 

Ualr 

dalr 

W 

A 

hcap 

hv 

Lgw 

Dws 

Dcap 

Dalr 

Dwater 

n 

eacap 

ewcap 

Notes. 

TABLE 7-6 

INPUT PARAMETERS FOR 
VOLATILIZATION FROM GROUND WATER TO OUTDOOR AIR MODEL 

SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE, INDIANA 

Value Definition 
Chemical specific Henry's Law Constant, (cm3-H20)/(cm3-air) 

370 (site-specific) Wind speed above ground In mixing zone (cm/sec) 

200 (default) Ambient air mixing zone height, (cm) 

4500 (default) Width of source parallel to groundwater flow direction, (cm) 

20250000 (default) Source-zone area (cm2) 

o 1 (assumed) Thickness of capillary fringe, (cm) 

o (assumed) Thickness of vadose zone, (cm) 

0.1 {assumedl Depth togroundwater (cm) 

Chemical specific Effective diffusion coeffiCient between groundwater and SOil (cm2/sec) 

Chemical specific Effective diffUSion through capillary fringe, (cm2/sec} 

Chemical specific DiffUSion coeffiCient In air, (cm2/sec) 

Chemical specific Diffusion coeffiCient In water, (cm2/sec) 

0.38 (default) Total SOil porosity, (cm3/cm3-soll) 

0.038 (default) Volumetric air content In capillary fringe SOils, (cm3-alr/cm3-sOlI) 
0.342 (default) Volumetric water content In capillary fringe SOils, (cm3-H2O/cm3-soll) 

Chemical specific values are presented In Table 7-7. 
Default values are representative of site conditions 

• 

• 

• 



• • 
TABLE 7-7 

CHEMICAL PROPERTIES FOR 
VOLATILIZATION FROM GROUND WATER TO OUTDOOR AIR MODEL AND SHOWER MODEL 

SWMU 03 - OLD JEEP TRAIL I LITTLE SULPHUR CREEK 
NSWC CRANE, 

CRANE, INDIANA 

Molecular Air Water Henry's Law Constant 
Chemical Weight Diffusivity Diffusivity 

(g/mole) (cm2/sec) (cm2/sec) (Dimensionless) I (atm-m3/mol) 
Volatile Organic Compounds Volatile 0 . C d 
1,1,2,2-Tetrachloroethane 167.9 7.10E-02 7.90E-06 1.41E-02 3.44E-04 
1,1,2-Trichloroethane 133.4 7.BOE-02 B.BOE-06 3.74E-02 9.12E-04 
1,1-Dlchloroethene 96.9 9.00E-02 1.04E-05 1.07E+OO 2.61 E-02 
Cis-1 ,2-Dichloroethene 96.95 7.36E-02 1.13E-05 1.67E-01 4.07E-03 
T etrachloroethene 165.B3 7.20E-02 B.20E-06 7.54E-01 1.B4E-02 
Trans-1,2-Dlchloroethene 97 7.07E-02 1.19E-05 3.B5E-01 9.39E-03 
Trichloroethene 131.4 7.90E-02 9.10E-06 4.22E-01 1.03E-02 
Vinyl Chlonde 62.5 1.06E-01 1.23E-05 1.11E+OO 2.71 E-02 

Source: SOIl Screening GUidance: User's GUide, U.S. EPA, July 1996. 

• 



Chemical 
of Potential 

Concern 

12.3. 7,8-TCDDEgulvalents~ 
L't!>Jatlle Organ~_~nmnnll':'rlCl 
[Acetone 

3 Chloride 
[1:1.2:2-

11,1,2-T 

luoranthene 

IBls(: 

l~.~.~.:'plnltrntnh l~nA 
12,4,6-Trlnltroto" ,,,n .. 

. . 1-0 

[HMx 
[B.0X 

Aluminum 
Antimony 
ArseniC 
Banum 

[Beryllium 
Cadmium 
Chromium VI 
Cobalt 
Copper . 
[Nickel 
[Thallium 
Zinc 
Miscellaneous 

ChronlcJ 
Subchronlc 

NA 

Chronic 
Chromc 
Chromc 
Chromc 
Chronic 
Chromc 
Chromc 
Chromc 
Chromc 
Chromc 
Chromc 

Chromc 
NA 
NA 

~ 
Chromc 

ChroniC 
ChroniC 

Chron~ 
ChroniC 
ChroniC 
ChroniC 

Chromc 
Chromc 
ChroniC 
ChroniC 
Chromc 
Chromc 
Chromc 
Chromc 

"Ci1rOmC 
Chromc 
Chromc 
Chromc 
ChroniC 
Chromc 

~ 

Oral RID 
Value 

NA 

10E-Ol 
14E-03 
60E-02 
60E-02 
30E-04 
40E-03 
90E-03 
10E-02 
10E-02 
20E-02 
30E-03 

10E-Ol 
NA 
NA 

20E-02 

~ 

20E-03 
50E-04 
60E-05 
60E-05 
50E-02 
30E-03 

10hOO 
40E-04 
30E-04 
70E-02 
20E-03 
50E-04 
30E-03 
20E-02 
40E-02 
30E-Ol 
72E-02 
20E-02 
70E-05 
30E-Ol 

Chromc 1 6E+OO 

Oral RID 
Units 

TABLE 7-8 

NON-CANCER TOXICITY DATA - ORAUDERMAL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 

Oral to Dermal 
Adlustment Factor 

(1) 

CRANE, INDIANA 
PAGE 1 OF 2 

Adlusted 
Dermal 
RID (2) 

Units Primary 
Target 
Organ 

~-~ NA J NA ~-NA_I NA 

mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mgikg/day 

mgikgiday 
mgikgiday 
mg/kg/day 

NA 
NA 

mgikg/day 
mgikg/day 

mg/kg/day 

mg/kgiday 
mg/kg/day 

mgikg/day 
mg/kg/day 
mg/kg/day 

_mg/~ 

mgikgiday 
_mg/kg/day 
...mglkglday 

mglkglday 

mgikgiday 
mg/kg/day 

mgikgiday 
mglkglday 
mg/kg/day 

...mgikgl~ 
_mglkglday 

1 

1 
1 

NA 
NA 
1 

1 

1 

1 

015 

007 
0007 
005 

0025 
1 

1 

004 
004 

1 1 

10E-Ol 
14E-03 
60E-02 
60E-02 
30E-04 
40E-03 
90E-03 
10E-02 
10E-02 
20E-02 

~ 

10E-Ol 
NA 
NA 

20E-02 
30E-02 

20E-03 
50E-04 
60E-05 
60E-05 
50E-02 
30E-03 

10E+00 
60E-05 
30E-04 
49E-03 
14E-05 
25E-05 
75E-05 
20E-02 
40E-02 
30E-Ol 
29E-03 
80E-04 
70E-05 
30E-Ol 

16E+OO 

• 

mg/k91day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 
mg/kg/day 

mgikgiday 
mgikgiday 
mgikgiday 
mgikgiday 
mgikgiday 

mgikgiday 
NA 
NA 

mglkgiday 
mgikgiday 

mg/kg/day 
mgikg/day 
mg/kg/day 

mg/kgiday 
mn/knlrl~v 

mg/kg/day 

mgikg/day 
mg/kg/day 

mg/kg/day 

mg/kgiday 
mg/kg/day 

mglkglday 

mg/kgiday 
mglkglday 

mglkglday 

m~ 
mglkgl~ 

1 mglkglday 1 

Lover, Kidney 

....§... 
Lover 
Liver 
Lover 
Blood 

~ 
Blood 
Lover 
Blood 
Lover 

None Reported 
NA 
NA 

Lover 
Lover, Kidney 

Lover, CNS 
Lover 
Lover 
Lover 
Lover 

Prostate 

Immune, Nails 
-- Blood-

Skin, GVS 
Kidney' 

GS 
Kidney 

None Reported 
CVS, Immune, CNS 

GS 
Blood, GS 

CNS 
Body Weight 

Lover 
Blood 

Blood 

1 

J 

Combined Sources of RfD. Dates of RID: 
Uncertainty/ModifYing Target Organ Target Organ (3) 

Factors (MMIDDIYY) 

NA 

1000/1 

1000/1 

10011 

NA 
NA 

1000/1 

1000/1 

3000/1 

1000/1 

1000/1 

3Oi1 

3000/1 

NA 
NA 

1000/1 

10011 

10011 

1000/1 

NA 
NA 

1000/1 

100/1 

NA 
1000/1 

311 
3i1 
300/1 

1cii1 
300/3 

NA 
NA 

NA 
111 

300/1 

NA 
311 

111 

-1 

J 

NA 

IRIS 
IRIS 
IRIS 

NCEA 
NCEA 

IR'iS 
IRIS 

HEAST 
IRIS 
IRIS 
IRIS 

IRIS 
NA 
NA 
IRIS 
IRIS 

IRiS 
IRIS 

NCEA 
NCEA 

""IRiS 
IRIS 

NCEA 
""IRiS 

IRIS 
IRIS 
IRIS 
IRIS 
IRIS 

NCEA 
HEAsT 

NCEA 
""IRiS 

IRIS 
IRIS 
IRIS 

IRIS 

1 

J 

NA 

06/27/02 

06/27/02 

06127102 

4/02/02 

4/02/02 

06i27i02 
06127/02 

~ 
06127/02 

0iii27iii2 
06i27i02 ---

06127/02 ---NA 
NA 

~ 
06127/02 ---
---

06/27/02 

06/27/02 

4102/0.2_ 

4/02/02 
06/27/02 

06127102 

4/02/02 

06/27/02 

06/27/02 

06/27/02 

06127/02 

06iWci2 
06/27/02 

4/02/02 

07i97 
4/02/02 

06iWci2 
06127/02 

06/27/02 

06/27/02 

06127/02 ---• 



• 

Chemical Chromc/ Oral RID Oral RID 
of Potential Subchromc Value Units 

Concern 

--------_ ... _---- --- --

Notes 

• 
TABLE 7-8 

NON-CANCER TOXICITY DATA - ORAL/DERMAL 
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Oral to Dermal Adlusted Units Primary 
Adjustment Factor Dermal Target 

(1) RID (2) Organ 

-- -- --- --

Dellnltlons 

Combined 
Uncertainty/ModifYing 

Factors 

1 - U S EPA, 2001 Risk Assessment GUidance for Superfund (Part E, Supplemental GUidance Jor 
Dermal Risk Assessment) Intenm EPN540/Rl99/005 

CNS = Central nervous system 
CVS = Cardiovascular system 
Immune = Immunological 2 - RlDdermal = RlDoral x Oral to Dermal Adjustment Factor 

3 - Dates of IRIS, HEAST, or NCEA GS = GastrOintestinal 
NA = Not applicable 
IRIS = Integrated Risk Information System 
HEAST = Health Effects Assessment Summary Tables 
NCEA = U S EPA National Center for EnVironmental Assessment 

(U S EPA Region 3 RBC Table, April 2, 2002) 

• 

Sources of RID' Dates of RID: 
Target Organ Target Organ (3) 

(MM/DDNY) 



Chemical Chromc/ Value 
of Potential Subchromc Inhalation 

Concern RfC 
DloxIn/Furans 
2,3,7,B-TCDD Equivalents NA NA 

Volatile Orgamc Compounds 
Acetone NA NA 
Bromomethane ChroniC 50E-03 

Methylene Chloride ChroniC 30E+00 
1,1,2,2-Tetrachloroethane NA NA 

Trlchloroethene ChroniC NA 

1,1,2-Trichloroethane NA NA 
l,l-Dlchloroethene NA NA 

Cls-l,2-Dlchloroethene NA NA 
Tetrachloroethene ChroniC NA 

Trans-1,2-Dlchloroethene NA NA 
Vinyl ChlOride ChroniC 10E-Ol 

Semlvolatlle Orgamc Compounds 
Acetophenone ChroniC NA 

Benzo(a)pyrene NA NA 

Benzo(b)fluoranthene NA NA 

Bls(2-ethylhexyl)phthalate NA NA 
Pentachlorophenol NA NA 
Energetics 
2,4-Dlnltrotoluene NA NA 

2.4,6-Trinitrotoluene NA NA 
2-Amlno-4,6-Dlnltrotoluene NA NA 
4-Amlno-2,6-Dlnltrotoluene NA NA 

HMX NA NA 

RDX NA NA 

Inorgamcs 
Aluminum ChroniC NA 

Antlmon~ NA NA 

Arsenic NA NA 

Barium ChroniC NA 

Beryllium ChroniC 20E-05 

Cadmium NA NA 

Chromium VI ChroniC 10E-04 

Cobalt NA NA 

Copper NA NA 

Iron NA NA 

Manganese ChroniC 50E-05 

Nickel NA NA 

Thallium NA NA 

Zinc NA NA 
Miscellaneous Parameters 

Nrtrate 1 NA 1 NA 

• 

TABLE 7-9 

NON-CANCER TOXICITY DATA -INHALATION 
SWMU 03 - OLD JEEP TRAIUUTILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Umts Adlusted Umts Primary 

Inhalation Target 
RID (1) Oraan 

NA I NA T NA r NA 

NA NA NA NA 
mg/m 14E-03 mglka/day Respiratory tract 
mg/m B 6E-Ol maika/day Liver 

NA NA NA NA 
NA 10E-02 mg/kg/day liver 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA 14E-Ol maika/day liver 

NA NA NA NA 
mg/m 2 BE-02 mCilkaiday liver 

NA 57E-06 malkg/day None Reported 
NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA 10E-03 mglkQ/day NA 
NA NA NA NA 
NA NA NA NA 
NA 14E-04 malkg/day NA 

mg/m 57E-06 mg/kiiiday GS 
NA 57E-05 mq/kQldav NA 

mg/m 29E-05 mQlka/day Respiratory tract 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

mg/m 14E-05 mOikaldav NeuoroloOical 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

I NA I NA I NA--1.- NA 

• 

Combined Sources of Dates (2) ! 

Uncertainty/ModifYing RfC.RID. (MMIDDIYY) 
Factors Target Organ 

NA I NA I NA 

NA NA NA 
100/1 IRIS 06/27/02 
100 HEAST 7/97 
NA NA NA 
NA NCEA 04/212002 
NA NA NA 
NA NA NA 
NA NA NA I 

NA NCEA 04/02102 

NA NA NA 
30/1 IRIS 06/27/02 

NA IRIS 06/27/02 

NA NA NA 

NA NA NA 

NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA NCEA 04/02102 

NA NA NA 

NA NA NA 

NA HEAST ALT 7/97 

30/1 IRIS 06/27/02 

NA NCEA 04/02102 

90/1 IRIS 06/27/02 

NA NA NA 

NA NA NA 

NA NA NA 

1/1 IRIS 06/27/02 

NA NA NA 

NA NA NA 

NA NA NA 

I NA I NA I NA 

• 



• 

Notes 

Chemical 
01 Potential 

Concern 

1 Provide equation used for denvatlOn In text 

Chromc/ 
Subchromc 

2 For IRIS values, provide the date IRIS was searched 
For HEAST values, provide the date of HEAST 
For NCEA values, provide the date ollhe article provided by NCEA 

• 
TABLE 7-9 

NON-CANCER TOXICITY DATA - INHALATION 
SWMU 03 - OLD JEEP TRAIULITILE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F2 

Adjusted 
Inhalation 

RID (1) 

Umts 

DefinitIOns 
Nt A = Not applicable 

Primary 
Target 
Organ 

CBD = Chromc beryllium disease 
CNS = Central nervous system 
GS = Gastrointestinal 
IRIS = Integrated Risk Information System 

Combined 
Uncertainty/ModifYing 

Factors 

HEAST = Health Effects Assessment Summary Tables 

• 
Dates (2) 

(MM/DDIYY) 



Chemical Oral 

of Potential Cancer Slope Factor 

Concern 

DioxinlFurans 

2,3,7,8-TCDD EqUivalents 15E+05 

Volatile Organic Compounds 

Acetone NA 

Bromomethane NA 

Methylene Chlonde 75E-03 

1,1,2,2-Tetrachloroethane 20E-01 

T nchloroethene 40E-01 

l,l,2-Tnchloroethane 57E-02 

1 ,l-Dlchloroethene 60E-01 

Os-l ,2-Dlchloroethene NA 

Tetrachloroethene 52E-02 

Trans-1,2-Dlchloroethene NA 

Vinyl Chlonde 72E-01 

Semivolatile Organic Compounds 

Acetophenone NA 

Benzo(a)pyrene 73E+OO 

Benzo(b)fluoranthene 73E-01 

Bls(2-ethylhexyl)phthalate 14E-02 

Pentachlorophenol 12E-01 

Energetics 

2,4-Dlnltrotoluene NA 

2,4,6-Trinitrotoluene 30E-02 

2-Amlno-4,6-Dlnltrotoluene NA 

4-Amlno-2,6-Dlnltrotoluene NA 

HMX NA 

RDX 11E-01 
-- ----

• 

TABLE 7-10 

CANCER TOXICITY DATA - ORAUDERMAL 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Oral to Dermal Adjusted Dermal Units Weight of EVldencel 

AdJustment Cancer Slope Factor Cancer Guideline 

Factor (1) (2) Descriphon 

1 15E+05 (mg/kg/dayr' B2 

NA NA NA D 

NA NA NA D 

1 75E-03 (mg/kg/day) , B2 

1 20E-01 (mg/kg/dayr' C 

1 40E-01 (mg/kg/dayr' NA 

1 57E-02 (mg/kg/day) , C 

1 60E-01 (mg/kg/dayr' C 

NA NA NA D 

1 52E-02 (mg/kg/dayr' NA 

NA NA NA NA 

1 72E-01 (mg/kg/dayr' A 

NA NA NA D 

1 73E+00 (mg/kg/day) , B2 

1 73E-01 (mg/kg/dayr' B2 

1 14E-02 (mg/kg/dayr' B2 

1 12E-01 (mg/kg/dayr' B2 

NA NA NA NA 

1 30E-02 (mg/kg/dayr' C 

NA NA NA NA 

NA NA NA NA 

NA NA NA D 

1 11E-01 (mg/kg/~aYr' C 
--

• 

Source Date (3) 

(MM/DDNY) 

HEAST 7/97 

IRIS 06/27/02 

IRIS 06/27/02 

IRIS 06/27/02 

IRIS 06/27/02 

NCEA 04/02102 

IRIS 06/27/02 

IRIS 06/27/02 

IRIS 06/27/02 

NCEA 04/02102 

NA NA 

IRIS 06/27/02 

IRIS 06/27/02 

IRIS 06/27/02 

EPA 07/93 

IRIS 06/27/02 

IRIS 06127102 

NA NA 

IRIS 06127102 

NCEA 04/02102 

NCEA 04/02102 

IRIS 06/27/02 

-~ 06/27/02 

• 



• 

Chemical Oral 

of Potential Cancer Slope Factor 

Concern 

Inorganics 

Aluminum NA 

Antimony NA 

Arsenic 15E+00 

Banum NA 

Beryllium NA 

Cadmium NA 

Chromium VI NA 

Cobalt NA 

Copper NA 

Iron NA 

Manganese NA 

Nickel NA 

Thallium NA 

Zinc NA 

Miscellaneous Parameters 

Nitrate NA 

Notes 

• 
TABLE 7·10 

CANCER TOXICITY DATA· ORAUDERMAL 
SWMU 03 • OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF2 

Oral to Dermal Adlusted Dermal Units Weight of EVldencel 

Adjustment Cancer Slope Factor Cancer Guideline 

Factor (1) (2) Description 

NA NA NA NA 

NA NA NA NA 

1 15E+00 (mg/kg-day) -1 A 

NA NA NA 0 

NA NA NA B1 

NA NA NA B1 

NA NA NA A 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA 0 

NA NA NA NA 

NA NA NA 0 

NA NA NA 0 

NA NA NA NA 

EPA Group 

A - Human carcinogen 

Source 

NA 

NA 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

NA 

NA 

NA 

IRIS 

NA 

IRIS 

IRIS 

NA 

1 - U S EPA, 2001 Risk Assessment GUidance for Superfund (Part E, 

Supplemental GUidance for Dermal Risk Assessment) Intenm 

E P Al540/R/99/005 

B1 - Probable human carcinogen - indicates that limited human data are available 

B2 - Probable human carcinogen - indicates suffiCient eVidence In animals and 

2 - CSFdermal = CSForal/Oral to Dermal Adjustment Factor 

3 - Dates of IRIS, HEAST, or NCEA 

Oellnltlons 

IRIS = Integrated Risk Information System 

HEAST = Health Effects Assessment Summary Tables 

NA = Not Available 
NCEA = U S EPA National Center for EnVironmental Assessment 

(U S EPA Region 3 RBC Table, Apnl 2, 2002) 

Inadequate or no eVidence In humans 

C - POSSible human carcinogen 

o - Not claSSifiable as a human carcinogen 

E - EVidence of noncarclnogenlclty 

EPA = U S EPA, ProvIsional GUidance for Quantitative Risk Assessment of Polycyclic Aromalic Hydrocarbons, July, 1993, EPAl600/R-93/0B9 

• 

Date (3) 

(MM/DDNY) 

NA 

NA 

06127/02 

06/27/02 

06/27/02 

06/27/02 

06/27/02 

NA I 

NA 

NA 

06/27/02 

NA 

06/27/02 

06/27/02 

NA 



ChemIcal Unit RIsk 
of PotentIal 

Concern 
DloxlnlFurans 

2,3,7,8-TCDD EqUIvalents NA 
Volable Organic Compounds 
Acetone NA 
Bromomethane NA 

Methylene Chloride NA 

1,1,2,2-Tetrachloroethane NA 

Trlchloroethene NA 

1,1,2-Trichloroethane NA 

1,l-Dlchloroethene NA 
Cls-l,2-Dlchloroethene NA 

Tetrachloroethene NA 
Trans-l,2-Dlchloroethene NA 

VInyl Chlonde 44E-03 

Semivolable Organic C<>,mpounds 
Acetophenone NA 

Benzo(a)pyrene NA 

Benzo(b)fluoranthene NA 

Bls(2-ethylhexyl)phthalate NA 
Pentachlorophenol NA 
EnergetIcs -
2,4-Dlnotrotoluene NA 
2,4,6-TrinItrotoluene NA 
2-Amlno-4,6-Dlnotrotoluene NA 
4-Amlno-2,6-Dlnltrotoluene NA 
HMX NA 

RDX NA 
Inorganlcs 
AlumInum NA 

AntImony NA 

ArsenIC 43E+00 
Barium NA 

Beryllium 24E+00 

CadmIum 18E+00 

ChromIum VI 12E+Ol 
Cobalt NA 

Copper NA 

Iron NA 
Manganese NA 

• 

TABLE 7-11 

CANCER TOXICITY DATA -INHALATION 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

Units Adlustment InhalatIon Cancer Units 
Slope Factor 

NA NA 15E+05 (mglkg-day) -, 

NA NA NA NA 
NA NA NA NA 

NA NA 165E-03 (mglkg-day) -, 

NA NA 20E-Ol (mg/kg-day) -, 

NA NA 40E-Ol (mglkg-day) -, 

NA NA 56E-02 (mglkg-day) -, 

NA NA 175E-Ol (mg/kg-day) -, 

NA NA NA NA 

NA NA 10E-02 (mglkg-day) -, 

NA NA NA NA 

(mglm') 1 35 15E-02 (mglkg-day) -, 

NA NA NA NA 

NA NA 31E+00 (mg/kg-day) -, 

NA NA NA NA 

NA NA 14E-02 (mglkg-day) -, 

NA NA NA NA 
- ---- - ------

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 

(mglm') -, 35 15E+Ol (mglkg-day) -, 

NA NA NA NA 

(mglm') -, 35 84E+00 (mglkg-day) -, 

(mglm') -, 35 63E+00 (mg/kg-day) -, 

(mglm') -, 35 42E+Ol (mglkg-day) -, 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

• 

WeIght of Evidence! Source Date (1) 
Cancer GUIdeline (MM/DDIVY) 

DescriptIon 

B2 IRIS 06/27/02 

NA NA NA 
NA NA NA 

B2 IRIS 06/27/02 

C IRIS 06127/02 

NA NCEA 4/02/02 

C IRIS 06/27/02 

C IRIS 06127/02 
D IRIS 06/27/02 

NA NCEA 04/02/02 
NA NA NA 

A IRIS 06/27/02 

NA NA NA I 
B2 NCEA 04/02/02 I 
NA NA NA I 

NA NCEA 04/02/02 
NA NA NA I -- ------

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

A IRIS 06/27/02 
NA NA NA 

Bl IRIS 06/27/02 

Bl IRIS 06/27/02 

A IRIS 06127/02 
NA NA NA 

NA NA NA 
NA NA NA 
D IRIS 06/27/02 

• 



• 
Chemical Unit Risk 

of Potential 
Concern 

Nickel 

Thallium 

ZInc 

Miscellaneous Parameters 
Nltrale I 

Notes 
1 For IRIS values, the date IRIS was searched 

For HEAST values, the date of HEAST 
Definitions 
IRIS = Integrated Risk Information System 
HEAST = Health Effects Assessment Summary Tables 
NA = Not AVailable 

NA 

NA 

NA 

NA 

NCEA = U S EPA National Center for EnVIronmental Assessment 
(U S EPA Region 3 RBC Table, Apnl 2, 2002) 

• 
TABLE 7-11 

CANCER TOXICITY DATA -INHALATION 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Units Adlustment Inhalation Cancer Units 
Slope Factor 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA I NA I NA T NA 

EPA Group 
A - Human carcinogen 

Weight of EVidence! 
Cancer GUldelme 

Description 
NA 

NA 

NA 

I NA I 

B1 - Probable human carcinogen - Indicates that limited human data are available 
B2 - Probable human carcinogen - Indicates sufficient eVidence In animals and 

Inadequate or no eVidence In humans ,I 
C - POSSible human carcinogen 
D - Not classifiable as a human carcinogen 
E - EVidence of noncarclnogenlclty 

• 
Source Date (1) 

I 

(MM/DDIYY) 

NA NA 

NA NA 

NA NA 

NA I NA 



Receptor Media 

Surface SOil 

Surface Water 
Adolescent Trespasser 

Sediment 

Total All Media (Study Area) 
------

Off-Site Child Resident 
Surface Water 

Off-Site Adult Resident 
Surface Water 

Off-Site Lifelong (Child and Surface Water 
Adult) Resident 

Surface SOIl / Subsu-rface 
SOil 

Construction Worker 
Ground Water 

Total All Media (Study AreClj 

Surface SOil 

Maintenance Worker ISurface Water 

Sediment 

• 

TABLE 7-12 
CUMULATIVE RISKS SUMMARY - REASONABLE MAXIMUM EXPOSURES 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 1 OF 3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10-5 and:!': 10-4 

Incidental Ingestion 4E-08 -- --
Dermal Contact lE-08 -- --

Total Surface SOil 5E-08 -- --

Incidental Ingestion 4E-07 -- --
Dermal Contact 5E-08 -- I --

Total Surface Water 4E-07 -- I --

Incidental Inqestlon -- -- --
Dermal Contact -- -- --
Total Sediment -- -- --

5E-07 

RDX 

RDX 

Incidental InqestlOn SE-08 -- --
Dermal Contact 7E-09 -- --

Total All SOIl 7E-08 -- --

Dermal Contact 3E-07 -- --
Inhalallon(2) 3E-08 -- --

Total Groundwater 3E-07 -- --
4E-07 

- -----

Incidental Incestlon 5E-08 -- --
Dermal Contact 2E-08 -- --

Total SOil 7E-08 -- --

I Dermal Contact I 4E-08 I -- I -- I 
I Incidental Inaestlon I -- I -- I --
I Dermal Contact I -- I -- I -- I 
I Total Sediment I -- I -- I -- I 

• 

Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and:!': 10-5 (HI) HI> 1 
-- 002 --
-- 0002 --
-- 002 --

-- 002 --
-- 0001 I --
-- I 002 I --

-- o OOS --
-- 00004 --
-- OOOS --

004 

RDX 

RDX 

RDX 

RDX 

-- 0.3 --
-- 001 --
-- 0.3 --

-- 01 --
-- 00005 --
-- 01 --

05 

-- 0.01 --
-- 0.001 --
-- 0.01 --

-- I 0.0005 I --

-- 0.003 I --
-- 0.0002 --
-- 0.003 I --

• 



• 
Receptor Media 

Total All Media (Study Area) 

Surface SOil 

Occupallonal Worker Ground Water 

Total All Media (Study Area) 

Surface SOIl 

Groundwater 

Child Recreational User 

Surface Water 

Sediment 

Total All Media (Study Area) 

• 
TABLE 7-12 

CUMULATIVE RISKS SUMMARY - REASONABLE MAXIMUM EXPOSURES 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE INDIANA 

PAGE 2 OF 3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10.5 and ~ 10-4 
lE-07 

I Incidental Ingestion I 6E-07 I .- I --
I Dermal Contact I 2E-07 I -- I --

Total Surface SOil 7E-07 -- --

1,1,2,2-Tetrachloroethane, 
Ingesllon lE-04 --

Trlchloroethene, RDX 

Dermal Contact 4E-06 -- --

Total Ground Water lE-04 -- 1,1,2,2-Tetrachloroethane, 
Trlchloroethene, RDX 

lE-04 

I Incidental Ingesllon I lE-07 I -- I --
Dermal Contact 4E-08 -- I --

Total Surface SOIl I 2E-07 I -- I --

Ingestion 3E-05 -- Trlchloroethene 

Dermal Contact 9E-07 -- --
Total Groundwater 3E-05 -- Trlchloroethene 

Ingestion lE-06 -- --
Dermal Contact lE-07 -- I --

Total Surface Water lE-06 -- I --

Incidental Inqestlon -- -- --
Dermal Contact -- -- --
Total Sediment -- -- --

3E-05 

• 
Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and ~ 10.5 (HI) HI> 1 
0.02 

I -- I 01 I --
I -- I 0.01 I --

-- 01 --
I 

Vlnly Chloride 20 Trlchloroethene 

Trlchloroethene 007 --

VlOly Chloride 2 Trlchloroethene 

2 

I -- 01 --
-- 001 --

I -- I 01 I --

1,1,2,2-Tetrachloroethane, 
2 Trlchloroethene 

RDX 
-- 007 --

1,1,2,2-Tetrachloroethane, 
2 Trlchloroethene 

RDX 

RDX I 0.09 --
-- I 0008 --

I RDX I 01 --

-- 003 --
-- 0002 --
- - 003 --

2 



ReceDtor Media 

Surface SOil 

Groundwater 

Adult Recreational User 

Surface Water 

Sediment 

Total All Media (Study Area) 

Surface SOil 

Groundwater 

Lifelong Recreational User 
(Child and Adult) 

Surface Water 

Sediment 

Total All Media (Study Area) 

NE = Exposure route not evaluated_ 
Chemical-specific risks are presented In Appendix G_ 

• 

TABLE 7-12 
CUMULATIVE RISKS SUMMARY - REASONABLE MAXIMUM EXPOSURES 

SWMU 03 - OLD JEEP TRAILJLlTTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 3 OF 3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10-5 and S 10-4 
- -

Incldentallnqestlon 6E-08 -- --
Dermal Contact 4E-08 -- --

Total Surface Soil 9E-08 -- --

Ingeslion 2E-05 -- Trlchloroethene 

Dermal Contact 2E-06 -- --
Total Groundwater 2E-05 -- Trlchloroethen~ 

Ingestion 2E-07 -- --
Dermal Contact 3E-07 -- --

Total Surface Water 5E-07 -- --

Incidental Inqestlon -- -- --
I Dermal Contact -- -- I --
I Total Sediment -- -- I --

2E-05 

Incidental Inqeslion 2E-07 -- --
Dermal Contact 8E-08 -- --

Total Surface SOIl 3E-07 -- --

Ingestion 5E-05 
1,1,2,2-Tetrachloroethane, --

T rlchloroethene 

Dermal Contact 3E-06 -- --

Total Groundwater 5E-05 -- 1,1,2,2-Tetrachloroethane, 
Trlchloroethene 

Ingestion 1E-06 -- --
Dermal Contact 5E-07 -- --

Total Surface Water 2E-06 -- --

Incldentalln~estlon -- -- --
Dermal Contact -- -- --
Total Sediment -- -- --

---
_ 5E-05_ '------- - -

• 

Chemicals with 1 Hazard 1 J Cancer Risks Index Chemicals with 
> 10-6 and S 10-5 (HI) HI> 1 

-- 001 --
-- 0003 --
-- 001 --

1,1,2,2-Tetrachloroethane, 
04 

RDX --
Trlchloroethene 004 --

1,1,2,2-Tetrachloroethane, 
04 --

RDX 

-- 0_004 --
-- 0005 --
-- 0009 --

-- 0003 --
I -- 00005 --
I -- 0004 --

05 
--

-- NE --
-- NE --
-- NE --

RDX NE --

T rlchloroethene NE --

RDX NE --

RDX NE --
-- NE --

RDX NE I --

-- NE --
-- NE --
-- NE --

-- ----- ---
NE '------ -

• 



• 
Receptor Media 

Surface Soli 

Surface Water 
Adolescent Trespasser 

Sediment 

Total All Media (Study Areal 

Off-Site Child Resident Surface Water 

Off-Site Adult Resident 
Surface Water 

I~ff-Slte Lifelong (Child and 
Adult) Resident 

ISUrface Water 

Surface Soli I Subsurface 
Soli 

Construction Worker 
Ground Water 

Total All Media (Study Area) 

I 
I 

• TABLE 7-13 
CUMULATIVE RISK SUMMARY - CENTRAL TENDANCY EXPOSURE 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE INDIANA 
PAGE 1 OF 4 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10.5 and ~ 10-4 
Incidental Ingestion lE-08 -- --

Dermal Contact lE-09 -- --
Total Surface SOil lE-08 -- --

Incldentallngesllon 9E-08 I -- --
Dermal Contact 2E-08 I -- --

Total Surface Water lE-07 -- --

Incidental Ingestion -- -- --
Dermal Contact -- -- --
Total Sediment -- -- I --

lE-07 

Inaestlon I 2E-06 I I 
Dermal Contact I 1 E-08 I I 

I Total Surface Water I 2E-06 I I 

Incldentallngesllon 3E-08 -- --
Dermal Contact 2E-09 -- --

Total All Soli 3E-08 -- --

Dermal Contact 2E-07 -- --
Inhalatlon(2) 3E-08 -- --

Total Groundwater 2E-07 -- --
3E-07 

• 
Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and ~ 10.5 (Hil HI> 1 
-- 0005 --
-- 0 --
-- 0005 --

I -- 000 --
I -- 00004 --

-- 0004 --

-- 0001 --
I -- 000004 --
I -- 0001 --

001 

RDX 

RDX 

I RDX I NE I 
I I NE I 
I RDX .1 NE J 

-- 02 --
-- 0.004 --
-- 0.2 --

-- 0.2 --
-- 00004 --
-- 0.2 --

0.4 



Receptor Media 

Surface Soli 

Maintenance Worker ISUrface Water I 

Sediment 

Total All Mecli? (Study AI"~a) 

Surface SOil 
I 

Occupational Worker 
Ground Water 

Total All Media (Study Area) 

• 

TABLE 7-13 
CUMULATIVE RISK SUMMARY - CENTRAL TENDANCY EXPOSURE 

SWMU 03 - OLD JEEP TRAIL/UTTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 2 OF 4 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10-5 and ~ 10-4 

Incldentallnqesllon 5E-09 -- --
Dermal Contact 3E-10 -- --

Total SOIl 5E-09 -- --

Dermal Contact I 6E-09 I -- I --

Incidental Ingestion -- -- --
Dermal Contact -- -- --
Total Sediment -- -- --

-- -- 1E:OJL -- -- --

Incldentallngesllon 9E-08 -- --
Dermal Contact I 6E-09 -- --

Total Surface SOil I 9E-08 -- --

Ingestion 4E-05 -- Trlchloroethene 

Dermal Contact 1E-06 -- --
Total Ground Water 4E-05 -- Trlchloroethene 

4E-05 
-- -- ---

• 

Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and ~ 10-5 (HI) HI> 1 
--------

-- 0_003 --
-- 0_00006 --
-- 0003 --

I -- I 00002 I --

I -- 00008 --

I -- 000001 --
-- 0_0008 --

- -- --
O_OO~ --_.-

-- 0_05 --
-- 0001 --
-- 0_05 --

I 

1,1,2,2-Tetrachloroethane, 
2 Trlchloroethene 

RDX 
-- 0_05 - -

1,1,2,2-Tetrachloroethane, 
2 Trlchloroethene 

RDX 

-- --- --~ ---

• 



• 
Receptor Media 

Surface SOIl 

Ground Water 

Child RecreatIonal User 

Surface Water 

SedIment 

Total All MedIa (Studv Area) 

Surface Soli 

Ground Water 

Adult RecreatIonal User 
Surface Water 

SedIment 

Total All MedIa (Study Area) 

• TABLE 7-13 
CUMULATIVE RISK SUMMARY - CENTRAL TENDANCY EXPOSURE 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE INDIANA 
PAGE 3 OF 4 

ChemIcals with I Chemicals with 
Exposure I Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10-5 and ~ 10-4 

IncldentallnCiestlon I lE-08 -- --
Dermal Contact I lE-09 I -- --

Total Surface SOIl lE-08 -- --

IngestIon 4E-06 --

Dermal Contact lE-07 -- --

Total Groundwater 4E-06 --

InCiestlon I lE-07T -- --
Dermal Contact I 2E-08 I -- - -

Total Surface Water I lE-07 I -- --

IncIdental Inaestlon -- -- --
Dermal Contact -- -- --
Total SedIment -- -- --

5E-06 

IncIdental IngestIon 4E-09 -- I --
Dermal Contact 7E-l0 I -- - -

I Total Surface Soli I 5E-09 I -- I --

InCiestlon 3E-06 -- --
Dermal Contact 3E-07 -- --

Total Groundwater 3E-06 -- --

Inaestlon I lE-08 -- --
Dermal Contact I 3E-08 -- I --

Total Surface Water I 5E-08 -- I --

IncIdental IngestIon -- -- - -
Dermal Contact -- -- --
Total SedIment -- -- --

4E-06 

• 
Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and ~ 10-5 (HI) HI> 1 

-- 003 I --
-- 0001 --
-- 003 

1,1,2,2-Tetrachloroethane, 
Tnchloroethene 

1 --

-- 003 --
1,1,2,2-Tetrachloroethane, 

T nchloroethene 
1 --

-- 0.02 --
I -- 0003 I --
I -- I 002 I --

-- 0.0008 --
-- 00002 --
-- 0_001 --

1 

I -- I 0_003 I --
-- I 00002 I --
-- I 0003 I -- j 

I 

Tnchloroethene 02 -- , 

-- 0.02 --
-- 0.2 --
-- 0001 I --

I -- 0002 I --
I -- I 0003 I --

-- 00009 --
-- 000003 --
-- 00009 --

02 



Receptor Media 

Surface SOil 

Ground Water 

Lifelong Recreational User 
(Child and Adult) 

Surface Water 

Sediment 

Total All Media (Study AreaL 

Notes: 
NE = Exposure route not evaluated 
Chemical-specific risks are presented In Appendix G 

• 

TABLE 7-13 
CUMULATIVE RISK SUMMARY - CENTRAL TENDANCY EXPOSURE 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 4 OF 4 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10-4 > 10-5 and:!> 10-4 
Incidental Ingestion 2E-OB -- --

Dermal Contact 2E-09 -- --
Total Surface SOil 2E-OB -- --

Ingestion 8E-06 -- --

Dermal Contact 4E-07 -- --

Total Groundwater BE-06 -- --

Inqestlon 1E-07 -- --
Dermal Contact 5E-08 -- --

Total Surface Water 2E-07 -- --

Incidental Ingestion -- -- I --
Dermal Contact -- -- --
Total Sediment -- -- --

--- --- _!3S-~ L.- ____ -- --

• 

Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10-6 and:!> 10-5 (HI) HI> 1 
-- NE --
-- NE --
-- NE --

1,1,2,2-Tetrachloroethane, 
NE --Tnchloroethene 

-- NE --
1,1,2,2-Tetrachloroethane, 

NE --Tnchloroethene 

-- NE --
-- NE --
-- NE --

I -- NE --
I -- NE --

-- NE --
- - -- '--- NI:_ -_.-

• 



• 
Rec8J)tor 

On-Site Child Resident 

• TABL.E 7-14 

CUMUL.ATIVE RISK SUMMARY - REASONABL.E MAXIMUM EXPOSURES 
FUTURE ON-SITE RESIDENTS 

Media 

Surface Soil 
(1-Acre Exposure Unit) 

Exposure 
Route 

SWMU 03 - OL.D JEEP TRAILJL.ITIL.E SUL.PHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 1 OF 3 

