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Location of Photographs taken Downstream Along Little Sulphur Creek
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Generalized Stratigraphic Column

Surficial Bedrock Map

Geologic Cross Section A-A'

Geologic Cross Section AA-AA'

Geologic Cross Section C-C' and D-D'
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Geologic Cross Section P-P'

Structure Map for the Base of the Beech Creek Limestone

Regional Ground Water Potentiometric Map for the Big Clifty - Beech Creek Aquifer, June 2002
Local Shallow Ground Water Potentiometric Surface Map for the Old Jeep Trail Area on June 12,
2001

Local Shallow Ground Water Potentiometric Surface Map for Old Jeep Trail Area on
September 9, 2001

Flow Hydrographs for Springs A and C, March-April 1996

Normal Probability Plot - Mercury - Surface Sail

Normal Probability Plot - Zinc - Low Flow Surface Water

Organic Chemicals of Potential Concern in Surface Soil

Inorganic Chemicals of Potential Concern in Surface Soil

Organic Chemicals of Potential Concern in Subsurface Soil

Inorganic Chemicals of Potential Concern in Subsurface Soil

Organic Chemicals of Potential Concern in Ground Water

Inorganic Chemicals of Potential Concern in Ground Water

Organic Chemicals of Potential Concern in Shallow and Deep Sediment

Inorganic Chemicals of Potential Concern in Shallow and Deep Sediment

Organic Chemicals of Potential Concern in High and Low-Flow Surface Water

Inorganic Chemicals of Potential Concern i High and Low-Flow Surface Water
Summary of Human Health Risk Assessment Process

Conceptual Site Model

Navy Ecological Risk Assessment Tiered Approach

Ecological Conceptual Site Model
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ACRONYM LIST

%D Percent Difference

%R Percent Recovery

%RSD Percent Relative Standard Deviation

ug/kg Micrograms per Kilogram

ug/L Micrograms per Liter

2,4-D 2,4-Dinitrotoluene

2-ADNT 2-Amino-4,6 — dinitrotoluene

4-ADNT 4-Amino-2,6 - dinitrotoluene

ABG Ammunition Burning Grounds

AET Apparent Effects Threshold

amsl Above Mean Sea Level

ANOVA Analysis of Vanance

ASTM American Soclety for Testing and Matenals
ATSDR Agency for Toxic Substances and Disease Registry
AUF Area Use Factor

AWQC Ambient Water Quality Criteria

B&R Brown & Root

BAFs Bioaccumulation Factors

BC/BC Big Clifty Sandstone/Beech Creek Limestone
BCF . Bioconcentration Factor

BERA Baseline Ecological Risk Assessment

bgs Below Ground Surface

BSAF Biota Sediment Accumulation Factor

BTAG Biological Technical Assistance Group

btor Below top of nser

CAAA Crane Army Ammunition Activity

CCCRA Current Contamination Conditions Risk Assessment
CCME\ Canadian Council of Ministers of the Environment
CCcu Continuing Calibration Verification

CDD Chlorinated Dibenzo-p-dioxins

CDF Chlorinated Dibenzofurans

CDlI Chronic Daily Intake

CEC Cation Exchange Capacity

060208/P CTO 0159



CFR
CLEAN
CLP
CMS
COC
COPC
CRAVE
CRQL
CSF
CsMm
CTE
CT0
DAgent
DBG
DCE

DI

DL
DNAPL
DNB
DNT
DO
DOE
DON
DPT
DQl
DRMO
EC
ECO-SSL
EDQL
EEQ
EOD
EPA
EPC
EPT
ERA
ER-L
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Code of Federal regulations
Comprehensive Long-Term Environmental Act Navy
Contract Laboratory Program

Corrective Measures Study

Chemical of Concern

Chemical of Potential Concern
Carcinogenic Risk Assessment Verification Endeavor
Contract-Required Quantitation Limit
Cancer Slope Factor

Conceptual Site Model

Central Tendency Exposure

Contract Task Order

Absorbed Dose per Event

Dye Bunal Grounds

Dichlorooctane

Deionized

Detection limit

Dense Non-Aqueous-Phase Liquid
Dinitrobenzene

Dinitrotoluene

Dissolved Oxygen

Department of Energy

Department of Navy

Direct-Push Technology

Data Quality Indicators

Defense Reutilization and Marketing Operations
Effects Concentration

Ecological Soil Screening Level
Ecological Data Quality Level

Ecological Effects Quotient

Explosive Ordnance Disposal
Environmental Protection Agency
Exposure-Point Concentration
Ephemeroptera, Plecoptera, Trichoptera
Ecological Risk Assessment

Effects Range-Low
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ER-M
EU
FAQs

FOL
FSP
ft3/s
G-H
gpm
g/g-day
HA
HASP
HDPE
HEAST
HHRA
HI
HMX
HQ
ICSAB
ICP
icv
IDEM
iDL
iDW
IEUBK
ILCR
RIS
Kq

Koo
Kow
LCS
LCSD
LDso
LEL
LOAEL
LOEC
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Eftects Range-Medium

Exposure Unit

Frequently Asked Questions

Fraction of Organic Carbon

Field Operations Leader

Field Sampling Plan

cubic feet per second

Golconda-Haney

Gallons per Minute

gram of food or water per gram of body weight per day
Hand Auger

Health and Safety Plan

High-Density Polyethylene

Health Effects Assessment Summary Tables
Human Health Risk Assessment

Hazard Index

Octahydro-1 ,3,5,%—tetramtro-1 ,3,5,7-tetrazocine
Hazard Quotient

Interference Check Sample A and B
Inductively Coupled Plasma

Intial Calibration Verification

Indiana Department of Environmental Management
Instrument Detection Limit
Investigation-Derived Waste