Chemicals with Chemicals with 
Cancer Cancer Risks Cancer Risks 

Risk > 10-4 > 10.5 and:s: 10-4 

InCidental Ingestion SE-OS -- 2,4,6-Trinitrotoluene, RDX 

Dermal Contact 2E-OS -- RDX 

Total Surface Soli 1E-04 2,4,6-Trinitrotoluene, RDX 

Surface Soil Incidental Ingestion 2E-06 -- --
(6-Acre Exposure Unit) Dermal Contact 2E-07 -- --

Total Surface Soil 2E-06 -- --

Ingestion 3E-04 Trichloroethene 
1,1,2,2-Tetrachloroehane, 

RDX 

Ground Water Dermal Contact 1E-OS -- --

Inhalation 7E-05 -- 1,1,2,2-Tetrachloroethane, 
Trichloroethene 

Total Groundwater 3E-04 Trlchloroethene 
1,1,2,2-Tetrachloroehane, 

RDX 

Ingestion 6E-OS -- RDX 
Surface Water 

Dermal Contact 2E-07 -- --
Inhalation -- -- --

Total Surface Water 6E-OS -- RDX 

Sediment I Incidental Ingestion I -- -- I -- I 
I Dermal Contact -- -- I -- I 
I Total Sediment J -- L -- l -- J 

ITotial All Media (1-Acre EU & Surface Waterj(1) I 2E-04 I 
ITotal All Media (6-Acre EU & Surface Waterj(1) I 6E-OS I 
ITotal All Media (1-Acre EU & Ground Waterj(') I SE-04 I 
Total All Media (6-Acre EU & Ground Water)(2) 3E-04 

Chemicals with 
Cancer Risks 

> 10-e and:s: 10.5 

2,3,7,S-TCDD Equivalents 

246-Trlnotrotoluene 

2,3,7,S-TCDD Equivalents 

2,3,7,S-TCDD Equivalents 

--
23 7,S-TCDD EqUivalents 

1,1-Dichloroethene, 
Vinyl Chloride 

1,1,2,2-
Tetrachloroethane, 

Trichloroethene 

--
1,1-Dlchloroethene, 

Vin~ Chlonde 

--
--
--
--

--
--
--

• 
Hazard 
Index Chemicals with 

I 
I 

(HI) HI> 1 

19 2,4,6-Trfnltrotoluene, RDX 

S 246-Tnnitrotoluene 

24 2,4,6-Trfnltrotoluene, RDX 

1 --
0.7 -. 
2 --

20 Trichloroethene 

0.9 --

0.2 --

21 
Trichloroethene, 

4-Amino-2 6-Dinltrotoluene 

9 
2-Amlno-4,6-Dinltrotoluene, 

4-Amino-2 6-dinltrotoluene RDX 
0.04 --

0 --
9 

2-Amino-4,6-Dlnltrotoluene, 
4-Amino-2 6-dinitrotoluene RDX 

I 0.03 I --
I 0.002 I --
I 0.03 L --

I 33 I 
I 11 I 
I 4S I 

23 



Receptor 

On-Site Adult Resident 

• 

Media 
Surface SOil 
(l-Acre Exposure Unit) 

Surface Soil 
(6-Acre Exposure Unit) 

TABLE 7·14 

CUMULATIVE RISK SUMMARY· REASONABLE MAXIMUM EXPOSURES 
FUTURE ON·SITE RESIDENTS 

SWMU 03· OLD JEEP TRAILJLITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE20F3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Route Risk > 10'" > 1005 and:S 10'" 
Incidental Ingestion 4E-OS -- RDX 

Dermal Contact 1E-OS _. RDX 
Total Surface SOil SE-OS -- RDX 24 a-Trinitrotoluene 

I Incidental Inaestlon I 7E·07 I -- --
I Dermal Contact I 2E-07 I .- --
J Total Surface Soil I 9E-07 I -- --

Ingestion 3E-04 Trichloroethene 
1,1,2,2-Tetrachloroethane, 

RDX 

Chemicals with Hazard 
Cancer Risks Index 

> 1005 and:S 1005 (HI) 
246-Trinitrotoluene 2 
24 a-Trinitrotoluene 0.8 

-- 3 

-- J 0.2 I 
-- I 0.01 I 
-- I 02 I 

l,l-Dichloroethene, 
8 

Vlnvl Chloride 

Ground Water Dermal Contact 3E·OS -. Trichloroethene 1 1 22-Tetrachloroethane O.S 

Inhalation 6E-OS _. 1,1,2,2-Tetrachloroethane, -- 0.04 
Trichloroethene 

Total Groundwater 4E-04 Trichloroethane 1,1,2,2· Tetrachloroethane, l,l-Dlchloroethene, 
6 RDX Vinvl Chloride 

( 

Inaestlon 7E-OS -- RDX -- 3 
Surface Water Dermal Contact 4E-07 -- -- -- 0.02 

Inhalation -- -- -- -- 0 
Total Surface Water 7E-OS -- RDX -- 3 

Sediment I Incidental Inaestion I -- I -- I -- I -- I 0.003 I 
I Dermal Contact I . - I -- I -- I .- 10.00031 

Total Sediment I -- -- I -- I -. 0.004 I 

ITotal All Media !1-Acre EU & Surface Water}(') 11E-04 I I 5 I 
ITotal All Media !6-Acre EU & Surface Water}(') I 7E-05 I I 3 I 

ITotal All Media (1-Acre EU & Ground Water}(2) I 4E-04 I I 9 I 
Totlill All Media (6-Acre EU & Ground Water)(2) 4E-04 7 

• 

Chemicals with 
HI> 1 

246-Trlnitrotoluene 

--
246-Trinltrotoluene 

------
Trichloroethene 

-. 
--

Trichloroethene 

4-Amlnno-2 6-Dlnitrotoluene 

---. 
4-Aminno·2 6-Dlnltrotoluene 

--
--
--

• 



• • TABL.E 7-14 

CUMUL.ATIVE RISK SUMMARY - REASONABL.E MAXIMUM EXPOSURES 
FUTURE ON-SITE RESIDENTS 

Exposure 
Receptor Media Route 

SWMU 03 - OL.D JEEP TRAlL.lL.ITTL.E SUL.PHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE30F3 

Chemicals with Chemicals with 
Cancer Cancer Risks Cancer Risks 

Risk > 10-4 > 10-s and S10-4 

Chemicals with 
Cancer Risks 

> 10-e and S 10-6 

Surface SOil Incidental Ingestion 1E-04 -- 2 4 6-Trinitrotoluene RDX --
(1-Acre Exposure Unit) Dermal Contact 4E-OS 

Total Surface SOil 2E-04 

Surface SOil InCidental I~estion J 2E-OS 
(S-Acre Exposure Unit) I Dermal Contact I 4E-07 I 

I Total Surface Soil 1 3E-OS 1 

Ingestion SE-04 
Ground Water 

Dermal Contact 4E-05 
Inhalation 1E-04 

Total Groundwater 7E-04 

On-Site lifelong Resident 
(Child and Adult) 

Surface Water I Ingestion I 1E-04 I 
I Dermal Contact 1 SE-07 I 
1 Total Surface Water 1E-04 1 

Sediment I InCidental Ingestion I -- I 
1 Dermal Contact -- 1 

, J Total Sediment -- J 

ITotal All Media {l-Acre EU & Surface Waterl(') I 3E-04 I 
ITotal All Media {6-Acre EU & Surface Watert) I lE-04 I 
ITotal All Media {l-Acre EU & Ground Waterl(2) I 9Eo04 I 

ITotal All Media (6-Acre EU & Ground Water)(2) I 7E-04 I 

Notes: 
1 - Assumes that surface water IS used as a drinking water source, 
2 - Assumes that ground water IS used a a drinking water source, 
EU = Exposure Unit. 
NA = Not applicable, 
Chemical-specific risks are presented In Appendix G, 

-- RDX 2 4 6-Trinitrotoluene 
RDX 24 S-Trlnltrotoluene 237 a-TCDD Equivalents 

-- 1 -- 1237 a-TCDD Eouivalentsl 

-- -- I -- J 
-- 1 -- 1237 a-TCDD Equivalentsl 

1,1,2,2- 1,1,2-Trichloroethane, 
Tetrachloroethane, RDX 1,1,-Dichloroethene, 

Trichloroethene Vinyl Chloride 
-- Trichloroethene 1 1,2 2-Trichloroethane 

Trlchloroethene 1 1 22-Tnchloroethane --
1,1,2,2- 1,1,2-Tnchloroethane, 

Tetrachloroethane, RDX 1,1,-Dlchloroethene, 
Trichloroethene Vinyl Chlonde 

RDX L -- J --
-- I -- I -- J 

RDX 1 -- -- 1 

-- I -- l -- 1 
-- 1 -- -- I 
-- 1 -- --

I 
I 
I 

• 
Hazard 
Index Chemicals with 
(HI) HI> 1 
NE --
NE --
NE 

NE 1 --
NE J --
NE I 

NE -- I 

NE --
NE --
NE 

I 

NE 1 --
NEl --
NE 1 

NE --
NE I --
NE 1 

NE I 
NE I 
NE I 
NE 

~-



- Receptor 

On·Slte Child Resident 

• 

TABLE 7-1S 

CUMULATIVE RISK SUMMARY - CENTRAL TEN DANCY EXPOSURES. 
FUTURE ON-SITE RESIDENTS 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE'INDIANA 
PAGE 1 OF 3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Media Route Risk > 10'" > 10-5 and S 10'" 

Surface Soil Incidental Ingestion 9E-OS -. · -
(1·Acre Exposure Unit) 

. 
Dermal Contact 1E-OS .. · -

Total Surface Soli 1E·OS · . .. 

Surface SOil Incidental Ingestion 2E·07 .. .. 
(S·Acre Exposure Unit) Dermal Contact 1E·08 .. -. 

Total Surface SOil 2E·07 · . .. 

Ingestion 3E·OS .. Tnchloroethene 

Ground Water 
Dermal Contact 2E·OS .. .. 

Inhalation 9E·OS .. · . 

Total Groundwater 4E·05 · . Tnchloroethene 

Inqestion 6E·06 .. . .. 
Surface Water Dermal Contact 3E·08 .. .. 

Inhalation .. .. .. 
Total Surface Water SE·06 .. .. 

Sediment 
Incidental Ingestion · . .. · . 

Dermal Contact · - .. · . 
Total Sediment · - · . · . 

T:otal All Media (1-Acre EU & Surface Water)(1) 2E-oS 

Total All Media (S-Acre EU & Surface Water)(1) SE-oS 

Total All Media (1-Acre EU & Ground Water)(2) SE-oS 

Total All Media (S-Acre EU & Ground Water)(2) I 4E-oS I 

• 

Chemicals with Ha~ard 

Cancer Risks Index 
> 10~ and S 10.6 (HI) 

2.4,S-Tr'inltrotoluene, RDX S 

.. 0.7 

2.4,S· Trinitrotoluene, RDX 7 

.. 0.5 

.. 0.Q1 

.. 0.5 

1,1,2,2' Tetrachloroehane, 
S 

RDX 
Trichloroethene 0.5 

1,1,2,2· Tetrachloroethane, 
O.OS 

Trichloroethene 

1,1,2,2· Tetrachloroehane, 
7 

RDX 

RDX 3 
.. 0.02 
'. 0.02 

RDX 3 

.. 0.008 

.. 0.0002 

. . 0.008 

10 

3 

13 

L_J 

Chemicals with 
HI> 1 

2.4,S·Trinitrotoluene 

. . 
2,4,S' Trinitrotoluene 

.. 
-. 
.. 

Trichloroethene 

. . 

.. 

Trlchloroethene 

4·Amlno·2 6·dinitrotoluene 
. . 
. . 

4·Amlno·2 S·dlnilrotoluene 

.. 

.. 

.. 
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Receptor 

On,Slte Adult Resident 

• TABLE 7·15 

CUMULA nVE RISK SUMMARY· CENTRAL TENDANCY EXPOSURES 
FUTURE ON·SITE RESIDENTS 

SWMU 03 • OLD JEEP TRAIL/LITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE INDIANA 
PAGE 2 OF3 

Chemicals with Chemicals with 
Exposure Cancer Cancer Risks Cancer Risks 

Media Route Risk > 10"" > 10.5 and S 10"" Surface Soil Incldentallnoestion 4E·06 . . .. 
(1·Acre Exposure Unit) Dermal Contact 4E·07 .. · . 

Total Surface Soil 4E·06 .. · . 
Surface Soil Incidental InoestlOn I 7E·OB " 1 · . (6·Acre Exposure Unit) Dermal Contact I 4E·09 .. .. 

Total Surface Soil I BE·OB I .. I · . 

Ingestion 4E·OS .. 1,1,2,2· Tetrachloroethane, 
Trichloroethene 

Ground Water Dermal Contact 4E·06 .. · . 

Inhalation 7E·06 .. .. 

Total Groundwater SE·OS 1,1,2,2· Tetrachloroethane, ., 
Trichloroethene 

Ingestion 9E·06 .. · . Surface Water Dermal Contact 6E·OB .. · . 
Inhalatlon(2) . . .. · . 

Total Surface Water 9E·06 . , ., 

Sediment I Incidental Ingesllon I " I .. I · . 
J Dermal Contact I .. I ., I · . 
I Total Sediment I .. I .. .. 

I 

ITotal All Media (1·Acre EU & Surface Watert) I 1E-05 I 
ITotal All Media (6·Acre EU & Surface Waterl(1) I 9E-oS I 
ITotal All Media !1·Acre EU & Ground Waterj<2) I 6E-oS I 
Total All Media (S·Acre EU & Ground Water)(2) SE·05 

I 

I 
I 
I 

• 
Chemicals with Hazard 
Cancer Risks Index Chemicals with 

' > 10-6 and S 10.5 (HI) HI> 1 
RDX 0.7 .. .. 0.07 . . 
RDX O.B .. 

.. 0.05 I .. 

.. 0.001 . . 

.. 0.05 I .. 

RDX 3 Trlchloroethene 

1,1,2,2· Tetrachloroethane, 
0.3 .. Trichloroethene 

I 

1,1,2,2·Tetrachloroethane, I 

Trichloroethene 
0,01 .. 

I 

RDX 3 Trichloroethene 
I 

I 

RDX 1 .. .. 0.01 .. .. 0.003 .. 
RDX 1 .. 
.. 0.0009 " .. 0.00002 . . 
" 0.0009 .. 

I 2 I 
I 1 I 
I 4 I 

3 



TABLE 7·15 

CUMULATIVE RISK SUMMARY· CENTRAL TEN DANCY EXPOSURES 
FUTURE ON·SITE RESIDENTS 

SWMU 03 • OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

Exposure Cancer 
Receptor Media Route Risk 

Surface Soil Incidental Inoestion 1E·05 
(1·Acre Exposure Unit) Dermal Contact 1E·06 

Total Surface SOil 1E·05 

Surface Soil I Incidentallnoestlon I 3E·07 
(6·Acre Exposure Unit) I Dermal Contact I 2E·08 

I Total Surface SOil 3E·07 

Ingestion 7E·05 

Ground Water 
Dermal Contact 7E·06 

Inhalation 2E·05 

Total Groundwater 9E·05 
On·Site lifelong Resident 
(Child and Adult) 

Surface Water 
Ingestion 1E·05 

Dermal Contact 9E·08 
Total Surface Water 1E·05 

Incldentallnoestlon . . 
Sediment 

Dermal Contact . . 
Total Sediment .. 

ITotal All Media p·Acre EU & Surface Waterl(l) I 3E·()S I 

Total All Media (6·Acre EU & Surface Water)(I) 
I 

ITotal All Media !1·Acre EU & Ground Waterl(2) 

ITotal All Media (6·Acre EU & Ground Water)(2) 

Notes: 
1 • Assumes that surface water IS used as a drinking water source. 
2 • Assumes that ground water IS used a a drinking water source. 
EU = Exposure unit. 
NA = Not applicable. 
Chemical·speclfic risks are presented in Appendix G . 

• 

1E-05 

I 1E·04 I 
L9E-05~ 

CRANE INDIANA 
PAGE 3 OF 3 

Chemicals with Chemicals with 
Cancer Risks Cancer Risks 

> 10.4 > 10.6 and S 10"" 
· . .. .. .. 
· . RDX 

· . .. 
· . · . 
· . · . 

1 ,1 ,2,2· Tetrachloroethane, .. 
Trichloroethene 

.. .. 

· . Trichloroethene 

1,1,2,2· Tetrachloroethane, .. 
Trlchloroethene 

· . RDX 
.. · . 
.. RDX 

· . · . 
.. · . 
.. · . 

----.--~- .. 

• 

I 
I 
I 

Chemicals with Hazard 
Cancer Risks Index Chemicals with 

> 10"' and S 10.6 (HI) HI> 1 
246·Trinitrotoluene RDX NE .. 

RDX NE · . 
246·Trlnitrotoluene NE · . 

· . NE .. 
· . NE I · . 
· . NE · . 

RDX NE .. 

1,1 ,2,2· Trichloroethane, 
Trichloroethene 

NE · . 
1 1 22·Trlchloroethane NE .. 

I 
RDX NE · . , 

.. NE .. 
· . NE .. 
· . NE .. 
. . NE .. , 

.. NE .. 
· . NE .. 

I NE I 

NE 

I NE I 
I 

I I NE I 

/ 

• 



• 

Chemical of Concern(1) 
SURFACE SOIL 

2,3,7,8-TCDD Equivalents 

2,4,6-Tnnltrotoluene 

RDX 

- Lead 

GROUND WATER 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1 ,1-Dichloroethene 

• 
TABLE 7·16 

SUMMARY OF CONCLUSIONS 
SWMU 03 • OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Impact on Human Receotors Comments 

On-Site Child Resident ILCR = 1 E-06 (6-acre EU) 
Total nsks for sOil are less than 1 E-04 for all receptors. 

Lifelong Resident ILCR = 2E-06 (6-acre EU) 
On-Site Child Resident ILCR = 1 E-06 (1-acre EU) 
Lifelong Resident ILCR - 2E-06 (1-acre EU) 

On-Site Child Resident HI = 19 (1-acre EU) 
2,4,6-Tnnltrotoluene only exceeded the screening cntena at locations 

On-Site Child Resident ILCR = 2E-05 (1-acre EU) 
On-Site Adult Resident HI = 2 (1-acre EU) 

03SS22 and 03SS24. 

On-Site Adult Resident ILCR = 1 E-05 (1-acre EU) 
Lifelong Resident ILCR - 4E-05 (1-acre EU) 

• 

On-Site Child Resident ILCR = 8E-05 (1-acre EU) RDX only exceeded the screening cntena at locations 03SS19, 03SS22, 
On-Site Child Resident HI = 3 (1-acre EU) and 03SS24. 
On-Site Adult Resident ILCR = 4E-05 (1-acre EU) 
Lifelong Resident ILCR - 1 E-04 (1-acre EU) 
Future On-site residents -More than 5% of 

Concentrations of lead In surface sOil only excceded the OSWER 
children are predicted to have blood lead levels 
qreater than 10 ug/dL 

screening level of 400 mg/kg at location 03SS24. 

Occupational Worker ILCR 3E-05 
Child Recreational User ILCR = 7E-06 
Adult Recreational User ILCR = 6E-06 All nsks for groundwater are based on hypothetical future use as a 
Lifelong Recreational User ILCR = 1 E-05 
On-Site Child Resident ILCR = 9E-05 

domestic water supply. Groundwater IS not currently used at the site. 

On-Site Adult Resident ILCR = 1 E-04 
1, 1-Dlchloroethene was only detected in 1 of 15 samples. The detected 

On-Site LlfelonQ Resident ILCR - 2E-04 
concentration of 1, 1-dlchloroethene was less than the U.S. EPA MCL 

On-Site Llfelono Resident ILCR - 1 E-06 
and IDEM defau.lt closure level. Vinyl chlonde was only detected In 1 of 

On-Site Child Resident ILCR = 1 E-06 
15 samples. 

On-Site Adult Resident ILCR = 1 E-06 
On-Site Llfelono Resident ILCR - 3E-06 



Chemical of Concern(1) 

TABLE 7-16 

SUMMARYOFCONCLU~ONS 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF3 

Impact on Human Receptors Comments 
GROUND WATER (Continued) 

Occupational Worker HO = 2 
Occupational Worker ICLR = 7E-05 
Child Recreational User HO = 2 
Child Recreational User ILCR = 2E-05 
Adult Recreational User ILCR = 2E-05 

Trlchloroethene Lifelong Recreational User ILCR = 3E-05 All risks for groundwater are based on hypothetical future use as a 
On-Site Child Resident HQ = 17 domestic water supply Groundwater IS not currently used at the site. 
On-Site Child Resident ILCR = 2E-04 1, 1-Dlchloroethene was only detected In 1 of 15 samples The detected 
On-Site Adult Resident HQ = 5 concentration of 1, 1-dlchloroethene was less than the U S. EPA MCL 
On-Site Adult Resident ILCR = 3E-04 and IDEM default closure level. Vinyl chlOride was only detected In 1 of 
On-Site Llfelonq Resident ILCR = 5E-04 15 samples. 
Occupational Worker ILCR = 1 E-06 

Vinyl ChlOride 
On-Site Child Resident ILCR = 2E-6 
On-Site Adult ReSident ILCR = 3E-06 
On-Site Lifelong ReSident ILCR = 5E-06 

4-Amlno-2,6-dlnltrotoluene On-Site Child ReSident HO = 2 
Occupational Worker ILCR = 1 E-05 
Child Recreational User ILCR = 2E-06 
Adult Recreational User ILCR = 2E-06 

RDX 
Lifelong Recreational User ILCR = 5E-06 All risks for groundwater are based on hypothetical future use as a 
On-Site Child ReSident HO = 0.9 domestic water supply. Groundwater is not currently used at the site. 
On-Site Child ReSident ILCR = 2E-05 : 
On-Site Adult ReSident ILCR = 3E-05 I' • I 

On-Site Lifelong ReSident ILCR = 5E-05 ., , 

• • • 



• • • 

Chemical of Concern(l) 
SURFACE WATER 

2-AmIn0-4,6-dlnltrotoluene 

4-AmIn0-2,6-dlnltrotoluene 

RDX 

HQ = Hazard Quotient. 

TABLE 7-16 

SUMMARY OF CONCLUSIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Impact on Human Receptors Comments 

On-Site Child Resident HQ = 2 Risks for on-site residents are based on hypothetical future use of 
On-Site Adult Resident HQ = 0.7 surface water as a domestic water supply. Only surface water samples 
On-Site Child Resident HQ = 5 collected down stream of Spring C were used In the analysIs. There IS 
On-Site Adult Resident HQ = 1 year-around ground water-to-surface water flow at Springs A, B, and C. 
Off-Site Child Resident ILCR = 9E-06 Elevated His for future on-site residents uSing surface water as a 
Off-Site Adult Resident ILCR = 1 E-05 domestic water supply are mainly associated with samples from location 
Off-Site Lifelong Resident ILCR = 2E-05 SWSD17. 
Child Recreational User ILCR = 1 E-06 
Lifelong Recreational User ILCR = 1 E-06 Risks for future recreational users are assume that recreational users 
On-Site Child Resident HQ = 2 have incidental contact with surface water while vIsiting the site. All 
On-Site Adult Resident HQ = 0.6 surface water samples were used to estimate risks for recreational users 
On-Site Child Resident ILCR = 6E-05 
On-Site Adult Resident ILCR = 7E-05 Surface water samples collected at the southern boundary of the site 
On-Site lifelong Resident ILCR = 1 E-04 1(03SWSD19) were used to evaluate domestic water use by current/future 

ILCR = Incremental Lifetime Cancer Risk 
1 - Any carcinogenic chemical with an ILCR greater than 1.0E-6 or a noncarcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1.0. 

I 

I 
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FIGURE 7·1 

EVALUATION FOR INORGANICS 

KEY 
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COPC - CHEMICAL OF POTENTIAL CONCERN 
CSF - CANCER SLOPE FACTOR 
CSM - CONCEPTUAL SITE MODEL 
HI - HAZARD INDEX 
ILCR - INCREMENTAL LIFETIME CANCER RISK 
RID - REFERENCE DOSE 

SUMMARY OF HUMAN HEALTH RISK ASSESSMENT PROCESS 
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PRIMARY 
SOURCE 

Surface and!or subsurface 
sOils associated with the 

Jeep Trail and Ammunition 
Burning Ground Sites(8) 

~ 

f-+ 
-+ 

PRIMARY 
RELEASE 

MECHANISM 

Dust and!or 
Volatile 

Emissions 

Infiltration! 
Percolation 
of Leachate 

SECONDARY 
SOURCE 

Soil "1 

l 
I Ground Water 

1 
-1 Surface water1 

SECONDARY 
RELEASE 

MECHANISM 

Infiltration! 
Percolation to 
Ground Water 

.1 

EXPOSURE 
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Direct 
Contact 

Air 

Direct Contact 

i 

Direct 
Contact 

1 

Y Surface Water ~ 
Runoff ! 

LEGEND 
• = Complete exposure pathway. 

A blank space indicates that the exposure 
route IS not complete for thiS receptor. 

-1 
KEY 

(1 ) 

Sediment 
I 
J L 

Potential receptor under current and future land use 
Access to the site IS not limited once inSide the facility. 

Direct 
Contact 

(2) Off-base residents currently exist downgradlent of the Old Jeep Trail 
and Little Sulphur Creek. 

(3) 

(4) 

Potential receptor under future land use. A short-term 
project (e.g, utility installation may occur. 
Maintenance workers are not currently assigned to the 
Old Jeep Trail or little Sulphur Creek. 
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(5) Plausible future receptor. However, the Old Jeep Trail IS 
not likely to be developed. 

I I • 

(6) Potential receptor under future land use. Based could close and be turned 
Into a state park 

(7) Evaluated for risk management decision making purposes only. 

I 

(8) Construction workers are evaluated for exposures to surface!subsurface soil. 
All other receptors are only evaluated for exposure to surface soil. 

FIGURE 7-2 
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8.0 ECOLOGICAL RISK ASSESSMENT 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: 8 
Page 1 of 80 

The goal of the SERA is to evaluate the potential for adverse ecological impacts of site-related 
contamination. This SERA is used to determine the need for further investigation and/or remedial action 
at SWMU 03, NSWC Crane. 

8.1 INTRODUCTION 

The SERA methodology used at NSWC Crane IS In accordance with the following guidance documents: 

• Department of Navy Environmental Policy Memorandum 97-04: Use of Ecological Risk Assessments' 
(May 16, 1997). 

• Chief of Naval Operations Letter 5090 Ser N453E/9U 59 5335 (Apnl 5, 1999). 
• Navy Policy for Conducting Ecological Risk Assessment (DON, 1999). 
• Final Guidelines for Ecological Risk Assessment (U.S. EPA, 1998b). 
• Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 

Ecological Risk Assessments (U.S. EPA, 1997b) . 

This ERA consists of Steps 1, 2, and 3a of the eight steps required by U.S. EPA guidance (U.S. EPA, 
1997b and 1998a) and the ,Navy Policy for Conducting Ecological Risk Assessments (DON, 1999). The 
first two steps are a screening level risk assessment. Step 3a IS the first step of the BERA and consists of 
refining the list of COPCs that were retained following Steps 1 and 2. Steps 3b through 7 are conducted 
if additional evaluations or Investigations are necessary, which was not the case for SWMU 03. Finally, 
Step 8, Risk Management, is Incorporated throughout the ERA process, In cooperation with the Region 5 
Biological Technical ASSistance Group (BTAG). 

A schematiC diagram of the general nsk assessment process IS prOVided in Figure 8-1. 

8.2 PROBLEM FORMULATION 

Problem formulation IS the first step of a SERA. It results In three products (U.S EPA, 1998b): 

• Assessment endpoints that adequately reflect management goals and the ecosystems they 
represent. 

060208/P 8-1 CTO 0159 



NSWCCrane 
RFI 

RevIsion· 0 
Date: January 2005 

Page 2 of 80 
Section: 8 • 

• Conceptual models that describe the key relationships between a stressor and assessment endpoint 

or among several stressors and assessment endpoints. 

• An analysis plan. 

Problem formulation includes identification of the following: 

• Ecosystems potentially at risk 

• Source and stressor characteristics 

• Exposure characteristics 

• Ecological effects 

The problem formulation process enables the risk assessor to Identify the ecological resources to be 

protected (known as assessment endpoints); the measurements that will be used to evaluate risks to 

those resources (known as measures of effects); and the chemicals, geographic areas, and 

environmental media relevant to the risk assessment. 

, 8.2.1 Site Description 

The OJT consists of a portion of a narrow, forested stream valley centered on LSC. Most terrestrial areas 

within the site support deciduous forest vegetation In varying stages of natural succession. Aquatic 

habitats within the site consist of the surface waters and sediments of LSC. Terrestrial and aquatic 

habitats In areas surrounding the ABG, including the OJT, were characterized In detail In August and 

September 1995 as part of an ERA completed In February 1999 (TtNUS, 1999). The follOWing site 

description is based on information in that ERA. 

Terrestrial Habitats: The most frequent tree species at SWMU 03 are mockernut hickory (Carya 

tomentosa) , shagbark hickory (Carya ovata) , sugar maple (Acer saccharum), tulip poplar (Uriodendron 

tuliplfera) , sassafras (Sassafras albidum) , red oak (Quercus rubra) , white oak (Quercus alba), and 

American beech (Fagus grandlfolia). Common understory plants Include flowenng dogwood (Comus 

flof/da) and sugar maple. Various tree seedlings, clubmosses, grasses, rushes, and forbs occur as 

groundcover at the site. 

The forested habitats on and surrounding the OJT support numerous bird species. A total of 25 bird 

species were obseNed In the area of the ABG dunng the 1995 biological sUNey. Commonly obseNed 

species Included Wild turkey (Meleagns galopava) , whippoorwill (Capnmulgus voctferus) , common crow 
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(Corvus brachyrhynchos) , common flicker (Colaptes a uratus) , American gold finch (Spinus tristis) , 

chipping sparrow (Splzel/a passerina), and blue jay (Cyanocitta cngtata). 

An effort to trap and identify small and intermediate size mammals conducted in the VIcinity of the ABG 

between August 24, 1995 and August 26, 1995 resulted in the capture of only opossums (Didelphis 

virginiana) and raccoons (Procyon lotof). Wildlife signs observed during the survey included white-tailed 

deer (Odocoi/eus virgmianus) , coyote (Canis latrans) , gray fox (Urocyon cinereoargenteus) or red fox 

(Vulpes vulpes), and squirrel (various species possible). The authors of the survey noted that the noise, 

smoke, and other human activity at the ABG, as well as predation, may have reduced the diversity of 

wildlife in the surrounding area. A greater diversity of terrestrial Wildlife might occur in portions of the OJT 

more distant from the ABG. 

The terrestrial and aquatic habitats at SWMU 03 provide potential habitat for a number of reptile and 

amphibian species. However, many reptiles and amphibians are difficult to observe. Direct observations 

of reptiles and amphibians in the VIcinity of the ABG dUring the 1995 biological survey were limited to the 

American toad (Buto americanus americanus), striped chorus frog (Pseudacris trisenata) , bullfrog (Rana 

catesbelana) , Eastern garter snake (Thamnophls sirtalis sirtalis) , and Eastern box turtle (Terrapene 

carolma). 

Aquatic Habitats: The chanoel of LSC has a riffle-and-pool structure, and standing water is limited to 

pooled areas dUring low-flow conditions, such as during the 1995 biological survey. The 1995 survey 

included identification of fish and benthic macroinvertebrates In pools near two springs that flow into the 

creek. Spring A IS located In the southern (most downstream) portion of SWMU 03. The water depth in 

\ the pool near Spring A was 6% feet at the time of the 1995 survey. Spring C is located approximately 

2,500 feet upstream of Spring A. The water level In the Spring C pool was 1112 feet dUring the survey. 

The LSC channel upstream of Spring C IS generally dry except after rain events, resulting In the absence 

of permanent aquatic communities In most portions of the creek within SWMU 03. 

Fish were captured for Identification uSing an electroflshlng backpack unit. In the pool near Spring A, the 

bluntnose minnow (Plmenthales notatus) was abundant, the gizzard shad (Dorosoma cepedlanum) and 

creek chub (Semotllls atromaculatus) were common, and the largemouth bass (Mlcropterus salmoides) 

was uncommon. In the Spring C pool, the gizzard shad, sllveqaw minnow (Encymba buccata) , and 

bluntnose minnow (Plmenthales notatus) were common and the ribbon shiner (Notropus tumeus) and 

blacknose dace (Rhimchthys atratulus) were uncommon . 
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Benthic macroinvertebrates were collected using a D-frame kick net and preserved using 70-percent 

isopropanol. At the Spring A pool, 71 individuals in seven taxa were observed. The EPT Index was 

calculated to be 0.429, which is indicative of a relatively unpolluted stream. At the Spring C pool, 81 

individuals in eight taxa were observed. The EPT Index was 0.375, indicative of a relatively unpolluted 

stream. For a riffle in LSC adjoining the Spring C pool, 40 individuals in four taxa were observed, and the 

EPT Index was 0.500, which is also indicative of a relatively unpolluted stream. 

The waterbodies at SMWU 03 discharge directly to Little Sulphur Creek. 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). 

Threatened and Endangered Species: The Endangered Species Management Plan for NSWC Crane 

lists the federal and state threatened and endangered species and species of special concern potentially 

present at NSWC Crane. The Indiana bat and bald eagle are the only federally threatened or 

endangered species at NSWC Crane. Although the Indiana bat may be present at SWMU 03, the bald 

eagle is not likely present at SWMU 03 due to a lack of vast expanses of open water (i.e., the preferred 

hunting habitat for the Bald Eagle). In addition, a number of state endangered and federal and state 

species of concern have been listed. These species and their status have been discussed In Section 

1.3.7. 

LSC flows southward for about two miles before It enters Sulphur Creek. Sulphur Creek discharges off­

site to the East Fork of the White River. River otters, a state endqngered 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 (IDNR, 2000). Also, the East Fork of the White River is the site for an 
\ 

ongoing study of lake sturgeon) popUlations, another state endangered species (IDNR, 2000). Finally, 

spotted darters, a state endangered species, has been found In the East Fork of the White River (IDNR, 

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. 

060208/P 8-4 CTO 0159 

• 

• 

• 



• 

• 

• 

8.2.2 Potential Sources of Contamination and Associated Exposure Pathways 

NSWCCrane 
RFI 

Revision' 0 
Date: January 2005 

Section 8 
Page 5 of 80 

Because the OJT/LSC site was identified as an area potentially warranting further Investigation (TtNUS, 
1999), surface soil samples were col/ected from terrestnal habitats on the site, and sediment and surface 
water samples were collected from aquatic habitats within the channel of LSC. The samples were 
analyzed for VOCs, SVOCs, energetics, pesticides, PCBs, herbicides, and Inorganlcs. Soil samples were 
also analyzed for dioxins. Analytical results for the samples are presented in Section 4.0, while the 
nature and extent of contamination IS discussed in Section 5.0. 

Chemicals released from materials dumped In terrestrial areas of the OJT can initially contaminate 
surface soils. Natural precipitation can then cause the chemical contaminants to leach downward into the 
subsurface soils and ground water. Discharge of the ground water to LSC can result in the contamination 
of surface water and sediment Inhabited by aquatic receptors. Precipitation stnklng the soil surface can 
also dislodge contaminated surface sOil and carry It suspended in the runoff into LSC. Because LSC 
originates up-gradient of the ABG as well as the OJT, It may also carry contamination that onglnated at 
the ABG that is not related to the OJT . 

Terrestrial ecological receptors such as plants, sOil invertebrates, mammals, birds, reptiles, and 
amphibians can be exposed to contaminated surface sOil, through direct contact. Mammals, birds, 
reptiles, and amphibians can also ingest contaminated surface sOil, and can ingest food items in which 
contaminants have accumulated. Some terrestrial receptors such as burrowing mammals or deep-rooted 
trees could be exposed to shallow layers of contaminated subsurface sOils or to shallow ground water, 
but most terrestrial receptors are not substantially exposed to subsurface soils or to ground water that has 
not discharged to surface water. After ground wate'r IS discharged via seeps, spnngs, or stream baseflow, 
terrestrial receptors can ingest or be directly exposed to the contaminated water. 

AquatiC ecological receptors such as fish and benthiC macrolnvertebrates can be exposed to chemical 
contamination through direct contact and ingestion of contaminated surface water or sediment. Fish and 
piscivorous (fish-eating) wildlife can also feed on other aquatic biota that have accumulated chemical 
contaminants from the surface water and sediment. 

8.2.3 Physical and Chemical Characteristics 

Chemicals detected In surface water, sediment, and surface sOil samples Include diOXins (in soil samples 
only), YOCs, SVOCs, energetics, pesticides, PCBs, herbicides, and Inorganics. Physical and chemical 
charactenstlcs of chemical contaminants affect their mobility, transport, and bioavarlabillty In the 
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environment. These characteristics include the organic carbon-water partition coefficient, octanol-water 

partition coefficient, and vapor pressure. Section 6.0 discusses these factors as they relate to the fate 

and transport of chemicals detected at the site. Appendix H.1 presents toxicity data for detected chemical 

constituents. 

8.2.4 Potential Exposure Pathways 

The potential pathways by which ecological receptors may be exposed to COPCs at SWMU 03 were 

identified, along with the individual receptor species that could be adversely affected by these chemicals. 

The potential sources of contamination were caused by various activities that have occurred at the site. 

Chemical contaminants released to soils at the site may have migrated to other media (i.e., ground water, 

surface water, and sediment). The following subsections discuss the applicable exposure pathways at 

SWMU 03. 

8.2.4.1 Surface Soil 

Several groups of terrestrial ecological receptors can be exposed to contaminants in 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 trans locate to different parts of the 

plants (e.g., leaves, seeds). These pathways are evaluated in the SERA. 

Small mammals may be exposed to contaminants In 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 Indirectly exposed to sOIl 

contaminants by ingesting small mammals that have accumulated contaminants from soil. These 

pathways were not quantitatively evaluated in the SERA for reasons discussed In Section 8.2.5.1. 
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Ecological receptors are not directly exposed to contaminants in the ground water at the site. Exposure 

to ground water after discharging as a seep or directly to a surface water body represents a complete 

exposure pathway and was evaluated as part of the surface water pathway. 

8.2.4.3 Surface Water/Sediment 

As mentioned above, contaminants in ground water may discharge as a seep that flows into surface 

water or may discharge directly Into a surface water body. Contaminants In sOil may also enter LSC via 

overland flow. 

The only aquatic habitat at the site is LSC, which supports benthic macroinvertebrates and small fish in 

some areas (primarily downstream of Spnng C). These receptors could be exposed to chemical 

contamination by direct contact with, and Ingestion of, contaminated surface water or sediments in the 

creek's channel. Piscivorous wildlife may consume fish that have accumulated chemicals from the 

surface water and sediment, and bats may consume insects after they emerge from the water. This 

pathway is complete for LSC. Since the creek IS normally dry upstream of Spring C, consumption of fish 

and invertebrates by piscivorous wildlife IS essentially nonexistent Within a large portion of SWMU 03. 

Nevertheless, this exposure pathway was evaluated to address potential Impacts farther downstream 

should migration of contaminants occur. 

8.2.4.4 Air 

Although inhalation of particulates by mammals and birds may be a complete pathway, it is expected to 

be Insignificant compared to other pathways such as Ingestion of food Items that have bloaccumulated 

contaminants from soil. Also, inhalation pathways tYPically are not evaluated In SERAs because of the 

uncertainty inherent in estimating exposure levels and toxicological effects. Therefore, the air inhalation 

pathway was not evaluated In this SERA. 

8.2.5 Endpoints 

8.2.5.1 Assessment Endpoints 

Assessment endpoints are explicit expressions of the environmental value that IS to be protected (U.S. 

EPA, 1997b). 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. 
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The habitat at and adjacent to the site 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 birds and mammals 

• Insectivorous birds and mammals 

• Piscivorous birds and mammals 

• Benthic invertebrates 

• Fish and other aquatic organisms 

The following paragraphs discuss why the assessment endpoints listed above were selected for this 

SERA. 

Soil Invertebrates - Soil invertebrates include earthworms, the juvenile life stages of many insects, and 

other small organisms that directly inhabit the surface soil. These organisms are expected to be present 

in the sOil In terrestrial habitats at the site. - Soil invertebrates promote plant growth by aiding In the 

formation of soil and through redistribution and decomposition of organic matter. SOil invertebrates also 

serve as a food source for many mammals and birds. Contaminants can bioaccumulate from the soil into 

the tissues of soil Invertebrates used as a food source by mammals and birds. 

Terrestrial Vegetation - Terrestrial vegetation at the site consists of herbs (grasses, rushes, forbs, ferns, 

and other non-woody plants), shrubs, woody vines, and trees. These plants serve as a food source and 

provide shade and cover for many organisms, and they help prevent soil erosion and excessive surface 

runoff. Plants can also bloaccumulate some chemical contaminants from the sOil, which can then be 

transferred to organisms that feed on plant tissue. 

Herbivorous Birds and Mammals - Herbivorous birds and mammals (animals that consume only plant 

tissue) forage at the site. 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. 
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Carnivorous Birds and Mammals - Carnivorous birds and mammals consume invertebrates, fish, 

mammals, birds, r'eptlles, and amphibians. The term "carnivorous", in this sense, Includes insectivorous, 

piscivorous, and top-level carnivorous species. Insectivorous birds and mammals are present at the 

SWMU 03 site. These are considered first-level carnivores, and they serve as a food source for higher 

trophic level carnivores. PISCIVOroUS birds and mammals feed on fish and other aquatic organisms In 

LSC. (Note: the term "piscivorous", is used in the remainder of thiS report in a broad sense to describe 

birds and mammals that prey upon not only fiSh, but on a variety of aquatic and benthic organisms). 

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 the carnivores may be exposed to and 

accumulate contaminants that are present in the food items they consume. 

Benthic Invertebrates - Benthic Invertebrates are Similar to SOil invertebrates In that they serve as a food 

source for higher trophic level organisms (i.e., fish, amphibians, birds, mammals). They can also 

accumulate some contaminants that can then be transferred to the higher trophiC level organisms that 

consume Invertebrates . 

Aquatic Organisms - Fish and other aquatic organisms are present in LSC. They are exposed to 

contaminants and can accumulate contaminants from the food items they consume or from the surface 

water In which they live. 

Not all the initial assessment endpOints are evaluated in the SERA. As indicated in U.S. EPA guidance 

(U.S. EPA, 1997b), "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 nsks, which should then 

account for endpOints that Will have lower risks. 

Large carnivorous mammals and birds (e g., red fox, red-tailed hawk) were not selected as assessment 

endpOints because the greatest exposure to site contaminants IS expected to occur to small mammals 

and birds that ingest Invertebrates, fish, or plants. Additionally, the contaminated area at SWMU 03 

represents only a small percentage of these large carnivores' home ranges. Conservative data indicates 

a home range size of 150 hectar (ha) (370 acres, southern Michigan fields and wood lots) for the red­

tailed hawk and 78 ha (193 acres, Wisconsin marsh, forests, and prairies) for the red fox (U.S. EPA, 

1993e). SWMU 03 IS an approximately six-acre Site, representing only a fraction of where these large 

carnivores potentially hunt and feed, 1 6 percent for the hawk and 3.1 percent for the fox. Therefore, by 
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protecting the small mammals and birds, large carnivorous mammals and birds will also be protected. 

The uncertainties associated with not performing food-chain modeling for large carnivorous mammals at 

the site are presented in Section 8.7.1 . 

Omnivores were not selected as assessment endpoints because exposure to contaminants in plants IS 

greatest for herbivores and exposure to contaminants in animals is greatest for insectivores. Therefore, 

omnivores will be protected by protecting herbivores and insectivores. 

8.2.5.2 Measurement Endpoints 

Measurement endpoints are estimates of biological impacts (e.g., mortality, growth, 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 were 

evaluated by companng chemical concentrations in surface sOil to screening values designed to be 

protective of ecological receptors. 

• No-observed-adverse effects levels (NOAELs) for representative Wildlife species - Mortality, 

reproduction, and/or developmental effects to birds and mammals were evaluated by comparing 

estimated ingested doses of contaminants in surface water, sediment, surface sOil, plants, 

invertebrates, and/or fish to these NOAELs. 

• Sediment screening values - Mortality and other adverse effects (e.g., those on growth, feeding rates, 

behavior) of benthic macroinvertebrates were evaluated by comparing chemical concentrations in 

sediment to screening values designed to be protective of ecological receptors. 

• Surface water screenrng values - Mortality and other adverse effects (e.g., those on growth, feeding 

rates, behavior) of aquatic organrsms were evaluated by comparing chemical concentrations In 

surface water to screening values designed to be protective of ecological receptors. 

8.2.5.3 Selection of Receptor Species 

Many receptors in the sOil and aquatic environments are adequately descnbed In general categones 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 nsk 
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for such organisms. For vertebrate receptors, selection of particular species is required so that intake 

through eating and drinking can be estimated. 

Receptor identification is influenced by the contaminants, their likely mode of transport, ultimate fate, and 

toxicity. Most metals, for example, (with notable exceptions of cadmium and mercury) typically do not 

bioaccumulate. 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. For 

contaminants that bioaccumulate, such as mercury compounds and chlorinated pesticides, effects on 

upper trophic level receptors must be assessed. 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. 

Ingestion is the pnmary route of exposure for most mammals and birds. The selection of species used to 

represent the receptor groups identified in Section 8.2.5.1 was based on considerations of their preferred 

habitat, body size, sensitivity, home range, abundance, commercial or sport utilization, legal status, and 

functional role (e.g., predators). For conservativeness, representative species preferably have small 

home ranges. Species known to be sensitive to particular contaminants may be selected or toxicity 

values for those species may be used. The availability of exposure parameters such as body mass, 

feeding rate, and drinking rate may also be a factor in selecting representative species. The following 

representative species were used for the food-chain modeling, which IS discussed In Section 8.6.2: 

• HerbiVOrous mammal: meadow vole 

• HerbiVOrous bird: bobwhite quail 

• Insectivorous bird: Amencan robin 

• Insectivorous mammal: short tail shrew 

• Plscivorous mammal: raccoon 

• P,SCIVOroUS bird: belted kingfisher 

Receptor profiles for the above species are presented In Appendix H.2. 

The federally endangered Indiana bat (Myotis soda/is) IS known to occur in the Vicinity of NSWC Crane. 

This speCies, however, was not used to represent insectivorous mammals In the food-chain modeling 

because of prevIous evaluations of this species. Specifically, a study was conducted at the ABG during 

the summer of 2000 to determine concentrations of contaminants In Insects used as food Items by the 

Indiana bat (NSWC, 2001). The study consisted of collecting Insects from three locations adjacent to 
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Little Sulphur Creek immediately downstream of the ABG and analyzing the insect tissues for explosive 

compounds, total phosphorous, and metals. Chemical concentrations in the insect tissue samples were 

used to evaluate risks to the Indiana bat (using the little brown bat (Myotis lucifugus) as a surrogate 

species} through consumption of the insects. The conclusion of the risk evaluation was that potential 

risks to bats, as a result of the consumption of insects along Little Sulphur Creek are low, and a study to 

obtain base-specific background concentrations of metals in insects does not appear to be necessary 

(see Appendix J). 

In addition to the Indiana bat, and as discussed in Sections 1.3.7 and 8.2.1, the federally threatened bald 

eagle is known to occur at NSWC Crane. There are no records of any other species at NSWC that are 

federally listed as endangered or threatened. Ten species listed as endanger_ed by the Indiana 

Department of Natural Resources have been recorded at NSWC. These are the Indiana bat, bobcat, 

timber rattlesnake, bald eagle, osprey, loggerhead shnke, yellow crowned night heron, Virginia rail, king 

rail, and Henslow's sparrow (Comarco Systems Inc., 2000). No state-listed threatened species have 

been recorded at NSWC Crane. Bald eagles and ospreys are not expected to occur at SWMU 03 due to 

the absence of preferred foraging habitat (large open waters). Similarly, the Virginia rail and king r~il 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 absent from SWMU 03. The loggerhead 

shnke prefers open fields with scattered .trees, but IS occasionally found in open woodlands. Thus, use of 

the site by the loggerhead shnke would be occasional at most. Risk to the state-endangered timber 

rattlesnake is not evaluated In thiS ERA because exposure factors are not well established for this 

species, and reptile toxIcity data are sparse. 

As discussed In Section 8.2.5.1, large carnivorous mammals and birds were not selected as assessment 

endpOints because the area of SWMU 03 IS very small when compared to the home range of these 

species and because the greatest exposure to site contaminants IS expected to occur to small mammals 

and birds that Ingest invertebrates, fiSh, or plants; therefore, risks to the bobcat, and to large carnivorous 

birds such as hawks and owls, are not speCifically evaluated In thiS ERA, but are discussed In the 

uncertainty analysis presented in Section 8.7.1. 

8.2.6 Conceptual Model 

A conceptual model In problem formulation is a written description and visual representation of predicted 

relationships between ecological entitles and the stressors to which they may be exposed (U.S. EPA, 

1998b). The conceptual model consists of two primary components: predicted relationships among 

stressor, exposure, and assessment endpOint response and a diagram that Illustrates the relationships 
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(U.S. EPA, 1998b). The following risk questions describe these relationships and are evaluated as part of 
this SERA: 

• Are contaminants in surface soil at SWMU 03 causing increased mortality of plants and soil 
invertebrates? 

• Are contaminants in surface soil at SWMU 03 causing Increased mortality, decreased reproduction, 
and/or developmental effects in birds and mammals? 

• Are contaminants in surface water or sediment causing increased mortality of benthic invertebrates 
and fish or Increased mortality, decreased reproduction, and/or developmental effects in piscivorous 
wildlife? 

The primary sources of contamination at the site were identified based on past operational practices. The 
primary stressors are contaminants In the surface soil, surface water, sediment, and ground water. 
Because ecological receptors are not directly exposed to contammants in the ground water, the 
secondary stressors are contaminants in the surface water and sediment. The primary receptors for 
contaminants In the surface soli are plants and Invertebrates, and the secondary receptors are birds and 
mammals. The pnmary receptors for contaminants In surface water and sediment are fish and 
aquatic/benthic invertebrates, and the secondary receptors are birds and mammals. Figure 8-2 presents 
the conceptual site model. 

8.3 \ EXPOSURE CHARACTERIZATION AND THE SELECTION OF CONTAMINANTS OF 
POTENTIAL CONCERN 

8.3.1 Screening Levels 

The first step In the analysis phase was to select COPCs. This was done by companng the maximum 
detected contaminant concentrations In surface water, sediment, and surface sOil samples to U.S. EPA 
Region 5 EDQLs (U.S. EPA, 1999d). As indicated In U.S. EPA Region 5 (October 1999d), 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 (see Section 8.6). Section 4.0 summanzes the procedures that were used to select COPCs. If 

• a chemical was not detected In any of the samples In a particular medium and the reporting limit 
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exceeded the EDQL, the chemical was not quantitatively carried through the risk assessment as a COPC. 

However, the chemical, its reporting limit, and the EDQL were summarized in Table 3-4 and qualitatively 

discussed in the uncertainty analysIs. If a chemical was detected in at least one sample, one-half of the 

reporting limit was substituted for the non-detects to calculate summary statistics (e.g., mean 

concentrations) . 

8.3.2 Risk Characterization 

The risk characterization 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 was initially evaluated. 

An Ecological Effects Quotient (EEQ) approach was used to characterize the risk to terrestrial receptors. 

This approach characterizes the potential effects by comparing exposure concentrations with the effects 

data. The EEQs for terrestrial plants and Invertebrates were calculated as follows: 

where: 

EEQ=~ 
SSSL 

Css = Contaminant concentration in surface SOil (Ilg/kg or mg/kg) 

SSSL = Plant or Invertebrate Screening Level In Surface Soil (I-!-g/kg or mg/kg) 

The EEQs for the aquatic receptors wen~ calculated as follows: 

where: 

EEQ = Csw 

SWSL 

C 
or~ 

SSL 

Csw = Contaminant concentration In surface water (llg/L) 

Csd = Contaminant concentration In sediment (Ilg/kg or mg/kg) 

SWSL = Surface Water Screening Level (llg/L) 

SSL = Sediment Screening Level (Ilg/kg or mg/kg) 

An EEQ of greater than 1.0 was considered to indicate potential risk. Such values do not necessarily 

indicate that an effect will occur but only that a low (I.e., conservative) threshold has been exceeded. 
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The selection of ecological COPCs was presented in Section 4.3. The COPCs were Included on the tag 

maps, and the nature and extent of COPCs were discussed In Section 5.0. Therefore, only a summary of 

the chemicals that were retained as COPCs is Included in this section. 

Surface sOil, sediment, and surface water samples were collected at the site. Surface soil was collected 

from the 0 to 2 feet bgs depth interval. Surface water samples were collected under low-flow and high­

flow conditions. Due to occasional high-flow conditions of LSC, perturbation of the sediments and 

consequent mixing between shallow and deep sediments occurs. For this reason, shallow (0-6 inches) 

and deep sediment (6-12 Inches) samples were collected. Statistical comparisons to background 

concentrations are described in Sections 3.4.2 (surface soil), 3.4.4 (surface water), and 3.4.5 (sediment). 

Table 4-25 lists those chemicals retained as COPCs following the ecological screening. 

8.4.1 Surface Soil 

Table 4-20 IS the screening table for chemicals detected in the surface soil samples. Eight individual 

dioxins, two SVOCs, one energetic compound, and nine inorganic chemicals were retained as COPCs 

because they were detected at concentrations statistically exceeding site background (for Inorganics) and 

exceeding corresponding EDQLs. Additionally, SIX total dioxins along with the bird and mammal TEQs, 

six energetic compounds, and one inorganic chemical were retained as COPCs because they were 

detected at concentrations statistically exceeding site background (for the inorganics) and/or 

corresponding EDQL values were not available. 

8.4.2 Sediment 

Table 4-21 IS the screening table for chemicals detected In the shallow sediment layer in LSC. Three 

SVOCs, one energetic compound, one pesticide, one herbicide, and four Inorganic chemicals were 

retained as COPCs because they were detected at concentrations statistically exceeding upstream 

background concentrations (for morganlcs) and exceeding corresponding EDQLs. Three energetic 

compounds and five inorganic chemicals were retained as COPCs because they were detected at 

concentrations statistically exceeding upstream background concentrations (for the inorganlcs) and/or 

correspondmg EDQL values were not available. 

Table 4-22 IS the screening table for chemicals detected in the deeper sediment layers In LSC. One 

SVOC, 1 herbicide, and 4 inorganic chemicals were retained as COPCs because they were detected at 

concentrations statistically exceeding upstream background concentrations (for morganics) and 
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exceeding corresponding EDQLs. Additionally, 5 energetic compounds and 4 inorganic chemicals were 

retained as COPCs because they were detected at concentrations statistically exceeding upstream 

background concentrations (for the inorganics) and corresponding EDQL values were not available. 

8.4.3 Surface Water 

Table 4-23 is the surface water screening table for LSC under low-flow conditions. One inorganic 

chemical in unfiltered samples was retained as a COPC because it was detected at a concentration 

statistically exceeding the upstream background concentration and exceeding the corresponding EDQL. 

One VOC, five energetic compounds, and one inorganic chemical in filtered samples were retained as 

COPCs because they were detected at concentrations statistically exceeding upstream background 

concentrations (for the inorganics) and/or corresponding EDQL values were not available. 

Table 4-24 IS the surface water screening table for LSC IS under high-flow conditions. One SVOC and 

four inorganic chemicals In unfiltered samples and two inorganlcs in filtered samples were retained as 

COPCs because they were detected at concentratl9ns statistically exceeding upstream background 

concentrations (for inorganics) and exceeding corresponding EDQLs. Five energetic compounds and 

one herbicide were retained as COPCs because they were detected and/or corresponding EDQL values 

were not available. 

8.5 SCIENTIFIC/MANAGEMENT DECISION POINT 

The SERA Includes the estimation of exposure levels and screening for ecological nsks. The SERA is 

concluded by a SCientific/Management DeCISion Point (SMDP) at which point one of the following 

decisions is made (DON, 1999): 

(1) Adequate Information eXists to conclude that ecological threats at a site are negligible; no further 

~valuations of ecological nsks 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 Intenm cleanup (if cost-effective to do so) or continue to 

Step 3a. 

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 dunng thiS evaluation such as: 
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This section of the ERA describes whether or not the collected data are adequate for making ecological 
risk decisions for SWMU 03. Section 5.0 of this report contains discussion of the nature and extent of 
contamination at SWMU 03, and Fi,gures 1-3 and 1-8 show photographs and topography of the site, 
respectively. 

The ABG is designated as SWMU 03/10. The OJT area is located adjacent to it and is considered an 
extension of the ABG. The OJT IS no longer used as a treatment area; however, it is still used as an 
active vehicle route. From the ABG area, LSC runs to the southeast through the OJT area, and then 
southward to the NSWC Crane property boundary. The creek has been impacted by activities at the ABG 
and OJT. Open burning of explosives and explosive-contaminated materials took place at the ABG and 
two general areas at the Jeep Trail site. In one portion of the OJT, the Burn Area, empty bomb casings 
were burned, using black powder, to remove any explosive residues. In the second area, the Burn Pit, 
explosive-contaminated materials, including small munitions items and components, solvent­
contaminated rags, and packaging materials, were burned using wood dunnage in a pit. 

The exact size and location of the two OJT treatment areas is unknown. Reportedly open burning also 
took place along the length of the OJT. The area has not been used for munitions treatment since 1983 
and has since been re-vegetated. The ABG treatment area is essentially devoid of vegetation in order to 
minimize fire hazards during open burning treatments. The areas along LSC, within the ABG, have been 
seeded With grass to minimize erosion of soil Into LSC. The OJT site is located In a gravel-covered area 
on the western side of the gravel access road (Jeep Trail 25). The OJT and the remainder of the LSC 
valley are surrounded by wooded areas along the hillsides to the east and west, with miscellaneous 
natural ground vegetation under the tree canopy and along the creek banks. Ground surface elevations 
at the OJT range from about 550 to 800 feet amsl. The surface elevation where LSC eXits the southern 
boundary of the Installation is approximately 500 feet amsl. 

8.5.1 Surface Soils 

Forty-eight surface soil (0 to 2 feet) samples were collected at SWMU 03. Samples were collected in and 
around the burn area and the burn Pit In order to obtain suffiCient spatial coverage for bounding the 
contaminated area(s) (see Figure 1-7). Therefore, the samples were collected In areas where the 
chemical contamination IS expected to be the greatest. 
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Surface soil samples were analyzed for dioxins, VOCs, SVOCs, energetics, pesticides, PCBs, herbicides, 

and Inorganics. Figures 5-1 and 5-2 are tag maps that show analytical data on site maps for the organiC 

and Inorganic chemicals, respectively. Table 4-1 presents the summary of positive analytical results for 

the soil samples and Table 4-20 is the ecological risk screening table for surface soils. Twenty-three 

dioxins/furans (including six dioxin/furan totals), six VOCs, 20 SVOCs, eight energetics, three herbicides, 

and 23 metals were detected in surface soil samples collected at the OJT. Of these, all Individual 

dioxin/furans, two SVOCs, one energetic, and nine metals were retained as COPCs because their 

maximum detected concentrations exceeded the Region V EDOLs and background levels (for metals 

only). Additionally, all total dioxin/furans (including TEO bird and TEO human/mammal), six energetics, 

and one metal were retained as COPCs because an EDOL was not available for comparison. All 

detected bioaccumulative chemicals (U.S. EPA, 2000a) that exceeded the EDOL were retained as 

COPCs for food-chain modeling. 

Dioxin/furans were detected In four to 11 out of 11 surface soil samples, depending upon the dioxin 

compound. Although dloxin/furans were detected in the one sample collected within the ABG and two 

samples south of the ABG, the greatest detections of dioxln/furans in surface soil samples were found in 

samples surrounding the Burn Pit. EEOs for dioxins/furans ranged from 1.6 (1,2,3,4,6,7,8,9-0CDF) to 

17,286 (1,2,3,4,6,7,8,9-0CDD). Concentrations of dloxlns/furans decrease south of the Burn Pit, 

indicating the presence of these chemicals are likely attnbutable to former combustion activities at the 

OJT. SVOCs were detected In 1 to 13 of 45 samples seemingly co-occurring with dioxins/furans 

detections (Le., surrounding the Burn Area and Burn Pit). Naphthalene had an EEO of 1.3 while 

di-n-butyl phthalate had an EEO of 30. The detections of PAHs were expected in these areas because 

PAHs are products of combustion. Detected phthalates (particularly dl-n-butyl phthalate) could be 

Indicative of disposal and burning of plastics. Energetics were detected in 1 of 48 to 9 of 47 samples in 

surface soils at the OJT with the detections mostly In the surface SOil samples surrounding the Burn Area 

and Burn Pit (03SS01, 03SS03, 03SS13, 03SS16, 03SS18, 03SS19, 03SS21, 03SS22, 03SS24, and 

03SS26). 1,3,5-Trinitrobenzene had an EEO of 29, while EEOs for other detected energetics could not 

be calculated because EDOLs were not developed for these chemicals. Detections of energetics in close 

proximity to the Burn Pit and Burn Area and the lack of these chemicals detected in samples further south 

of the Burn Pit and Burn Area indicate that these chemicals are likely attnbutable to the former burning 

actiVities at OJT. 

Ten of 23 metals detected in surface SOils at SWMU 03 were statistically determined to be greater than 

background concentrations and also exceeded the EDOL (or an EDOL was not available). As indicated 

In Section 3.4, chemicals detected at concentrations greater than the background concentrations indicate 

the possibility of a release In potentially isolated locations Metals selected as COPCs are potentially 

060208/P 8-18 CT00159 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

RevIsion. 0 
Date: January 2005 

Section: 8 
Page 19 of 80 

associated with burned waste at the Burn Pit. Detections of metals are highest in these areas and 

exceed the background surface soil concentratIOns to the greatest extent of samples collected at OJT. 

EEOs ranged from 1.3 for barium to 189,838 for lead. 'Metals concentrations in other areas across the 

OJT do not indicate a clear pattern of contamination. Because the surface soil samples appear to be well 

distributed In the area of the suspected disposal activities, and because, potential ecological risks eXist, 

the surface soils at SWMU 03 are further evaluated in Step 3a of the ERA. 

8.5.2 Sediment/Surface Water 

To assess the potential risks assOCiated with migration of chemicals from ground water and soil to 

sediment and surface water, sediment and surface water samples were collected from locations along 

LSC. 

Sediment 

A total of fifteen shallow (0 to 6 Inches) and 15 deep (6 to 12 inches) sediment samples were collected In 

LSC. Shallow sediment samples were analyzed for VOCs, SVOCs, energetics, pesticides, herbicides, 

and inorganlcs. Deep sediment samples were analyzed for VOCs, SVOCs, energetics, herbicides, and 

Inorganlcs. Figures 5-7 and 5-8 are tag maps that show organic and inorganic analytical data on site 

maps. Tables 4-4 and 4-5 present the summary of positive organic and Inorganic analytical results for the 

shallow and deep sediment samples, respectively. Tables 4-21 and 4-22 are the ecological risk 

screening tables for shallow and deep sediment samples, respectively. 

Five VOCs, SIX SVOCs, four energetics, one pesticide, five herbicides, and 24 metals were detected In 

shallow sediment samples. Of these, three SVOCs, one energetic, one pestiCide, and four metals were 

retained as COPCs because their maximum detected concentrations exceeded EDOLs and the 

upgradlent concentrations (for metals only). Additionally, three energetics and four metals were retained 

as COPCs because EDOLs were not available for these chemicals and their maximum detected 

concentratIOns exceeded the background concentrations (for metals only). SIX VOCs, seven SVOCs, five 

energetics, SIX herbicides, and 24 metals were detected In deep sediment samples. Of these, one SVOC, 

one herbicide, and four metals were retained as COPCs because their maximum detected concentrations 

exceeded EDOLs and the background concentrations (for metals only). Additionally, all five detected 

energetics and four metals were retained as COPCs because EDOLs were not available for these 

chemicals and their maximum detected concentrations exceeded the upgradient concentrations (for 

metals only). All detected bioaccumulatlve chemicals (U.S. EPA, 2000a) that exceeded EDOLs were 

retained as COPCs for food chain modeling. 
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SVOCs were detected relatively infrequently in sediment samples (with a maximum frequency of 

detection of 3 out of 15 samples collected). Detections of SVOCs were found in samples downstream of 

the ABG and sporadically in other LSC samples, indicating no clear pattern of contamination. SVOC 

detections could be attributable to activities associated with the ABG or indicate deposition over time from 

past activities at the OJT. EEQs for the COPCs ranged from 3.7 for acenaphthene to 12 for 

diphenylamine. Methoxychlor was detected only once in shallow sediment sample 03S018 with an EEQ 

of 4.7. This sample location is the second to farthest downstream sample collected. Methoxychlor was 

not detected in any other samples. Additionally, no other pesticides were detected in shallow sediment 

samples. Therefore, the presence of this pesticide IS likely attnbutable to run-off of spot soil applications 

and not associated with former OJT activities. 2,4-0 was retained as a COPC in both shallow and deep 

sediment samples with detection frequencies of 7 of 10 samples (shallow) and 5 of 12 samples (deep). 

The maximum EEQ for 2,4-0 in shallow sediment samples was 3.5 with a similar EEQ in deep sediment 

samples of 4.8. 2,4-0 was detected sporadically in LSC sediment samples indicating no clear pattern of 

contamination. Additionally, 2,4-0 was detected In the upgradient sediment location, 03S004. 2,4-0 was 

detected in surface SOil samples (although it was not retained as a COPG), indicating that there is a 

possibility that 2,4-0 was deposited from surface water runoff washing soils into LSC. Due to the nature 

of herbicide usage and sparse spatial dlstnbutlons, the herbicide detections possibly reflect topical 

applications rather than former ABG and/or OJT actiVities. Energetics were retained as COPCs in both 

shallow and deep sediments with maximum detection frequencies of 4 of 15 samples (shallow) and 5 of 

15 samples (deep). 2,4-0inltrotoluene had an EEQ of 15 in shallow sediment samples; EEQs could not 

be calculated for other detected energetics because EOQLs were not available. Concentrations of the 

energetics were detected primanly In samples collected adjacent to and downstream of the Burn Pit 

(038010, 038011, 038012. and 038013); although the maximum detection of 2,4-dinitrotoluene was 

found in 038006, collected Within the ABG. The presence of energetics In the environment is an 

indication of contamination and the presence of these chemicals IS likely attributable to deposition from 

the ABG and/or the OJT. 

8amples 038011 (deep) and 038015 (shallow) had the greatest detected concentrations of metals 

overall, although concentrations In other samples across the OJT also exceed the corresponding EOQLs. 

EEQs In shallow sediment samples ranged from 3.2 for ZinC to 21 for lead. EEQs In deep sediment 

samples ranged from 6.7 for banum to 17 for copper. The maximum detected concentrations of metals In 

shallow sediment samples were found In several samples including those collected Within the ABG and 

immediately downstream of the ABG (I.e., 038005 and 038006) and the Burn Pit (038011). The 

maximum concentrations of SIX COPCs In deep sediment samples (including aluminum, antimony, 

barium, copper, lead, and zinc) were found at location 038011; thiS location is located downstream of the 
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Burn Area and Burn PIt. The presence of metals in these samples is most likely attributable to former 

ABG and/or OJT activities. However, the presence of metals in other OJT samples' (Including 03S015 

and 03S016) could be attributable to OJT activities such as vehicular traffic, disposal and burning of 

wastes, etc. Because the sediment samples appear to be well distributed within LSC, and because 

potential ecological risks exist, shallow and deep sediment at SWMU 03 are further evaluated in Step 3a 

of the ERA. 

Surface Water 

A total of SIX low-flow and 11 high-flow surface water samples were collected in LSC. Twelve low flow 

surface water samples were originally proposed for collection; however, SIX sample locations were dry 

during the field event. Low-flow surface water samples were analyzed for VOCs, energetics, herbicides, 

total and dissolved metals, total suspended solids (TSS), and dissolved oxygen (~O). High-flow surface 

water samples were analyzed for VOCs, SVOCs, energetics, herbicides, total and dissolved metals, TSS, 

and DO. Figures 5-9 and 5-10 are tag maps that show organic and Inorganic analytical data on site 

maps. Tables 4-6 and 4-7 present the summary of positive analytical results for the low-flow and high 

flow surface water samples, respectively. Tables 4-23 and 4-24 are the ecological risk screening tables 

• for low-flow and high-flow surface water samples, respectively. 

• 

Three VOCs, five energetics, one herbicide, and 17 metals were detected in low-flow surface water 

samples. Of these, lead was retained as a COPC (total metals) because the maximum concentration 

exceeded the EOQL and the upgradient concentration. Additionally, one VOC, all five detected 

energetics, and Iron (dissolved metals) were retained as COPCs because EOQLs were not available for 

these chemicals and the maximum concentration exceeded the upgradlent concentration (iron only). Two 

VOCs, two SVOCs, five energetics, three herbicides, and 21 inorganics were detected in high-flow 

surface water samples. Of these, one SVOC and four metals (total metals) were retained as COPCs 

because their maximum concentrations exceeded EOQLs and the maximum upgradlent concentration 

(metals only). Additionally, all five detected energetics and 2,4-0 were retained as COPCs because 

EOQLs were not available for these chemicals. All detected bioaccumulative chemicals (U.S. EPA, 

2000a) that exceeded EOQLs were retained as COPCs for food chain modeling. 

Bromomethane was detected In half of the low-flow surface water samples but was not detected In the 

high flow samples. Bromomethane was retained as a COPC because an EDQL IS not available for 

comparison. Bromomethane was detected In groundwater samples and may be the source of 

bromomethane In the low-flow surface water samples. Energetics were detected frequently In both low­

flow and high-flow surface water samples, particularly HMX and ROX. EEQs for the energetics could not 
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be calculated as EOQLs for these chemicals are not available. Energetics were also detected in 

groundwater samples indicating their presence in surface water cquld be a result of contaminated 

groundwater from the ABG or activities associated with the OJT. 2,4-0 was detected only in two high­

flow surface water samples but was not detected in the low-flow surface water samples. The two 

detections (in sample locations 03SW09 and 03SW13) were relatively low (0.28 and 0.36 Ilg/L) and 

validated as "J" values or "estimated". These samples are located in the middle of the LSC sampled 

area; 2,4-0 was not detected in downstream samples. An EEQ for 2,4-0 could not be calculated as an 

EOQL for this chemical is not available. 

Lead was retained as a COPC In low-flow total surface water samples with an EEQ of 15, but lead was 

not detected in the dissolved metals fraction. Lead was also detected in high-flow total surface water 

samples with an EEQ of 219, although it was detected at levels less than the concentrations in upgradient 

high flow dissolved surface water samples. The maximum concentrations of lead did not co-occur at the 

'same sample location In the two sampling events indicating no clear pattern of contamination. Similarly 

to lead, cadmium, copper, and ZinC were all selected as COPCs in high-flow total surface water samples 

but were either less than the upgradient concentration or less than the EOQL in the dissolved metals 

fraction. EEQs for these chemicals were 2,3.7, and 2, respectively. Iron was retained as a COPC in low­

flow dissolved surface water samples because the maximum detected concentration exceeded the 

upgradlent maximum detection. Additionally, all iron detections In low-flow dissolved surface water 

samples exceeded the maximum upgradient detection. An EEQ could not be calculated for iron because 

an EOQL IS not available. Surface water samples were co-located with sediment samples that appear to 

be well distributed within LSC. Because potential ecological risks exist, low-flow and high-flow surface 

water at SWMU 03 are further evaluated in Step 3a of the ERA. 

8.5.3 Summary 

In summary, a SERA was performed for SWMU 03. 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 

copes. 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 3.0, the data IS of sufficient quality to proceed with the 

risk assessment. Therefore, the SERA IS advancing to the Step 3a of the ERA - the refinement of the 

site-related COPCs. 
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Step 3a consists of refining the conservative exposure assumptions/concentrations 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 chemicals of 
potential concern (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 plants/invertebrates, aquatic receptors, and Wildlife. 

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 (Le., 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 U.S. EPA Ecological SOil Screening Levels (Eco-SSLs). Note that although the 
Eco-SSLs are based on effects concentrations such as EC2os, samples with chemical concentrations less 
than the "no-effects benchmarks" are not expected to have Significant effects. 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. 

• 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.). 
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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 CO PC is bioaccumulative. A chemical was considered to 

be bioaccumulative if it is included In the list of important bioaccumulative chemicals in U.S.EPA (2000a). 

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 EEO is less than 1.0 using average contaminant concentrations and exposure factors and the 

No Observable Adverse Effects Level (NOAEL) as the TRV, it was concluded that the chemical is not 

causing an unacceptable risk to Wildlife and the chemical was not evaluated further in Step 3a. 

• If the EEO 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 be!ow were used to 

determine If the risks are great enough to warrant additional evaluations (I.e., proceed to a BERA" 
I 

develop cleanup levels, proceed to a CMS, etc.). 

Sediment 

Chemicals Initially 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 

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 many of the Region 5 

sediment screening levels are based on eqUilibrium partitioning, the maximum contaminant concentration 
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was compared to an alternate lower effects level following the order of preference listed below (as 

applicable): 

• Consensus-Based Threshold Effect Concentrations (TECs) (MacDonald et aI., 2000) 

• Canadian Sediment Guidelines (OMOE, 1993) Lowest Effects Levels 

• Canadian Environmental Quality Guidelines (EC, 1999) 

• Long and Morgan (1991) Effects-Range Low 

• Long et aI., (1995) Effects-Range Low 

• Ecotox Thresholds (USEPA, 1996a) 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.). 

Surface Water 

Chemicals initially 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 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 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: 
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• 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 organrsms 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, it 

was concluded that the chemical may be causing an unacceptable risk to aquatic organisms and the 

chemical was evaluated further in Step 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 SERA, 

develop cleanup levels, proceed to a CMS, etc.). 

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 SERA, 

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 IInes-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 

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 bioavallabllity: Many contaminants (especially metals) are present In the enVIronment In 

forms that are tYPically not bloavallable, and the limited bioavailabllity was considered when 

evaluating the exposures of receptors to site contaminants. Contaminants with generally less 

bioavallability are considered to be less tOXIC than the more bioavallable 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 
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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. Some of the 

alternate benchmarks are overly protective for some receptors and may not be applicable 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 benchmarks 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). 

• ORNL Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on 

Terrestrial Plants: 1997 ReVision (Efroymson, et aI., 1997a). 

• 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 aI., 1997b). 

Additional sources of tOXicity data from the literature not included In the above documents were also used 

to evaluate potential risks to terrestnal vegetation and Invertebrates from contaminants In the surface SOIl. 

Sediment: In addition to the Step 3a factors presented above, additional evaluations for sediment 

• Included companng the chemical concentrations in the sediment to higher effects levels to show the 
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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 the sediment 

subsection. The higher effects levels that are used in this step are defined in the chemical specific 

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 

standards/criteria 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 bioavailabillty than are total recoverable metals. 

8.6.1 Terrestrial Plants, Terrestrial and Aquatic Invertebrates, and Fish 

Potential risks to terrestrial plants, terrestrial and aquatic Invertebrates, and fish from exposure to COPCs 

were evaluated by comparing contaminant concentrations in surface soil, sediment, and surface water to 

alternate benchmarks that have been developed by various organizations. The follOWing subsections 

discuss whether COPCs are retained for further evaluation for soil invertebrates and terrestrial vegetation 

(Section 8.6.1.1), benthic Invertebrates (Section 8.6.1.2), and aquatic organisms (Section 8.6.1.3). 

COPCs based on risk to upper level receptors via the food-chain are discussed In Section 8.6.2. 

8.6.1.1 Soil 

Table 8-1 presents a summary of some of the common alternate benchmarks that were used in refining 

the list of COPCs In surface soil, along with a summary of the Step 3a evaluation. The toxicological basis 

of the alternate benchmarks IS presented below. As presented In Table 4-20. 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. antimony. arsenic. 

cobalt. manganese. selenium. thallium. 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. 

DiOXinS 

Several diOXinS were Initially selected as COPCs because concentrations exceeded EDOLs or EDOLs 

were not available. However, the EDOLs are based on risks to Wildlife (i e., the masked shrew) and not 
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risks to invertebrates and plants; therefore alternate toxicological data was used to further evaluate risks 

to plants and soil invertebrates. 

One study reported in the literature demonstrated that two species of earthworms showed no adverse 

effects when exposed for 85 days to soil containing levels of 5 mg/kg of 2,3,7,8-TCDD, but both species 

died at 10 mg/kg (Eisler, 1986). Maximum TEO values at SWMU 03 were 7.5 ng/kg (birds) and 7.4 ng/kg 

(mammals) (Table 4-20). All concentrations of individual and total dioxins were much less than the no 

observed effects concentration (NOEC) of 5 mg/kg reported In 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 (1993f), it IS noted thanhe 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 

aryl hydrocarbon (Ah) receptor, or a comparably sensitive receptor for dioxins USEPA (1993f). The Ah 

receptor IS important because the dioxins need to bind to the receptor in order to cause toxIcity. Also, 

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. Because the Ah receptor has not been detected In plants, it is not likely plants at SMWU 03 

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 bioaccumulatlve chemicals, risks to wildlife from diOXinS are evaluated in 

Section 8.6.2 of this ERA. 

2,4,6-Tnmtrotoluene 

2,4,6-Trimtrotoluene (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: 

• Plants - 30 mg/kg (Talmage et aI., 1999) 

• Soil invertebrates (earthworms) - 140 mg/kg (Talmage et aI., 1999) 

The plant benchmark of 30 mg/kg from Talmage et al. (1999) is based on a study In which a reduction In 

plant height of 25 percent was observed In soil With 30 mg/kg TNT [considered the lowest observed 

effects concentration (LOEC)] but not In SOil With 10 mg/kg TNT (considered the NOEC). The SOil 
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earthworm concentration of 140 mg/kg is recorded as a LOEC based on sublethal endpoint of weight 

loss; the NOEC from the same study was 110 mg/kg (Talmage et aI., 1999) 
• 

The maximum concentration of TNT (1,700 mg/kg) is one order of magnitude greater than the earthworm 

LOEC and two orders of magnitude greater than the plant value presented above. The maximum 

concentration was detected in sample 0355240002, which was collected from the southern burn pit/area. 

TNT was detected in four of 48 samples at 5MWU 03 and the second greatest concentration of TNT 

(510 mg/kg in sample 0355220002) was the only other detection that was greater than the plant and 

invertebrate NOECs listed above. Both of these sample locations are in the southern burn pit/area along 

the fringe of the road (see Figure 5-1) where the habitat for plants and invertebrates is poor (see Figures 

1-3 and 1-5 for site photographs). Based on the field sheets and boring logs, the surface soil sample (0 

to 2 feet) from 035524 consisted of a clayey silt, sand, gravel (top 1.5 feet) and Silty clay (bottom 

0.5 foot), and trace ash, while the surface soil sample (0-2 feet) from 035522 consisted of sand and 

gravel (top 0.4 foot) and clay with trace silt and sand (bottom 1.6 feet) (see Appendix B). Ash and burnt 

materials/cinders were found in the subsurface soil immediately below the surface SOil samples. 

Therefore, It is not likely that significant numbers of earthworms would Inhabit this area because of the 

large amount of sand and gravel in the soil. Herbaceous plants are present along the road (see 

photographs g and h in Figure 1-3). Although the two greatest concentrations of TNT detected at 5MWU • 

03 exceed the plant and invertebrate NOECs listed above, significant impacts to plants and Invertebrates 

are not expected because the poor habitat would limit the numbers of receptors that would inhabit thiS 

area, especially earthworms. Therefore, although risks to plants and invertebrates from TNT In the soil 

are possible, the potential risks from TNT are not great enough to warrant retaining It as a COPC. For 

that reason, TNT IS eliminated as a CO PC for risks to plants and Invertebrates. Although, TNT IS not 

considered a bioaccumulative chemical, risks to wildlife are evaluated in 5ectlon 8.6.2.2 of this ERA to be 

conservative. 

1,3,5-Trlnltrobenzene 

1,3,5-Trinltlrobenzene was Initially selected as a COPC because the maximum SOil concentration 

(11 mg/kg) was greater than the EOQL of 0.38 mg/kg. Although the maximum soil concentration is two 

orders of magnitude greater than the EOQL, the EOQL IS based on exposure to Wildlife (meadow vole) 

and not risks to Invertebrates and plants. No other alternate toxiCity data for 1 ,3,5-trinitrobenzene were 

located. However, 1,3,5-trlnltrobenzene was detected in only 3 of 48 samples (locations 035519, 

035522, and 035524). As mentioned previously, two of these locations (035522 and 035524) offer no 

habitat for ecological receptors because the area IS gravel-covered. Location 035519 is also located In 

the Jeep Trail and IS also gravel-covered, proViding poor habitat for ecological receptors. Although there 
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are uncertainties' regarding what concentration would be toxic to invertebrates and plants, the low 

frequency of detection does not warrant retaining 1,3,5-trinitrobenzene as a COPC. Although, 

1,3,5-trinitrobenzene is not considered a bioaccumulative chemical, risks to wildlife are evaluated in 

Section 8.6.2.2 of this ERA to be conservative. 