Integrated Exposure Uptake Biokinetic
Incremental Lifetime Cancer Risk

Integrated Risk Information System
Soll-Water Distribution Coefficient

Organic Carbon-Water Partition Coefficient
Octanol-Water Partition Coefficient
Laboratory Control Sample

Laboratory Control Sample Duplicate

Lethal Dose for 50 percent of Test Animals
Low Effects Level /
Lowest-Observed-Adverse-Effect Level

Lowest-Observed-Effects Concentration
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LSC
MATC
MCL
MDL
mg/kg
mg/L
Mi

mL

MS
MSD
NAD
NAD27
NAPL
NAVFAC
NCEA
NEESA
ng/kg
NGVD29
NOAA
NOAEC
NOAEL
NOEC
NSWC
NTU
NWSC
oJT
OPPTS
ORNL
ORP
OSWER
PAHs
PAN
PCA
PCB
PCDD
PCDF
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Little Sulphur Creek

Maximum Acceptable Toxicant Concentration
Maximum Contaminant Level

Method detection imit

Milligrams per kilogram

Milligrams per liter

Mobiulity Index

Milliliters

Matnx Spike

Matrix Spike Duplicate

Naval Ammunition Depot

1927 North American Datum

Non-Aqueous-Phase Liquid

Naval Faclilities

National Center for Environmental Assessment

Naval Energy and Environmental Support Activity
Nanograms per Kilogram

1929 National Geodetic Vertical Datum

National Oceanic and Atmospheric Administration
No-Observed-Adverse-Effects Concentration
No-Observed-Adverse-Effects Level
No-Observed-Effects Concentration

Naval Surface Warfare Center

Nephelometric Turbidity Unit

Naval Weapons Support Center

Old Jeep Trail

Office of Prevention, Pesticides, and Toxic Substances
Oak Ridge National Laboratory h
Oxidation-Reduction Potential
Office of Solid Waste and Emergency Response
Polycychc Aromatic Hydrocarbons

Pesticide Action Network

Tetrachloroethane

Polychlorinated Biphenyl

Polychlorinated Dibenzo-p-Dioxin

Polychlorinated Dibenzofuran
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PCE
PEC
PEL
PEP
PID
PPE
PRG
QA
QAPP
QC
RAGS
RBC
RBTL
RCRA
RCS
RDA
RDX
RfDs
RFI
RISC
RL
RME
RPD
RRF
S
SCS
SCV
SD
SDG
SEL
SERA
SMCL
SOP
SOUTHDIV
SQB
SQG
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Tetrachloroethene

Probable Effects Concentration

Probable Effects Level

Propellants, Explosives, and Pyrotechnics
Photoionization Detector

Personal Protective Equipment
Preliminary Remediation Goal

Quality Assurance

Quality Assurance Project Plan

Quality Control

Risk Assessment Guidance for Superfund
Risk-Based Criteria

Risk-Based Target Limit

Resource Conservation and Recovery Act
Release Characterization Study
Recommended Daily Allowance
Hexahydro-1,3,5-tnnitro-1,3,5-triazine
Reference Doses

RCRA Facility Investigation
Risk-Integrated System of Cleanups
Reporting limit

Reasonable Maximum Exposure

Relative Percent Difterence

Relative Response Factor »

Solubllity

Soil Conservation Service

Secondary Chronic Value

Standard Deviation

Sample Delivery Group

Severe Effects Level

Screening-level Ecologica!l Risk Assessment

Secondgry Maximum Contaminant Level
Standard Operating Procedure

Southern Division

Sediment Quality Benchmarks

Soif Quality Guideline
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SSLs
SSSLs
SVOoC
SWDA
SWSL
SWMU
TAL
TCA
TCDD
TCE
TEF
TEL
TEQ
TNB
TNT
TOC
TOM
TRVs
TRW
TSS
TINUS
UCL
USACE
USDA
UST
U.S. EPA
UXxo
VOA
voC
VP
wWaQs
WRS
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Sediment Screening Levels
Surface Soil Screening Levels
Semivolatile Organic Compounds
Safe Water Drinking Act
Surface Water Screening Levels
Solid Waste Management Unit
Target Analyte List
Trichloroethane
Tetrachlorodibenzo-p-dioxin
Trichloroethylene

Toxicity Equivalence Factor
Threshold Effects Level

Toxicity Equivalent

1,3,5 - Trinitrobenzene
2,4,6-Trinitrotoluene

Total Organic Carbon

Task Order Manager

Toxicity Reference Value
Technical Review Workgroup
Total Suspended Solids

Tetra Tech NUS, Inc.

Upper 95 Percent Confidence Limit
U.S. Army Corps of Engineers
U.S. Department of Agriculture
Underground Storage Tank

U.S. Environmental Protection Agency

Unexploded Ordnance
Volatile Organic Analysis
Volatile Organic Compound
Vapor Pressure
Water-Quality Standards

Wilcoxon-Rank Sum
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EXECUTIVE SUMMARY

This report documents the Resource Conservation and Recovery Act (RCRA) Facllity 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
(NSWCQC), Crane, Indiana. Tetra Tech NUS, Inc. (TtNUS) prepared this report for the Department of the
Navy (Navy) Southern Division (SOUTHDIV) Naval Facilites (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 accordance 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 heaith 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 materials 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 Ill RFI PROGRAM

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

this investigation were to:

» Establish the nature and extent of contamination.
e 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 RFIl 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
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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 (TOC) to assist in assessing the potential risks for
ecological receptors. Additionally, soil characteristic parameters [cation exchange capacity (CEC), pH,
- and TOC] were collected to determine the 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 to12 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 EXTEI‘iT 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 pft 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 soll,

subsurface soil, ground water, surface water (high- and low-flow), and sediment (surface and deeper).
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NSWC Crane