2-Amino-4,6-dinitrotoluene 

2-amino-4,6-dinltrotoluene (2-ADNT) was initially selected as a COPC because a Region 5 screening 

level is not available. The following toxicity information for 2-ADNT was located in the literature: 

• Plants - 80 mg/kg (Talmage et aI., 1999) 

• Soil microbial processes - 80 mg/kg (Talmage et aI., 1999) 

The plant value is based on a study In which sOil amended with 80 mg/kg of 2-ADNT was not tOXIC to 

yellow nutsedge over a 42 day penod (Talmage et aI., 1999). No studies based on toxicity of 2-ADNT to 

earthworms were located, but a soil microbial processes value of 80 mg/kg was reported as nontoxIc 

(Talmage et aI., 1999). However, Talmage et aI., (1999) Indicated that confidence In this value is low and 

the value unlikely to be conservative because the organisms were probably acclimated to the test 

compound. 

2-ADNT was detected In seven of 48 samples collected at SMWU 03. The maximum concentration was 

detected in sample 03SS240002 (30 mg/kg), which IS located in the southern burn plVarea. The 

maximum concentration of 2-ADNT IS less than the benchmarks presented above so 2-ADNT is unlikely 

to Impact plants or invertebrates at SMWU 03. Therefore, nsks to plants and earthworms are acceptable 

and 2-ADNT is not retained as a COPC for risks to plants and invertebrates. Although, 2-ADNT is not 

considered a bioaccumulatlve chemical, risks to Wildlife are evaluated In Section 8.6.2.2 of this ERA to be 

conservative. 

2-Nitrotoluene 

2-Nitrotoluene was Initially selected as a COPC because a Region 5 screening level IS not available. All 

maximum concentrations of energetics were detected In the same sample (03SS24), excluding 

2-nitrotoluene, which was detected only in sample 03SS330002 (48 samples were collected at SWMU 

03) at a concentration of 0.28 mg/kg. As noted in the field data sheet for 03SS330002 (AppendiX 8-1), 

the sample is located In the road bed on the edge of the Jeep Trail and is covered With gravel, proViding 

very little habitat for plants and SOil Invertebrates. Although uncertainties eXist In evaluating nsks to 
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invertebrates and plants because an alternate benchmark for these receptors could not be located, the 

poor habitat for plants and soil Invertebrates at the location of the single 2-nitrotoluene detection does not 

warrant retaining 2-nitrotoluene as a COPC. Although, 2-nitrotoluene is not considered a bioaccumulative 

chemical, risks to wildlife are evaluated in Section 8.6.2.2 of this ERA to be conservative. 

4-Amino-2,6-dinitrotoluene 

4-Amino-2,6-dinitrotoluene (4-ADNT) was initially selected as a COPC because a Region 5 screening 

level is not available. 4-ADNT was detected in 7 of 48 samples collected with a maximum concentration 

of 15 mg/kg In sample 03SS240002. Although alternate benchmarks for 4-ADNT are not available, the 

frequency of detections and concentrations are similar to those of 2-ADNT. Concentrations of 4-ADNT in 

surface soils at SWMU 03 are not expected to cause risks to plants and invertebrates when using 

2-ADNT alternate benchmarks as surrogates for 4-ADNT. Therefore, risks to plants and earthworms are 

acceptable and 4-ADNT is not retained as a COPC for risks to plants and Invertebrates. Although, 

4-ADNT IS not considered a bioaccumulative chemical, risks to wildlife are evaluated in Section 8.6.2.2 of 

this ERA to be conservative. 

HMX was initially selected as a COPC because a Region 5 screening level IS not available. The following 

alternate toxicity information for HMX was located: 

• LOEC (280 mg/kg) for earthworm reproduction (Robidoux et aL, 2001) 

The LOEC was based on the number of juveniles hatching per cocoon being significantly reduced by 

HMX at 280 mg/kg in sOil; a NOEC was not generated from the study (Robidoux et aL, 2001). Also, a 

significant reduction In productivity of cocoons and juveniles as well as total biomass of juveniles were 

significantly reduced by HMX at >280 mg/kg In soil (Robidoux et aL, 2001). HMX was detected In 9 of 47 

samples collected at SMWU 03 with the maximum HMX concentration of 1,600 mg/kg detected In sample 

03SS240002. Because significant effects are associated with the LOEC of 280 mg/kg and a NOEC was 

not available, a concentration of HMX In the soil of 1,600 mg/kg could Impacts Invertebrates. However, 

this is not likely because as mentioned previously this location IS poor habitat for earthworms due to the 
\ 

soil geology and ash/cinders in the subsurface and earthworms are not likely present at this location. 

No toxicological data for plants could be located; however, the area of the maximum detection IS not 

conducive to plants as discussed above for TNT. As indicated In the field sheets (Appendix B-1), sOil at 
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this sample location is sandy with gravel and ash. The areas surrounding the burn pit/area are forested 

and well vegetated; therefore, it does not appear that plants are being adversely affected by 

concentrations of HMX at the site. Therefore, although risks to plants and invertebrates from HMX In the 

SOil are possible, the potential risks from HMX are not great enough to warrant retaining it as a COPC. 

Although, HMX is not considered a bloaccumulative chemical, risks to PISClvorouS wildlife are evaluated In 

Section 8.6.2.2 of this ERA to be conservative. 

RDX was initially selected as a COPC because a Region 5 screening level IS not available. The following 

alternate toxicity information for RDX was located: 

• Plants - 100 mg/kg (Talmage et aI., 1999) 

• LOEC and NOEC for reproduction of earthworms exposed to RDX were 95 mg/kg and less than 

95 mg/kg, respectively (Sunahara et aI., 2001, based on a study from Robidoux et aI., 2000). 

The plant benchmark of 100 mg/kg from Talmage et al. (1999) is from a study In which an RDX 

concentration of 100 mg/kg significantly reduced the biomass of cucumber plants. RDX was detected in 

SIX of 48 samples collected at SMWU 03. The maximum RDX concentration of 2,400 mg/kg was detected 

in sample 03SS240002. The LOEC for earthworm reproduction is based on the productivity of juveniles 

(total number of juveniles, biomass, and number of juveniles per hatched cocoon) being significantly 

reduced by RDX at 95 mg/kg in soil; the NOEC was listed as less than 95 mg/kg in the study (Robidoux 

et aI., 2000). 

As previously discussed, 03SS24 is the location of maximum concentrations of most energetics detected 

at SWMU 03. The next greatest detection (140 mg/kg) was at location 03SS22, which IS approximately 

35 feet west of location 03SS24. As Indicated in the field sheets for location 03SS22, the soil profile is 

similar to that of 03SS24 which was located within the Burn pIt/area. As previously discussed, these 

locations are poor habitat for earthworms and plants due to the soil geology and ash/cinders in the 

subsurface. The four other detected concentrations at SWMU 03 are less than the alternate benchmarks 

for plants and Invertebrates. Therefore, although risks to plants and Invertebrates are pOSSible in the 

vicinity of the Burn pIt/area, the potential risks from RDX are not great enough to warrant retaining it as a 

COPG. Risks to RDX are unlikely In other areas of SMWU 03. Although, RDX is not conSidered a 

bioaccumulatlve chemical, risks to PISCIVOroUS Wildlife are evaluated In Section 8.6.2.2 of this ERA to be 

conservative . 
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Di-n-butyl phthalate was initially selected as a COPC because the maximum soil concentration 

(4,500 Ilg/kg) exceeded the EDQL of 150 Ilg/kg. Ho~ever, the EDQL is based on risks to wildlife (Le., the 

masked shrew) and not risks to plants and invertebrates. Therefore, concentrations were compared to 

other available benchmarks to evaluate risks to plants and soil invertebrates: 

• Oak Ridge National Laboratory (ORNL) Plant - 200,000 Ilg/kg (Efroymson et aI., 1997a) 

The ORNL plant value of 200,000 Ilg/kg 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 

200,0001l9/kg. The maximum di-n-butyl phthalate concentration (4,500 Ilg/kg) is two orders of magnitude 

less than the ORNL plant value and so impacts to plants are not likely. 

No benchmarks are available for dl-n-butyl phthalate to evaluate risks to earthworms; therefore, the 

ORNL earthworm benchmark for dimethyl phthalate of 200,000 Ilg/kg (Efroymson et aI., 1997b) was used 

because the toxicity of these two phthalates IS anticipated to be generally similar in magnitude. The 

ORNL earthworm benchmark for dimethyl phthalate 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 1,064,000 Ilg/kg was the lowest toxic concentration of the three concentrations that 

reportedly caused toxicity. The ORNL earthworm value of 200,000 Ilg/kg for dimethylphthalate was 

obtained by dividing the LC50 (1,064,000 Ilg/kg) by a safety factor of 5 (Efroymson et aI., 1997b). 

Although there are uncertainties in comparing the maximum di-n-butyl phthalate concentration to tOXicity 

information available for dimethylphthalate, the maximum dl-n-butyl phthalate concentration is two orders 

of magnitude less than the ORNL earthworm benchmark for dlmethylphthalate and impacts to 

invertebrates are not likely. Overall, risk to plants and sOil Invertebrates from dl-n-butyl phthalate In sOil is 

acceptable and thiS compound is not retained as a COPC. 

Naphthalene 

Naphthalene was initially selected as a COPC because the maximum sOil concentration (130 Ilg/kg) 

exceeded the EDQL of 99 Ilg/kg. The EDQL is based on risks to wildlife (I.e., the masked shrew) and not 

risks to plants and invertebrates; therefore, the concentrations were compared to the following alternate 

benchmark to evaluate risks to plants and Invertebrates. 

• Canadian SOil Quality GUideline (SQG) - 600 Ilg/kg (CCME, 1997) 
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The Canadian SQG for naphthalene of 600 flg/kg is based on an Effects Concentration 25 (EC25) for 

lettuce (3 mg/kg) divided by an uncertainty factor of 5 to approximate a no effects concentration. This 

method was used because only three studies were identified to evaluate risks from naphthalene; two 

were for plants and one was for invertebrates. The EC25 of 3 mg/kg was the lowest value of the three 

studies. The maximum concentration is less than the SQG; therefore, risks to plants and invertebrates 

from naphthalene are acceptable. Naphthalene is not retained as a COPC for risks to plants and 

invertebrates. 

Barium 

Barium was Initially selected as a COPC because the maximum soil concentration (2,040 mg/kg) 

exceeded the EDQL of 1.04 mg/kg and was greater than background concentrations. However, the 

EDQL is based on. risks to 'wlldlife (I.e., the masked shrew) and not risks to terrestrial Invertebrates and 

plants. Therefore, concentrations were compared to the following alternate benchmarks to further 

evaluate risks to plants and invertebrates: 

• U.S. EPA Eco-SSL for soil Invertebrates - 330 mg/kg (U.S. EPA, Nov 2003) 

• ORNL Plant - 500 mg/kg (Efroymson at aL, 1997a) 

The U.S. EPA Eco-SSL of 330 mg/kg 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, 2003). 

An Eco-SSL for plants was not generated because only one study was found that met the necessary 

evaluation cntena (U.S. EPA, 2003). The study was the same study referenced in Efroymson et aL, 

(1997a), but the Eco SSL document reported a maximum acceptable toxicant concentration (MATC) of 

1 ,414 mg/kg for growth of bush beans. The ORNL plant benchmark IS based on a study that found a 

38% reduction In shoot growth of barley 14 days after the addition of 500 mg/kg barium, which was the 

lowest concentration tested (Efroymson et aL, 1997a). In another study cited In Efroymson et aL, 

(1997a), shoot growth of bush beans was reduced 30% after 14 days by the addition of 2,000 ppm 

barium, but was not reduced at the next lowest level tested, 1,000 ppm. Therefore, the 500 mg/kg 

benchmark for plants may be conservative for evaluating risks to other plants, even though It caused a 

38% reduction in shoot growth of barley. 
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Four of the 32 samples collected exceed the Eco-SSL for soil invertebrates (locations 03SS23, 03SS26, 

03SS41, and 03SS48). These four samples were collected in the heavily vegetated forests surrounding 

the Jeep Trail (see Figure 1-3) and so it does not appear that vegetation at SMWU 03 is being adversely 

impacted from barium concentrations in the surface soil. The maximum barium concentration at location 

03SS48 is greater than the soil invertebrate and plant benchmarks. This sample is nearest to samples 

03SS47 and 03SS46, where barium concentrations were 112 mg/kg and 72.2 mg/kg, respectively. 

Therefore, elevated barium concentrations in the surface soil are isolated and not indicative of a site-wide 

problem. The average concentration of barium is 220 mg/kg which is less than the alternate benchmarks 

above. Therefore, although risks to plants and invertebrates from barium In the soil are possible in the 

vicinity of the former burn pit, impacts to populations of plants and invertebrates at SWMU 03 are 

acceptable. The potential risks from barium are not great enough to warrant retaining it as a COPC and 

barium is eliminated as a COPC for risks to plants and invertebrates. 

Beryllium 

Beryllium was initially selected as a COPC because the maximum soil concentration (1.4 mg/kg) 

exceeded the EDOL of 1 .06 mg/kg and was greater than background concentrations. However, the 

EDOL is based on risks to Wildlife (I.e., the masked shrew) and not risks to terrestrial Invertebrates and 

plants. Therefore, concentrations were compared to the following alternate benchmarks to further 

evaluate risks to plants and Invertebrates: 

• ORNL Plant - 10 mg/kg (Efroymson et al.. 1997a) 

• U.S. EPA Ecological Soil Screening Level (Eco-SSL) for soil invertebrates - 40 mg/kg (U.S. EPA, 

2003) 

The Eco-SSL for beryllium IS the geometric mean of EC20 values based on reproduction as the 

ecological relevant endpoint reported for three test species. The ORNL Plant benchmark is the lowest of 

three values from a report of unspecified toxic effects on plants grown in soil with the addition of 10 mg/kg 

(Efroymson et aI., 1997a). 

The maximum concentration of 1.4 mg/kg is less than the ORNL Plant value and Eco-SSL for sOil 

Invertebrate benchmarks. Therefore risks to plants and Invertebrates from beryllium are acceptable and 

beryllium IS not retained as a COPC. 
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Cadmium was initially selected as a CO PC because the maximum soil concentration (4.4 mg/kg) in 

sample 03SS24 exceeded the EDQL of 0.00222 mg/kg and was greater than background concentrations. 

However, the EDQL is based on risks to wildlife (Le., the masked shrew) and not risks to plants and 

invertebrates. Consequently concentrations were compared to the following alternate benchmarks to 

evaluate risks to plants and soil invertebrates: 

• U.S. EPA Eco-SSL for soil invertebrates - 140 mg/kg (U.S. EPA, Nov 2003) 

• U.S. EPA Eco-SSL for plants - 32 mg/kg (U.S. EPA, Nov 2003) 

The U.S. EPA Eco-SSL for soil invertebrates of 140 mg/kg was developed after a review of over 239 

technical studies. Of these, 10 studies were accepted for inclusion in the development of the Eco-SSL. 

The Eco-SSL is the geometnc mean of the Maximum Acceptable Toxicant Concentration (MATC) or 

Effects Concentration for 10 percent of the test population (EClO) values (based on growth, population, or 

reproduction) reported .tor each of three test species evaluated under six separate test conditions of pH 

(U.S. EPA, 2003). The U.S. EPA Eco-SSL for plants (32 mg/kg) 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, 2003). 

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 8.6.2 of thiS ERA. 

Chromium 

Chromium was initially selected as a CO PC because the maximum soil concentration (288 mg/kg at 

location 03SS27) exceeded the EDQL of 0.4 mg/kg and was greater than background concentrations. 

However, even though the EDQL IS based on nsks to Invertebrates, the follOWing alternate benchmark 

was used to further evaluate nsks to plants and sOil invertebrates: 

• Canadian SQG - 64 mg/kg (EC, 1999a) 
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As presented in the supporting document for the Canadian SQG for chromium (EC, 1999a), the Canadian 

guideline for total chromium (64 mg/kg) is the geometric mean of the threshold effects concentration 

(TEC) of 78 mg/kg for risks to plants and invertebrates and the nutrient and energy cycling check value 

(NECC) of 52 mg/kg. The TEC is the 6th of 22 data points associated with the no observable effects and 

observable effects data for plants and invertebrates and corresponds to the average radish germination 

EC25. As detailed in the supporting document, no effects concentrations for earthworms (235 mg/kg to 

900 mg/kg) were greater than the no effects concentrations for plants (10 mg/kg to 230 mg/kg) indicating 

invertebrates are less sensitive to total chromium than plants. 

The two greatest chromium detections (i.e., the maximum concentration and the next greatest 

concentration of 52.4 mg/kg at location 03SS28) are located in a small (approximately 30 feet by 60 feet), 

isolated depression (Figure 5-2). Concentrations in all other samples were considerably lower, with most 

concentrations in the range of 10 to 20 mg/kg. Significant migration of surface soils from the depression 

into other areas is unlikely. 

• 

The Canadian SQG is based on total chromium (for which soil samples at this site were analyzed). 

Chromium toxicity is due primarily to hexavalent chromium, and other forms of chromium are much less 

toxic (Eisler, 2000). It is unlikely that chromium in SWMU 03 soil is completely hexavalent chromium. • 

Trivalent chromium IS the predominant form of this metal in most soils and is not bioavailable (Eisler, 

2000). With the exception of the maximum concentration, chromium concentrations in all surface soil 

samples were less than the Canadian benchmark for total chromium. In view of the above discussion, 

potential risk from chromium appears to be limited to an isolated depression and potential risks 

throughout the remainder of the site are acceptable. Therefore, chromium is not retained as a COPC for 

risks to plants and Invertebrates. However, because chromium IS a bloaccumulative chemical, risks to 

Wildlife from chromium are evaluated In Section 8.6.2 of thiS ERA. 

Copper 

Copper was initially selected as a COPC because the maximum soil concentration (63.9 mg/kg) 

exceeded the EDQL of 2.96 mg/kg and was greater than background concentrations. However, the 

EDQL is based on risks to Wildlife (I.e., the masked shrew) and not risks to plants and Invertebrates. 

Therefore, concentrations were compared to the follOWing alternate benchmark to evaluate risks to plants 

and invertebrates. 
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The Canadian SQG for copper (63 mg/kg) IS the 25 th percentile of effects and no effects data distribution 

for plants and Invertebrates, which is the 1 ih of 69 data points and corresponds to an effect on radish 

seedling emergence. 

The ORNL benchmark for copper for plants (100 mg/kg) was based on toxicity data from three studies. 

Two of the studies demonstrated reductions in root and shoot weights of little bluestem grown in 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 a/., 1977). The ORNL benchmark for copper for invertebrates (60 mg/kg) was based on toxicity data 

from 10 to 20 studies. The endpoints for most of the studies cited in Efroymson et a/., (1997b) 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 10th percentile LOEC value. However, a review of 

the data in Appendix A.1 of Efroymson et a/., (1997b) shows that most of the studies cited in that 

document have NOECs that are greater than 60 mg/kg. 

The maximum detected copper concentration is less than the ORNL benchmark for plants and IS only 

slightly greater than the ORNL benchmark for earthworms and the Canadian SQG. Overall, risks to 

plants and soil Invertebrates are acceptable and copper is not retained as a COPC. However, because 

copper IS a bioaccumulative chemical, risks to Wildlife from copper are evaluated In Section 8.6.2 of this 

ERA. 

Iron was detected In all surface soil samples; It was Initially selected as a COPC because an EDQL was 

not available. According to the narrative statement of the Eco-SSL for iron (U.S. EPA, November 2003), 

iron is essential for plant growth, and IS g-enerally considered to be a micronutrient. Because plants 

regulate ItS uptake, Iron IS not expected to be toxic to plants In well aerated Salls With pH levels between 5 

and 8 S.U. (U.S. EPA, November 2003). SOil samples at SMWU 03 were not analyzed for pH; however, 

a review of 48 samples collected across NSWC Crane mdicates pH concentrations m the range of 5 to 

8.5. Only one surface 5011 sample that was analyzed for pH at NSWC ~rane had a concentration greater 
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than 8 S.U. Therefore, it is likely that pH of surface soils at SMWU 03 are within the 5 and 8 S.U. pH 

range that iron is not expected to cause toxicity. 

A benchmark for soil invertebrates is not available for iron. The maximum concentration detected in 

SWMU 3 surface soils was 51,600 mg/kg (sample 03SS340002) and the average iron concentration in 

SMWU 03 surface soils was 23,437 mg/kg. The maximum concentration in background surface soils was 

40,800 mg/kg with an average of 18,100 mg/kg; therefore, surface soil concentrations at SMWU 03 are 

relatively similar to background. Additionally, iron is generally considered a non-toxic chemical that is not 

typically bioavallable in the environment. Although the absence of toxicological benchmarks precludes a 

complete assessment of risks posed by iron, risks to plants and invertebrates are acceptable, and iron is 

not retained as a COPC. 

Lead was initially selected as a COPC because the maximum soil concentration (10,200 mg/kg) 

exceeded the EOQL of 0.05 mg/kg and was greater than background concentrations. However, the 

EOQL IS based on risks to wildlife (i.e., the masked shrew) and not risks to plants and Invertebrates, so 

concentrations of lead were compared to the following alternate benchmarks to evaluate risks to these 

receptors. 

• Eco-SSL for plants - 115 mg/kg (U.S. EPA, 2003) 

• Eco-SSL for soil invertebrates - 1,700 mg/kg (U.S. EPA, 2003) 

The Eco-SSL for plants IS the geometric mean of the MATC values for four test species under three 

different test conditions (pH of 4.0 to 6.3). The ecological endpOint for the derivation of the Eco-SSL for 

plants was growth. 

The Eco-SSL for sOil Invertebrates is the geometric mean of the MATC values for one test species 

(Fo/somia candida) under three different test conditions (pH of 4.5 to 6.0) and IS based on a reproductive 

endpoint. 

The maximum lead concentration detected In sample 03SS240002 IS greater than the Eco-SSLs 

presented above; however, concentrations in most surface sOil samples were less than 30 mg/kg. As 

noted above for TNT, location 03SS24 is located In the southern burn pIt/area along the fringe of the road 

(see Figure 5-1) where the habitat for plants and invertebrates IS poor (see Figures 1-3 and 1-5 for site 

photographs). Based on the field sheets and bOring logs, the surface sOil sample consists of clayey-silt, 
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sand, gravel, and trace ash. The ash and burnt materials/cinders found in the subsurface sOils of the 

burn pit/area and the large amount of clayey-silt, sand, and gravel are not likely supporting large 

earthworm populations. Herbaceous plants are present along the road (see photographs 9 and h In 

Figure 1-3). Lead concentrations in nearby surface soil samples were considerably lower at 11.3 mg/kg 

(03SS20), 16.2 mg/kg (03SS21), 27.6 mg/kg (03SS22), 16 mg/kg (03SS25), and 66 mg/kg (03SS26). 

(Appendix E, Table 5-1). These sample locations are within less than 60 feet of the elevated 

concentration location 03SS24. Overall, the data Indicate that potential risk is primarily limited to the 

vicinity of sample 03SS24; however, significant risks to plants and Invertebrates are not expected 

because the poor habitat would limit the numbers of receptors that would inhabit this area, especially 

earthworms. Therefore, although risks to plants and invertebrates from lead in the soil are possible, the 

potential risks from lead are not great enough to warrant retaining it as a COPC. For that reason, lead IS 

eliminated as a CO PC for risks to plants and invertebrates. Because lead is a bioaccumulative chemical, 

risks to wildlife from lead are evaluated in Section 8.6.2 of this ERA. 

Mercury 

Mercury was Initially selected as a CO PC because the maximum soil concentration (0.26 mg/kg) 

exceeded the EDQL of 0.073 mg/kg and was greater than background concentrations. The most recent 

soil EDQL (now referred to as ESLs) of 0.1 mg/kg IS based on risks to earthworms. However, even 

though the derivation of the ESL is based on earthworms, the following alternate benchmark was used to 

further evaluate risks to plants and SOil invertebrates: 

• Canadian SQG - 12 mg/kg (CCME, 1997) 

As presented in the supporting document for the Canadian SQG for mercury (EC, 1999b), the Canadian 

guideline of 12 mg/kg for mercury is based on the 25th percentile of effects and no effects data distribution 

for plants and Invertebrates. The 25th percentile IS the 6th of 22 data points and corresponds to an EC50 

for turnip seedling emergence (50 mg/kg). The EC50 value of 50 mg/kg was then divided by an 

uncertainty factor of 4 conSidering the Importance of definitive effects data. In Appendix VIII of the 

supporting document, NOECs for earthworm survival were reported at 96 mg/kg and 100 mg/kg in soils of 

pH 4.0 to 4.2 and 7.4, respectively. 

The maximum detected mercury concentration is less than the SQG; therefore risks to plants and SOil 

invertebrates are acceptable. Mercury IS not retained as a COPC for risks to plants and Invertebrates; 

however, because mercury IS a bioaccumulatlve chemical, risks to Wildlife from mercury are evaluated In 

Section 8.6.2 of thiS ERA. 
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Nickel was Initially selected as a CO PC because the maximum soil concentration (32.6 mg/kg) exceeded 

the EDQL of 13.6 mg/kg and was greater than background concentrations. However, the EDQL is based 

on risks to wildlife (i.e., the masked shrew) and not risks to plants and invertebrates, so the following 

alternate benchmark was used to evaluate risks to plants and sOil Invertebrates. 

• Canadian SQG - 50 mg/kg (EC, 1999c) 

The Canadian SQG for nickel (50 mg/kg) is the 25th percentile of effects and no effects data distribution 

for plants and invertebrates, which is the 8th of 31 data POints and corresponds to an effect on the growth 

of onion. The maximum nickel concentration is less than the SQG. Therefore, risk to plants and soil 

invertebrates In surface soil are acceptable and nickel IS not retained as a COPC. However, because 

nickel is a bioaccumulative chemical, risks to Wildlife from nickel are evaluated in Section 8.6.2 of this 

ERA. 

ZinC was initially selected as a COPC because the maximum soil concentration (739 mg/kg) exceeded 

the EDQL of 6.62 mg/kg 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 - 200 mg/kg (EC, 1999d) 

The Canadian SQG (200 mg/kg) for ZinC IS the lowest LOEC of the plants and invertebrate data set and is 

based on an effect on seedling emergence for radish (EC, 1999d). The welght-of-evldence 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 mg/kg, indicating that earthworms 

appear to be less sensitive to zinc than plants. 

• 

The maximum ZinC concentration (739 mg/kg) at location 03SS28 IS located In the southeastern portion of 

a small (approximately 30 feet by 60 feet) Isolated depression (Figure 5-2). The zinc concentration In • 
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sample 03SS270002, located within the same depression, was 145 mg/kg. In addition to the maximum 

zinc detection, concentrations in three other samples were greater than the SaG. However, these 

concentrations only sli!;)htly exceeded the SaG (211 mg/kg at 03SS24, 230 mg/kg at 03SS41, and 

211 mg/kg at 03SS45) and zinc concentrations in most other surface soil samples were in the range of 30 

to 80 mg/kg (Appendix E, Table 5-1). Therefore it is not likely that significant impacts will occur to plants 

and invertebrates at locations with zinc concentrations slightly greater than the Canadian SaG. Overall, 

the data Indicate that potential risk from exposure to zinc appears to be primarily limited to an isolated 

depression. Therefore, although risks to plants and invertebrates from zinc in the soil are possible, the 

potential risks from zinc are not great enough to warrant retaining it as a COPC. However, because ZinC 

IS a bloaccumulative chemical, risks to wildlife from zinc are evaluated In Section 8.6.2 of this ERA.. 

8.6.1.2 Sediment 

Indiana has not established SSLs for any contaminants, and the U.S. EPA has established SSLs for only 

a few contaminants. Therefore, other non-regulatory alternate benchmarks were used to evaluate the 

sediment data. Table 8-2 presents a summary of the common alternate benchmarks used In refining the 

list of COPCs, along with a summary of the Step 3a evaluation. The summary of upgradient sediment 

comparisons IS presented In Appendix F. As presented in Table 4-21 and Table 4-22. 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 the upgradient 

sediment concentrations. For shallow sediment samples these Included arsenic, beryllium, chromium, 

Iron, manganese, mercury, nickel, selenium, silver, thallium and vanadium. For deep sediment samples 

these Included arsenic, beryllium, chromium, Iron, manganese, nickel, selenium, thallium, and vanadium. 

Any risks from these inorganic chemicals would be within background risks and not related to site 

activities. Background comparisons were not used as a CO PC selection criterion for organics 

As previously discussed, both shallow (0 to 6 inches) and deep (6 to 24 Inches) sediment samples were 

collected. Benthic organisms are present primarily in the top SIX Inches only and therefore, 

concentrations of chemicals detected In shallow sediment samples are better Indicators of potential 

exposure to these ecological receptors than are concentrations in deep sediment samples. However, as 

a conservative measure, deep sediment samples are also evaluated because sediment dwelling 

organisms may be exposed to those concentrations dUring heavy rain events or In cases where sediment 

below six Inches IS disturbed. 

Additionally, the presence of sediment dwelling organisms in some portions of LSC is unlikely. The 

intermittently dry portions are unsuitable habitat for sustaining benthiC populations over any extended 
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period of time. In cases where habitat quality is questionable, the uncertainties are discussed below with 

consideration of potential risks from the COPCs in sediment. During a site visit in June 2004, the Navy 

and U.S. EPA inspected LSC. Portions upstream of spring C were noted as generally dry, except just 

above the bridge where a few small depressions with water a few square feet in size were noted. Various 

pieces of metal debris were observed in the stream channel, most of which likely originated from the 

ABG. The metal debris varied of melted pieces, small canisters, container tops, and appeared to consist 

of aluminum, lead, and/or copper. During the June 2004 site viSit, it was observed that the creek 

becomes perennial downstream of the bridge (see Photo P3 on Figure 2) and especially downstream of 

Spring C, where the flow of water increases. Halfway downstream to the next bridge, it was noted that 

the substrate was rocky with gravel but very little sediment. There were a few deeper pools/runs in this 

portion of the creek that were several feet deep. Various aquatic insects were observed under rocks, and 

fish, crayfish, and frogs were present In the water; some of the fish were three to five inches long. Also, a 

few salamanders were observed under the rocks. Therefore, although not much habitat exists for aquatic 

recePltors upstream of Spring C, LSC does support a variety of aquatic species downstream of Spring C. 

Previous site Visits and observations in which the stream bed of northern portions of LSC (Spring C to 

past the burn Pit) were similar to that which was observed during the U.S. EPA visit in June 2004. As 

mentioned in section 8.2.1, aquatic habitats in areas surrounding the ABG, including the OJT, were 

characterized In detail in August and September 1995 as part of an ERA completed in February 1999 

(TtNUS, 1999). Benthic macroinvertebrates were collected using a D-frame kick net and preserved using 

70-percent Isopropanol. At the Spring A pool, 71 indiViduals in seven taxa were observed. The EPT 

Index was calculated to be 0.429, which is indicative of a relatively unpolluted stream. At the Spring C 

pool, 81 individuals in eight taxa were observed. The EPT Index was 0.375, indicative of a relatively 

unpolluted stream. For a riffle In LSC adjoining the Spnng C pool, 40 Individuals in four taxa were 

observed, and the EPT Index was 0.500, which IS also indicative of a relatively unpolluted stream. Based 

on these observations it does not appear that Significant Impacts to aquatic receptors in LSC have 

occurred. 

Acenaphthene 

Acenaphthene was initially selected as a COPC because the maximum detected shallow sediment 

concentration (25 Ilg/kg) exceeded the EOQL of 6.7 Ilg/kg. The EDQL is based on the Canadian interim 

sediment quality guideline (SQG) for acenaphthene and IS the conservative screening value. The 

probable effects level (PEL) for acenaphthene IS 88.9 Ilg/kg. The PEL represents the lower limit of the 

range of chemical concentrations that are usually or always associated with adverse biological effects. 

The maximum detected acenaphthene concentration is greater than the conservative screening value but 
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IS less than the upper effects level. Concentrations that are greater than the SQG but less than the PEL 

are considered representative of a range where adverse biological effects are occasionally expected to 

occur. However, adverse effects to ecological receptors at LSC are not expected to occur for the 

following reasons. Acenaphthene was detected in only one of 15 shallow sediment samples and was not 

detected. in deep sediment samples. The single detected concentration in shallow sediment samples was 

found at downstream location 03SD18, which is in the perennial portion of LSC. As noted earlier, 

significant Impacts to aquatic receptors have not occurred In the perennial portion of LSC because fish, 

crayfish, frogs, and other aquatic receptors were observed there during a June 2004 site visit. Few other 

PAHs were detected in sediments, and concentrations of no other PAHs exceeded screening levels (see 

Tables 4-21 and 4-22). For these reasons, risks to sediment-dwelling biota from acenaphthene and other 

PAHs in sediment are acceptable and acenaphthene is not retained as a COPC. 

Di-N-Butyl Phthalate 

Di-n-butyl phthalate was initially selected as a CO PC because the maximum shallow sediment 

concentration (590 I1g/kg) and the maximum deep sediment concentration (880 Ilg/kg) exceeded the 

EDQL of 110.5 Ilg/kg. However, the new EDQL (now referred to as ESLs) is 1,114 I1g/kg. The maximum 

sediment concentrations are less than the new ESL and risks to sediment dwelling invertebrates are 

acceptable. Therefore, di-n-butyl phthalate was not retained as a COPC in sediment. 

Diphenylamine 

Diphenylamine was initially selected as a CO PC because the maximum detected shallow sediment 

concentration (420 Ilg/kg) exceeded the EDQL of 34.6 Ilg/kg. No alternative benchmarks pertaining to 

sediment-dwelling biota exposed to diphenylamine are available so other step 3a factors are considered 

in further evaluating risks to sediment dwelling Invertebrates from diphenylamine. 

Diphenylamine was detected in three of 15 shallow sediment samples, at 96 Ilg/kg in a sample within the 

ABG, at 100 Ilg/kg In a sample slightly downstream of the ABG, and its maximum concentration was in a . . 
sample near Spring C (Figure 5-7). It was not detected in deep sediment samples. The two samples by 

the ABG are in the portion of LSC that is dry except dUring rain events, so there is httle possibility of 

significantly Impacting the sediment-dwelling community In this area. There are sediment Invertebrates at 

the location of the maximum detected concentration; however, significant impacts to aquatic receptors 

have not occurred in the perennial portion of LSC because fiSh, crayfish, frogs, and other aquatic 

receptors were observed there dUring a June 2004 site VISIt. Diphenylamine was also not detected In 

• surface sOil, subsurface sOil, or groundwater samples at SWMU 03. Because the source of 
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contamination at SMWU 03 is wastes deposited and burned at the dumpsite and burning grounds (Figure 

8-2), diphenylamine should be detected in the source area samples If its presence was related to site 

activities. For these reasons, site-related risks to sediment dwelling invertebrates are acceptable and 

diphenylamine is not retained as a COPC. 

TNT was initially selected as a COPC in both shallow and deep sediment because a Region 5 screening 

level IS not available. Based on a conference call between TtNUS, U.S. EPA Region 5, and the US Army 

Corps of Engineers (USACE) on October 6, 2004, Jeff Steevens from USACE indicated that NOECs and 

LOECs for nitroaromatlc compounds were developed in a paper by Condor, et. aI., (2004). The study 

calculated NOECs and LOECs for nitroaromatic compounds and in order to convert the values from 

nmol/kg to mg/kg, an average molecular weight of 200 was used. The average molecular weight was 

based on the approximate average molecular weights of TNT, ANTs, and ONTs of 227, 197, and 167, 

respectively. Based on this study, the NOEC, LC50, and LOEC for survival of 112, 184 and 304 nmollg, 

respectively, converted to 22.4 mg/kg, 36.8 mg/kg, and 60.8 mg/kg, respectively. 

The maximum concentration of TNT was 2.2 mg/kg detected In the deep sediment sample 03S0120612. 

The maximum concentration In shallow sediment samples was 0.69 mg/kg in sample 03S0110006. The 

maximum TNT concentrations are less than the NOEC, LC50, and LOEC values as developed by Condor 

et al. (2004). Additionally, the maximum concentrations were detected at locations In the portion of LSC 

that is dry except during heavy rain events, so there is little possibility of significantly impacting the 

sediment-dwelling community In this area. Therefore, risks to sediment dwelling invertebrates are 

acceptable and TNT is not retained as a COPC. 

ROX was initially selected as a CO PC In deep sediment because a Region 5 screening level is not 

available. Therefore, alternate toxIcity information was located. 

• Survival of Chironomus tentans was not statistically different from control samples at ROX 

concentrations as high as 711 mg/kg (Steevens et aI., 2002). 

The maximum concentration was detected In sample 03S0110612 at a concentration of 0.45 mg/kg 

which IS three orders of magnitude less than the toxicological data reported In Steevens et al. (2002). 
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ROX was not detected in shallow sediment samples. Therefore, risks to sediment invertebrates from 

ROX are acceptable and ROX is not retained as a COPC in sediment. 

HMX was Initially selected as a COPC because a screening level is not available; therefore, the following 

toxicity Information was located: 

• Survival of Chironomus tentans was not statistically different from control samples at HMX 

concentrations as high as 146 mg/kg (Steevens et aI., 2002). 

The maximum concentration of HMX (130 mg/kg) was detected in shallow sediment sample 03S0110006 

and is less than the NOEC reported above for thiS compound The HMX concentration In the deep 

sediment sample collected from location 03S011 was 19 mg/kg, which is less than the NOEC value for 

survival. Therefore, risks to aquatic receptors from HMX In the sediment are acceptable and HMX is not 

retained as a COPC in sediment. 

• 2,4-0Initrotoluene, 2-AmIn0-4,6-dinitrotoluene, and 4-Amino-2,6-dlnltrotoluene 

2,4 Oinltrotoluene (2,4-0NT) was Initially selected as a COPC because the single detected concentration 

(1.1 mg/kg) In shallow sediment sample 03S0060006) exceeded the Region 5 EOQL (0.08 mg/kg). 

2-amino-4,6-dlnltrotoluene (2-AONT) and 4-amIn0-2,6-dinitrotoluene (4-AONT) were initially selected as 

COPCs because no Region 5 EOQLs are available for comparison. Based on a conference call between 

TtNUS, U.S. EPA Region 5, and the US Army Corps of Engineers (USACE) on October 6, 2004, Jeff 

Steevens from USACE indicated that NOECs and LOECs for nitroaromatic compounds were developed 

In a paper by Condor, et. al. (2004). The study calculated NOECs and LOECs for nitroaromatic 

compounds and in order to convert the values from nmol/kg to mg/kg, an average molecular weight of 

200 was used. The average molecular weight was based on the approximate average molecular weights 

of TNT, ANTs, and ONTs of 227, 197, and 167, respectively. Based on this study, the NOEC, LC50, and 

LO~C for survival of 112, 184 and 304 nmol/g, respectively, converted to 22.4 mg/kg, 36.8 mgikg, and 

60.8 mg/kg, respectively. The maximum concentrations of 2,4-0NT (1.1 mg/kg in 03S0060006), 2-AONT 

(0.73 mg/kg In 03S0110612), and 4-AONT (0.4 mg/kg In 03S0120612) are less than the NOEC, LC50, 

and LOECs for TNT and these degradation products. 

These degradation energetics of TNT were detected infrequently. 2,4-0NT was detected only once in 15 

• shallow sediment samples and not at all In deep sediment samples. 2-AONT was detected in one of 15 
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shallow sediment samples and in two of 15 deep sediment samples. 4-ADNT was detected only once in 

15 deep sediment samples and not at all in shallow sediment samples. With the low frequency of 

detections and apparent relatively low toxicity, risks to sediment dwelling invertebrates from 2,4-DNT, 

2-ADNT, and 4-ADNT are acceptable. Therefore, these energetics are not retained as COPCs in 

sediment. 

Methoxychlor 

Methoxychlor was initially selected as a COPC because the maximum shallow sediment concentration 

(17 ~g/kg) exceeded the EDQL of 3.59 ~g/kg. Methoxychlor was not detected in deep sediments a·nd 

was detected in only one of 15 shallow sediment samples. The revised Region 5 sediment EOQL (now 

referred to as ESL) of 13.6 ~g/kg was developed uSing the same equilibrium partitioning method as the 

Ecotox Threshold of 19 ~g/kg (U.S. EPA. 1996a) but with an improved water quality Tier II value. Based 

on the U.S. EPA's comment on the draft ERA, the Ecotox Threshold value of 19 ~g/kg for methoxychlor 

was In effect when the work plan for this ERA was approved and the maximum concentration IS less than 

19 ~g/kg. Methoxychlor does not need to be retained as a COPC for risks to sediment dwelling 

invertebrates. However, because methoxychlor is a bloaccumulative chemical, risks to wildlife from 

methoxychlor are evaluated In Section 8.6.2 of this ERA. • 

2,4-0 (2,4-Dichlorophenoxyacetlc acid) 

2,4-0 was initially selected as a COPC because the maximum shallow sediment concentration (20 ~g/kg) 

and maximum deep sediment concentration (28 ~g/kg) exceeded the EDQL of 5. 79 ~g/kg. However, the 

most recent EDQL (now referred to as ESL) is 1,273 Ilg/kg. The maximum sediment concentrations are 

less than the ESL and risks to sediment dwelling Invertebrates are acceptable. For thiS reason, 2,4-0 is 

not retained as a COPC. However, because 2,4-0 IS a bioaccumulative chemical, risks to wildlife from 

2,4-0 are evaluated In Section 8.6.2 of this ERA. 