RCRA RFi Report

Revision: 0

Date: January 2005

Section® Executive Summary
Page 4 of 6

\

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 are/burn 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: }
e Those directly exposed to chemicals in the surface water, sediment, and surface soil (i.e., plants,

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

» Those indirectly exposed to chemicals via the food chain (i.e., 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 rnisk 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 would tngger a
CMS (see Table 1-23 of the QAPP, TtNUS, 2001b). If the human health risks were less than 1 x 104, 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 resuits of the
baseline human health risk assessment and ecological rsk assessment for the OJT and LSC, the
following conclusions were reached:
» The solls, 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 1E-04 were identified 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. This location is downstream of Spring A, which is a direct condutt for contaminant
transport from the ABG. 2-Amino-4,6-dinitrotoluene, 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 OJT/LSC is provided in Table ES-1:

* Under future land use, noncarcinogenic risks exceeding a Hazard Index (HI) of 1.0 and/or incremental
lifetime carcinogenic risks exceeding 1E-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 contributors to the
elevated risks for ground water. A summary of the major contributors to risks at OJT/LSC is provided
in Table ES-1.

e Unacceptable exposure of the future child resident to surface solls was identified, prnimarily as a result

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

e 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 risk 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 035524 consisted of a clayey silt, sand, gravel (top 1.5 feet) and siity clay (bottom 0.5 foot), and
trace ash, while the surface soll 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 soll immediately below the surface soll 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 fimit 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.

e Several chemicals were retained as COPCs in the nitial 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 risk are described in Section 8.7.

e Chemicals detected in the surface soil, sediment, and surface water that are considered persistent,
bioaccumulative, and toxic (PBT) were retained as COPCs for evaluation in terrestrial wildlife food
chain models. During the Step 3a evaluation, no PBT 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 resuits. 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 035S24. 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 035524
Is 0.6. Several metals had NOAEL-based EEQs greater than 1.0 using the average exposure
assumptions In the piscivorous mammal food chain model. However, LSC s sma;II 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.

e A CMS should be implemented to evaluate remedial alternatives to reduce the identified
unacceptable risks. This CMS should consider all sources of contamination at the ABG, the OJT, and
LSC because ground water, surface water, and sediment flow from the ABG toward the OJT and
LSC.
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TABLE ES-1

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

NSWC CRANE
CRANE, INDIANA
) PAGE 1 OF 5
Overall
Carcinogenic Overall
Receptor Environmental Risk Hazard Index Lead Overall Risk | Critical Pathways &

Population Media (Human) (Human) Exposure” (Ecological)(‘) Chemicals of Concern Recommendations
Current/Future Surface Soil, Surface 5E-07 0.04 No unacceptable N/A N/A NFA
Trespasser Water and Sediment exposure to
(Adolescent) lead®
Current/Future Off- Surface Water 9E-06 1 No unacceptable N/A N/A : NFA
Site Resident (Child) exposure to

lead®
Current/Future Off- Surface Water 1E-05 0.3 No unacceptable N/A N/A NFA
Site Resident (Adult) exposure to

lead®
Current/Future Off- Surface Water 2E-05 N/A No unacceptable N/A N/A NFA
Site Resident exposure to
(Lifelong) lead®
Future Construction |Soil and Ground 4E-07 0.5 No unacceptable N/A N/A NFA
Worker (Adult) Water exposure to '

lead®
Future Maintenance |Surface Soil, Surface 1E-07 0.02 N/A N/A N/A NFA
Worker (Adult) Water, and Sediment
Future Occupational |Surface Soil and 1E-04 2 No unacceptable N/A Ingestion of ground water Proceed to CMS
Worker (Adult) Ground Water exposure to (tnchloroethene)

lead®
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TABLE ES-1

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS

SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 5
Overall
Carcinogenic Overall
Receptor Environmental Risk Hazard Index Lead Overall Risk | Critical Pathways &

Population Media (Human) (Human) Exposure'? (Ecological)” | Chemicals of Concern Recommendations
Future Recreational  |Surface Soil, Ground 3E-05 2 No unacceptable N/A Ingestion of ground water Proceed to CMS
User (Child) Water, Surface exposure to (trichloroethene)

Water, and Sediment lead®
Future Recreational [Surface Soil, Ground 2E-05 _ 05 No unacceptable N/A N/A NFA
User (Adult) Water, Surface exposure to
Water, and Sediment lead®
Future Recreational [Surface Soll, Ground S5E-05 N/A No unacceptable N/A N/A NFA
User (Lifelong) Water, Surface exposure to
Water, and Sediment lead®
Future On-Site Surface Soll, Surface 2.E-04 33 Blood lead N/A Incidental ingestion and Proceed to CMS
Resident (Child) Water, and Sediment >10 ug/dL for dermal contact with surface
1 Acre Exposure Unit 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)
Future On-Site Surface Soil, Surface 6.E-05 11 No unacceptable N/A Ingestion of surface water Proceed to CMS
Resident (Child) Water, and Sediment exposure to (2-amino-4,6-dinitrotoluene;
6 Acre Exposure Unit lead® 4-amino-2,6-dinitrotoluene;
RDX)
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TABLE ES-1

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS

SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE30F5
Overall
Carcinogenic Overall
Receptor Environmental Risk Hazard Index Lead Overall Risk | Critical Pathways &

Population Media (Human) (Human) Exposure!’ | (Ecological)” | Chemicals of Concern| Recommendations
Future On-Site Surface Soll, Ground 5.E-04 45 N/A N/A Incidental ingestion and Proceed to CMS
Resident (Child) Water, and Sediment dermal contact with surface
1 Acre Exposure Unit soil (2,4,6-trinitrotoluene)

Ingestion of ground water

(trichloroethene; 4-amino-

2,6-dinitrotoluene)

Future On-Site Surface Soll, Ground 3.E-04 23 N/A N/A Ingestion of ground water Proceed to CMS
Resident (Child) Water, and Sediment (trichloroethene; 4-amino-
6 Acre Exposure Unit 2,6-dinitrotoluene)
Future On-Site Surface Solil, Surface 1.E-04 5 No unacceptable N/A Incidental ingestion of Proceed to CMS
Resident (Aduit) Water, and Sediment exposure to surface soil (2,4,6-
1 Acre Exposure Unit lead® trinitrotoluene)

Ingestion of surface water

(4-amino-2,6-dinitrotoluene)

Future On-Site Surface Soil, Surface 7.E-05 3 No unacceptable N/A Ingestion of surface water Proceed to CMS
Resident (Adult) Water, and Sediment exposure to (4-amino-2,6-dinitrotoluene)
6 Acre Exposure Unit lead®
Future On-Site Surface Soil, Ground 4.E-04 9 N/A N/A Incidental ingestion of Proceed to CMS
Resident (Adult) Water, and Sediment surface soil (2,4,6-
1 Acre Exposure Unit trinitrotoluene)

Ingestion of ground water

(trichloroethene)

Future On-Site Surface Soll, Ground 4,E-04 7 N/A N/A Ingestion of ground water Proceed to CMS
Resident (Adult) Water, and Sediment (trichloroethene)
6 Acre Exposure Unit
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TABLE ES-1

SUMMARY OF RECEPTOR-SPECIFIC HUMAN RISKS, AND HAZARDS AND ECOLOGICAL RISKS, AND RECOMMENDATIONS

SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE 4 OF 5
Overall }
Carcinogenic Overall
Receptor Environmental Risk Hazard Index Lead Overall Risk | Critical Pathways &

Population Media (Human) (Human) Exposure” (Ecological)® | Chemicals of Concern Recommendations
Future On-Site Surface Soll, Surface 3.E-04 N/A No unacceptable N/A Incidental ingestion and Proceed to CMS
Resident (Lifelong) Water, and Sediment exposure to dermal contact with surface
1 Acre Exposure Unit lead® soil (RDX)

Ingestion of surface water
(RDX)
Future On-Site Surface Soil, Surface 1.E-04 N/A No unacceptable N/A Ingestion of surface water NFA
Resident (Lifelong) Water, and Sediment exposure to (RDX) -
6 Acre Exposure Unit lead®
Future On-Site Surface Soil, Ground 9.E-04 N/A N/A N/A Incidental ingestion and Proceed to CMS
Resident (Lifelong) Water, and Sediment dermal contact with surface
1 Acre Exposure Unit soil (RDX)
Ingestion of ground water
(1,1,2,2-trichloroethane;
trichloroethene)
Future On-Site Surface Soil, Ground 7.E-04 N/A N/A N/A Ingestion of ground water Proceed to CMS
Resident (Lifelong) Water, and Sediment (1,1,2,2-trichloroethane;
6 Acre Exposure Unit trichloroethene)
Terrestrial Plants and |Surface Soil N/A N/A N/A low N/A NFA
Invertebrates
Aquatic Organisms  [Surface Water and N/A N/A N/A low N/A NFA

Sediment
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TABLE ES-1

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

NSWC CRANE
CRANE, INDIANA
PAGE 5 OF 5
Overall
Carcinogenic Overall
Receptor Environmental Risk Hazard Index Lead Overall Risk | Critical Pathways &
Population Media (Human) (Human) Exposure“) (Ecological)“) Chemicals of Concern Recommendations
Mammals and Birds  [Surface Soil and N/A N/A N/A American Robin Incidental ingestion of NFA
Surface Water® Lead: 24 (all surface soil through worms
samples); by birds (lead)
0.6 (excluding
sample 035524)
Mammals and Birds [Sediment and N/A N/A N/A Raccoon Incidental ingestion of NFA
Surface Water®™ 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

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.

This receptor evaluated for exposure to lead in surface water only.

This worker evaluated for exposure to lead in soil only.

The LOAEL average is shown because it was used in defining the risk drivers at SWMU 03.

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.

A WOWN -

N/A = Not applicable

NFA = No further action

CMS = Corrective Measures Study
AUF = Area use factor
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1.0 INTRODUCTION

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 springs 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):

e Phase lll Ground Water Release Characterization (Murphy, 1994)

e Phase Il Release Assessment for Surface Water (Murphy and Wade, 1998a)
e Part 2 Phase Ill Soils Study (Albertson et al., 1998)
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1.1 PURPOSE OF THIS REPORT

The purpose of this RFI Report is to present and interpret the results of the investigations for the
OJT/LSC 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 lll 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 hazarddus 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, 1999e, 1999f) for two final reports
(Phase Il Release Assessment for Surface Water and Phase Ill 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 used 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, 1999e, 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, duration, 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.

113 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, 2001b). Section 3.0 is a summary of the data
evaluation procedures and a summary of data quality {or 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 ’

1.21 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
Suiphur 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 Il. In May 1943, the depot was renamed the Naval Ammunition
Depot, Crane, in honor of Commodore Willam 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 (CAAA) 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, including 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 Reutilization and Marketing Operations (DRMO).

123 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 explosives 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 ar{d 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 (RDX), and breakdown compounds in water from a facility
munitions plant (Rockeye) 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 siudge 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.

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

e 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.

e Waste scrap pyrotechnics, which have been desensitized in No. 2 fuel oil, are burned in a second
unlined steel pan at the ABG.

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

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

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

and components.

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

three concrete-lined burn pads at the ABG.

e 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.