Aluminum 

Aluminum was initially selected as a COPC because an EOQL was not available. The alternate 

benchmark selected for aluminum IS the Threshold Effects Level (TEL) of 25,500 mg/kg (Buchman, 

1999). The TEL represents the concentration below which adverse effects on survival or growth of the 

amphipod Hya/el/a azteca are expected to occur only rarely In 28 day tests (MacDonald et aI., 2000) . 

The maximum concentration in deep sediment (56,900 mg/kg) IS greater than the TEL; however, the 

location of the maximum deep sediment concentration (0388011) IS typically dry and does not support 
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benthic organisms. All other concentrations in the deep sediment samples are less than the TEL. 
Additionally, the maximum aluminum concentration In shallow sediment (23,200 mg/kg) is less than the 
TEL. Because aluminum was only detected in one sample at a concentration greater than the TEL and 
because that sample was located in an area where benthic organisms are not expected to be present, 
risks to sediment-dwelling biota are acceptable and aluminum is not retained as a COPC. 

Antimony 

Antimony was initially selected as a COPC because an EOQL was not available. The alternate 
benchmark selected for antimony is the Effects Range Low (ER-L) of 2 mg/kg (Long and Morgan, 1991). 
The Effects Range Median (ER-M) for antimony is 25 mg/kg. The maximum detected concentration 
(7.6 mg/kg in shallow samples) exceeds the conservative ER-L but is less than the ER-M. As noted In 
Long et al. (1995), concentrations greater than the ER-L but less than the ER-M represent the range 
within which effects "would occasionally occur". 

Antimony was detected In 8 of 15 shallow sediment samples. Of these, concentrations In shallow 
sediment samples exceeded the ER-L at four locations (03S005, 03S011, 03S013, and 03S015) . 
Sample location 03S005 IS located within the northern boundaries of the ABG where aquatic habitat is 
minimal. L9catlons 03S011 and 03S013 are located north of Spring C where permanent aquatic habitat 
is absent. Location 03S015 was collected south of Spring C, the perennial portion of LSC. Antimony 
was not detected In deep sediments collected south of Spring C where permanent aquatic habitat exists. 
Additionally, antimony was eliminated as a CO PC in surface soils at SMWU 03 due to background. 
Therefore, although antimony may be present at a concentration causing potential risks at one location in 
the perennial portion of LSC, It does not appear that antimony is related to site activities. Therefore, risks 
to sediment-dwelling biota from antimony In sediment are acceptable and antimony IS not retained as a 
COPC. 

Barium 

Barium was initially selected as a COPC because an EOQL was not available. 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 . 

060208/P 8-49 eTO 0159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: 8 
Page 50 of 80 

The maximum concentration in shallow sediment (853 mg/kg) was detected at location 03S005, which is 

located in LSC slightly within the northern boundary of the ABG (Figure 5-7). Thus, this concentration is 

not believed to be related to OJT activities rather an indication of ABG contamination. Barium 

concentrations in shallow and deep sediments were elevated at the first three sampling locations 

downstream of the ABG (samples 03S010, 03S011, and 03S012), with the maximum deep sediment 

concentration in sample 03S011 (981 mg/kg). Barium concentrations were lower in samples farther 

downstream, but exceeded background sediment concentrations. As noted in Section 8.2.5.1, barium 

was elevated In surface soil sample 03SS48 and relatively high levels were detected in samples 03SB23 

and 03SB26 (see Figure 5-2). SOil sample 03SS48 is approximately 50 feet from the creek but is 

downgradient from sediment samples 03S01 0 and 03S011. Thus, the elevated sediment concentrations 

in these two samples are not the result of migration from the vicinity of soil sample 03SS48. In summary, 

the spatial distribution of barium concentrations in sediments is somewhat perplexing, with low 

concentrations in background sediments, a high concentration in one ABG sample (03S005), low to 

moderately high in other ABG samples, and sporadically high concentrations in LSC downstream of the 

ABG and OJT .. 

• 

The paucity of tOXICity data inhibits a complete evaluation of risks posed by barium. However, barium is a • 

common element in sediments and it is not generally associated with significant toxicity (ATSOR, 1997). 

The data appear to Indicate that barium concentrations in LSC may be related to former activities along 

the OJT, as well as a source or sources within the ABG. As previously noted, portions of LSC upgradient 

of Spring C (03S015) are typically dry except during heavy rain events and significant impacts to 

sediment invertebrates are not expected because the poor habitat would limit the number of receptors 

that would inhabit this area. The portions of LSC downgradlent of Spnng C are perennial and currently 

support aquatic invertebrates as was observed dUring the June 2004 site visit. Therefore, it does not 

appear that aquatic receptors are being adversely impacted In the perennial portion of LSC. Although 

risks to sediment Invertebrates from barium in the sediment are pOSSible, the potential risks from barium 

are not great enough to warrant retaining It as a COPC. For that reason, barium IS eliminated as a COPC 

for risks to sediment Invertebrates. 

Cadmium 

Cadmium was initially selected as a COPC because the maximum shallow sediment concentration 

(3.5 mg/kg) and the maximum deep sediment concentration (4 mg/kg) exceeded the EOOL of 

0.596 mg/kg. The most recent EOOL (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: 
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Consensus-based TEC - 0.99 mg/kg (MacDonald et aI., 2000) 

Consensus-based PEC - 4.98 mg/kg (MacDonald et al. 2000) 
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The consensus-based TEC is the geometric mean of the threshold effect level (TEL; Smith et aI., 1996), 

effect range low value (ERL; 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 

1997e) 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 PEC was derived similarly 

to the TEC but is the geometric mean of the probable effect levels (PELs; Smith et aI., 1996), effect range I 

median values (ER-Ms; !,.ong and Morgan, 1991), severe effect levels (SELs; Persaud et aI., 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 aI., 2000). The 

maximum cadmium concentrations are greater than the TEC but less than the PEC. Concentrations in 

most downstream sampres (03SD15 - 03SD19) where permanent aquatic habitat exists are less than the 

TEC or only slightly exceed the TEC (0.37 mg/kg - 2 mg/kg). As noted previously, it does not appear that 

aquatic receptors are being adversely impacted in the downstream area because an ~bundance of 

aquatic life was observed during the June 2004 site Visit. Therefore, although risks to sediment 

Invertebrates from cadmium In the sediment are possible, the potential risks from cadmium are not great 

enough to warrant retaining it as a COPC. For that reason cadmium is eliminated as a CO PC for risks to 

sediment invertebrates. However, because cadmium is a bloaccumulatlve chemical, risks to wildlife from 

cadmium are evaluated In Section 8.6.2 of this ERA. 

Copper 

Copper was initially selected as a COPC because the maximum shallow sediment concentration 

(198 mg/kg) and the maximum deep sediment concentration (273 mg/kg) exceeded the EDQL of 

16 mg/kg. 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 mg/kg (MacDonald et aI., 2000) 

• Consensus-based PEC - 149 mg/kg (MacDonald et aI., 2000) 
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The maximum concentrations are greater than the less conservative PEC value. As mentioned 

previously, the PEC is the level above which harmful effects on sediment dwelling organisms are 

expected to frequently occur (MacDonald, et aL, 2000). The maximum copper concentration in shallow 

sediment samples was detected at location 03S015, which is the nearest sample downstream from 

Spring C. The copper concentration (43.7 mg/kg) detected at location 03S016 also exceeds the TEC but 

IS less than the PEC. Copper concentrations in locations further downstream of 03S016 were less than 

the TEC. Although copper was detected in sediment samples collected from areas north of Spring e, 

these portions of LSC are only wet during heavy rain events and Significant impacts to plants and 

invertebrates are not expected because the poor habitat would limit the numbers of receptors that would 

inhabit this area. It does not appear, however, that copper is causing unacceptable risks in other areas of 

LSe. As noted previously, It does not appear that aquatic receptors are being adversely impacted In the 

downstream area because an abundance of aquatic life was observed during the June 2004 site visit. 

Therefore, although nsks to sediment invertebrates from copper in the sediment are possible, the 

potential risks from copper are not great enough to warrant retaining it as a COPC. For that reason 

copper IS eliminated as a COPC for risks to sediment invertebrates. However, because copper is a 

bioaccumulative chemical, nsks to Wildlife from copper are evaluated in Section 8.6.2 of this ERA. 

Lead was Initially selected as a COPC because the maximum shallow sediment concentration 

(653 mg/kg) and deep concentration (445 mg/kg) exceeded the EOQL of 31 mg/kg. The most recent 

EOQL (now called ESLs) (U.S. EPA, 2003) IS based on the TEC. The TEC, along with the PEe were 

used to further evaluate risks to sediment Invertebrates from exposure to lead In'the sediment, as follows: 

• Consensus-based TEe - 35.8 mg/kg (MacDonald et aL, 2000) 

• Consensus-based PEC - 128 mg/kg (MacDonald et aL, 2000) 

The maximum concentration of 653 mg/kg was detected at location 03S006 and exceeds the TEC and 

PEC. Location 03S006 IS upgradleht of the OJT and Within the ABG. Lead concentrations were also 

elevated at locations 03S005 (204 mg/kg) and 03S007 (215 mg/kg), which are also located within the 

ABG, as well as at locations 03S010 and 03S011, slightly downstream of the ABG (Figure 5-8). Sample 

03S0110006 IS located In the portion of LSC near the burn pit which also had high lead concentrations. 

Therefore, the source of lead at 03S011 may be the burn Pit or associated activities at the OJT. Lead 

concentrations In almost all background samples (upgradient of the ABG) were less than the EOQl. The 

low concentrations In background samples and elevated concentrations In samples within and slightly 

downstream of the ABG and OJT Indicate that potential nsks from lead are potentially related to activities 
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associated with the ABG and OJT. The areas of elevated lead concentrations are located primarily in the 
intermittent portions of LSC that are typically dry except during heavy rain events and do not sustain 
benthic populations. Therefore, potential risk posed by lead in sediment exists in some areas of the LSC 
channel, but appears to be minor in most portions of downstream areas where permanent aquatic habitat 
exists. Therefore, although risks to sediment invertebrates from lead in the soil are possible, the potential 
risks from lead are not great enough to warrant retaining it as a COPC. Because lead is a 
bioaccumulative chemical, risks to wildlife from lead are evaluated in Section 8.6.2 of this ERA. 

Tin was initially selected as a CO PC because an EDQL was not available. Alternative benchmarks 
pertaining to sediment-dwelling biota exposed to tin are also not available. The maximum detected tin 
concentration was 13.8 mg/kg In sample 03SD120006. Tin was detected In only two of 15 shallow 
sediment samples and three of 15 deep sediment samples In the intermittent portions of LSC. Tin was 
not detected in the perennial portion of LSC where permanent aquatic habitat exists. Additionally, tin was 
not detected In surface sOil samples indicating the occurrence of tin In sediment samples IS not related to 
site activities at SWMU 03. The evaluation of tin IS limited by the lack of benchmarks. However, its 
relatively Infrequent detections in areas of LSC that do not support permanent aquatic habitat suggest a 
low exposure and low potential for toxicity to sediment-dwelling biota; therefore tin IS not retained as a 
COPC. 

ZinC was initially selected as a CO PC because the maximum shallow sediment concentration (385 mg/kg) 
and deep sediment, concentration (1,120 mg/kg) exceeded the EDQL of 120 mg/kg. 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: 

• Consensus-based TEC - 121 mg/kg (MacDonald et aI., 2000) 
• Consensus-based PEC - 459 mg/kg (MacDonald et al. 2000) 

Zinc concentrations exceed the TEC in 10 shallow sediment samples and eight deep sediment samples. 
Additionally, the maximum concentration In deep samples IS greater than the PEC. Concentrations 
exceeded the TEC in 2 of 5 shallow samples within the ABG (03SD07 at 194 mg/kg and 03SD05 at 
206 mg/kg). Concentrations were also elevated relative to the TEC In the first three samples downstream 

• of the ABG (Figure 5-8), including the maximum concentration of 1,120 mg/kg In 03SD11. Location 
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03S011 was located In LSC adjacent to the burn pit at OJT, but zinc concentrations in the adjacent 

surface soil samples were much lower than 1,120 mg/kg (see Figure 5-2). The maximum concentration in 

the shallow sediment samples of 385 mg/kg was in sample 03S0160006, located in LSC between Spring 

A an? Spring C. Concentrations were less than the TEC in samples 03S0190612 (113 mg/kg), the 

furthest downstream sample, and in 03S0170612 (50.1 mg/kg), approximately 1,500 feet upstream of 

sample 03S0190612. Concentrations only slightly exceeded the TEC at location 03S018, which is 

midway between these two samples. It is difficult to determine from the distribution of elevated 

concentrations whether or not zinc in LSC is related to former burning and/or dumping at the OJT site or 

is due to a source within the ABG. The presence of elevated zinc concentrations in two samples 

collected within the ABG, in one sample upgradient of the ABG and in one sample adjacent to the OJT 

suggests, however, that there may be multiple sources of zinc including a source or sources of zinc 

upstream of the OJT site. However, as previously noted, portions of LSC upgradient of Spring C 

(03S015) are typically dry except during heavy rain events and significant impacts to sediment 

invertebrates are not expected for these segments of LSC because the poor habitat would limit the 

number of receptors that would inhabit this area. The portions of LSC downgradient of Spnng Care 

perennial and currently support abundant aquatic invertebrates as was observed during the June 2004 

• 

site visit. Therefore, It does not appear that aquatic receptors are being adversely impacted In the 

perennial portion of LSC. Although risks to sediment invertebrates from zinc In the sediment are possible, • 

the potential risks from zinc are not great enough to warrant retaining it as a COPC. For that reason, zinc 

is eliminated as a COPC for risks to sediment invertebrates. Because zinc is a bloaccumulatlve chemical, 

nsks to wildlife from ZinC are evaluated In Section 8.6.2 of thiS ERA. 

8.6.1.3 Surface Water 

Table 8-3 presents a summary of some of the common alternate benchmarks that were used in refining 

the list of COPCs In low-flow and high-flow surface water samples, along with a Step 3a evaluation. The 

summary of upgradient surface water comparisons is presented in Appendix F. As presented in Table 

4-23 and Table 4-24, 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 the upgradient surface water concentrations. Aluminum, iron, and 

manganese were eliminated as COPCs In total low-flow and high-flow surface water samples because 

site concentrations did not exceed background concentrations. Aluminum and manganese were also 

eliminated as COPCs in dissolved low-flow and high-flow surface water samples because site 

concentrations did not exceed background concentrations. Risks from these chemicals were not 

evaluated in the ERA, however, any risks would be within background nsks and not related to site 

actiVities. 
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Water-quality standards (WaS) for surface water have been developed for Indiana (IDEM, 1998). In 

addition, U.S. EPA has established AWaC for several contaminants (U.S. EPA, 2002c). The Indiana 

was are based on the U.S. EPA AWQCs, which were updated after the IDEM values were promulgated. 

Therefore, the updated AWQCs are more appropriate to use in evaluating the surface water data. Other, 

non-regulatory surface water screening values were also used to evaluate the data, when necessary. 

Both the acute and chronic SWSLs were used to evaluate the COPCs to determine potential impacts in a 

lines-of-evidence approach. The following sections discuss these values, as appropriate. 

As mentioned previously, some portions of LSC are dry (in particular, the portion of LSC between the 

ABG boundaries and Spring C) except during heavy rain events and in fact, water samples were not 

available for collection during low flow conditions of several locations. Therefore, these portions of LSC 

do not support populations of any aquatic organisms. The perennial portions of the southern limits of 

LSC at SWMU 03 begin with the discharge of Spring C. Surface water concentrations at locations 

beginning at 03SW15 and downstream are better indicators of potential exposure to aquatic receptors 

than are concentrations in samples collected In northern portions of LSC. Although a formal hydrologic 

study has not been conducted, LSC, between ABG and Spring C, is estimated to be wet approximately 

10 to 15 times a year dUring significant rain events. LSC typically only remains wet for a few days 

following the rain event, depending upon the amount of rain that is received. 

Bromomethane 

Bromomethane was initially selected as a CO PC In surface water because a SWSL was not available; 

however, the most recent ESL for bromomethane IS 16 I1g/L. Bromomethane was detected in three low­

flow samples with a maximum concentration of 1.6 119/L in sample 03SW1701. Bromomethane was not 

detected In high-flow samples. The maximum concentratIOn of bromomethane IS less than the new ESL 

and so risks to aquatic Invertebrates are acceptable. Therefore, bromomethane is not retained as a 

COPC for risks to aquatic organisms In LSC. 

Bis(2-ethvlhexyl) phthalate 

Bis(2-ethylhexyl) phthalate was initially selected as a COPC because the maximum concentration 

(6 119/1) exceeded the EDQL (2.1 119/L). Bls (2-ethylhexyl) phthalate was detected In two of 11 high-flow 

samples; both detections only slightly exceeded the SWSL. These two detections in high flow samples 

were at locations 03SW09 and 03SW14 which are In the Intermittent portions of LSC north of Spring C. 

• In fact, these two locations were dry when low-flow samples were collected In June 2001 (see Appendix 
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B-5.1) and surface water was not available for sample collection. Bis (2-ethylhexhl) phthalate was not 

detected In any samples collected during the low flow conditions. Therefore, the lack of permanent 

aquatic habitat at locations where bis (2-ethylhexyl) phthalate was detected during the high flow 

conditions indicates that aquatic invertebrates at these locations are likely absent and risks to aquatic 

receptors in LSC are acceptable. Therefore, bis (2-ethylhexyl) phthalate is not retained as a CO PC for 

risks to aquatic receptors in LSC. 

Energetics 

Six energetics (2,4,6-TNT, 2-ADNT, 4-ADNT, HMX, RDX, and nitrocellulose) were detected in low-flow 

and/or high-flow surface water samples and were retained as COPCs because EDQLs are not available. 

However, their relatively low concentrations (many at less than parts-per-billion concentrations) suggest 

negligible or minimal risk. 

The alternate benchmark selected for TNT is the chronic water quality criterion of 90 Ilg/L (Talmage et aI., 

1999). TNT was detected in one of six low-flow samples collected and not in any high-flow samples. The 

single detected concentration of 0.56 Ilg/L at location 03SW17 is less than the chroniC water quality 

criterion and so risks to aquatic invertebrates are acceptable. 

A chronic AWQC for 2-ADNT is not available; however, the secondary chromc value (SCV) for 2-ADNT is 

20 Ilg/L (Talmage et aI., 1999). 2-ADNT was detected in two of six low-flow samples and one of 11 high 

flow samples. The maximum 2-ADNT surface water concentration was detected in the high flow sample 

collected at location 03SW17 with a concentration of 1.5 Ilg/L. All detected concentrations In SWMU 03 

surface waters are less than the SCV and so risks to aquatic Invertebrates are acceptable. 

Water quality criteria for 4-ADNT is not available. However, the maximum concentration of 2.9 Ilg/L IS 

less than the 2-ADNT SCV of 20 Ilg/L, uSing 2-ADNT as a surrogate. 

InsuffiCient data were available for the development of a chronic water quality criterion for HMX; however, 

an SCV IS available. The SCV for HMX IS 330 Ilg/L (Talmage et ai, 1999). The maximum HMX 

concentration (90 Ilg/L) was detected In high flow samples at location 03SW09, which IS less than the 

SCV. Therefore, risks to aquatic invertebrates are acceptable. 

Insufficient data were also available for the development of a chromc water quality criterion for RDX; 

however, an SCV is also available. The SCV for RDX is 190 Ilg/L (Talmage et ai, 1999). The maximum 
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ROX concentration (63 Ilg/L) was detected in high flow samples at location 03SW17 and is less than the 

SCV. Therefore, risks to aquatic invertebrates are acceptable. 

Available toxicological information for nitroceffulose was located in the Pesticide Action Network (PAN) 

Pesticides Database (www.pesticideinfo.org). The PAN database is a coffection of current regulatory and 

toxicological information for pesticides. The PAN database for nitroceffulose consists of a compilation of 

toxicology studies on aquatic organisms from a variety of science journals. Mean tOXIC doses to aquatic 

organisms ranged from 10,000 Ilg/L to 1,000,000 Ilg/L nitroceffulose. The 10,000 Ilg/L concentration is 

derived from a study based on blue-green algae ~here no biochemical response was observed after 

96 hours. Other organisms included in the PAN database include crustaceans (sowbug), fish (catfish, 

bluegiff, and minnow), other phytoplankton, and zooplankton (water flea and scud). Nitroceffulose was 

detected in only one high flow sample and not at aff in low flow samples. The single detected 

concentration (3,200 Ilg/L) at location 03SW15 is less than the NOEC reported in the PAN database. 

Based on a comparison of water concentrations to the available toxicological information In the literature, 

risks to aquatic invertebrates appear acceptable. No energetics are retained as COPCs in surface water. 

2,4-0 was the only herbicide COPC In surface water, and a SWSL was not available for this compound. 

The new EOOL (now caffed ESLs) for 2,4-0 is 220 Ilg/L. The maximum concentration of 0.36 Ilg/L In 

sample 03SW0902 is less than the new ESL. Therefore, risks to aquatic receptors are acceptable and 

2,4-0 IS not retained as a CO PC In surface water. 

Cadmium and Zinc 

Cadmium and zinc were inltlafly selected as COPCs In unfiltered high-flow samples, but not In low-flow 

samples. Neither of these metals were COPCs in filtered surface water, since their concentrations in 

filtered samples were below SWSLs and/or below background values. These metals are not expected to 

pose significant risks to aquatic organisms because only dissolved (i.e., filtered) metal concentrations are 

considered to be bloavailable (U.S. EPA, 1992c). For these reasons, cadmium and zinc are not retained 

as COPCs in surface water. 

Copper 

Copper was Inltlafly selected as a COPC in unfiltered, high-flow surface water because the maximum 

concentration (18.4 !lg/L) was greater than the EOOL. The maximum concentration In filtered sample 
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03SW0902-F (7.6 ~g/L) is below the chronic AWQC of 9.0 ~g/L for copper (U.S. EPA, 2002c). Therefore, 

risks to aquatic organisms are acceptable because only the dissolved (i.e., filtered) metal concentrations 

are considered to be bioavailable (U.S. EPA, 1992c). In addition, sample 03SW0902 is located north of 

the ABG. in a dry stream bed under low-flow conditions. For these reasons, risks to aquatic life from 

copper in the surface water are acceptable and copper is not retained as a COPC. 

Iron was initially selected a.s a CO PC in filtered, low-flow surface water. Iron concentrations in unfiltered 

high-flow and low-flow, and filtered high-flow samples were less than the corresponding background 

concentrations. Its concentrations in filtered samples exceeded background filtered concentrations, and 

since an EDQL was not available, iron was initially selected as a CO PC In surface water. However, the 

maximum iron concentration (154 ~g/L) in filtered, low-flow surface water samples is less than the 

1 ,000 ~g/L AWQC for Iron (U.S. EPA, 2002c); therefore, nsks to aquatic organisms from iron are 

acceptable and iron is not retained as a COPC in surface water. 

Lead was initially selected as a COPC In unfiltered, high-flow and low-flow surface water. The maximum 

lead concentrations were 285 ~g/L in unfiltered, high-flow samples and 20 1l9/L In unfiltered, low-flow 

samples. The maximum concentration of lead in the filtered, high-flow samples (22.6 ~g/L), considered to 

be most indicative of bioavallability (U.S. EPA, 1992c), exceeds the chronic AWQC of 2.5 Ilg/L for lead 

(U.S. EPA, 2002c). However, sample 03SW1102 was collected under high-flow conditions in an area of 

LSC that does not support aquatic life under low-flow conditions. In addition, downstream samples (in 

areas providing sufficient habitat for aquatic receptors) were collected on the same day and have 

concentrations of 1.1 Ilg/L and less. Downstream sample concentrations are below the chroniC AWQC 

and for these reasons, risks to aquatic receptors are acceptable. Lead IS not retained as a COPC. 

8.6.2 Terrestrial Food-chain Modeling 

The discussion in Section 8.6.1 was not designed to evaluate risks to Wildlife through Ingestion of food 

items, dnnking water, and Incidental ingestion of SOil and sediment. Instead, a food-chain model was 

used to evaluate potential risks posed by COPCs to upper-level terrestrial Wildlife receptors. Section 

8.6.2.1 descnbes the food-chain model methodology, while Section 8.6.2 2 presents and discusses the 

results of the food-chain modeling. Chemicals evaluated In the terrestnal food-chain model were limited 

to those identified by the U.S. EPA as bioaccumulative (U.S. EPA, 2000a). The pnmary reason for 
/ 

including only bloaccumulatlve chemicals In the food chain model IS based on the assumption that 
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although wildlife can be exposed to chemicals that do not accumulate in food items (Le., 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. 

8.6.2.1 Methodology 

Chemicals evaluated in the terrestrial food-chain model were limited to those identified by U.S. EPA as 

bioaccumulative (U.S. EPA, 2000a). Risks to terrestrial receptors from bioaccumulatlve COPCs in soil, 

sediment, and surface water were evaluated by estimating the chronic daily Intake (COl) and comparing 

the COl to toxicity reference values (TRVs) representing acceptable daily doses In mg/kg/day. The TRVs 

were developed from NOAELs and lowest-observed-adverse-effect-Ievels (LOAELs) obtained from 

wildlife studies. The majority of the TRVs were obtained from the ORNL Toxicological Benchmarks for 

Wildlife: 1996 ReVision (Sample et aI., 1996). 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 

representative species in accordance with Sample et al. (1996). For mammalian species, the NOAEL (or 

LOAEL) from the test species is adjusted to a NOAEL (or LOAEL) for the representative species using 

the following body-weight scaling equation from Sample et al. (1996). 

Where: 

NOAELw = NOAELt*(bwt/bww) 

NOAELw = no-observed-adverse-effect-Ievel for the representative wildlife species 

NOAELt = no-observed-adverse-effec,t-Ievel for the test species 

bwt = body weight of the test species 

bww = body weight of the representative Wildlife species , 

Note that based on more recent publications [Sample, B. and C. Arenal 1999, AllometriC Models for 

Interspecies Extrapolation of Wildlife Toxicity Data (Bull Environ Contam Toxicol62: 653-663)], U.S. EPA 

Region 5 Indicated that the use of the metabolic scaling factor may not be appropriate for toxicity/body 

weight extrapolation factors. Therefore, U.S. EPA recommended that the toxIcity/body weight equation 

be performed without the use of the scaling factor of 0.25 The body-weight scaling was performed 

because studies have shown that, for mammals, numerous phYSiological functions such as metabolic 
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rate, as well as responses to toxic chemicals, are a function of body size (Sample et aI., 1996). However, 

Sample et al. (1996) 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.3-1 in Appendix H.3 presents 

the body weights that were used for the representative species and test species. 

When a sub-chronic study was used to develop the TRV, the final value was multiplied by a factor of 0.1 

to account for uncertainty between sub-chroniC and chronic effects. When an LOAEL study was used to 

develop the NOAEL TRV, the LOAEL was multiplied by a factor of 0.1 to estimate the NOAEL. 

Total exposure of the terrestrial receptors to COPCs in soil, surface water, and sediment was determined 

through food-chain modeling 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 COl 

doses. The following equation presents the food chain model that is used for the surrogate species that 

are selected for modeling: 

Where: COl 

FI 

FC 

WI 

CSw 

BW 

81 

CSs 

CSd 

COl Dose (mg/kg/day) = (FI * Fe) + (WI * Csw) + (81 * CSs or Csctl 

BW 

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 (mg/kg) 

Contaminant concentration In sediment (mg/kg) 

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 or CSd * BAF 

Where: FC = Contaminant concentration in food (mg/kg) 

CSs = Contaminant concentration in sOil (mg/kg) 
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For organic constituents in the sediment, the contaminant concentration of the prey items is calculated 
using the following equation: 

Where: FC 

FC = CSd * o/ol * BSAF 
%TOC 

Contaminant concentration in food (mg/kg) 
CSd = Contaminant concentration in sediment (mg/kg) 
%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, 1997e)] 
BSAF = Biota-Sediment Accumulation Factor (chemical-specific) 
% TOC = Percentage of total organic carbon In sediment (site-specific) 

The average TOC in deep and shallow sediment samples at SWMU 03 was 0.9483 percent (0.009483). 
• The lipid content used in the equation was 3.6 percent (0.036), and is the average of lipid contents In six 

species of fish native to Indiana and expected to occur in LSC (see Appendix H.4). 

• 

Contaminant concentrations in food Items were calculated uSing BAFs and BSAFs from published 
sources. The following sources of BAFs and BSAFs were used In the SERA: 

• Plant BAFs (Organics): Toxicity and Chemical-Specific Factors Database (ORNL, 2002). 

• Plant BAFs (Inorganlcs): Empirical Model for the Uptake of Inorganic Chemicals from Soil by Plants 
(ORNL, 1998a). 

• SOil Invertebrate BAFs: Development and Validation of Bioaccumulation Models for Earthworms 
(Sample et aI., 1998). 

• BSAFs (Inorganlcs): Biota Sediment Accumulation Factors for Invertebrates: Review and 
Recommendations for the Oak Ridge Reservation (ORNL, 1998b). 

• BSAFs (Organics) The Incidence and Severity of Sediment Contamination In Surface Waters of the 
United States. Volume 1: National Sediment Quality Survey (U.S. EPA, 1997e). 
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Table H.1-1 in Appendix H.1 presents chemical specific BAFs and BSAFs that were used in this SERA. A 

default value of 1.0 was used for the BAF or BSAF if chemical-specific data were not available in the 

above sources. Because sediment-to-fish BSAFs were not available for inorganic chemicals, sediment-to­

aquatic invertebrate BSAFs from ORNL (1998b) were used to estimate tissue concentrations of Inorganic 

chemicals in food items of the raccoon and belted kingfisher. 

Some of the BAFs and BSAFs presented in the above sources estimate the tissue concentrations in dry 

weight. These values were converted to wet weight for use in exposure estimation in the food-chain 

models by multiplying the BAF or BSAF by the average proportion of dry matter content of the organism 

(Sample et aI., 1997). The following table presents the proportion of dry matter that was used to adjust 

the BAFs and BSAFs to wet weight values (Sample et aI., 1997). Sediment-to-fish BSAFs taken from 

U.S. EPA (1997e) were wet weight values and thus, adjustments were not necessary for sediment-to-flsh 

BSAFs. 

Food Type Percent Dry Weight 

Terrestrial Invertebrates (earthworms) 16 

Terrestrial Plants (monocots-young grass) 30 

Aquatic/benthic invertebrates 29 

Two food-chain model scenarios were used for each species. The first scenario was very conservative, 

and used the follOWing assumptions: 

• 95% UCL soil, surface water, or sediment concentration; 

• 90th percentile BAFs and BSAFs; 

• Conservative receptor body weight; 

• Conservative receptor ingestion rate [The food Ingestion rates are presented as gram of food or water 

per gram of body weight per day (gig-day) in U.S. EPA, (1993e). The highest ingestion rate was 

multiplied by the highest body weight to obtain the maximum dally ingestion rate]; and 

• Receptors spend 100% of their time at the site. 

The second scenario was conSidered more representative of conditions at SWMU 03 and used the 

following assumptions: 
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Average soil, surface water, or sediment concentration. 

Median BAFs and BSAFs. 

Average receptor body weight. 
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• Average receptor ingestion rate [The food ingestion rates are presented as gig-day in U.S. EPA 

(1993e). The average ingestion rate was multiplied by, the average body weight to obtain the average 

daily ingestion rate]. 

• Receptors spend 100% of their time at the site. The EEQs reflect this assumption, however, 

receptors' home ranges were qualitatively taken into account in Section 8.6.2.2. 

The exposure assumptions (i.e., ingestion rate, body weight) were obtained primarily from the Wildlife 

Exposure Factors Handbook (U.S. EPA, 1993e); other sources were used when necessary and are 

presented in Table 8-4 . 

Four terrestrial wildlife EEQs were calculated in the SERA to present a range of potential risk: 

• NOAELmax: EEQ uSing maximum exposure assumptions and NOAEL 

• LOAELmax: EEQ uSing maximum exposure assumptions and LOAEL 

• NOAELavg: EEQ uSing average exposure assumptions and NOAEL 

• LOAELavg: EEQ using average exposure assumptions and LOAEL. 

The NOAELmax is considered the most conservative because it is based on conservative assumptions 

and NOAEL toxIcity values. The LOAELavg is considered the least conservative because it is based on 

less conservative assumptions (I.e., average COPC concentrations) and LOAEL tOXicity values. The 

LOAELavg was used in Step 3a to further refine the list of COPCs identified dUring the ecological 

screening. 

8.6.2.2 Results and Discussion 

AppendiX H.4 presents the calculations of the food-chain modeling. AppendiX J presents the risk 

evaluation for the Indiana bat. Separate discussions are provided below for evaluations of potential risk 

to herbivorous receptors, insectivorous receptors, and p,sclvorous receptors. Tables 8-5 and 8-6 present 
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a summary of the food chain model results for the herbivorous!lnsectivorous receptors under the 

conservative and average exposure scenarios, respectively. Vegetation samples that were collected in 

1995 and analyzed for metals are presented in Table 8-7 with a comparison of predicted vegetation 

concentrations of metals in the current SERA to the 1995 tissue data. Tables 8-8 and 8-9 present a 

summary of the food chain model results for the piscivorous receptors under the conservative and 

average exposure scenariOS, respectively. Table 8-10 is a comparison of aquatic organism tissue 

concentrations analyzed in the 1995 ABG study compared to the predicted concentrations in the 

piscivorous food chain models. Finally, Table 8-11 presents a summary of the Step 3a evaluation for 

terrestrial wildlife. 

Herbivorous Receptors 

Under the conservative (i.e., maximum exposure) food-chain scenario, COPCs with EEQs greater than 

1.0 for representative herbivorous receptors consisted of HMX for the vole, and mercury and lead for the 

quail (Table 8-5). Under the average exposure scenario, no LOAEL-based EEQs exceeded 1.0, but the 

HMX NOAEL-based EEQ was 2.2 for the vole and the lead NOAEL-based EEQ slightly exceeded 1.0 for 

the quail (Table 8-6). 

The NOAEL-based EEQs for lead and mercury under the conservative scenario were relatively low, with 

a maximum EEQ of 2.4 (mercury) and 3.0 (lead) for the quail. As shown in Figures 5-1 and 5 -2, most 

surface soil samples were within 50-100 feet of neighboring samples. It IS unlikely that the quail (or any 

herbivorous bird species) would obtain the majority of ItS food items from the vicinity of a single sample at 

SWMU 03 since the home ranges for these receptors are larger than the area represented by a single soil 

sample. For example, typical home ranges of bobwhite quail vary from 9 to 41 acres (U.S. EPA, 1993e). 

With this in mind, the EEQs In the average exposure scenario more accurately depict potential risks 

rather than the maximum exposure scenario EEQs. Under the average exposure scenariO, no LOAEL­

based EEQs exceeded 1.0 for the vole or quail. 

The TRV for HMX IS based on a study in which no significant Increase In mortality was observed among 

mice consuming 30 mg/kg-day HMX, but a significant Increase in mortality was noted at a concentration 

of 75 mg/kg-day. Although the NOAEL-based EEQs are greater than 1.0 for HMX in the vole food chain 

model, It appears that the two greatest detected concentrations are biasing the exposure to herbivorous 

receptors. The two greatest concentrations were detected at locations 03SS24 (1,600 mg/kg) and 

03SS22 (77 mg/kg); however, these locations are gravel covered which limits the amount of vegetation in 

these areas. Also, the area represented by these samples IS relatively small (400 ft2
) so the numbers of 

voles, if any, obtaining a significant amount of food from thiS area IS expected to be very low. For that 
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reason, the average HMX concentration was recalculated by removing samples 0388024006 and 

0388220006 to evaluate the imp"!-ct on the EEQ if it were based on a more representative average HMX 

concentration for the 8WMU. The average HMX concentration at 8WMU 03 calculated without samples 

0388240006 and 0388220006 IS 1.7 mg/kg. When the average concentration without 038824 and 

038822 is used In the vole food chain model, the NOAEL-based EEQ is less than 1.0. Therefore, 

because the EEQ was only slightly greater than 1.0 based on the concentration using all of the samples, 

and because the EEQ was less than one after excluding samples that only represent a small portion of 

the home range for herbiv;rous wildlife, the potential increase in mortality of herbivorous mammals is not 

great enough to warrant retaining HMX as a COPC for further evaluation. 

The TRV for lead is based on a study using Japanese quail as the test species. Egg hatching success 

was reduced among birds consuming 100 mg/kg lead, and reproduction was not impaired at 10 mg/kg 

lead. The 12 week study did not test concentrations between the 10 mg/kg and 100 mg/kg dose and so 

the actual effects concentration may be greater than the 10 mg/kg that was used as the LOAEL in the 

food chain model. The NOAEL-based EEQ for lead (average concentrations) for the quail is 1.02, which 

is rounded down to 1.0. Therefore, risks to herbivorous birds from lead in the soil are not likely so lead IS 

not retained as a COPC for further evaluation . 

As mentioned In 8ection 8.2.1, potential ecological risks within the ABG were previously evaluated 

(TtNU8, 1999). Vegetation samples were collected In 1995 and analyzed for metals in that study. A 

comparison of predicted vegetation concentrations of metals in the current 8ERA to the 1995 tissue data 

is summarized in Table 8-7. The value of the comparisons is limited by factors such as the time lapse 

between sampling events (1995 vs. 2001). Nevertheless, the comparisons are useful as a "reality check" 

of the food-chain model methodology. The predicted vegetation concentrations of cadmium, chromium, 

lead, and zinc in the conservative scenario are greater than the maximum concentrations from the earlier 

study (I.e., the actual tissue sampling study), while predicted concentrations of copper and nickel In the 

conservative scenario are only slightly less than the maximum concentrations from the earlier study. In 

the average scenario, the predicted concentrations are similar to the previous average measured 

concentrations for cadmium, chromium, lead, and mercury. Concentrations predicted In the average 

food-chain scenario are less than the prevIous average measured concentrations for copper, nickel, and 

zinc. 

Due to the home ranges of herbiVOrous mammals and birds, and because the EEQs for all COPCs were 

relatively low, risks to these upper-level receptors are negligible. No surface SOil COPCs are retained as 

final COPCs for herbivorous receptors . 
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Under the conservative (i.e., maximum exposure) food-chain scenario, COPCs with EEQs greater than 

1.0 for representative Insectivorous receptors (shrew and robin) consisted of dioxin TEQs, HMX, and five 

metals (cadmium, chromium, lead, mercury, and zinc) (Table 8-5). Under the average exposure scenario, 

the NOAEL-derived EEQ for dioxin and all shrew EEQs for HMX and metals were less than 1.0 (Table 

8-6). NOAEL-based EEQs for the robin were greater than 1.0 for chromium, lead, mercury, and zinc 

under the average exposure scenario. The LOAEL-based EEQs for chromium, mercury, and zinc were 

less than 1.0 while the LOAEL-based EEQ for the robin was 2.4. 

Average CO PC 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 at a single location. However, for SWMU 03, 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., the area is covered by gravel). 

The avian TRVs for chromium are based on a study in which black duck duckling survival was reduced at 

• 

a dose level of 50 mg/kg chromium; however, no Significant differences were observed at a dose level of • 

10 mg/kg chromium. The maximum detected chromium concentration '-:Vas 288 mg/kg at 03SS027 with 

the next greatest detected concentration of 52.4 mg/kg at 03SS028. As discussed in Section 8.6.1.1, the 

two samples with the greatest chromium detections were located In a small depression (30 by 60 feet) so 

the exposure is small relative to the home range of insectivorous birds. Most of the other' detected 

concentrations were Just slightly greater than or less than the maximum background concentration of 

30.6 mg/kg. In fact, the NOAEL EEQ calculated uSing the average background chromium concentration 

of 16.4 mg/kg is 3.0, compared to the EEQ of 4.6 uSing the average chromium concentration at SWMU 

03 (25 mg/kg). Therefore, any reduction in survival of birds at the SWMU should be similar to a reduction 

in survival In background areas. For these reasons, site-related risks to insectivorous birds from 

chromium are not great enough to warrant retaining chromium as a COPC for further evaluation. 