1.24 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. Materials 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 filled 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
cardboard, papér, wood, and metal packaging that may have come into contact with explosives, solvents-
contaminated rags, or any 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 treateq. The area has not been used for any operations since 1983. In
1983, the burn pit was filled 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 (TINUS, 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-weathering
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 rolling, 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 ams| 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 hilisides 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 frpm 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 April 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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133 Geology and Stratigraphy

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 actual cross-sections are presented in
Figures 1-12 (cross-section A-A’), 1-13 (cross-section AA-AA’), 1-14 (cross-section C-C'/D-D’), 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'/D-D’ (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 near 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 Mansfield 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 1-1 6). 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 Bunal
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-Pennsylvamian 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 1s 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 twc; 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 Chifty
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 1-186).

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 (Bamhill and Ambers, 1994). Some outcrops show
large [up to 30 cm (12 inches)] wide solution channels along the bedding-plane fractures. DriIIing‘Iogs for
wells along the LSC valley show a mass of weathered sandstone and limestone blocks, gravel, siit, and
clay that is 10 to 30 feet thick (Figures 1-12 through 1-14). This zone 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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(fess 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 lllinois 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 (i.e., base of the Beech Creek Limestone) is presented in
Figure 1-17. It shows that the Beech Creek Limestone 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 soils 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 denved 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, 2001a). 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, 2001a),
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.

134 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 (1.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 .

o the Beaver Bend Limestone

The Pennsylvanian sandstone aquifer is the uppermost aquifer and is present only along the tops of
ridges at elevations 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 Pe'nnsylvanian 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-permeabllity
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 02SWSDO07, 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 (i.e., 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™ 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 feet/day). 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 materiéls, 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 weli 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 LSC valley. These conduit systems have been
investigated extensively by the USACE (Murphy and Ciocco, 1990; Murphy, 1994; May et al., 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 (1.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 thé northern, western, and southern sides (Hunt, 1988; Murphy,
1994; Duwelius et al., 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:

e ltlies directly under the ABG and OJT treatment areas. \
e It is the aquifer where the highest concentrations of contaminants have been detected during
previous investigations.

¢ [t contains the conduits that feed the §najority 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 03B10. 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 03810 and 03C37 and
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Spring A). The wells in the ABG area had ground water levels of 543 to 560 feet amsi. Welis 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 (i.e.,
recharging the ground water system) in the northern part of the watershed and is a gaining stream (i.e.,
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 (i.e., 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 (i.e., 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 regarding 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, 1 998).

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
(ft%s). 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). Théy placed one gallon 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 period of 5to
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 B and 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 03C10 is directly connected to the conduit system feeding springs A
and A’ N

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 dyé 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 Spring
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 western side of the creek

feeding Springs A and A'.

Appendix | 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 ultimately discharge to the LSC Drainage (Jack and Krothe,
2002).
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135 Surface Hydrology and Drainage System

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 s 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
03SGO05 was about 20 gpm. Downstream of Spring A at 03506, 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 communit)\/ actions are being considered or proposed at this time
(TtNUS, 2000a).

13.7 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. Thisllatter 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 puré 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 (i.e., 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 al., 1987) identified 21 amphibian species and 22

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

A total of 46 distinct fish species were collected from the installation during a 1987 inventory of the fish
fauna at NSWC Crane. Other than Lake Greenwood, the 1987 study observed that the greatest number
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, bigmouth buffalo, channel catfish and flathead catfish. By contrast, the Turkey Creek
survey yielded 16 species of fish, none of which were unusual. The Sulphur Creek drainage was
surveyed and yielded a total of 19 species. Four species from this drainage were not found anywhere
else on the installation, including southern redbelly dace, blacknose dace, black bullhead, and blackside

darter.
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The channel of Little Sulphur Creek has a riffle-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 pf a relatively

unpolluted stream. The methodology for bioassessments of streams 1s 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 compitation 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 group$ (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 complling 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 bat 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 (i.e., 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 pigtoe 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 retterated here. It was verified that the species listed above did

not experience a change in status.

14 CONSTITUENTS OF INTEREST

The following sections describe the avatlable historical data for each environmental medium that was

investigated.
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1.4.1 Soil

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 boring: 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, dintrobenzene (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,
2001b).

In 1993, an additional 33 surface soil grab samples were collected, along with another 32 soil borings, as
part of the RCRA Phase Il Part li soils investigation. Samples were taken from 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 nsk assessment by the
U.S. EPA (1997a).

It was noted in the onginal 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 dibenzofurans (PCDF), and five surface soil samples were collected from the -
OJT area and analyzed for explosives, norganics, 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 uitimately 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-dinitrotoluene (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 QAPP (TtNUS, 2001b).

Based on the original 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 QAPP (TtNUS, 2001b).

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 tworfor VOCs, and SVOCs. AII7 sediment samples were
also analyzed for explosives. Table 1-5 also summarizes these data. The data were presented in
Appendix A of the QAPP (TtNUS, 2001b).

143 Springs

As part of the USACE RFI, seven springs 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 D 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, Springs 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 QAPP (TtNUS, 2001b).

In 1995, additional sampling was conducted to fill data gaps for the CCCRA (TtNUS, 1999). Spring A

was selected for sampling for inorganics, VOCs, SVOCs, and explosives. Springs B and 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, 2001b).

144 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

e  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 at 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 inorganics, VOCs, and explosives. A summary of these data 1s also provided in Table 1-5.
The data were presented in Appendix A of the QAPP (TtNUS, 2001b).

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 welis 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, 2001b).

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, 2001b).

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, 2001b). 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,
2001b).