Although the shrew tYPically forages within small areas (less than one acre), It IS unlikely that this 

representative receptor (or any insectivorous mammal species) would obtain the majority of its food items 

from the vicinity of a Single sample at SWMU 03. The same IS true for the robin (and other insectivorous 

bird species). The robin does have a small home range while nesting (tYPically 0.5 to 2.0 acres), but 

robins forage over much larger areas dunng other seasons (U.S. EPA, 1993e). Soil Invertebrate tissues 

were not collected dunng the 1995 ABG study, so actual tissue data are not available for compansons 

With Invertebrate concentrations predicted in thlS SERA. 
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The avian NOAEL and LOAEL for lead were developed from a study in which no adverse effects were 

observed among Japanese quail consuming 10 mg/kg lead, but where reproduction was less impaired at 

100 mg/kg (8ample et aI., 1996). Because the study was greater than 12 weeks in duration and 

considered exposure dunng reproduction, the 10 mg/kg dose was considered a chronic NOAEL 

(1.13 mg/kg-day) and. the 100 mg/kg dose was considered a chronic LOAEL (11.3 mg/kg-day). Lead 

EEQs for the robin were 24.1 (NOAEL-based) and 2.4 (LOAEL-based) under the average exposure 

scenario. The soil ingestion rates used in the food-chain model are dry weight, while the other exposure 

factors are wet weight (see Appendix H.2). Thus, the EEQs are greater than if fresh weight ingestion 

rates had been used. Nevertheless, as discussed in 8ection 8.6.1.1, lead was particularly elevated in 

surface soil sample 038824. Based on the field sheets and boring logs, the surface soil sample (O to 

2 feet) from 038824 consisted of a clayey silt, sand, gravel (top 1.5 feet) and silty clay (bottom 0.5 foot), 

and trace ash (see Appendix B). Ash and burnt matenals/cinders were found in the subsurface soil 

Immediately below the surface soil sample. Therefore, it IS not likely that a large earthworm population 

would mhabit this area because of the large amount of sand and gravel in the sOil so the average 

concentration was recalculated without sample 0388240002. The average surface soil lead 

concentration without sample 0388240002 would be 40 mg/kg. Under the average exposure scenario, 

lead EEQs for the robin based on 40 mg/kg would be 6.2 (NOAEL-based) and 0.6 (LOAEL-based). 

These relatively low EEQs indicate that potentIal lead-related risks via the food-cham are negligible for 

msectivorous aVian receptors, except in the vicinIty of location 038824. The extent to whIch avian 

msectivores are at risk depends on numerous factors; two major factors being the degree to which 

receptors forage m the vicinrty of this sample, and the size of the area in which this sample accurately 

reflects sOil lead concentrations. As discussed in 8ect/on 8.6.1, elevated lead concentratIons are limited 

to a small area so risks to msectivorous mammals are expected to be low. 

The TRV for mercury was denved from a study uSing Mallard duck as the test species. 8ignrflcant effects 

(fewer eggs and ducklings were produced) were observ,ed at a dose level of 0.5 mg/kg. Because the 

study considered exposure over three generations, the dose was considered a chronic LOAEL and was 

multiplied by an uncertainty factor of 0.1 to develop a chronic NOAEL. The maximum detected mercury 

concentration was 0.26 mg/kg at 038828; the sample from 038827 had a detected concentration of 

0.17 mg/kg As discussed above, these two samples were located In a small depreSSIon (30 by 60 feet) 

so the exposure IS small relative to the home range of insectivorous birds. Most of the other detected 

concentrations were Just slightly greater than or less than the maximum background concentratIon of 

0.14 mg/kg. In fact, the NOAEL EEQ calculated usmg the average background mercury concentration of 

0.033 mg/kg is 2.3, compared to the EEQ of 4.7 using the average mercury concentratIon at 8WMU 03 

(0.067 mg/kg). Therefore, any reduction m reproductIon of bIrds at 8WMU 03 should be similar to the 
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reduction in reproduction in background areas. For these reasons, site-related risks to insectivorous birds 

from mercury are not great enough to warrant retaining mercury as a cope for further evaluation. 
• 

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 mg/kg zinc, but where egg hatchability was less than 20% 

of controls among hens consuming 2,028 mg/kg zinc (8ample et aI., 1996). Because the study was 

greater than 10 weeks in duration and considered exposure during reproduction, the 228 mg/kg dose was 

considered a chronic NOAEL (14.5 mg/kg-day) and the 2,0~8 mg/kg dose was considered a chronic 

LOAEL (131 mg/kg-day). The EEQ based on the NOAEL was slightly greater than 1 and the dose was 

closer to the NOAEL than the LOAEL so risks to birds are unlikely after consideration of other factors as 

discussed below. The maximum detected zinc concentration was 739 mg/kg at 038828; the sample from 

038827 had a detected concentration of 145 mg/kg. As discussed above, these two samples were 

located in a small depression (30 by 60 feet) so the exposure is small relative to the home range of 

insectivorous birds. Most of the other detected concentrations were Just slightly greater than or less than 

the maximum background concentration of 60 mg/kg although a few samples had detected zinc 

concentrations between 100 to 230 mg/kg. The NOAEL EEQ calculated uSing the average background 

zinc concentration of 28 mg/kg is 1.4, compared to the EEQ of 5.2 using the average zinc concentration 

at 8WMU 03 (101 mg/kg). Therefore, although there may be a slight Increase in reproductive effects to • 

birds at 8WMU 03 from zinc compared to the reproductive effects to birds in background areas, the 

increase is not great enough to warrant retaining zinc as a cope for further evaluation. 

Although risks to Insectivorous wildlife from HMX, chromium, lead, mercury, and zinc In the soil are 

pOSSible, the potential risks are not great enough to warrant retaining these chemicals as COPCs. 

AppendiX J presents the fisk evaluation that was conducted for the Indiana bat. In summary, aluminum 

and arsenic were the only metals that had EEQs slightly greater than 1.0 In the conservative scenario, 

based on the NOAEL. Aluminum was the only metal that had an EEQ slightly greater than 1.0 in the 

average scenario, based on the NOAEL. No metals had EEQs greater than 1.0 based on the LOAEL. 

The maximum EEQ for aluminum was 3.0 and the maximum EEQ for arsenic was 1.1 . 

Based on the conservative assumptions as described In the uncertainty analysis section in Appendix J, It 

IS unlikely that aluminum and arsenic will impact Individual bats because the EEQs were very low (see 

above) and were based on no effects levels. Also, neither the aluminum nor arsenic in the Insect tissue IS 

likely to be site-related. Aluminum was below background levels In the surface water and surface soil 

samples, is not conSidered to be an important bioaccumulative chemical according to U8EPA (2000a), 

and Its bioavallability In the L8C sediment samples IS expected to be low based on the pH levels in the 
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sediment. Arsenic was below background levels in the surface sOil sediment, and surface water samples. 

It is also possible that the aluminum and arsenic in the tissue samples may be due to the paint chips in 

some of the samples or from natural levels of the metals in the insect tissue. Therefore, no surface soil 

COPCs are retained as final COPCs for bats. 

I 
Piscivorous Receptors 

Under the conservative food-chain scenario, COPCs with EEQs greater than 1.0 for representative 

piscivorous receptors (raccoon and kingfisher) consisted of cadmium, copper, lead, selenium, and zinc 

(Table 8-8). Under the average exposure scenariO, NOAEL-based EEQs exceeded 1.0 for cadmium, 

copper, lead, selenium, and zinc for the raccoon and for lead and zinc using the kingfisher as a 

representative receptor (Table 8-9). All LOAEL-based EEQs were less than 1.0 In the average exposure 

scenario for the kingfisher and copper (2.8), selenium (2.0), and ZinC (1.6) were greater than 1.0. 

FiSh, frogs, and crayfish were collected In 1995 and analyzed for metals In the previously mentioned 

study at ABG (TtNUS, 1999). A comparison of predicted tissue concentrations of metals In the current 

SERA to the 1995 tissue data is summarized In Table 8-10. The predicted concentrations of cadmium, 

• copper, lead, and zinc In fish and benthic organisms In the conservative and average food-chain 

scenarios are greater than the maximum concentrations from the earlier study. In both food-chain 

scenariOS, the predicted concentrations of selenium were less than the selenium concentrations 

measured In 1995. 

• 

The raccoon and kingfisher, as well as other Plsclvorous birds and mammals, forage over large home 

ranges. Specifically, raccoons tYPically forage within areas of over 100 acres, and kingfishers forage 

along more than 1 km of shoreline (U.S. EPA, 1993e). The EEQs calculated for these representative 

receptors are relatively low, when conservative assumptions Inherent In the food-chain model (e.g., home 

range contained within the site, 100 percent bloavailability) are considered. For this reason, area use 

factors were used In recalculating the EEQs for both the kingfisher and raccoon models because it is 

unlikely that PISCIVOroUS birds and mammals will obtain 100 percent of their food from LSC. Most of LSC 

from its headwaters to Spring C is Intermittent and is typically dry. The stream becomes perennial 

downstream of Spring C (with the exception of the deep pools by Springs A and C); however, most of the 

creek In thiS area consists of shallow riffles and runs. Therefore, the size and quantity of fish In this 

portion of LSC IS limited by the habitat to mostly small fish, except perhaps in the pools. This is further 

supported by the biological survey conducted In 1995 as desCribed In Section 8.2.1 of this report. Based 

on this survey, the most abundant fish were bluntnose minnows, sllveqaw minnows, gizzard shad, and 

creek chubs; which are small fish species. Less then 50 indiViduals from each species were collected 
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with the exception of the bluntnose minnows, of which more than 50 individuals were collected. Although 

the collected fish samples were not weighed, these species are generally small and are anticipated to 

weigh only a few grams. Some larger fish were collected in the pooled areas but the numbers were low. 

Therefore, based on the ingestion rates for the raccoon (1.3 kg per day or 2.9 Ibs per day) and the 

kingfisher (0.068 kg per day or 0.15 Ibs per day), it is unlikely that piscivorous mammals and piscivorous 

birds would forage extensively In LSC. 

Based on the above discussion, the food-chain models for the kingfisher and raccoon were recalculated 

using area use factors (AUFs) of 25 percent and 10 percent, respectively. The AUFs are different for the 

kingfisher and raccoon based on the amount of food consumed by each species. These values were 

selected using professional judgment and are expected to provide conservative estimates of exposure as 

discussed below. The AUFs are not meant to indicate exact percentages of food obtained from LSC; 

instead these AUFs assume that kingfishers and raccoons will obtain no more than 25 and 10 percent of 

their food from LSC. From the ingestion rates presented above, and using these AUFs, kingfishers and 

raccoons would need to obtain over 13.5 and 100 pounds of fish from LSC, respectively over the course 

of a year. Based on the small number of fish present in LSC, and the small size of the fish that were 

collected during prevIous Investigations, it is likely that even the AUFs of 25 percent for the kingfisher and 

10 percent for the raccoon overestimate exposure to those species. The uncertainties in using the AUF 

are discussed more in Section 8.7.2 of the Uncertainty Analysis. 

The EEQs recalculated using the AUF values are presented in Appendix H.4. Only the NOAEL-based 

EEQs for lead and ZinC exceeded 1.0 under the kingfisher conservative scenario. No EEQs exceeded 

1.0 under the average exposure scenario. For the raccoon conservative scenario, cadmium, copper, 

lead, and zinc had NOAEL-based EEQs greater than 1.0 with copper and zinc LOAEL-based EEQs of 

2.84 and 1.72, respectively. However, no EEQs exceeded 1.0 under the average exposure scenario. 

Additionally, when only copper and zinc sample concentrations for sediment samples 03S014 through 

03S019 (i.e., area representing viable fish habitat and the area most likely for plscivorous mammals to be 

feeding along LSC) are considered, the NOAEl EEQs decrease to 0.31 and 0.26, respectively (see 

Appendix H.4). Therefore, no chemicals were retained as COPCs for risks to plscivorous Wildlife. 

8.7 UNCERTAINTY ANALYSIS 

Uncertainties are associated with most steps of a SERA, from selecting endpoints, collecting data, and 

evaluating toxIcity to the receptors. The follOWing sections describe some of the sources of uncertainty 

that may be associated with thiS SERA. Appendix J presents the uncertainties associated with the risk 

evaluation for the Indiana bat. 
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Measures of effects were used to evaluate the assessment endpoints that were selected for the SERA. 

For this SERA, the measures of effects were not the same as the assessment endpOints. Therefore, the 

measures were used to predict effects to the assessment endpoints by selecting representative species 

that were evaluated. For example, a decrease in reproduction of a robin IS used to assess a decrease in 

the reproduction of the songbird population. However, predicting a decrease in reproduction to a robin 

may either under or overprotect the songbird population, resulting from differences in ingestion rates, 

toxicity, food preferences, etc. among different bird species. 

Several endpoints were not quantitatively evaluated in this SERA. Risks to burrowing animals were not 

quantitatively evaluated because the methods for quantifying risks to these species have not been well 

developed. Small reptiles and amphibians may be prevalent at the OJT/LSC and would be among the 

ecological receptors most exposed to surface SOil, sediment, and surface waters at this site because of 

their limited home range. However, In addition, risks to reptiles and amphibians were not evaluated 

because exposure factors are not established for most species, and toxicity data are limited (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 Section 8.2.5.1. In addition, several of the chemical classes detected at 

SWMU 03 (pnmarlly metals and energetics) are not expected to bloaccumulate in small mammals. 

According to Major et al. (2002), "because of the rapid excretion and lack of bloaccumulation In animals, it 

IS unlikely that nitroaromatlc compounds could be transferred between predator and prey animal species." 

Also, most metals typically do not biomagnify in terrestrial systems (Newman, 1998). Mercury and 

dioxins, which are tYPically conSidered to be persistent, bioaccumulative, and tOXIC (PST) chemicals were 

detected In surface soil samples at SWMU 03. However, the low EEQs In the food-chain models 

conducted for SWMU 03 indicate that mercury and diOXinS are not causing risks to small carnivorous 

mammals and birds. For example, using average SOil concentrations and average exposure 

assumptions, EEQs for diOXinS were less than 1.0 for the robin and short-tailed shrew. For mercury, 

uSing average SOil concentrations and average exposure assumptions, the NOAEL EEQ was 4.7 for the 

robin but the LOAEL EEQ for the robin was less than 1.0. Although diOXins and mercury may accumulate 

In the tissue of small mammals, risks to carnivorous birds and mammals are expected to be much lower 

than the risks to the small herbivorous or Insectivorous mammals and birds at SWMU 03. This is 

because the accumulation factors from soil to wildlife, SOil to plants, and SOil to Invertebrates are Similar 
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(U.S. EPA, 1999g) but carnivorous birds and mammals are only expected to obtain a small portion of their 

food from SWMU 03 (less than 5 percent, see Section 8.2.5.1). However, It was assumed that the small 

herbivorous and insectivorous mammals and birds at SWMU 03 obtained all of their food from the site. 

As discussed In Section 8.2.5.3, several endangered and threatened species or species of special 

concern are present at NSWC Crane, and potentially may inhabit SWMU 03. Risks to these species were 

not specifically calculated, with the exception of risks to the Indiana bat for the reasons presented in 

Section 8.2.5.3; therefore, 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, and osprey are expected to be negligible. Loggerhead shrike 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 03 than 

aboveground insects; therefore, risks to the robin from consuming worms are expected to be greater than 

risks to the loggerhead shrike 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 also are expected to be even lower than risks to robins. 

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 03, this species may potentially Inhabit areas 

of SWMU 03. 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. 

8.7.2 Exposure Characterization 

During the initial screening, maximum detected concentrations are compared to the U.S. EPA Region 5 

Ecological Data Quality Levels (EDQLs). Periodically, these screening values are reviewed and updated 

as new studies and toxicological information become available. For example the U.S. EPA Region 5 

EDQLs were updated and republished in August 2003. In addition, as new information becomes 

available U.S. EPA may revise the methodology used to prepare risk assessments. Changes in the 

toxicity data or risk assessment methodology may result in changes In the screening levels used to select 

COPCs, which may Introduce uncertainty into the selection of COPCs. The updated U.S. EPA Region 5 

EDQLS were not used In the selection of COPCs; however, the updated EDQLS (now referred to as 
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ESLs) were used In the Step 3a evaluation. These changes may result in an underestimation or 

overestimation of risk. 

The contaminant dose to terrestrial wildlife was calculated using an equation that incorporates ingestion 

rates, body weights, BAFs, BSAFs, and other exposure factors. These exposure factors were obtained 

from literature studies or predicted using various equations. Ingestion rates and body weights vary among 

species, especially among species inhabiting different areas. For example, the food Ingestion rate for the 

robin was 0.89 gig-day in a California study and 1.52 gig-day in a Kansas study (U.S. EPA, 1993e). 

Therefore, there is uncertainty in applying exposure factors from the literature to the species at NSWC 

Crane. 

Bioaccumulation of contaminants into various biological media (i.e., plants and invertebrates) depends on 

characteristics of the media such as pH, organic carbon, etc. Therefore, actual BAFs and BSAFs at the site 

may be different than those used in the SERA, which were obtained from the literature. 

There is uncertainty in the chemical data collected at the site. Sampling programs are frequently biased 

toward locations that have a higher expectation of being contaminated. / Therefore, the concentrations do 

not actually represent the Site, but they represent the higher concentrations at a site. As such, predicted 

exposure doses were probably higher than actual exposure doses. 

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

collected from 0- to 1-foot 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 was not viewed to be unacceptably large given all of the other uncertainties 

associated with environmental Investigations. 

Under the conservative scenano, terrestrial wildlife are assumed to live and feed only at the site or only in 

the portion of a water body affected by the site. These assumptions tend to over-predict risk because it is 

unlikely that most receptors Will obtain all their food from within the site boundaries and from the most 

contaminated areas. Risk also may be over-predicted in the average scenario, where home range is taken 

into account, because of the biased sampling In the most contaminated areas. Also, for piscivorous birds 

and mammals, AUFs were used to recalculate ~isks to the kingfisher and raccoon. The AUFs that were 

selected (25 percent for the kingfisher and 10 percent for the raccoon) were used to estimate risks to 

PISCIVOroUS birds and mammals. The AUFs are conSidered conservative values, which likely overestimate 
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the exposure to these representattve receptor species. However, because risks to piscivorous birds and 

mammals were negligible using the selected AUFs, the AUFs were not further refined. 

As discussed in Section 3.3, results for some sediment, surface soil, and surface water samples were 

rejected. Therefore, there is uncertainty In not having data from these locations, potentially biasing 

conclusions of the risk assessment toward locations in which data are available. 

8.7.3 Ecological Effects Data 

Table 3-4 presents the reporting limits versus the EOQLs. As seen on the table, several of the metals 

have maximum reporting limits that are greater than the EOQLs. This is not expected to significantly 

impact the conclusions of the nsk assessment for several reasons. Several of the metals with reporting 

limits greater than the EOQLs were detected at greater concentrations in other soil or sediment samples 

and were determined to be below background levels. Also, although the reporting limits are greater than 

the EOQLs, they are lower than alternate benchmarks that are typically used to determine if a chemical 

needs to be further evaluated. 

There is uncertainty in the ecological benchmark values. The AWQC developed by the 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 overpredictive of nsk if the senSitive species used to develop the criteria are not present. 

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 sediment are evaluated by companng 

the COPC concentration in sediment to screening values. The SSLs 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 values have been developed using different methodologies, and there are 

fewer sediment toxicity data than surface water toxicity data. Sediment characteristics (i.e., pH, acid 

volatile sulfide, TOC) also will have a large impact on the bioavallability and toxicity of constituents. 

FInally, screening values based on eqUIlibrium partitioning have uncertainty associated with log !<ow 
values: the assumed relationship between Kow and Koc, and the assumption that pore water exposure is 

the most Important route for sediment-dwelling organisms. There is also uncertainty in applying the SSLs 

to the sediment in the drainage ditches because of their limited potential for significant aquatic 

populations. 
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Potentially adverse impacts to terrestrial plants and invertebrates from constituents in surface soil are 

evaluated by comparing the COPC concentration to surface soil screening levels (SSSLs). The SSSLs 

are similar to the sediment screening levels in that they are less established than the SWSLs. Fewer 

studies and less data are available for establishing SSSLs than SSLs, and many of the SSSLs are based 

on the results of only a few studies. In addition, the SSSLs are based on different end points depending 

on the preference of the agency that developed them. Therefore, they have more uncertainty than 

surface water and sediment screening levels. 

The NOAELS and LOAELs that were selected for the representative wildlife species were based on 

species commonly used in laboratory studies (i.e., rats, mice, ducks). There is uncertainty in the 

application of toxicity data among species because the contaminant may be more or less toxic to the 

wildlife species in question than it was to the test species. 

The toxicity of chemical mixtures is not well understood. The toxiCity data used in the SERA to evaluate 

risk to 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 COPCs are sparse. Therefore, there IS uncertainty in any conclusions 

involving the potential impacts to ecological receptors from these constituents. 

• 

8.7.4 Risk Characterization 

Unacceptable nsks are possible If an EEQ IS greater than or equal to 1.0. However, the magnitude of 

effects to ecological receptors cannot always be accurately 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. Finally, there is uncertainty in how the predicted risks to a species at the site translate into 

fisk to the population In the area as a whole. 

8.8 ECOLOGICAL RISK SUMMARY AND CONCLUSIONS 

A SERA was performed for the OJT. Several chemicals were retained as COPCs as a result of the initial 

screening of surface water, sediment, and surface SOIL These chemicals were further evaluated and data 

were scrutinized as a part of the Step 3a refinement. Tables 8-1,8-2,8-3, and 8-11 present summaries 
I 

of the Step 3a evaluation including the overall conclusion of whether chemicals initially selected as 

COPCs are retained as COPCs after the refined evaluation . 
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8everal dioxins, energet.ics, 8VOCs, and inorganics were initially selected as COPCs In 8WMU 03 

surface soils because they were detected at concentrations that exceeded EDQLs or because EDQLs 

were not available: The potential risks to terrestrial plants and invertebrates were further evaluated 

during 8tep 3a of the risk assessment process 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. Factors considered during the 8tep 3a evaluation included 

frequency of detection, comparisons to background values, comparisons to alternative screening levels, 

and spatial analysis of detections. 

Dioxin concentrations in the surface soil at 8WMl} 03 are unlikely to affects plants or invertebrates at the 

site. This determination is 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. 

Concentrations of energetics were elevated in a few samples, particularly those collected at locations 

038822 and 038824. Concentrations In surrounding samples were not generally elevated. Both sample 

location 038822 and 038824 are in the southern burn pit/area along the fringe of the road (see Figure 

5-1) where the habitat for plants and invertebrates is poor (see Figures 1-3 and 1-5 for site photographs). 

Based on the field sheets and boring logs, the surface SOil sample (0 to 2 feet) from 038824 consisted of 

a clayey silt, sand, gravel (top 1.5 feet) and silty clay (bottom 0.5 foot), and trace ash, while the surface 

soil sample (0-2 feet) from 038822 consisted of sand and gravel (top 0.4 foot) and clay with trace silt and 

sand (bottom 1.6 feet) (see Appendix B). Ash and burnt materials/cinders were found In the subsurface 

soil immediately below the surface soil samples. Therefore, it is not likely that significant numbers of 

earthworms would inhabit this area because of the large amount of sand and gravel in the SOIL 

Herbaceous plants are present along the road (see photographs g and h in Figure 1-3) and so It does not 

appear that vegetation is being adversely Impacted from energetics In the surface SOil at 8MWU 03. 

Because the EDQLs are based on risks to Wildlife, concentrations of 8VOCs in the surface soil were 

compared to alternate benchmarks that were developed based on risks to terrestnal plants and 

invertebrates. Because the maximum dl-n-butyl phthalate and naphthalene concentrations are less than 

alternate benchmarks based on terrestrial plants and invertebrates, risks to these receptors from 8VOCs 

are acceptable. 
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Most EOQLs that were used to select inorganic COPCs in the surface soil at SWMU 03 are based on 

risks to wildlife. Concentrations of most inorganic chemicals initially selected as COPCs were less than 

alternate benchmarks developed based on risks to plants and invertebrates and therefore, risks to these 

receptors from inorganics are acceptable. Some inorganics were particularly elevated at one location or 

several isolated locations only. Concentrations of these Inorganic COPCs were elevated relative to 

alternate benchmarks at heavily forested locations where it does not appear that vegetation is being 

adversely impacted or at locations of poor ecological habitat (i.e., samples collected under gravel or 

within the OJT). Although risks from these inorganics are possible, the potential risks in the soil are not 

great enough to warrant retaining any inorganic chemicals as COPCs for further evaluation. 

In summary, no chemicals initially selected as COPCs were retained for further evaluation for risks to 

terrestrial plants and invertebrates. However, all bioaccumulative chemicals detected in the surface soil 

at SWMU 03 (including energetics which are not typically considered bioaccumulative) were further 

evaluated for risks to wildlife in Section 8.6.2.2. 

Sediment Invertebrates 

Several energetics, SVOCs, pestiCides/herbicides, and Inorganics were initially selected as COPCs in 

SWMU 03 shallow and deep sediments because they were detected at concentrations that exceeded 

EOQLs or because EOQLs were not available. The COPCs were evaluated during Step 3a of the risk 

assessment process to determine whether site-related risks from the chemicals were acceptable or 

whether the risks were great enough to warrant retaining the chemicals as COPCs and proceeding further 

into the SERA. Factors considered during the Step 3a evaluation included frequency of detection, 

compansons to background values, comparisons to alternative screening levels, habitat considerations, 

and spatial analysis of detections. 

Concentrations of organic chemicals are unlikely to Impact sediment Invertebrates at the site. 

Concentrations of energetics and pesticides/herbicides are less than alternate benchmarks found In the 

literature and so nsks to sediment Invertebrates from these organics are acceptable. Two of the three 

SVOC COPCs are detected in shallow sediment samples only. Acenaphthene was detected in a 

down gradient location Qf LSC where It does not appear aquatic receptors have been Impacted. The 

maximum concentration of dl-n-butyl phthalate IS less than alternate benchmarks and diphenylamine was 

not detected In any other media at SMWU 03. The low frequency of detections, uncertainty regarding the 

source of contamination of SVOCs, and the results of the 1995 benthiC evaluation indicate that risks to 

sediment invertebrates at LSC are acceptable from SVOCs . 
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Concentrations of some inorganics at a few sample locations indicate possible adverse impacts to benthic 

invertebrates. However, the elevated concentrations tended to be in samples located upstream of Spring 

C, where the LSC channel is typically dry, and thus, permanent aquatic habitat is absent from these 

locations. Other COPCs were elevated in samples downstream of Spnng C, but potential risks were 

limited primarily to the vicinity of single samples. During a site visit in June 2004 , various insects were 

observed under rocks, and fish (some were three to five inches in length), crayfish, frogs, and 

salamanders were present In areas of LSC downstream of Spnng C. Aquatic receptors In the perennial 

portion of LSC do not appear to be adversely impacted by sediment contaminant concentrations. 

Therefore, although risks to aquatic receptors in the sediment are possible from these COPCs, the 

potential risks are not great enough to warrant retaining any chemicals as COPCs for further evaluation. 

In summary, no chemicals initially selected as COPCs were retained for further evaluation for risks to 

sediment invertebrates. However, all bioaccumulative chemicals detected in shallow and deep sediment 

at SWMU 03 (including energetics which are not typically considered bioaccumulative) were further 

evaluated for risks to wildlife In Section 8.6.2.2. 

Aquatic Organisms 

Several energetics, VOCs, and Inorganics and one herbicide were initially selected as COPCs in SWMU 

03 low-flow and high-flow surface water samples because they were detected at concentrations that 

exceeded EDQLs or because EDQLs were not available. The COPCs were evaluated during Step 3a of 

the risk assessment process 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. 

Concentrations of organic chemicals were all less than alternate benchmarks from the literature; 

therefore, nsks to aquatic organisms are acceptable. An alternate benchmark for bis(2-ethylhexyl) 

phthalate could not be located; however, only two of the 11 samples collected had detections greater than 

the EDQL. The two bls(2-ethylhexyl) phthalate detections were reported for locations in intermittent 

portions of LSC which do not support aquatic life. Therefore, risks to aquatic organisms from organics In 

the surface water at LSC are acceptable. 

• 

• 

Cadmium and ZinC were not selected as COPCs In filtered samples;- therefore, these inorganic chemicals 

were not retained for further evaluation because the dissolved portion of the water column is tYPically 

considered the bloavailable portion. The maximum copper and Iron concentrations are less than the 

AWQCs. Although the maximum lead concentration In filtered samples exceeded the AWQC during high • 
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flow conditions, this location does not typically support aquatic life. As discussed above for sediment, 
concentrations greater than the screening levels in samples located upstream of Spdng C are not of great 
concern because thiS portion of the LSC channel is typically dry, and thus, permanent aquatic habitat is 
absent from these locations. likeWise, concentrations greater than the screening levels south of Spring C 
are not of great concern because the area is abundant with various insects, fiSh, crayfish, frogs, and 
salamanders as observed in a June 2004 site visit. Therefore, although risks to aquatic receptors in the 
surface water are possible from these COPCs, the potential risks are not great enough to warrant 
retaining any chemicals as COPCs for further evaluation. Additionally, the apparent lack of pattern in the 
detections (high vs. low-flow and filtered vs. non-filtered results in metals samples) indicates that the 
potential risk to aquatic repeptors from metals In surface water is acceptable and no COPCs were 
retained for further evaluation. 

Summary 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. The potential risks to mammals and birds associated with all the 
COPCs in the surface soil, sediment, and/or surface water were further evaluated to determine whether 
site-related risks from the chemicals were acceptable or whether the risks were great enough to warrant 
retaining the chemicals as COPCs and proceeding further into the BERA. 

Risks to Insectivorous/Herbivorous Receptors 

In the less conservative food chain model, the results of the robin model Yielded more EEOs that were 
greater than 1.0 than the models for the other receptors. No EEOs were greater than 1.0 for dioxins, 
RDX, and cadmium and so risks to wildlife from these COPCs are acceptable. NOAEL EEOs were 
greater than 1.0 for chromium, mercury, and zinc (robin model) and HMX (vole model). LOAEL EEOs 
were greater than 1.0 for lead <;>nly. However, risks to wildlife from copes with NOAEL EEOs greater 
than 1 .0 and lead were considered acceptable for the follOWing reasons: 

• It is unlikely that herbivorous Wildlife will obtain majority of food Items from VICinity of any single 
sample since the home ranges are greater than the area represented by single samples. 

• The two greatest detections at SMWU 03 are located at 03SS22 and 03SS24; however, these 
locations are gravel covered and do not support vegetation that the meadow vole would feed on. 
Similarly, the subsurface sOils at these locations consist of sOil (clayey Silt, sand, ash, and cinders) 
that does not support earthworms that the robin could feed on. 
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• Bioavailability of the metals used in the toxicity test to develop the NOAELs and LOAELs are greater 

than the bloavailability of sOIl at the site. 

Appendix J presents the risk evaluation that was conducted for the Indiana bat. In summary, aluminum 

and arsenic were the only metals that had EEQs slightly greater than 1.0 in the conservative scenario, 

based on the NOAEL. Aluminum was the only metal that had an EEQ slightly greater than 1.0 in the 

average scenano, based on the NOAEL. No metals had EEQs greater than 1.0 based on the LOAEL. 

The maximum EEQ for aluminum was 3.0 and the maximum EEQ for arsenic was 1.1. Overall, risks to 

the Indiana bat from these chemicals are expected to be low and do not appear to be related to site 

activities. 

Risks to Piscivorous Receptors 

In the less conservative food chain model, the five inorganics retained as COPCs had NOAEL based 

EEQs greater than 1.0 in the raccoon model. Additionally, LOAEL based EEQs for copper, selenium, ~nd 

zinc were greater than 1.0 In the raccoon model. However, nsks to piscivorous wildlife are unlikely 

because the home ranges of pisclvorous birds and mammals are typically larger than SWMU 03. 

Because It is unlikely that plscivorous receptors will obtain 100 percent of their food from SWMU 03, the 

food chain models were recalculated incorporating AUFs of 25 percent for the kingfisher and 10 percent 

for the raccoon. Using the ingestion rates for these species, and using these AUFs, kingfishers and 

raccoons would need to obtain over 13.5 and 100 pounds of fish from LSC, respectively over the course 

of a year. Based on the small number of fish present in LSC, and the small size of the fish that were 

collected during previous investigations, it is likely that even the AUFs of 25 percent for the kingfisher and 

10 percent for the raccoon overestimate exposure to those species. However, NOAEL EEQs for all 

copes were less than 1 .0 uSing the AUFS and so risks to pisclvorous wildlife are acceptable. 
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Number of 

Chemical of Potential Concern Frequency of 
Maximum 

Region V Maximum Samples> 
Detected 

(COPC) Detection 
Concentration 

EDOLs EEO(1
) Screening 

Level(2) Plant 

DIoxins (ng/kg) 
1,2,3,4,6,7,8,9-0CDD 11/11 3,440 0199 17286 11 NA 
1,2,3,4,6,7,8,9-0CDF 3/11 622 38.6 1.6 1 NA 
1,2,3,4,6,7,8-HPCDD 11/11 233 0199 1171 11 NA 
1,2,3,4,7,8-HXCDD 4/11 21 0199 11 4 NA 
1,2,3,6,7,8-HXCDD 5/11 101 0199 51 5 NA 
1,2,3,7,8,9-HXCDD 5/11 65 0199 33 5 NA 
1,2,3,7,8-PECDD 5/11 13 0199 65 5 NA 
2,3,7,8-TCDD 5/11 39 0199 20 4 NA 
TEO BIRD 11111 75 NA NA NA NA 
TOTAL HPCDD 10/11 419 NA NA NA NA 
TOTAL HPCDF 5/11 19 NA NA NA NA 
TOTAL HXCDD 2/11 4 NA NA NA NA 
TOTAL HXCDF 2/11 178 NA NA NA NA 
TOTAL PECDD 1/11 045 NA NA NA NA 
TOTAL TCDD 1/11 1 NA NA NA NA 
Enerqetics (mq/kq) 
1,3,5-TRINITROBENZENE 3/48 11 0.38 29 3 NA 

2,4,6-TRINITROTOLUENE 4/48 1,700 NA NA NA NA 

• 
2-AMINO-4,6-DINITROTOLUENE 7/48 30 NA NA NA NA 
2-NITROTOLUENE 1/48 028 NA NA NA NA 

4-AMINO-26-DINITROTOLUENE 7/48 15 NA NA NA NA 

HMX 9/47 1,600 NA NA NA NA 

---

RDX 6/48 2400 NA NA NA NA 

Semivolahle Organics (Ilg/kg) 
DI-N-BUTYL PHTHALATE 9/45 4,500 150 30 5 NA 

NAPHTHALENE 4/45 130 994 13 1 NA 
Inorganics (mg/kg) 
BARIUM 32132 2,040 104 1962 32 NA 

• BERYLLIUM 31;32 14 106 13 4 NA 
-

TABLE 8-1 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWCCRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Step 3a Evaluation 

Alternate Benchmarks(3
) 

Eco-SSL Talmage et aI., 1999 Canadian ORNL Benchmarks 

Earthworm Plants Earthworm SOG Plant Earthworm Other Step 3a Factors Considered In Evaluatlon(4
) 

NA NA NA NA NA NA -All concentrations of IndIVIdual and total dioxIns are much less than a 
NA NA NA NA NA NA NOEC reported In the literature where two specIes of earthworms 
NA NA NA NA NA NA showed no adverse effects when exposed for 85 days tp soli conlaln-
NA NA NA NA NA NA 109 5 mglkg 2,3,7,8-TCDD (Eisler, 1986) 
NA NA NA NA NA NA -Many, If not all, Invertebrates lack the aryl hydrocarbon (Ah) receplor, 
NA NA NA NA NA NA or comparably sensitIve receptor for which dioxins need to bind In 
NA NA NA NA NA NA order to cause loxlclty 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA -Low frequency of detection (detected in 3 of 48 samples), locations of detecllons 
are gravel covered and poor habitat for plants and Invertebrates 

NA 30 140 NA NA NA -Concentrations In the vlclmty of the former burn Pit (038824 and 038522) 
are greater than altemate benchmarks . 
-Detected In only 4 of 48 samples and only the two greatest detections 
are greater than alternate benchmarks indicating the contamlnallon IS 
localized to the area of the former burn PIt. 
-8011 at locallons of maximum concentrallons (03S824 and 038822) consists 
of sand, gravel, and trace slit and clays, therefore, Significant numbers of earthworms 
are not likely to inhabit the area 

NA 80 80(5) \ NA NA NA -MaXimum concentrallon IS less than alternate benchmarks 
NA NA NA NA NA NA -Low frequency of detection (detected In 1 of 48 samples) 

-Location 01 Single detected concentrallon IS In the road bed on the edge 01 the 
Jeep Trail and IS covered With gravel, poor habitat for plants and Invertebrates 

NA NA NA NA NA NA -MaXimum concentration IS less than alternate benchmarks lor 
2-amlno-4,6-dlnltrotoluene (used as a surroqate) 

NA NA NA NA NA NA -Only maximum concentrallon exceeds a LOEC reported In the literature (280 mglkg) 
A NOEC was not available 
-8011 at locallon 01 maximum concentrallon (038524) consists 01 sand gravel and 
trace Silt and clays therelore slgmflcant numbers 01 earthworms are not likely to 
Inhabit the area 
-TOXicological data for plants IS not available however surrounding areas are 
well veqetated 

NA 100 NA NA NA NA -MaXimum concentrahon exceeded alternate benchmarks reported In 
the literature 
-8011 at locations 01 maximum concentrallons (035824 and 038822) consists 
01 sand, gravel, and trace Silt and clays therelore, significant numbers 01 earthworms 
are not likely to inhabit the area 

NA NA NA NA 200000 NA -MaXimum IS two orders 01 magnitude less than ORNL Plant value 
-MaXimum concentrahon IS two orders of magnitude less than ORNL 
earthworm value lor dlmethylphthalate (used as a surrogate) 

NA NA NA 600 NA NA -MaXimum concentration IS less than the Canadian 80G 

330 NA NA NA ~OO NA -Concentrations In four of 32 samples exceed the Eco-88L for earthworms 
-Heavily vegetated area does not appear that vegetation IS being adversely Impacted 
-Area of elevated concentrations appear to be limited to VICInity of 
maximum concentrallon nearest to sample locallons 035847 and 038548 
where concentrations are less than alternate benchmarks 

40 NA NA NA 10 NA -MaXimum concentration IS less than ORNL Plant value and Eco-5SL 

Risk Determination 
(Acceptablel Retained as 

Unacceptable) a COPC? 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 
Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acc8{JIable No 

Acceptable No 

Acceptable No 
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Chemical of Potential Concern Frequency of 
Maximum 

Region V 
Detected 

(COPC) Detection 
Concentration 

CADMIUM 29/32 44 
CHROMIUM 32132 288 

COPPER 32132 63.9 

IRON 32132 51,600 

LEAD 32132 10,200 

MERCURY 31132 026 
NICKEL 32132 326 
ZINC 32132 739 

Footnotes 
1 MaxImum EEQ = MaxImum detectron dIVIded by the screenrng level 
2 Number of samples WIth concentratrons greater than the screenrng level 
3 Alternate benchmarks were only used In the abser>ce of Eco-SSLs 
4 See Secllon 8 6 1 1 for a more detaIled Step 3a evaluatIon 
5 Value IS based on SOIl mIcrobIal processes 

EDQLs - EcologIcal data quality levels 
EEQ - EcologIcal effects quotrent 
NA - Not AvaIlable or Not Applicable 
SOG - SOIl Qualtty GUIdeline 
ORNL - Oak RIdge NatIonal Laboratory 
NOEC - No Observed Effect ConcentratIon 
LOEC - Lowest Observed Effect ConcentratIon 
Eco-SSL - U S EPA EcologIcal Soli Screenrng Level 
S U - Standard UnIts 

EDQLs 

0002 
04 

296 

NA 

0054 

007 
136 
662 

Number of 
Maximum Samples> 

EEQ(l) Screening 
Level(2) Plant 

1982 29 32 
720 32 NA 

22 32 NA 

NA NA NA 

189838 32 115 

36 10 NA 
24 23 NA 
112 32 NA 

TABLE 8-1 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 03 - OLD JEEP TRAlL/LmLE SULPHUR CREEK 
NSWCCRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Step 3a Evaluation 

Alternate Benchmarks(') 

Eco-SSL Talmage et aI., 1999 Canadian ORNL Benchmarks 

Earthworm Plants Earthworm SQG Plant Earthworm Other Step 3a Factors ConsIdered In Evaluatlon('1 
140 NA NA NA NA NA -MaxImum concentratron IS less than Eco-SSLs 
NA NA NA 64 NA NA -Alternate benchmarks appear overly conservatIve because they are 

based on total chromium concentratrons chromium In soli at SWMU 03 
IS likely tnvalent because hexavalent chromIum (the more tOXIC form of 
chromIum) rapIdly degrades In the environment 
-The two greatest concentratrons are located In a small (30 feet by 60 
feet) Isolated depressIon. 
-Only maximum concentratron exceeds SQG, all other detections are 
less than SQG. 