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. Duning significant
rainfall and snowmelt events, these 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 soils and

dissolved materials from the ABG and OJT treatment areas I1s assumed to be very small.
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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 collapse 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 chlorinated VOCs were found at greatest concentrations in well 03-07, located near
the southern end of OJT. The VOC plume 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 mn approximately one-half the monitoring wells at OJT in the past
(Murphy, 1994). The greatest concentrations of explosives were found n 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 collapse breccia material beneath LSC and/or moving back into 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 1s 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 contribute ground water to
the creek downstream of Spring C. This is where the creek first becomes a perennial stream. There i1s
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 (1.e., cross-
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valley flow). 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 in 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 Iin 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

e 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.
e The conceptual model of contaminant distnbution and migration pathways presented in this
introduction and previous reports Is still valid, or the conceptual model needs to be refined. .
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TABLE 1-1

SUMMARY OF PREVIOUS INVESTIGATIONS

SWMU 03--OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE

CRANE, INDIANA

Period of
Investigation

Area Investigated

Nature of Investigation

Reference

installation of monitoring wells,
hydrogeological investigations, ground water

Dunbar, 1982, 1983,

1981-1984 ABG and OJT sampling 1984
Installation of 66 monitoring wells,
ABG, OJT, and LSC hydrogeological investigations, ground water
1986-1987 Watershed sampling Hunt, 1988
Dye tracer test to assess possible hydrauiic
connection of ABG with various spring
1990 ABG and Springs locations Murphy and Ciocco, 1990
1990 ABG RCRA Phase lli Part 1 solls study USACE, 1992
RCRA Phase Ill ground water release
1990-1994 Pnimanly ABG characterization Murphy, 1994
Monitored ground water elevations and flow
1993 ABG directions in Golconda-Haney Limestone Duwelius et al., 1995
Geology, lithologic characteristics, and
hydraulic properties of the Big Clifty Barnhill and Ambers,
1994 Primanly ABG Sandstone and Beech Creek Limestone 1994
1994-1995 ABG Four pumping tests were performed Murphy, 1995
Hydrogeological investigations and
1993-1995 OJT Area evaluation of ground water contamination Murphy, 1996
Evaluation of sedimentary facies and relation
to hydrogeologic properties in Mansfield
1994-1996 DBG Area Formation Fisher, 1996
RCRA Phase il ground water release
1987-1993 DBG Area characterization Murphy and Wade, 1998
RCRA Phase Il surface water release
1992-1996 ABG and LSC Watershed {assessment Murphy and Wade, 1998
1993-1996 ABG RCRA Phase ill Part 2 soils study Albertson et al , 1998
Ground water geochemical investigation and i
1993-1998 ABG and LSC Watershed |dye tracer study Baedke, 1998
Screening-level human health and
environmental sk assessment was
1995-1999 ABG and LSC Watershed |performed based on existing data TtNUS, 1999
Ground water, spring, and surface water
monitoring, solls investigations, and
phytoremediation studies related to natural
1998-2002 ABG and LSC Watershed |attenuation of contaminants May et al , 2002
Geophysical investigation of ABG, dye tracer
investigation, and investigation of
1993-2001 ABG and LSC Watershed [contaminants in Spring A Krothe, 2002
2002 QJT and Spring C Dye tracer study of OJT and Spring C Jock and Krothe, 2002
2001-2002 DBG Area RCRA RFi TINUS, 2002
Quarterly surface water and ground water
1998-2002 ABG and LSC Watershed monitoring program quarterly reports




TABLE 1-2

SUMMARY OF AQUIFER TESTING RESULTS
SWMU 03 -- OLD JEEP TRAILLITTLE SULPHUR CREEK
NSWC CRANE
CRANE, INDIANA

Hydraulic
Method of | Conductivity
Formation Area Well No Test Type Data Analysis| (feet/day) Source of Data
Mansfield Formation
(Pennsylvanian) DBG 02-03 (1) Slug JSL 0 0001 Fisher, 1996
DBG 02-03 (2) Slug JSL 0 0238 Fisher, 1996
DBG 02-04 Slug JSL 0.3260 Fisher, 1996
DBG 02-08 Slug JSL 0 0686 Fisher, 1996
DBG 02C10P3 Slug JSL 0 5556 Fisher, 1996
DBG 02C11P3 Slug JSL 0 1488 Fisher, 1996
DBG 02C12P3 Slug JSL 01517 Fisher, 1996
DBG 02C14P3 Slug JSL 01412 Fisher, 1996
DBG 02C17P2 Slug JSL 0 2027 Fisher, 1996
DBG 02C18P2 Slug JSL 0.1100 Fisher, 1996
DBG 02C20P3 Slug JSL 09411 Fisher, 1996
Golconda-Haney
Limestone ABG 03PMP08 | SW Pump Test JSL 0 2387 Murphy, 1995
Big Clifty/Beech Creek ABG 03PMP20 | SW Pump Test JSL 0 0870 Murphy, 1995
Beech Creek Limestone ABG 03PMP03 | SW Pump Test JSL 1 7008 Murphy, 1995
ABG 03PMP11 | SW Pump Test JSL 01879 Murphy, 1995
OoJT 03-24 LF Purge Test Ogden 253 This report
oJT 03-25 LF Purge Test Ogden 0 0658 This report
JSL 0 0887 This report
Collapse Breccia oJT 03-07 LF Purge Test Ogden 367 This report
JSL 209 This report
OJT 03-10 LF Purge Test Ogden 0 0582 This report
oJT 03-11 LF Purge Test Ogden 0113 This report
JSL 0118 This report
OJT 03-12 LF Purge Test Ogden 0 0223 This report
oJT 03-13 LF Purge Test Ogden 0122 This report
oJT 03-14 LF Purge Test Ogden 00775 This report
. JSL 0 068 This report
' oJT 03-16 LF Purge Test Ogden 0563 This report
oJT 03-17 LF Purge Test Ogden 106 This report
JSL 0 689 This report
oJT 03-18 LF Purge Test Ogden 0639 This report
JSL 0 502 This report
oJT 03-20 LF Purge Test Ogden 180 This report
JSL 0706 This report
oJT 03-22 LF Purge Test Ogden 0156 This report
JSL 0123 This report
Beech Creek Limestone
and Breccia oJT 03-15 LF Purge Test Ogden 148 This report
oJT 03-23 LF Purge Test Ogden 408 This report

DBG = Dye Bunial Grounds

ABG = Ammunition Burning Grounds
OJT= Old Jeep Trail.

JSL = Jacob Straight Line method




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
PAGE 1 OF 4
Honzontal Location Top of Riser or Well Screen Interval Well Screen Interval Ground Water Depth & Elevation
Monitoring Date North Coord.| East Coord. | 04" Suﬂf! ce Measuring Depthto | Depthto | Elevation* | Elevation* . June 2002
Elevation Reference Point Monitored Unit Ground Water
Well Number| Installed (feet (feet (feet amsl) Elevation® Top Bottom of Top of Bottom Depth to Water Elevation*"
N/AD 27) N/AD 27) (feet ams}) (feet btor) | (feet btor) | (feet amsl) | (feet amsl) (feet btor) (feet amsl)
02-01 8/26/1981 | 491384 48 596550 97 743 47 746 17 2352 33 12 722 65 713 05 Upper Pennsyivanian 2576 720 41
02-02 9/2/1981 491143 00 596074 00 724 67 727 67 4270 52 30 684 97 675 37 Lower Pennsylvanian 45 31 682 36
02-03 9/3/1981 491058 00 595916 00 719 38 722 38 54 20 63 30 668 18 659 08 Hardinsburg 43 09 8679 29
02-04 9/4/1981 490919 00 595915 00 716 02 719 02 38 90 48 10 680 12 670 92 Lower Pennsylvanian 3777 681 25
02-05 9/5/1981 491491 00 596645 00 738 28 741 28 53 20 62 70 688 08 678 58 Lower Pennsylvanian 56 43 684 85
02-06 9/23/1981 | 491298 24 596384 94 742 56 744 65 - 59 48 68 78 685 17 675 87 Lower Pennsylvanian 59 87 684 78
02-07 9/24/1981 } 49119273 596232 83 735 55 738 42 53 36 61 56 685 06 676 86 Lower Pennsylvanian 54 37 684 05
02-08 9/24/1981 | 491092 55 596224 65 730 06 732 20 48 88 56 14 683 32 676 06 Lower Pennsylvanian 48 52 683 68
02C09 1/23/1987 | 491331 00 597056 00 737 86 740 36 169 50 179 50 570 86 560 86 Beech Creek 170 26 570 10
02C09P2 | 1/26/1987 | 491331 00 597056 00 738 16 740 66 94 50 99 50 646 16 641 16 Golconda N/A N/A
02C10 2/13/1988 | 491789 00 596142 00 713 97 716 47 144 50 154 50 57197 56197 Beech Creek 146 56 569 91
02C10P2 | 2/16/1988 | 491789 00 596147 00 713 89 716 39 64 00 74 00 652 39 642 39 Golconda 40 46 675 93
02C10P3 | 2/22/1988 | 491784 00 596142 00 713 86 716 36 34 20 39 20 682 16 677 16 Lower Pennsylvanian 2877 687 59
02C11 2/29/1988 | 490987 00 595829 00 712 81 715 31 150 50 160 50 564 81 554 81 Beech Creek 149 13 566 18
02C11P2 3/2/1988 | 490987 00 595823 00 712 86 715 36 72 30 82 30 643 06 633 06 Golconda 73 55 641 81
02C11P3 3/5/1988 | 490987 00 595817 00 713 16 715 66 38 80 43 80 676 86 671 86 Lower Pennsylvanian 34 65 681 01
02C12 3/14/1988 | 491496 00 596670 00 739 07 74157 174 10 184 10 567 47 557 47 Beech Creek 17122 570 35
02C12P2 | 3/21/1988 | 491496 00 596681 00 739 32 741 82 95 70 105 70 646 12 636 12 Golconda 89 22 652 60
02C12P3 | 3/18/1988 | 491496 00 596676 00 739 33 74183 3150 36 50 710 33 705 33 Upper Pennsylvanian 23 31 718 52
02C13 3/28/1988 | 491692 00 596436 00 722 61 725 11 7180 8180 653 31 643 31 Golconda 6182 663 29
02C13P2 { 3/29/1988 | 491695 00 596439 00 722 28 724 78 36 50 46 50 688 28 678 28 Lower Pennsylvaman 39 82 684 96
02C13P3 | 3/30/1988 | 491698 00 596434 00 723 01 725 51 17 50 22 50 708 01 703 01 Upper Pennsylvanian 10 23 71528
02C14 4/13/1988 | 490671 00 595964 00 713 90 716 40 156 40 166 40 560 00 550 00 Beech Creek 149 10 567 30
02C14P2 | 4/15/1988 | 490675 00 595964 00 713 93 716 43 76 90 86 90 639 53 629 53 Golconda 63 60 652 83
02C14P3 | 4/19/1988 | 490665 00 595964 00 71376 716 26 39 60 49 60 676 66 666 66 Lower Pennsylvanian 36 58 679 68
02C15 5/10/1988 | 491186 00 535880 00 713 38 715 88 68 80 78 80 647 08 637 08 Golconda 69 88 646 00
02C15P2 | 5/11/1988 | 491181 00 595880 00 713 27 71577 3170 4170 684 07 674 07 Lower Pennsylvanian 33 02 682 75
02C16 5/16/1988 | 490893 00 596177 00 722 86 725 36 8110 9110 644 26 634 26 Goiconda 84 90 (640 46)
02C16P2 | 5/17/1988 | 490899 00 596177 00 722 68 725 18 46 00 56 00 679 18 669 18 Lower Pennsylvanian 42 67 682 51
02C17 5/23/1988 | 491022 00 596473 00 730 46 732 96 88 60 98 50 644 36 634 46 Golconda 84 53 648 43
02C17P2 | 5/26/1988 | 491027 00 596473 00 730 34 732 84 52 20 62 20 680 64 670 64 Lower Pennsylvanian 48 53 684 31
02C17P3 | 5/27/1988 | 491022 00 596473 00 730 34 733 38 23 10 28 10 71028 705 28 Upper Pennsylvanian Dry Dry
02C18 6/6/1988 | 491103 00 596611 00 734 81 737 31 90 80 100 80 646 51 636 51 Golconda 88 73 648 58
02C18P2 6/7/1988 | 491107 00 596614 00 734 74 737 24 54 90 64 90 682 34 672 34 Lower Pennsylvanian 52 53 684 71
02C18P3 6/7/1988 | 491107 00 596614 00 734 74 737 45 15 50 20 50 72195 716 95 Upper Pennsylvanian 20 98 716 47
02C19 6/14/1988 | 491338 00 596225 00 730 85 733 35 8270 92 70 650 65 640 65 Golconda 87 10 646 25
02C19P2 | 6/15/1988 | 491332 00 596225 00 730 78 733 28 48 10 58 10 685 18 675 18 Lower Pennsylvanian 48 62 684 66
02C19P3 | 6/16/1988 | 491338 00 596225 00 73078 733 63 13 20 18 20 720 43 715 43 Upper Pennsylvanian Dry Dry
02C20 6/29/1988 | 492114 00 596769 00 712 56 715 06 134 71 144 70 580 35 570 36 Beech Creek 137 47 577 59
02C20P2 | 6/22/1988 | 492120 00 596763 00 712 42 714 92 58 50 68 50 656 42 646 42 Golconda 57 69 657 23