NA NA NA 63 100 60 -MaxImum concentratron IS less than ORNL Plant value and only slightly 
greater than ORNL earthworm value and CanadIan SQG 

NA NA NA NA NA NA -Mlcronutnent for plant growth; not tOXIC to plants In well aerated SOIls 
WIth pH levels between 5 to 8 S U ; pH concentratrons In soli at NSWC Crane are In 
the range of 5 to 8 5 S U. Only one sample collected at NSWC Crane had a pH 
greater than 8 S U pH concentrations at SWMU 03 are likely In the same range as 
those across NSWC Crane 
-MaXImum and average sIte concentratrons (51,600 mglkg and 23,437 
mglkg) are SImilar to maxImum and average facIlity background SOIl 
concentratIOns (40,800 mg/kg and 18,100 mglkg) 
-Not typIcally bloavallable m the envIronment. 

1700 NA NA NA NA NA -MaXImum concentration IS greater than Eco-SSLs; most other con-
centratrons are less than 30 mglkg 
-Area of potential nsk appears Isolated to former burn PIt 
-Sod at locatIon of maxImum concentratIon (03SS24) consIsts of sand, gravel, 
and trace SIlt and clays; therefore, vegetatron IS not present and SIgnIficant numbers of 
earthworms are not likely to mhablt the area 

NA NA NA 12 NA NA -MaXImum detection IS less than the SQG. 
NA NA NA 50 NA NA -MaXImum detectIon IS less than the SQG 
NA NA NA 200 NA NA -Four detected concentratrons exceed the Canadran SQG, however only 

maxImum concentratIon IS much greater than the SQG, concentratrons In three 
other samples only slightly exceeded the SQG (211 mg/kg, 230 mg/kg, and 211 
mg/kg) 
-The two greatest concentratIons are located In a small (30 feet by 60 
feet) Isolated dejllesslon 

RIsk DetermInatIon 
(Acceptable/ RetaIned as 

Unacceptable) aCOPC? 
Acceptable No 
Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 
AcceQ1able No 
Acceptable No 
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• 
Chemical of Potential Concern 

(COPC) 
ShaliowlDeep 

Maximum 
Frequency of Detected Region V Maximum 

Detection Concentration EDOLs(l) EEO 
Semlvolatile Organics (Jig/kg) 
ACENAPHTHENE shallow 1/15 25 67 3.7 

DI-N-BUTYL PHTHALATE shallow 2/15 590 111 53 
deep 2115 880 111 8 

DIPHENYLAMINE shallow 3/15 420 35 12 

Ene-metics (mQ/kQ) 
2,4,6-TRINITROTOLUENE shallow 4/15 069 NA NA 

deep 5/15 22 NA NA 
2-AMINO-4,6-DINITROTOLUENE shallow 1/15 037 NA NA 

deep 2115 073 NA NA 
4-AMINO-2,6-DINITROTOLUENE deep 1/15 0.4 NA NA 
2,4-DINITROTOLUENE shallow 1/15 11 01 15 
HMX shallow 3115 130 NA NA 

• deep 4/15 19 NA NA 

RDX deep 2115 045 NA NA 

Pesticides/PCB's (ug/kQ) 
IMETHOXYCHLOR I shallow I 1/15 I 
Herbicides (uQ/kQ) 

17 1 36 I 47 

2,4-0 I shallow I 7/10 I 20 J 5.8 J 35 
Ideep I 5/12 28 

InorQanics (mQlkcll 
I 579 I 48 

ALUMINUM shallow 15/15 23,200 NA NA 
deep. 15/15 56900 NA NA 

ANTIMONY shallow 8/15 76 NA NA 

deep 8115 67 NA NA 

BARIUM shallow 15/15 853 NA NA 

deep 15/15 981 NA NA 
~ 

• 

TABLE 8-2 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SHALLOW AND DEEP SEDIMENT COPCs 

I 

I 

SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF2 

Number of Alternate Benchmarks 
Samples> 
Screening 

Consensus-based LonQ et al , 1995 

Level(2) TEC PEC ER-L ER-M 

1 NA NA NA NA 

1 NA NA NA NA 
1 NA NA NA NA 
3 NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
1 NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 

1 I NA I NA I NA I NA 

8 I NA I NA I NA I NA 
5 I NA I NA I NA I NA 

NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA 2 25 

NA NA NA 2 25 

NA NA NA NA NA 

NA NA NA NA NA 

Step 3a Evaluation 

Other Step 3a Factors Considered in EvaluatlonP) 

-Low Irequency 01 detection (one 0115 shallow sediment samples), detected 
at downstream location 03SD 18 where It does not appear that aquatic 
receptors have been Impacted 
-Not detected In deep sediment samples 
-Maximum concentration IS less than the new ESL (1,114 ug/kg) 

-Not detected In deep sediment samples 
-Diphenylamine was not detected In any other media at SWMU 03, source 
01 contamination IS bunal and burning 01 waste matenals and so It 
does not appear that sediment concentrations are related to site 
activIties. 

-Maximum concentrations are less than NOEC, LC50, and LOEC values 
01 22 4 mgikg, 36 8 mgikg, and 60 8 mglkg reported by Condor et aI., 2004 
lor TNT and ItS degradation products (ANTs and DNTs). 

-MaXimum concentrations are less than a LOEC reported In the literature In 
which survival of Ch,ronomus tentans was not statistically different lrom 
controls at concentrations as hlQh as 146 mQ/kQ 
-MaXimum concentration IS less than a LOEC In which survival 01 
Ch,ronomus ten tans was not statistically different from control samples at 
concentrallons as high as 711 mgikg 

I-Detected concentration IS less than the Ecotox Threshold (19 uglkg) 

I-MaXimum concentrations are less than new ESL (1,273 ugikg). 
I 

·Only maximum concentration In deep sediment IS greater than TEL 
(25 500 mglkg),all other shallow and deep sediment concentrations are less 
than TEL 
·Locatlon 03SD11 IS poor aquatic habitat 
·Four out 01 15 shallow sediment samples exceeded the ERL maximum 
concentration IS less than ER·M 
·Only one location exceeding ER·L IS present In perennial portl?n 01 LSC 
·Not detected In deep sediment In perennial portion 01 LSC 
-Eliminated as a COPC In surtace SOil due to backqround 
·Maxlmum concentrations are greater than the AET (48 mg/kg) 
-Concentrations are greatest In samples collected Within the ABG 
concentrations decrease lurther downgradlent but shll exceed upgradlent 
sediment concenlratlons 
·Portlons of LSC upgradlent of Spnng C are poor habitat for aquatic 
receptors and significant Impacts are unlikely because the number 01 
receptors IS limited by the poor habitat 
·Perennlal portions 01 LSC arE currently supporting a vanety of aquatic 
receptors IndlcatlnQ Impacts from banum are not significant 

Risk 
Determination 
(Acceptablel Retained as 

Unacceptable) aCOPC? 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 

I Acceptable I No I. 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

1128105 
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• 

• 

Chemical of Potential Concern ShaliowlDeep Maximum (COPC) 
Frequency of Detected Region V Maximum 

Detection Concentration EDOLs!l) EEO 
CADMIUM shallow 15/15 35 06 59 

deep 14/15 4 06 67 

COPPER shallow 15/15 198 16 12 

deep 15/15 273 16 17 

LEAD shallow 15/15 653 31 21 

deep 15/15 445 31 14 

TIN shallow 2115 13.8 NA NA 
deep 3/15 41 NA NA 

ZINC shallow 15/15 385 120 32 

deep 15/15 1,120 120 93 

-

Footnotes 

TABLE 8-2 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SHALLOW AND DEEP SEDIMENT COPCs 

SWMU 03 - OLD JEEP TRAIUlITILE SULPHUR CREEK 
NSWCCRANE 

CRANE. INDIANA 
PAGE20F2 

Number of Alternate Benchmarks 
Samples> 
Screening 

Consensus-based Long et at. 1995 

Level(2) TEC PEC ER-L ER-M 
12 099 498 NA NA 

10 099 4_98 NA NA 

12 316 149 NA NA 

11 316 149 NA NA 

12 358 128 NA NA 

11 35.8 128 NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
9 121 459 NA NA 

8 121 459 NA NA 

Step 3a Evaluation 

Other Step 3a Factors Considered in Evaluatlon(3) 
-Maximum concentrations are greater than TEC but less than PEC 
-Portions of LSC upgradlent of Spring C are poor habitat for aquatic 
receptors and significant Impacts are unlikely because the number of 
receptors IS limited by the poor habitat 
-Perennial portions of LSC are currently supporting a variety of aquatic 
receptors indlcatlnq Impacts from cadmium are not slqnlflcant 
-The maximum concentrallons are greater than the PEC 
-Portions of LSC upgradlent of Spnng C are poor habitat for aquallc 
receptors and significant Impacts are unlikely because the number of 
receptors IS limited by the poor habitat 
-Concentrations at some locations In the perennial portion of LSC are 
greater than the TEC, concentrations at other locations are greater than 
the TEC however, those areas are tYDlcally wet only dUrlnq heavy rain events 
-The maximum concentrations are located upgradlent of the OJT within the 
ABG and exceed the TEC and PEC 
-Portions of LSC upgradlent of Spring C are poor habitat for aquatic 
receptors and significant Impacts are unlikely because the number of 
receptors IS limited by the poor habitat 
-Perennial portions of LSC are currently supporting a variety of aquatic 
receptors indicating Impacts from lead are not significant 
-Pattern of elevated concentrations indicate ABG IS the source of lead 
contamlnallon 
-The detections are located In intermittent portions of LSC where permanent 
aquatic habitat does not eXls!. 
-Concentrallons exceed the TEC In 10 shallow and 8 deep samples 
-The maximum concentration In deep samples IS greater than the PEe 
-Pattern of elevated concentrations indicate there may be multiple sources 
of zinc 
-Portions of LSC upgradlent of Spnng C are poor habitat for aquatic 
receptors and significant Impacts are unlikely because the number of 
receptors IS limited by the poor habitat 
-Perenmal portions of LSC are currently supporting a variety of aquatic 
receptors Indicating Impacts from cadmIum are not slgmllcant 

1 The assessment endpOInt for the EDOL IS not known It IS the lower vatue for the protection of either ptants Invertebrates or wildlife 
2 Number of samples with concentrations greater than the screening level 
3 See Section 8 6 t 2 for a more detailed Step 3a evaluatIon 

EDOLs - Ecological data quality level 
TEC - Threshotd Effects Concentration 
PEC - Probable Effects Concentration 
ER-L - Effects range-lOW 
ER-M - Effects range-median 
TEL - Threshold effects level 
AET - Apparent Effects Threshold 
NA = Not Avallabte or Not Applicable 
LOEC = Lowest Observed Effect Concentration 
NOEC = No Observed Effect Concentratoon 
LC50 = Lethal Concentration 50 
ESL = Ecological Screenong Level 
OJT = Old Jeep Trail 
LSC = LIUle Sulphur Creek 
ABG = Ammunlhon Burning Grounds 

Risk 
Determination 
(Acceptablel Retained as 

Unacceptable) a COPC? 
Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 
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• 
Maximum 

Chemical of Potential Concern LOW/HIGH 
Frequency 

Detected 
(COPC) FLOW 

of 
Concentration 

Detection 
(Ilg/L) 

Volatile Organics 
BROMOMETHANE LOW 3/6 1.6 

BIS(2-ETHYLHEXYL)PHTHALA TE HIGH 2/11 6 

Energe ics 
2,4,6-TRINITROTOLUENE LOW 1/6 0.56 

2-AMINO-4,6-DINITROTOLUENE LOW 216 0.75 
HIGH 1/11 1.5 • 4-AMINO-2,6-DINITROTOLUENE LOW 4/6 1.7 
HIGH 2111 2.9 

HMX LOW 6/6 12 
HIGH 10/11 90 

RDX LOW 6/6 11 
HIGH 9111 63 

NITROCELLULOSE HIGH 1/11 3,200 

Herbicides 
2,4-0 HIGH 0.36 

Metals 
CADMIUM HIGH 3/11 1 4 

COPPER HIGH 11/11 184 

LEAD LOW 6/6 20 

HIGH 11/11 285 

• 

TABLE 8-3 

STEP 3A EVALUATION FOR RISKS TO AOUATIC ORGANISMS 
LOW-FLOW AND HIGH-FLOW SURFACE WATER COPCs 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Region V 
Number of 

Step 3a Evaluation 
Maximum Samples> 

EDOLs(l) 
EEO(1) Screening Chronic 

(Ilg/L) Level(2) AWOC Other Step 3a Factors Considered in Evaluation(3) 

NA NA NA NA -Detected In three low-flow samples and not at all In 

high flow samples 
-Maximum concentration IS less than new ESL of 16 ug/L. 

2.1 2.9 2 NA -Two detections are only slightly greater than EDQL 
-Two detections are located In Intermittent portions of 
LSC and do not support permanent aquatic life; water 
was not present at these locations during sample 
collection under low flow conditions. 
-Bis(2-ethylhexyl)phthalate was not detected In any 
low flow samples 

NA NA NA NA -Maximum concentration IS less than water quality cntenon 
of 90 uQ/L -

NA NA NA NA -Maximum concentrations are less than secondary chronic 
NA NA NA NA value (SCV) of 20 ugiL. 
NA NA NA NA -Maximum concentrations are less than SCV reported for 
NA NA NA NA 2-ADNT (used as a surrogate] of 20 LJg/L 
NA NA NA NA -Maximum concentrations are less than SCV of 330 ug/L. 
NA NA NA NA 
NA NA NA NA -Maximum concentrations are less than SCV of 190 ug/L. 
NA NA NA NA 
NA NA NA NA -Maximum concentration is less than mean tOXIC doses 

reported In the PAN database for aquatic organisms 
(10,000 ug/L to 100.000 ug/L) 

NA 

0.66 2 3 NA -Not retained as a COPC In filtered samples (which rep-
resents bloavallable Qortlon of water column) 

5 37 5 9 -The maximum concentration In filtered samples (7 6 ug/L) IS 
less than AWQC this location (09SW09) IS located In a dry 
stream bed under low-Ilow conditions 

1.3 15 1 25 -The maximum concentration of lead In filtered samples 
dunng high lIow conditions exceeds the AWQC; this 
location does not support aquatic life under low lIow 

1 3 219 6 25 conditions. 
-Concentrations at locations collected In the perennial 
jportlons of LSC were less than the AWQC . 

Risk Determination Retained 
(Acceptable! as a 

Unacceptable) COPC? 

Acceptable No j 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable 

Acceptable No 

Acceptable No 

Acceptable No 
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Frequency 
Maximum 

Chemical of Potential Concern LOWIHIGH Detected 
(COPC) FLOW 

of 
Concentration 

Detection 
(~g/L) 

IRON LOW 6/6 154 

ZINC HIGH 11/11 111 

Footnotes· 

TABLE 8-3 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS 
LOW-FLOW AND HIGH-FLOW SURFACE WATER COPCs 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F2 

Region V 
Number of - Step 3a Evaluation 

EDQLs(1) 
Maximum Samples> 

EEQ(t) Screening Chronic 
(~g/L) Level(2) AWQC Other Step 3a Factors Considered in Evaluation(3) 

NA NA NA 1,000 -Iron was selected as a COPC In filtered low flow 
samples only; Iron concentrations In unfiltered low and 
high flow samples and filtered high flow samples were 
less than background concentratIOns. 
-An EOQL for Iron is not available; the maximum con-
centration IS less than the AWQC 

59 2 2 NA -Not retained as a COPC In filtered samples (which rep-
resents bloavallable portion of water column) 

1 The assessment endpoint for the EOQL is not known· It IS the lower value for the protection of either plants, Invertebrates, or wildlife. 
2 Number of samples with concentrations greater than the screening level. 
3 See Section 8 6.1.3 for a more detailed Step 3a evaluation 

EOQLs - Ecological data quality levels 
EEQ - Ecological Effects Quotient 
AWQC - Ambient Water Quality Cnterlon 
NA - Not Available 
LSC = Little Sulphur Creek 
ESL = Ecological Screening Level 

Risk Determination Retained 
(Acceptable! asa 

Unacceptable) COPC? 
Acceptable No 

Acceptable No 

1/28/05 
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TABLE 8-4 -, 

EXPOSURE PARAMETERS FOR THE TERRESTRIAL WILDLIFE MODEL 
NSWCCRANE 

CRANE, INDIANA 

Species/Exposure Inputs Source 

Meadow Vole 
Body Weight = BW 3.290E-02 kg 3.663E-02 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.280E-02 . kglday_ 1.190E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 7.700E-03 Uday 6.400E-03 Ud~ U.S. EPA, 1993 
Soil Ingestion Rate - Is 3.070E-04 kg/day 2.860E-04 kg/day Beyer, 1993 
Home Range = HR Assume 100% on site 3.000E-02 acres U.S. EPA, 1993 
Short-Tailed Shrew 
Body Weight = BW 1.525E-02 kg 1.687E-02 kq U.S. EPA, 1993 
Food Ingestion Rate = If 1.620E-02 kg/day 1.030E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 4.300E-03 Uday 3.800E-03 Uday U.S. EPA, 1993 
Soil Ingestion Rate - Is 2.106E-03 kg/day 1.339E-03 kg/day Beyer, 1993 
Home Range = HR Assume 100% on site 9.700E-01 acres U.S. EPA, 1993 . 
American Robm 
Body Weight = BW 7.730E-02 kg 8.100E-02 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.231 E-01 kg/day 9.760E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 1.210E-02 Uday 1.130E-02 Ud~ U.S. EPA, 1993 
Soil Ingestion Rate - Is 1.280E-02 kg/day 1.015E-02 kg/day Beyer, 1993 
Home Range = HR Assume 100% on site 1.190E+00 acres U.S. EPA, 1993 

. 
• Bobwhite Quail 

Body Weight = BW 1.620E-01 kg 1.770E-01 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.640E-02 kg/day 1.440E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 2.310E-02 Uday 1.840E-02 Uday U.S. EPA, 1993 
Soil Ingestion Rate - Is 1.345E-03 kglday_ 1.181E-03 kg[day Beyer, 1993 
Home Range = HR Assume 100% on site 2.860E+01 acres U.S. EPA, 1993 
Raccoon 
Body Weight = BW 5.340E+00 kg 6.864E+00 kg USEPA,1993 
Food Ingestion Rate = If 1.651E+00 kg/day 1.339E+00 kg/day USEPA,1993 
Water Ingestion Rate = Iw 5.698E-01 Uday 5.664E-01 Ud~ USEPA,1993 
Sediment Ingestion Rate - Is 1.552E-01 kg/day 1.258E-01 kg/day Beyer, 1993 
Home Range = HR Assume 100% on site 3.855E+02 acres US EPA, 1993 
Bete mgl/s er I dK "h 
Body Weight = BW 1.360E-01 kg 1.520E-01 kg USEPA,1993 
Food Ingestion Rate = If 7.580E-02 kg/day 6.890E-02 kg/day USEPA,1993 
Water Ingestion Rate = Iw 1.870E-02 Uday 1.670E-02 Uday USEPA,1993 
SOil Ingestion Rate - Is 1.516E-03 kg/day_ 1.378E-03 kg/day BeJ'er, 1993 
Home Range = HR Assume 100% on site 2.185E+00 km USEPA,1993 

• 
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TABLES-5 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS - CONSERVATIVE CONCENTRATIONS 
SWMU 03 - OLD JEEP TRAIULITTLE SULPHUR CREEK 

NSWC CRANE, INDIANA 

Herbivores Insectivores 
Meadow Vole Bobwhite Quail Short-Tailed Shrew 

NOAEL I LOAEL NOAEL I LOAEL NOAEL 
Parameter EEQ EEQ EEQ EEQ EEQ 

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 

NA • Not applicable. 
EEO • Ecological Effects Quotient. 
TEO· Toxicity Equivalent. 
NOAEL • No Observed Adverse Effects Concentration 
LOAEL • Lowest Observed Adverse Effects Concentration 

• • 

I LOAEL 
EEQ 

American Robin 
NOAEL I LOAEL 

EEQ EEQ 
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TABLE 8-6 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS - AVERAGE CONCENTRATIONS 
SWMU 03 - OLD JEEP TRAILJLITTLE SULPHUR CREEK 

NSWC CRANE, INDIANA 

Herbivores Insectivores 
Meadow Vole Bobwhite Quail Short-Tailed Shrew 

NOAEL I LOAEL NOAEL I LOAEL NOAEL I Parameter EEQ EEQ EEQ EEQ EEQ 
-_._--- --- --

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 

I _ This table only presents the EEQs for contaminants that had EEQs greater than 1.0 using the maximum input parameters 
NA - Not applicable. 
EEQ - Ecological Effects Quotient. 
TEQ - ToxIcity Equivalent. 
NOAEL - No Observed Adverse Effects Concentration. 
LOAEL - Lowest Observed Adverse Effects Concentration. 

LOAEL 
EEQ 

• 
American Robin 

NOAEL I LOAEL 
EEQ EEQ 
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Chemical 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

TABLE 8-7 

COMPARISON OF VEGETATION CONCENTRATIONS PREDICTED BY 
FOOD CHAIN-MODEL TO ACTUAL VEGETATION CONCENTRATIONS IN 

SAMPLES COLLECTED AT ABG IN 1994 
NSWCCRANE 

CRANE, INDIANA 

Concentrations Predicted by Food Chain Model(l) Actual Tissue Concentrations 
in Previous Study(2) 

Predicted Concentration Predicted Concentration 
(mg/kg) in Conservative (mg/kg) in Average Average (Range) (mglkg) 

Scenario Scenario 

1.16 0.156 0.32 (0.19 - 0.53) 

0.664 0.309 0.34 (0.19 - 0.48) 

5.60 0.829 5.1 (2.4 - 8.7) 

21.1 1.76 1.6 (0.33 - 4) 

0.143 0.0131 Not Detected 

8.09 0.0933 3.9 (0.47 - 13) 

70.8 11.1 31.1 (12 - 67.7) 

See Section 8.6.3.1 of text for methodology used in food chain model. See Appendix H.5 for 
calculations through which vegetation concentrations were estimated from surface soil data. 

2 Samples analyzed In 1995 consisted of hickory nuts, whitegrass, beechnuts, and red maple seedlings 
(TtNUS, Inc. 1999). 
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Parameter 

• 
TABLE 8-8 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-CONSERVATIVE CONCENTRATIONS 
SWMU 03 - OLD JEEP TRAILJLITTLE SULPHUR CREEK 

NSWC CRANE, INDIANA 

Piscivores 
Raccoon Belted Kingfisher 

NOAEL I LOAEL NOAEL ~ I LOAEL 
EEQ EEQ EEQ EEQ Semi-Volatiles 

• 

[Acenaphthene --- - - -,- B.9E-03 J -- 4~4E-03 --,-- -4.4E:Q4---,-- -4AE-OS---~ Pesticides 
[MethoxyChlor- -- -- -,---s'BE-02--] --4.4E-02 - -C--------,-------- J E .' -- - - -- -

2,4,6-Trinitrotoluene 7.9E-03 7.9E-04 
2,4-0initrotoluene B.9E-04 1.2E-04 
2-Amino-4,6-dinitrotoluene 
4-Amino-2 ,6-dinitrotol uene 
HMX 9.2E-01 3.7E-01 
ROX 2.9E-01 5.BE-02 
Nitrocellulose 
Herbicides 

'2,4-0 5.5E-oT---]- -DE~01 --,---- ---]~.~----~ 
Innrt1~n-

Notes: 

3.9E+01 
3.7E+01 
5.6E+01 
B.1E+00 
3.4E+01 

- Cells are shaded if the EEQ is greater than 1.0 

3.9E+00 
2.BE+01 
5.6E+00 
4.9E+00 
1.7E+01 

1.6E+00 ~ 
1.BE+00 
2.0E+01 
2.7E-01 
2.6E+01 

- Blank spaces indicate that an EEQ could not be calculated because a NOAEL or LOAEL was not available 

1.2E-01 
1.4E+00 
2.0E+00 
1.3E-01 
2.9E+00 

- This table only presents the EEQs for contaminants that had EEQs greater than 1.0 using the maximum input parameters EEQ - Ecological Effects Quotient. 
NOAEL - No Observed Adverse Effects Concentration. 
LOAEL - Lowest Observed Adverse Effects Concentration. 
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TABLE 8-9 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK 

NSWC CRANE, INDIANA 

Raccoon 
NOAEL 

Parameter EEQ 

Notes: 
- Cells are shaded if the EEQ is greater than 1.0 

EEQ - Ecological Effects Quotient. 

I 
LOAEL 

EEQ 

NOAEL - No Observed Adverse Effects Concentration. 
LOAEL - Lowest Observed Adverse Effects Concentration. 

• 

Piscivores 
Belted Kingfisher 

NOAEL 

I LOAEL 
EEQ EEQ 
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TABLE 8-10 

COMPARISON OF AQUATIC ORGANISM CONCENTRATIONS PREDICTED BY 
FOOD-CHAIN MODEL TO TISSUE CONCENTRATIONS IN 

SAMPLES COLLECTED AT ABG IN 1995 
NSWCCRANE 

CRANE, INDIANA 

Actual Tissue 
Concentrations Predicted by Food Chain Model(1) Concentrations in 

Previous Study(2) 
Chemical Average Predicted Concentration Predicted 

(mg/kg) in Conservative Concentration (mglkg) in (Range) 

Scenario Average Scenario (mg/kg) 

Cadmium 4.11 0.224 0.08 (0.05 - 0.1) 

Copper 148 25.9 9.6 (1.6 - 45.1) 

Lead 37.0 2.47 0.49(3) 

Selenium 0.189 0.157 0.41 (0.2 - 0.67) 

Zinc 674 111 25.7 (13.4 - 42.4) 

1 See Section 8.6.3.1 of text for methodology used in food chain model. See Appendix H.5 for 
calculations through which vegetation concentrations were estimated from surface soil data. 

2 Samples analyzed in 1995 consisted of frogs, crayfish, bass, suckers, and minnows (TtNUS, Inc. 
1999). 

3 Lead analytical results available only for one frog sample . 
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EEOs Using Average 

Chemical of Potential 
Frequency 

95% UCL 
Average Exposure Values 

of 
(mglkg){1) 

Concentration NOAEL LOAEL 
Concern (COPC) 

Detection(1) (mglkg)(1)(2) 
EEO> I EEQ> j 

1.0 Species 1.0 Species 
Insectivorous/Herbivorous Wildlife 
TEO Mammal 11/11 7.40E·06 2.01E-06 None NA None NA 
TEO Bird 11/11 7.50E-06 1 92E-06 None NA None NA 
HMX 9/47 48 48 22 Vole None NA 

RDX 6/48 3.4 3.4 None NA None NA 
Cadmium 29/32 1 2 0.9 None NA None NA 
Chromium 32/32 264 25.1 46 Robin None NA 

Lead 32/32 150.6 150.6 24.0 Robin 2.4 Robin 
Mercury 31/32 0.1 0.1 4.7 Robin None NA 

• Zinc ·32/32 129.6 101 2 52 Robin None NA 

Piscivorous Wildlife 
Cadmium 29/30 1.8 1.3 1.5 Raccoon None NA 

Copper 30/30 969 573 36 Raccoon 28 Raccoon 

Lead 30/30 2102 120 66 Raccoon None NA 

Selenium 4/30 02 02 33 Raccoon 2 Raccoon 

Zinc 30/30 3087 1979 36 Kingfisher 
3.1 Raccoon 1 6 Raccoon 

• 

TABLE 8-11 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 03 - JEEP TRAIL 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Basis of Wildlife 

Toxicity Reference Value (TRV) Other Step 3a Factors Considered in Evaluation(3) 

NA - NOAEL EEO IS less than 1 0 
NA - NOAEL EEO IS less than 1 0 

No significant Increase In mortality was -LOAEL EEO IS less than 1 0 

observed among mice consuming 30 mg/kg-day -Unlikely that herbivorous wildlife will obtain majority of food Items from VIcinity of any single sample 

HMX. but a significant Increase In mortality was since the home ranges are greater than the area represented by single samples. 
observed In mice consuming 75 mg/kg-day -Two greatest detections at SWMU 03 are located at 03SS22 and 03SS24. however. these locations 

are grass covered and do not support vegetation that the meadow vole would feed on With these 

two locations excluded from the average concentrations; NOAEL EEOs are less than 1 0 
NA - NOAEL EEO IS less than 1.0 
NA - NOAEL EEO is less than 1 0 

Black duckling survival was reduced at a 
dose concentration of 50 mg/kg; no significant 

impacts were observed at 10 mg/kg. TRVs -EEOs would be less if fresh weight Ingestion factors were used 
adjusted for raccoon body weight difference. -Location of maximum concentration (03SS24) IS skewing average concentration high and IS not 

Reproduction not Impaired at 10 mg/kg (NOAEL) representative of where insectivorous birds would feed Locallon 03SS24 IS gravel covered and surface 

Fewer eggs and mallard ducklings produced sOil consists of clayey Silt. sand. and subsurface also consists of ash and cinders. Earthworms for which 
at a dose level of 0 5 mg/kg. LOAEL was the robin could feed on are not likely present. 
divided by an uncertainty factor of 0.1 to -Most detections of COPCs are within background ranges. 

develop a chronic NOAEL -Calculated doses are closer to NOAEL than LOAEL 
-Bloavallabillty of the metals used In the toxicity test to develop the NOAELs and'LOAELs are greater 

LOAEL based on egg hatchability of hens which 
than the bloavallabllity of sOil at the site 

was <20% of controls 

Fetal Implantallons were reduced by 28%. fetal 
survivorshiP was reduced by 50% and fetal 
resorptlons Increased by 400% among rats 

exposed to 10 mg/kg/d dose of cadmium. no 
effects were observed at a dose of 1 mglkg/d 
Kit survivorship In mink was not affected at 25 
mg/kg (NOAEL). TRVs adjusted for raccoon -Home ranges of PISCIVOroUS birds and mammals are typically larger than SWMU 03, unlikely that 

body weight difference PISClvorous receptors Will obtain 100 percent of their food from SWMU 03 
Number of pregnancies, live births, and other . When area use factors are used In the food chain models (25 percent for the kingfisher and 10 

reproductive Indices In rats were not affected at percent for the raccoon) LOAEL based EEOs are less than 1 0 

100 mg/kg, TRVs adjusted for raccoon body 
weight difference. 

Number of second generallon young was I 

reduced by 50% among females exposed to 
2 5 mg/L selenium In drinking water; no effects 

were observed at 1.5 mg/L 
At 4 000 mg/kg, rats showed Increased rates of 
fetal resorpllon and reduced fetal growth rates; 

no effects were observed at 2.000 ma/ka 

Risk 
Retained I 

Determination 
(Acceptable! 

asa 
COPC? 

Unacceptable) 

Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 

! 
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Chemical of Potential 
Frequency 

95% UCL 
Average 

Concern (COPC) 
of 

(mglkg)(t) 
Concentration 

Detection(1) (mglkg)(1)(2) 

Footnotes. 

EEQs Using Average 
Exposure Values 

NOAEL LOAEL 

EEQ> I 
1.0 Species 

EEQ> I 
1.0 Species 

TABLE 8-11 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 03 - JEEP TRAIL 

NSWCCRANE 
CRANE, INDIANA 

PAGE20F2 

Basis of Wildlife 

Toxicity Reference Value (TRV) 

1 - These columns present the Frequency of Detection and concentrations for sOil (for Insectivorouslherblvorous wildlife) or sediment (for PISCIVOroUS wildlife) 
2 - The average concentrations were used except In cases where the 95% UCL was greater than the average concentration and the 95% UCL was then used 
3 - See Section 8.6 2 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 Observed Adverse Effect Level 
UCL = Upper 95 Percent Confidence limit 
TRV = ToxIcity Reference Value 
TEQ = ToxIcity Equivalent 

Risk 
Determination 

Retained 
as a 

(Acceptable! 
COPC? 

Other Step 3a Factors Considered in Evaluation(3) 
Unacceptable) 

1128/05 



• 

• 

• 

REFERENCES 

NSWCCrane 
RFI 

RevIsion' 0 
Date: January 2005 

Section: References 
Page 1 of 20 

Ainsworth, C.C., S.D. Harvey, J.E. Szecsody, M.A. Simmons, V.1. Cullinan, C.T. Resch, and G.H. Mong. 

1993. Relationship Between the Leachability Characteristics of Unique Energetic Compounds and Soil 

Properties. Final Report." Prepared for U.S. Army Medical Bioengmeering Research and Development 

Laboratory, Fort Detrick, Maryland. Project Order No. 91 PP1800. 

Albertson, P., J.H. May, J.S. Nohrstedt, R.W. Magee, and P. Payonk, 1998. Rinal Report: RCRA Facility 

Investigation, Part 2 Phase III Soils Study, Ammunition Burnmg Ground, SWMU 03/10, Naval Surface 

Warfare Center Crane, Indiana, prepared by U.S. Army Corps of Engineers, Waterways Experiment 

Station, Technical Report, GL-98-23, May. 

Alvarez, M.A., C.L. Kitts, J.L. Botsford, and P.J. Unkefer. 1995. "Pseudomonas aerugmosa Strain MA01 

Arobically metabolizes the Aminodmitrotoluenes Produced by 2,4,6-Trinltrotoluene Nitro Group 

Reduction." Canadian Journal of Microbiology, Volume 41, pp. 984-991. 

AMEC Earth and EnVIronmental, Inc. 2001. "Feasibility Study Report, Demo 1 Groundwater Operable' 

Unit for the Camp Edwards Impact Area, Groundwater Quality Study, Massachussetts Military Resrvation, 

Cape Cod, Massachussetts." (Draft) IAGWSP Technical Team Memorandum 01-17. Prepared for 

National Guard Bureau, Arlington, Va., and Massachussetts Army National Guard, Camp Edwards, 

Massachussetts. 

ASTM (American Society for Testing and Materials), 1997. E50.04 Provisional Standard Risk-Based 

Corrective Action Applied for Chemical Releases. 

ATSDR' (Agency for TOXIC Substances and Disease Registry), 1997. ATSDR Toxicological Profiles on 

CD-ROM. U.S. Department of Public Health, Atlanta, Georgia. 

Aziz, C. E., C. J. Newell, J. R. Gonzales, P. Haas, T. P. Clement, and Y. Sun, 2000. "BIOCHLOR, 

Natural Attenuation Decision Support System, Users Manual, Version 1.0." U.S. EPA Report EPAl600/R-

001008, January. 

Baedke, Steven A., 1998. HydrogeologiC and Geochemical Assessment of the Porous Media and Karst 

Flow Regimes of the Beech Creek Aquifer Ammunition Burnmg Grounds, Naval Surface Warfare Center, 

060208/P R-1 CTO 0159 



NSWCCrane 
RFI 

\ Revision: 0 
Date: January 2005 

Section: References 
Page 2 of 20 

Crane, Indiana. "Ph.D. Dissertation University of Indiana Department, Geological Sciences, Bloomington, 

Indiana," January. 

Barnhill, M., 1993. Map Showing Structure on Top of the Mississippian Unconformity at Naval Surface 

Warfare Center, Crane Division, Crane, Indiana, Indiana Geological Survey. 

Barnhill, M. L. and P. L. Hansley, 1993. Sedimentology and Reservoir Characteristics of Pennsylvanian 

Aquifer Bodies at the McComish Gorge, Old Burn Pit, Pest Control Site, and Mustard Gas Burial Grounds: 

A Preliminary Investigation, prepared by Indiana Geological Survey, Bloomington, Indiana, for Southern 

Division, Naval FaCilities Engineering Command, North Charleston, South Carolina, August. 

Barnhill, M. L. and C. P. Ambers, 1994. Geology and Hydropetrology of the Big Clifty Sandstone and 

Beech Creek Limestone Aquifer System at Ammunition Burning Ground: Naval Surface Warfare Center, 

Crane, Indiana, prepared by the Indiana Geological Survey, Bloomington, Indiana, for the U. S. Army 

Corps of Engineers, Waterways Experiment Station, Vicksburg, Mississippi. 

Biochem. 16:45-49, In Eisler, R. 2000. Handbook of Chemical Risk Assessment: Health Hazards to 

Humans, Plants, and Animals; Volume 2, Organics. Lewis Publishers, Boca Raton, Florida. 

Brannon, J. M., C. B. Price, and C. Hayes, 1998. Abiotic Transformation of TNT In Montmorillonite and 

Soil Suspensions Under Reducing Conditions, Chemosphere, Volume 36, pp. 1453-1462. 

Braun, E.L., 1950. DeCiduous Forests of Eastern North America. Blakiston Company, Philadelphia, 

Pennsylvania. 

B&R Environmental (Brown & Root Environmental), 1997. Current Contamination Conditions Risk 

Assessment. SWMU #03/10 (Ammunition Burning Ground), SWMU #07/09 (Old Rifle Range), SWMU 

#06/09 (DemOlition Range), November. 

Buchman, M. F., 1999. NOAA Screening QUick Reference Tables. NOAA HAZMAT Report 99-1, 

Coastal Protection and Restoration DIvIsion, National Oceanic and AtmospheriC Administration. 

Seattle, Washington. http://responserestoratlon.noaa.gov/cpr/sediment/sqUirt/sgUlrt.html 

CCME (Canadian Council of Ministers of the EnVIronment), 1997. Recommended Canadian SOil Quality 

GUidelines. Canadian CounCil of Ministers of the Environment. Ottawa, Ontario, March. 

060208/P R-2 CTO 0159 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 3 of 20 

Cataldo, D.A., S.D. Harvey, A.J. Fellows, A.M. Bean, and B.D. McVetty. 1989. "An Evaluation of the 

Environmental Fate and Behavior of Munitions Materials (TNT, RDX) in Soil and Plant Systems. Pacific 

Northwest Laboratories, Washington, Report PNL-7370, Prepared for U.S. Army Medical Research and 

Development Command, Fort Detrick, Maryland, Contract No. AD-A223 546. 

Comarco Systems, Inc., 2000. Endangered Species Management Plan for the Crane Division, Naval 

Surface Warfare Center. October. 

Condor, J.M., T.W. La Point, J:A. Steevens, and G.A. 'Lotufo, 2004. Recommendations for the 

Assessment of TNT Toxicity in Sediment. Environmental Toxicology and Chemistry. Vol. 23, No.1. pp. 

141-149. 

Daun, G., H. Lenke, M. Reuss, and H. Knackmuss. 1998. Biological Treatment of TNT-Contaminated 

Soil. 1. AnaerobiC Cometabolic Reduction and Interaction of TNT and Metabolites with Soil 

Components." Environmental Science and Technology, Volume 32, pp. 1952-1963. 

Deam, Charles C., 1940. Flora of Indiana. Indiana Department of Conservation, Division of Forestry, 

Indianapolis, Indiana, Wm. B. Burford Printing Company, Indianapolis. 

DON (Department of the Navy), 1999. Navy Policy For Conducting Ecological Risk Assessments. Memo 

from Chief of Naval Operations to Commander, Naval Facilities Engineering Command, Department of 

the Navy, Washington, DC, April. 

DuBois, F.W., and J.F. Baytos. 1991. "Weathering of ExplOSives for Twenty Years." Los Alamos 

National Laboratory, Los Alamos, N.M., Report LA-11931. 

Dunbar, J.B., 1982. Hydrogeologic Investigation of Waste Disposal Sites at the Naval Weapons Support 

Center, Crane, Indiana, prepared by U.S. Army Corps of Engineers, Waterways Experiment Station, 

Vicksburg, MISSISSIPPI, April. 

Dunbar, J.B., 1984. Definition of Contaminate Ground-Water Plumes at Selected Waste Disposal Sites, 

Naval Weapons Support Center, Crane, Indiana. U.S. Army Corps of Engineers, Waterways Experiment 

Station, Vicksburg, MissiSSIPPI, April. 

Duwelius, A. F, J. M. Fenelon, and M. A. Risch, 1995 . 

06020S/P R-3 CTO 0159 



NSWCCrane 
RFI 

ReVision: 0 
Date: January 2005 

Section. References 
Page 4 of 20 

EC (Environment Canada), 1999a. Canadian Soil Quality Guidelines for Chromium. SCientific 

Supporting Document. National Guidelines and Standards Office, Environmental Quality Branch, 

Environment Canada. Ottawa. 

EC (Environment Canada), 1999b. Canadian Soil Quality Guidelines for Mercury. Scientific Supporting 

Document. National Guidelines and Standards Office, Environmental Quality Branch, Environment 

Canada. Ottawa. 

EC (Environment Canada), 1999c. Canadian Soil Quality GUidelines for Nickel. Scientific Supporting 

Document. National Guidelines and Standards Office, Environmental Quality Branch, Environment 

Canada. Ottawa. 

EC (Environment Canada), 1999d. Canadian Soil Quality Guidelines for Zinc. ScientifiC Supporting 

Document. National Guidelines and Standards Office, Environmental Quality Branch, Environment 

Canada. Ottawa. 

EC and MENVIQ (Environ~ental Canada and Mlnlstere de l'Environnement du Quebec), 1992. Interim 

Criteria for Quality Assessment of St. Lawrence River Sediment. Environment Canada, Ottawa. 

Efroymson, RA., M.E. Will, G.W. Suter II, and A.C. Wooten, 1997a. Toxicological Benchmarks for 

Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision. 

ES/ERfTM-85/R3, Oak Ridge National Laboratory, November. 

Efroymson, RA., M.E. Will, and G.W. Suter II, 1997b. Toxicological Benchmarks for Contaminants of 

Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision. 

ES/ERfTM-126/R2, Oak Ridge National Laboratory, November. 

Eisler, Ronald, 1986. Dioxin Hazards to Fish, Wildlife, and Invertebrates. A Synoptic Review. Patuxent 

Wildlife Research Center, US Fish and Wildlife Service, Biological Report 85 (1.7), April. 

Eisler, R 2000. Handbook of Chemical Risk Assessment: Health Hazards to Humans, Plants, and 

Animals; Volume 3, MetallOids, Radiation, Cumulative Index to Chemicals and Species. Lewis 

Publishers, Boca Raton, Flonda4. 

Fetter, C. W., 1988 Applied Hydrogeology, Mernll Publishing Co., Columbus, OhiO. 

060208/P R-4 CTa 0159 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

ReVIsion: 0 
Date: January 2005 

Section: References 
Page 5 of 20 

Fisher, A.T., 1996. The hydrogeologic properties and sedimentary facies relations of shallow 

Pennsylvania bedrock aquifers: well test, lithologic descriptions, and gamma-ray logs, Naval Surface 

Warfare Center, Crane, Indiana, Indiana Geological Survey, Bloomington, Indiana, Open File 

Report 96-3, February. 

Foster, SA, and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the 

Shower. Presented at the 80th Annual Meeting of the Air Pollution Control Association, New York, New 

York, June. 

Funk, S.B., D.J. Roberts, D.L. Crawford, and A.L. Crawforrd. 1993. "Initial Phase Optimization for 

Bioremedlationof Munitions Compound-Contaminated Soils. II Applied and Environmental Microbiology, 

Volume 59, pp. 149-154. 

) 

Gilbert, A.O., 1987. Statistical Methods for Environmental Pollution Monitoring. Van Nostrand Reinhold 

Company, New York, New York. 

Green, Andrew, D. Moore, and D. Farrar, 1999. "ChrOniC Toxicity of 2,4,6-Trinitrotoluene to a Marine 

Polychaete and an Estuarine Amphipod" In Environmental Toxicology and Chemistry. 18:8:1783-1790. 

Hale, V.O., T.B. Stanford, and L.G. Taft. 1979. Evaluation of the Environmental Fate of Munitins 

Compounds In SoiL" Battelle Columbus LaboratOries, Columbus, Ohio, Prepared for U.S. Army Medical 

Bioengineering Research and Development Laboratory, Fort Detrick, Maryland. Contract No. AD 

A034226. 

Hengeveld, D., 1987. "Results of the Survey of Bird Species at the Naval Weapons Support Center, 

Crane." In An Inventory of Natural Areas and Rare Plant Species at the Naval Weapons Support Center 

Crane, Indiana. Indiana Department of Natural Resources, Division of Natural Preserves, Indianapolis, 

Indiana. 

Howard, P.H., 1989. Handbook of Environmental Fate and Exposure Data for Organic Chemicals, 

Volume 1. Large Production and Priority Pollutants. LewIs Publishers, Chelsea, MI. 

Hunt, R.W., 1998. Geology and Hydrogeology of the Ammunition Burning Ground, Crane Naval 

Weapons Support Center prepared by U.S. Army Corps of Engineers Waterways Experiment Station, 

Vicksburg, MisSISSIPPI, for NSWC Crane, Crane, Indiana, Technical Report GL-88-27, October. 

06020S/P R-5 eTO 0159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 6 of 20 

IDEM (Indiana Department of Environmental Management), 1998. Indiana Water Quality Standards. 

Indiana Final Regulations. 

IDEM, 2001. RISC (Risk-Integrated System of Cleanups). Indiana Department of Environmental 

Management, Office of Environmental Response, February, Updated July. 

IDEM (Indiana Department of Environmental Management), 2004. 2004 Integrated Water Quality 

Monitoring and Assessment Report. Office of Water Quality. 

IDNR (Indiana Department of Natural Resources), 2000. Nongame and Endangered Wildlife Program, 

Annual Report September 1999 - August 2000. Division of Fish and Wildlife. 

Indiana Department of Natural Resources (Indiana DNR), 2002. Indiana's Endangered Wildlife. Federal 

and Indiana Classifications. http://www.in.gov/dnr/fishwlld/endangered/e-Ilst.htm. 

Jock, Shannon R. and Krothe, N.C. (Jock and Krothe), 2002. Jeep Trail Dye and Ammunition Burning 

Grounds Test. Indiana University Geological SCience Department "Hydrogeology Laboratory," June 4, 

2002. 

Kasenow, M. and P. Pane, 1995. Using Specific Capacity to Estimate Transmissivity: Field and 

Computer Methods, Water Resources Publications, Highlands Ranch, Colorado. 

Kuchler, A.W., 1964. Potential Natural Vegetation of the Conterminous United States. American 

Geographical Society, Special Publication No. 36, New York, New York. 

Krothe, N.C., 2002. Ground Water Investigation at the Ammunition Burning Ground, Crane Division, 

Naval Surface Warfare Center, Crane, Indiana, prepared by Indiana University, Department of Geological 

Sciences, Bloomington, Indiana, for Crane DiVISion, Naval Surface Warfare Center, Crane, Indiana, April. 

Kvale, E.P., 1992. Report on the Surface Geological Mapping of Crane Naval Surface Warfare Center, 

Crane, Indiana. Indiana University, Open File Report 92-10 (with enclosures). 

Kvale, E. P. and M. L. Barnhill, ,1994. Evolution of Lower Pennsylvanian Estuarine Facies Within Two 

Adjacent Paleo Valleys, illinOIS Basin, Indiana, In Incised-Valley Systems: Origin and Sedimentary 

Sequences, Society of Sed. Geology, Special Publications No. 51, pp. 191-207. 

060208/P R-6 CTO 0159 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 7 of 20 

Layton, D., B. Mallon, W. Mitchell, L. Hall, A. Fish, L. Perry, G. Snyder, K. Bogen, W. Malloch, C. Ham, 

and P. Dowd. 1987. "Conventional Weapons Demiliterization: a Health and Environmental Effects Data 

Base Assessment., Explosives and Their Co-contaminants. Final Report, Phase II." Lawrence Livermore 

National Laboratory, Livermore, California, Prepared for U.S. Army Medical Research and Development 

Command, Fort Detrick, Maryland. Contract No, AD-A220588. 

Li, A.Z., KA Marx, J. Walker, and D.L. Kaplan. 1981. "Trinitrotoluene and Metabolites Binding to Humic 

Acid." Environmental Science and Technology, Volume 31, pp. 584-589. 

Lindsey, A.A., D.V. Schmelz, and SA Nichols, 1970. Natural Areas in Indiana and Their Preservation. 

American Midland Naturalist, Department of Biology, University of Notre Dame, Indiana. 

Long, E.A., and L.G. Morgan, 1991. Potential for Biological Effects of Sediment-Sorbed Contaminants 

Tested in the National Status and Trends Program, National Ocean Service, Office of Oceanography and 

Marine Assessment, Rockville, Maryland, NOANTM/NOS/OMA-52. 

Long, Edward, A., D.O. MacDonald, S.L. Smith, F.D. Calder. 1995. Incidence of Adverse Biological 

Effects Within Ranges of Chemical Concentrations in Marine and Estuarine Sediments. 

Lorah, M.M., Olsen, L.D., Smith, B.L, Johnson, M.A., and Fleck, W.B., 1997, Natural attenuation of 

chlorinated volatile organic compounds in a freshwater tidal wetland, Aberdeen Proving Ground, 

Maryland: U.S. Geological Survey Water-Resources Investigations Report 97-4171, 95 p. 

Lyman, W.J., W.F. Reehl, and D.H. Rosenblatt, 1990. Handbook of Chemical Property Estimation 

Methods. American Chemical Society. Washington, D.C. 

Mabey, W.A., J.H. Smith, A.T. Podoll, H.L. Johnson, T. Mill, T.-W. Chou, J. Gates, I.W. Partridge, H. 

Jaber, and D. Vandenberg, 1982. Aquatic Fate Process Data for Organic Pnonty Pollutants. U.S. EPA 

Report No. 440/4-81-014, December. 

MacDonald, D.O., C.G. Ingersoll, and TA Berger, 2000. "Development and Evaluation of Consensus­

Based Sediment Quality Guidelines for Freshwater Ecosystems." Archives of Environmental 

Contamination and Toxicology, Vol. 39, pp. 20-31 . 

Mackay, D.; Wan-Ylng Shiu; Kuo-Chlng Ma, 1992. Illustrated Handbook of PhYSical-Chemical Properties 

and Environmental Fate for Organic Chemicals. LewIs Publishers. Boca Raton, FL. 

060208/P R-7 CT00159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Page S of 20 
Section: References • 

Major, Michael A., Johnson, M.S., and Salice, C.J. 2002. Bioconcentration, Bioaccumulation and 

Biomagnlficatlon of Nitroaromatic and Nltramine Explosives and their Metabolites and Environmental 

Breakdown Products. U.S. Army Center for Health Promotion and Preventive Medicine. Aberdeen 

Proving Ground, MD. March. 

May, J.H., J. Pennington, D. Harrelson, B. Abraham, S. McCutheon, L. Wolf, N. Krothe, and S. Baedke, 

2002. ./ Hydrogeologic Feasibility of Using Natural Attenuation and Phytoremediation as Remedial 

Alternatives for ExplOSives and TCE Contaminated Ground Water at thE3 Ammunition Burning Grounds, 

Crane Naval Surface Warfare Center, Crane, Indiana, Draft prepared by the U. S. Army Corps of 

Engineers, Engineering Research and Development Center, Vicksburg, Mississippi, August. 

McElrath, G., Jr., 1988. Soil Survey of Martin County, Indiana. SOil Conservation Service, United States 

Department of Agriculture, September. 

Miles, L.J. and G.A. Parker, 1979. Heavy Metal Interaction for Andropogon scoparius and Rudbeckia 

hirta grown on soil from urban and rural sites with heavy metals additions. Journal of Environmental 

Quality 8 (4): 443-449. 

Murphy, W.L. and J. CIOCCO, 1990. Dye Trace of Beech Creek Aquifer, Ammunition Burning Ground, 

Naval Weapons Support Center Crane DiVision, Crane, Indiana, prepared by U.S. Army Corps of 

Engineers, Waterways Experiment Station, Vicksburg: Mississippi for Command, Philadelphia, 
/ 

Pennsylvania, Technical Report GL-90-21, September. 

Murphy, W.L., 1994. Final Report, RCRA FaCIlity Investigation, Phase III, SWMU 03/10, Ammunition 

Burning Ground, prepared by U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, 

MissiSSIPPI, Technical Report GL-94-15, May. 

Murphy, W.L., 1995. Installation and Testing of Wells at the Ammunition Burning Ground, SWMU 03/10, 

Crane Naval Surface Warfare Center, Crane, Indiana, letter report prepared by U. S. Army Corps of 

Engineers, Waterways Experiment Station, Vicksburg, MississippI, for Crane Naval Surface Warfare 

Center, Crane, Indiana, July. 

Murphy, W.L., 1996. Letter Report: Preliminary Assessment of Geology, Ground Water Hydrology, and 

Ground Water Contaminant Distribution of Jeep Trail 25 Area, Ammunition Burning Ground, Crane Naval 

Surface Warfare Center, Crane, Indiana, prepared by U.S. Army Corps of Engineers, Waterways 

06020S/P R-8 CTO 0159 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date' January 2005 

Section: References 
Page 9 of 20 

Experiment Station, Vicksburg, Mississippi, for the Department of Environmental Management, Crane 

Naval Surface Warfare Center, Crane, Indiana, May. 

Murphy, W.L. and R. Wade, 1998a. Final Report: RCRA Facility Investigation, Phase II Release 

Assessment for Surface Water, SWMU 03/10, Ammunition Burning Ground, prepared by U.S. Army 

Corps. Of Engineers, Waterways Experiment Station, Vicksburg, Mississippi, Technical Report GL-98-2, 

February. 

Murphy, W.L. and R. Wade, 1998b. Final Report: RCRA Facility Investigation, Phase III Ground Water 

Release Characterization, SWMU 02/11 - Dye Burial Grounds, Naval Surface Warfare Center, Crane 

Division, Crane Indiana, prepared by U.S. Army Corps of Engineers, Waterways Experiment Station for 

Southern Division, Naval Facilities Engineering Command, North Charleston, South Carolina. Technical 

Report GL-98-1S, July. 

NSWC (Naval Surface Warfare Center Crane Division), 2001. Insect Capture and Analysis for Evaluation 

of Contaminants in the Forage Area of the Indian Bat at Ammunition Burning Grounds. August. 

NAVFAC (Naval Facilities Engineering Command), 2002. Guidance For Environmental Background 

Analysis, Vol. I:Soll. UG-2049-ENV, April. 

NEESA (Naval Energy and EnVIronmental Support Activity), 1983. Initial Assessment Study of Naval 

Weapons Support Center, Crane, Indiana. NEESA 13-003, May. 

Nelson, C.E., M.A. Ewert, and S.A. Cortwright, 1987. "A Field Survey of Amphibians and Reptiles at 

Crane Naval Weapons Support Center, Martin County, Indiana with EmphaSIS on Rare and Unusual 

Species." In An Inventory of Natural Areas and Rare Plant Species at the Naval Weapons Support 

Center Crane, Indiana. Indiana Department of Natural Resources, DIvision of Nature Preserves, 

Indianapolis, Indiana. 

Newman, Michael E., 1998. Fundamentals of Ecotoxlcology. Ann Arbor Press, Chelsea, Michigan. 

NOAA (National Oceanic and Atmospheric Administration), 1988. National Oceanic and Atmospheric 

Administration, National ClimatiC Data Center, Local Climatological Data, Part III - Central Region, 

Indianapolis, Indiana, March. 

060208/P R-9 CTO 0159 



NSWCCrane 
RFI 

Revision. 0 
Date: January 2005 

Page 10 of 20 
Section References • 

ORNL (Oak Ridge National Laboratory), 1998a. Empirical Model for the Uptake of Inorganic Chemicals 

from Soil by Plants.' BJC/OR-133, September. 

ORNL, 1998b. Biota Sediment Accumulation Factors for Invertebrates. Review and Recommendations 

for the Oak Ridge Restoration. BJC/OR-112, Oak Ridge, Tennessee, August. 

ORNL, 2001. Toxicity and Chemical-Specific Factors Database. Oak Ridge National Laboratory Web 

Page, http://risk.lsd.ornl,gov/cgi-bin/toxffOX_9801. 

ORNL, 2002. Toxicity and Chemical-Specific Factors Database; Plant BAFs (organics). Accessed 

August. 

OMOE (Ontario Ministry of Environment and Energy), 1993. Guidelines for the Protection and 

Management of Aquatic Sediment Quality in Ontario, August. 

Pennington, J.C., and W.H. Patrick, Jr. 1990. Adsorption and Desorption of 2,4,6-Trinitrotoluene by 

Soils." Journal of Environmental Quality, Volume 19, pp. 559-567. 

Pennington, J. C., P. H. Miyares, D. B. Rlngelberg, M. Zakikhani, C. M. Reynolds, D. Felt, R. B. Coffin, D. 

Gunnison, L. Cifuentes, H. L. Fredrickson, and T. F. Jenkins, 1999a. Natural Attenuation of Explosives In 

Soil and Water Systems at Department of Defense Sites: Final Report, U. S. Army Corps of Engineers, 

Waterways Experiment Station, Vicksburg, Mississippi, Technical Report SERDP-99-1. 

Pennington, J. C., P. H. Mlyares, D. B. Rlngelberg, M. Zaklkhani, C. M. Reynolds, D. Felt, R. B. Coffin, D. 

Gunnrson, L. Cifuentes, H. L. Fredrickson, and T. F. Jenkins, 1999b. Monitored Natural Attenuation of 

Explosives In Ground Water - ESTCP Completion Report, U. S. Army Corps of Engineers, Waterways 

Experiment Station, Vicksburg, MISSISSippi, Technical Report EL-99-7. 

Pennington, J. C., P. H. Miyares, D. B. Ringelberg, M. Zakikhani, C. M. Reynolds, D. Felt, R. 8. Coffin, D. 

Gunnison, L. Cifuentes, H. L. Fredrickson, and T. F. Jenkins, 1999c. Draft Protocol for Evaluating, 

Selecting, and Implementing Monitored Natural Attenuation at Explosives-Contaminated Sites, U. S. 

Army Corps of Engineers, Waterways Experiment Stations, Vicksburg, MiSSISSIPPI, Technrcal Report EL-

99-10. 

060208/P R-10 CT00159 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date January 2005 
Section: References 

Page 11 of20 

Persuad D, Jaagumagi R, and Hayton A., 1993. Guidelines for the Protection and Management of 

Aquatic Sediment Quality in Ontario. Water Resources Branch, Ontario Ministry of the Environment, 

Toronto, 27 pp. 

Pesticide Action Network (PAN) Pesticides Database, 2004. PAN Pesticide Data on Aquatic Ecotoxicity 

(online). Available from: www.pestlcideinfo.org (Accessed December 2004). 

Price, C. B., J. M. Brannon, and C. Hayes, 1997. Effect of Redox Potential and pH on TNT 

Transformation in Soil-Water Slurries, Journal of Environmental Engineering, Volume 23, pp. 988-992. 

Price, C.B., J.M. Brannon, S.L. Yost, and CA Hayes. 2000. Adsorption and Transformation of 

Explosives In Low-Carbon Aquifer Soils. U.S. Army Corps of Engineers, Engineer Research and 

Development Center, Vicksburg, Mississippi, Report ERDC/EL TR-00-11. 

Robidoux, Pierre Yves, C. Svendsen, J. Caumartin, J. Hawari, G. Ampleman, S. Thiboutot, J.M. Weeks, 

and G.!. Sunahara, 2000. "Chronic Toxicity of Energetic Compounds in Soil Determined Using the 

Earthworm (Elsenia andreI) Reproduction Test" in Environmental Toxicology and Chemistry . 

19:7:1764-1773. 

Robidoux, Pierre Yves, J. Hawan, S. Thiboutot, G. Ampleman, and G.!. Sunahara, 2001. "ChroniC 

Toxicity of Octahydro-1 ,3,5,7-Tetranitro-1 ,3,5,7-Tetraazoclne (HMX) In SOIl Determined Using the 

Earthworm (Eisenia andreI) Reproduction Test" in Environmental Toxicology and Chemistry. 

111 :283-292. 

Sample, B. and C. Arenal, 1999. Allometric Models for Interspecles Extrapolation of Wildlife Toxicity Data 

(Bull Environ Contam Toxicol62: 653-663). 

Sample, B.E., D.M. Opresko, and G.W. Suter II, 1996. Toxicological Benchmarks for Wildlife: 1996 

Revision. ES/ERITM-86/R3, Oak Ridge National Laboratory, June. 

Sample, B.E., M.S. Aplin, RA Efroymson, G.W., Suter II, and C.J.E. Welsh, 1997. Methods and Tools 

for Estimation of the Exposure of Terrestrial Wildlife to Contaminants. ORNLlTM-13391, Oak Ridge 

National Laboratory, October. 

060208/P R-11 CT00159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 12 of 20 

Sample, B.E., J.J. Beauchamp, A.A. Efroymson, G.W. Suter II, and T.L. Ashwood, 1998. Development 

and Validation of Bioaccumulation Models for Earthworms. ES/ERfrM-220, Oak Ridge National 

Laboratory, June. 

Sheremata, T.W., A. Halasz, L. Paquet, S. Thiboutot, G. Ampleman, and J. Hawari. 2001. "The Fate of 

Cyclic Nitramine Explosive RDX In Natural SoiL" Environmental Science and Technology, Volume 35, pp. 

1037-1040. 

Sikka, H.C., S. Banerjee, E.J. Pack, and H.T. Appleton. 1980. "Environmental Fate of RDX and TNT." 

Syracuse Research Corp., Syracuse, N.Y., Prepared for U.S. Army Medical Research and Development 

Command, Fort Detrick, Maryland. Contract No. DAMD17-77-C-7026. 

Singh, J., S.D. Confort, L.S. Hundal, and P.J. Shea. 1998. "Long-Term RDX Sorptlonand Fate in SoiL" 

Journal of Environmental Quality, Volume 27, pp. 572-577. 

Smith, S.L., Mac Donald D.O., Keenleyside KA, Ingersoll C.G., and J. Field, 1996. A preliminary 

Evaluation of Sediment Quality Assessment Values for Freshwater Ecosystems J. Great Lakes Res. 

22:624-638. 

Spanggord, A.J., T. Mill, T.W. Chou, W.R. Mabey, J.H. Smith, and S. Lee. 1980a. "Environmental Fate 

Studies on Certain Munition Wastewater Constituents. Final Report. Phase I: Literature Review." SRI 

International, Menlo Park, California, Prepared for U.S. Army Medical Research and Development 

Command, Fort Detrick, Maryland. Contract No. AD A082372. 

Spanggord, R.J., W.R. Mabey, T. Mill, TW. Chou, J.H. Smith, and S. Lee. 1980b. "EnVIronmental Fate 

Studies on Certain MUnition Wastewater Constituents. Final Report. Phase II: Laboratory Studies." SRI 

International, Menlo Park, California, Prepared for U.S. Army Medical Research and Development 

Command, Fort Detnck, Maryland. Contract No. AD A082372. 

Steevens, Jeffrey A., B.M. Duke, G.R. Lotufo, and T.S. Bridges, 2002. "ToXicity of the Explosives 

2,4,6-Trinitrotoluene, Hexahydro-1 ,3,5-Trinltro-1 ,3,5-TriaZine, and Octahydro-1 ,3,5,7-T etranltro-1 ,3,5,7-

T etrazocine In Sediments to Chlronomus tentans and Hyal/e/a azteca: Low-Dose Hormesis and High­

Dose Mortality" in Environmental Toxicology and Chemistry. 21 :7: 1475-1482. 

Sunahara, Geoffrey I., P.Y. Robidoux, P. Gong, B. Lachance, S. Rocheleau, S.G. Dodard, M. 

Sarrazin, J. Hawan, S. Thlboutot, G. Ampleman, and A. Y. Renoux, 2001. Laboratory and Field 

06020S/P R-12 CTO 0159 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date: Janua{y 2005 

Section" References 
Page 13 of 20 

Approaches to Characterize the Soil Ecotoxicology of Polynitro Explosives. Environmental Toxicology 

and Risk Assessment: Science, Policy and Standardization - Implications for Environmental Decisions: 

Tenth Volume, ASTM STP 1403, B.M. Greenberg, R.N. Hull, M.H. Roberts, Jr., and R.W. Gensemer, 

Eds, American Society for Testing and Materials, West Conshohocken, PA. 

Swartzbaugh, J., et aI., 1992. Remediatlng Sites Contaminated with Heavy Metals. Hazardous Materials 

Control, November/December. 

Syracuse Research Corporation, 2001. Online Database: Interactive Physical Properties Database 

Demo. www.esc.syrres.com/efdb.htm. Website last updated October 17, 2001. 

Talmage, S.S., D.M. Opresko, C.J. Maxwell, C.J.E. Welsh, F.M. Cretella, P.H. Reno, and F.B. Daniel. 

1999. "Nitroaromatic Munition Compounds: Environmental Effects and Screening Values." Reviews of 

Environment Contamination and Toxicology, Vol. 161, pp. 1-156. 

TtNUS (Tetra Tech NUS, Inc.), 1999. Current Contamination Condition Risk Assessment, SWMU #03/10 

(Ammunition Burning Grounds) SWMU #07/09 (Old Rifle Range) SWMU #06/09 (Demolition Range) 

NAVSURFWARCENDIV, Crane, Indiana, prepared for Southern Division, NAVFAC, North Charleston, 

South Carolina, February. 

TtNUS, 2000a. Background Soil Report, Crane Naval Surface Warfare Center, Crane, Indiana, prepared 

for South Division, North Charleston, Naval Facilities Engineering Command, North Charleston, South 

Carolina, March. 

TtNUS, 2000b. Work Plan and Field Sampling Plan Addendum for Basewide Background SOil 

Investigation, Naval Surface Warfare Center, Crane, Indiana, October. 

TtNUS, 2000c. ABG Break Room Water Well Sampling, September 23, 1999, Ammunition Burning 

Grounds, Naval Surface Warfare Center, Crane Division, Crane, Indiana, prepared for Southern Division, 

Naval Facilities Englneenng Command, North Charleston, South Carolina, January, 

TtNUS, 2001a. Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center, 

Crane, Indiana, prepared for Southern Division, NAVFAC, North Charleston, South Carolina, January. 

TtNUS, 2001 b. Quality Assurance Project Plan for Ammunition Burning Grounds, Little Sulphur Creek 

and Jeep Trail Resources Conservation and Recovery Act, Phase III RCRA FaCIlity Investigation, Naval 

060208/P R-13 CT00159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Page 14 of 20 
Section: References • 

Surface Warfare Center Crane, Crane, Indiana, prepared for Southern Division, NAVFAC, North 

Charleston, South Carolina, April. 

TtNUS, 2001 c. Work Plan for RCRA Facility Investigation, Corrective Measures Study, and Risk 

Assessment at SWMU 2 - Dye Burial Grounds, Naval Surface Warfare Center Crane. Crane, Indiana, 

May. 

TtNUS, 2001 d. Monitoring Event No.4, 3rd Quarter 1999, September 6-15, 1999, Ammunition Burning 

Grounds, Crane Division Naval Surface Warfare Center, Crane, Indiana, prepared for Southern Division, 

Naval Facilities Engineering Command, North Charleston, South Carolina. July. 

TtNUS, 2002. Resource Conservation and Recovery Act Facility Investigation Report for SWMU 2 -

Dye Burial Grounds, Naval Surface Warfare Center, Crane Division, Crane, Indiana, Draft Report 

prepared by TtNUS for Southern Division, Naval Facilities Engineering Command, North Charleston, 

South Carolina, June. 

TtNUS,2003. Electronic mail (e-mail) communications between Steven Andrews, NSWC 'Crane Natural 

Resources Manager and Tom Johnston, Tetra Tech NUS, Inc. which took place from April 15, 2003 

through May 6, 2003. 

Townsend, D.M., and T.E. Meyers. 1996. "Recent Developments in Formulating Model Descriptors for 

Subsurface Transformation and Sorption of TNT, RDX, and HMX. U.S. Army Corps of Engineers, 

Waterways Experiment Station, Vicksburg, MississipPI, Technical Report IRRP-96-1. 

U.S. ACHPPM (U.S. Army Center for Health Promotion and Preventive Medicine), 2000. Wildlife Toxicity 

Assessment for 2-Amlno-4,6-Dlnitrotoluene and 4-Amino-2,6-Dlnltrotoluene, Project Number 

39-EJ-1138-00, Aberdeen Proving Ground, Maryland, October. 

U.S. EPA (U.S. Environmental Protection Agency), 1985. Chemical, Physical and Biological Properties of 

Compounds Present at Hazardous Waste Sites. Office of Solid Waste and Emergency Response. 

Washington, D.C. September. 

U.S. EPA, 1989a. Risk Assessment GUidance for Superfund: Volume I, Human Health Evaluation 

Manual (Part A). EPA 540/1-89/002, Office of Emergency and Remedial Response, Washington, D.C., 

December. 

060208/P R-14 CT00159 

• 

• 



• 

• 

• 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 15 of 20 

u.s. EPA, 1989b. Interim Procedures for Estimating Risks Associated with Exposures to Mixtures of 

Chlorinated Dibenzo-p-Dioxins and -Dibenzofurans (COOs and CDFs) and 1989 Update. EPAl625/3-

89/016, Risk Assessment Forum, Washington, D.C., March. 

U.s. EPA, 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 

Factors. Directive 9285.6-03, Office of Solid Waste and Emergency Response, Washington, D.C., March. 

U.S. EPA, 1992a. Memorandum: Guidance on Risk Characterization for Risk Managers and Risk 

Assessors. Henry Habicht II, Deputy Administrator, Washington, D.C., February. 

U.s. EPA, 1992b., Supplemental Guidance to RAGS: Calculating the Concentration Term. 9285.7-081, 

Office of Solid Waste and Emergency Response, Washington, D.C., May. 

U.S. EPA, 1992c. Interim Guidance on Interpretation and. Implementation of Aquatic Life Criteria for 

Metals. Office of Science and Technology, Health and Ecological Criteria Division, May. 

U.S. EPA, 1992d. Guidance Document On The Statistical AnalYSIS Of Ground-Water Monitoring Data At 

RCRA Facilities. 530/SW-89-026. Office of Solid Wastes Permits and State Programs Division, July. 

U.S. EPA, 1992e. Handbook of RCRA Ground-Water Monitoring Constituents: Chemical and Physical 

Properties (Appendix IX to 40 CFR Part 264). September. 

U.S. EPA, 1993a. Superfund's Standard Default Exposure Factors for the Central Tendency and 

Reasonable Maximum Exposure. Office of Solid Waste and Emergency Response, Washington, D.C., 

May. 

U.S. EPA, 1993b. ProviSional GUidance for Quantitative Risk Assessment of Polycyclic Aromatic 

Hydrocarbons. EPAl600/R-93/089. Office of Research and Development, Washington, D.C., July. 

U.S. EPA, 1993c. Region 5 Standard Operating Procedure for Validation of CLP Organic Data. 

U.S. EPA Region 5 EnVIronmental SCiences DiviSion, Central Regional Laboratory, Chicago, IllinOIS, 

August. 

U.S. EPA, 1993d. Region 5 StaQdard Operating Procedure for Validation of CLP Inorganic Data. 

U.S. EPA Region 5 EnVIronmental Sciences Division, Central Regional Laboratory, Chicago, Illinois, 

September. 

06020S/P R-15 CTO 0159 



NSWCCrane 
RFI 

RevIsIon: 0 
Date: January 2005 

Page 16 of 20 
SectIon: References • 

U.S. EPA, 1993e. Wildlife Exposure Factors Handbook. EPAJ600/R-93/187a, Office of Research and 

Development, Washington, D.C., December. 

U.S. EPA, 1993f. Interim Report on Data and Methods for Assessment of 2,3,7,8-Tetrachlorodibenzo-p­

dioxin Risks to Aquatic Life and Associated Wildlife. EPAJ60-0/R-93/055. March. 

U.S. EPA, 1994a. Laboratory Program National Functional Guidelines for Organic Review. 

EPA-540/R-94/012. Office of Solid Waste and Emergency Response, Washington, D.C., February. 

U.S. EPA, 1994b. Laboratory Program National Functional GUidelines for Inorganic Data Review. 

EPA-540/R-94/013, Office of Solid Waste and Emergency Response, Washington, D.C., February. 

U.S. EPA, 1994c. Guidance on ReSidential Lead-Based Paint, Lead-Contaminated Dust, and 

Lead-Contaminated SOIL Office of Prevention, Pesticides, and TOXIC Substances, Washington, D.C., 

July. 

U.S. EPA, 1995. Final RCRA Facility Permit for Naval Surface Warfare Crane, Crane, Indiana, U.S. 

Region V, Chicago, Illinois, July. 

U.S. EPA, 1996a. Ecotox Thresholds. ECO Update, Volume 3, Number 2. Office of Emergency and 

Remedial Response, January. 

U.S. EPA, 1996b. Soil Screening GUidance: Technical Background Document. EPAJ540/R-95/128, 

Office of Solid Waste and Emergency Response, Washington, D.C., May. 

U.S. EPA, 1996c. Calculation and Evaluation of Sediment Effect Concentrations for the Amphlpod 

Hyal/e/a azeteca and the Midge Chironomus riparius;" Great Lakes National Program Office, Chicago, IL. 

USEPA 905-R96-008. 

U.S. EPA, 1996d. Recommendations of the Technical Review Workgroup for Lead for an Interim 

Approach to Assessing Risks Associated With Adult Exposures to Lead in SOIL Technical Review 

Workgroup for Lead, December. 

060208/P R-16 CTO 0159 

• 

• 



• 

• 

NSWCCrane 
RFI 

RevIsion: 0 
Date' January 2005 

SectIon: References 
Page 17 of 20 

U.S. EPA, 1997a. Internal Memorandum to Carol 'Witt-Smith From Allen Debur, RCRA QAPP 

Coordinator. Historical Data Review for U.S. Navy Crane - 5 Laboratories (Southwest, Enseco, Anacon, 

Synergic, and WES), June. 

U.S. EPA, 1997b. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 

Conducting Ecological Risk Assessments. Intenm Final. Environmental Response Team, June. 

U.S. EPA, 1997c. Health Effects Assessment Summary Table (HEAST), July. 

U.S. EPA, 1997d. Exposure Factors Handbook. EPAl600/P-95/002Ba, National Center for 

Environmental Assessment, Washington, D.C., August. 

U.S. EPA, 1997e. The Incidence and Severity of Sediment Contamination in Surface Waters of the 

United States. Volume 1: National Sediment Quality Survey. EPA 823-R-97-006, Office of SCience and 

Technology, Washington, D.C , September. 

U.S. EPA, 1998a. Risk Assessment GUidance for Superfund: Volume I, 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., January. 

U.S. EPA, 1998b. Final GUidelines for Ecological Risk Assessment, Apnl. 

U.S. EPA, 1999a. National Recommended Water Quality Cntena-Correctlon. EPA 822-Z-99-001', Office 

of Water, April. 

U.S. EPA, 1999b. U.S. EPA Technical Review Workgroup for Lead. GUidance Document. Frequently 

Asked Question (FAQs) on the Adult Lead Model, April. 

U.S. EPA, 1999c. Use of the TRW Intenm Adult Lead Methodology in Risk Assessment. Memorandum 

from Pat Van Leewven and Paul White to Mark Maddalonl, Apnl. 

U.S. EPA, 1999d. U.S. Region 5 Ecological Data Quality Levels, October. 

U.S. EPA, 199ge. Letter from Carol Witt-Smith (U. S. EPA Region V) to Thomas Brent (Naval Surface 

• Warfare Center) on RCRA Facility Investigation Phase II Surface Water Release Assessment Report 

060208/P R-17 CTa 0159 



NSWCCrane 
RFI 

Revision: 0 
Date. January 2005 

Page 18 of 20 
Section. References • 

Approval SWMU 03/10 Ammunition Burning Ground, Crane Naval Surface Warfare Center, Crane, 

Indiana, June. 

u.S. EPA, 1999f. Letter from Carol Witt-Smith (U. S. EPA Region V) to Thomas Brent (Naval Surface 

Warfare Center) on RCRA Facility Investigation Phase III Ground Water Report Approval SWMU 03/10 

Ammunition Burial Ground, Crane Naval Surface Warfare Center, Crane, Indiana, June. 

u.S. EPA, 1999g. Screening Level Ecological Risk Assessment Protocol for Hazardous Waste 

Combustion Facilities, Volume 3. Office of Solid Waste and Emergency Response. November. 

u.S. EPA, 2000a. Bioaccumulation Testing and Interpretation for the Purpose of Sediment Quality 

Assessment, Status and Needs. EPA 823-R-00-001, Office of Water, Office of Solid Waste. 

EPA 823-R-00-001, February. 

u.S. EPA, 2000b. Drinking Water Standards and Health Advisories, EPA 822-B-00-001, Office of Water, 

Summer. 

u.S. EPA Region 9, 2000c. Preliminary Remediation Goals, November. 

u.S. EPA, 2000d. Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 

(TCDD) and Related Compounds. EPAl600/P-OO/001 BC. Draft Final Report. Part I, Volume 3. National 

Center for EnVironmental Assessment. Washington, D.C., September. 

u.S. EPA, 2001. Risk Assessment GUidance for Superfund, Volume I: Human Health Evaluation Manual, 

(Part E, Supplemental GUidance for Dermal Risk Assessment), Interim. EPAl540/R/99/005, Office of 

Emergency and Remedial Response, Washington, D.C., September. 

u.S. EPA, 2002a. User's Guide for the Blokinetlc Model for Lead In Children (IEUBK) Windows version. 

EPA 9285.7-44. Office of Emergency and Remedial Response, Washington, D.C., May. 

u.S. EPA, 2002b. Integrated Risk Information System (IRIS) - On-Line Database, June. 

u.S. EPA, 2002c. National Recommended Water Quality Criteria. EPA-822-R-02-047, Office of Water, 

November. 

060208/P R-18 CT00159 

• 

• 



• 

( 

NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 19 of 20 

USEPA Region 5 (U.S. Environmental Protection Agency), 2003. Ecological Screening Levels. USEPA 

Region 5 (http://www.epa.gov/reg5rcra/ca/edql.htm). August. 

U.S. Fish and Wildlife Service (USFWS), 2002. Species Information. Threatened and Endangered 

Animals and Plants. http://endangered.fws.gov/wildlife.html#Species. 

Van den Berg, M., L. Birnbaum, AT.C. Bosveld, B. Brunstrom, P. Cook, M. Feeley, J.P. Giesy, A. 

Hanberg, R. Hasegawa, S.W. kennedy, T. Kubiak, J.C. Larsen, F.X. Rolaf van Leeuwen, AK. Djien Liem, 

C. Nolt, R.E. Peterson, L. Poeilinger, S. Safe, D. Schrenk, D. Tillitt, M. Tyskllnd, M. Younes, F. Waern, 

and T. Zacharewskl, 1998. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and 

Wildlife. Environmental Health Perspective, Volume 106, No. 12, December. 

U.S. EPA (U.S. Environmental Protection Agency), 2003a. Ecological Soil Screening Level for Barium, 

Interim Final. Office of Emergency and Remedial Response. OSWER Directive 9285.7-63. November. 

U.S. EPA (U.S. Environmental Protection Agency), 2003b. Ecological Soil Screening Level for Beryllium, 

Interim Final. Office of Emergency and Remedial Response. OSWER Directive 9285.7-64. November. 

U.S. EPA (U.S. EnVIronmental ProtectIOn Agency), 2003c. Ecological Soil Screening Level for Cadmium, 

Interim Final. Office of Emergency and Remedial Response. OSWER Directive 9285.7-65. November. 

U.S. EPA (U.S. EnVIronmental Protection Agency), 2003d. Ecological Soil Screening Level for Iron, 

Interim Final. Office of Emergency and Remedial Response. OSWER Directive 9285.7-69. November. 

u.S. EPA (U.S. Environmental Protection Agency), 2003e. EcoloQlcal Soil Screenmg Level for Lead, 

Interim Final. Office of Emergency and Remedial Response. OSWER Directive 9285.7-70. November. 

Verschueren, K., 1983. Handbook of Environmental Data of Organic Chemicals. 2nd ed. New York, NY: 

Van Nostrand Remhold, Co. 

Wallace, A and E.M. Romney, 1977. Roots of higher plants as a barrier to translocation of some metals 

to shoots of plants. In Biological Implications of Metals in the Environment.- Proceeding of the Fifteenth , 
Annual Hanford Life Sciences Symposium, Richland, WA Tech Info Center, ERDA, Washmgton, DC. Pp. 

370-379. 

060208/P R-19 CTO 0159 



NSWCCrane 
RFI 

Revision: 0 
Date: January 2005 

Section: References 
Page 20 of 20 

Xue, S.K., I.K. Iskandar, and H.M. Selim. 1995. "Adsorption-Desorption of 2,4,6-Tnnitrotoluene and 

Hexahydro-1,3,5-trinltro-1,3,5-triazine in Soils." Soil Science, Volume 160, pp. 317-327. 

060208/P R-20 CT00159 

e· 

.~ 

• 


	VOLUME I OF II - TEXT
	TABLE OF CONTENTS
	LIST OF APPENDICES
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ACRONYMS

	EXECUTIVE SUMMARY
	INTRODUCTION
	FIELD INVESTIGATIONS 
	DATA QUALITY REVIEW
	SELECTION OF CHEMICALS OF POTENTIAL CONCERN
	NATURE AND EXTENT OF CONTAMINATION
	CHEMICAL FATE AND TRANSPORT ANALYSIS
	HUMAN HEALTH RISK ASSESSMENT
	ECOLOGICAL RISK ASSESSMENT
	REFERENCES 
	APPENDICES