TABLE 1-3

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002
SWMU 03 - OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 4
Horizontal Location Top of Riser or Well Screen Interval Well Screen Interval Ground Water Depth & Elevation
Monitoring Date North Coord.| East Coord. GroEt:nd Surf.a ce Measuring Depthto | Depthto | Elevation* | Elevation* June 2002
evation Reference Point Monitored Unit Ground Water
Weli Number| Installed (feet (feet {feet ams!) Elevation* Top Bottom of Top of Bottom Depth to Water Elevation®"
N/AD 27) N/AD 27) (feet amsl) (feet btor) | (feet btor) { (feet amsl) | (feet amsl) (feet btor) (feet amsi)
02C20P3 | 6/23/1988 | 492120 00 596769 00 71227 71478 30 50 40 50 684 28 674 28 Lower Pennsylvanian 17 30 697 48
02C21 9/12/1990 | 491004 00 597187 00 726 48 N/A N/A N/A N/A N/A N/A N/A N/A
02C22 10/15/1990| 490129 00 597610 00 740 13 742 99 179 20 189 20 563 79 553 79 Beech Creek Dry Dry
02C22P2 |10/17/1990] 490124 00 597613 00 740 13 742 63 102 50 107 50 640 13 635 13 Golconda Dry Dry
02C22P3 | 10/18/1990| 490119 00 597617 00 740 00 742 50 6110 7110 681 40 671 40 Lower Pennsylvanian 58 33 684 17
03C01 12/12/1986] 490064 00 593140 00 624 58 627 28 176 70 186 70 450 58 440 58 Beaver Bend 114 86 512 42
03C01P2 | 9/22/1986 | 490068 00 593146 00 624 35 626 85 94 50 104 50 532 35 522 35 Beech Creek 69 90 556 95
03C01P3 04/--186 490061 00 593147 00 624 00 626 50 2210 27 10 604 40 599 40 Golconda 14 15 612 35
03C02 10/24/1986| 489931 00 594793 00 580 99 583 49 122 00 132 00 461 49 451 49 Beaver Bend 7128 512 21
03C02P2 |10/29/1986| 489931 82 594798 08 580 65 583 15 40 50 50 50 542 65 532 65 Beech Creek 3754 545 61
03C03 9/13/1986 | 490202 94 594055 53 597 58 600 08 141 50 151 50 458 58 448 58 Beaver Bend 87 50 512 58
03C03P2 |10/23/1986] 490208 00 594056 00 597 70 600 20 58 30 68 30 541 90 531 90 Beech Creek 4155 558 65
03C04 11/25/1986] 490260 55 594783 22 621 92 624 42 76 00 86 00 548 42 538 42 Beech Creek 76 95 547 47
03C05 10/29/1986| 489782 00 595114 00 578 86 581 36 34 50 44 50 546 86 536 86 Beech Creek 3475 546 61
03C06 10/16/1986] 489581 00 594596 00 622 90 625 40 89 50 99 50 535 90 525 90 Beech Creek 76 76 548 64
03C07 10/21/1986| 490422 52 594370 95 633 97 636 47 9120 101 20 545 27 535 27 Beech Creek 78 61 557 86
03C08AP2 | 11/26/1986] 489701 00 594014 00 626 84 629 34 92 50 102 50 536 84 526 84 Beech Creek 74 48 554 86
03C08A 4/3/1987 | 489680 00 594051 00 628 00 630 50 173 50 183 50 457 00 447 00 Beaver Bend 118 47 512 03
03C08AP3 | 4/5/1987 | 489685 00 594047 00 627 93 630 43 17 00 2200 613 43 608 43 Golconda 16 48 613 95
03C09 12/5/1986 | 490615 00 593777 00 600 89 603 39 147 50 157 50 455 89 445 89 Beaver Bend 9105 512 34
03C09P2 | 12/7/1986 | 490619 57 593775 83 601 06 603 56 64 50 74 50 539 06 529 06 Beech Creek 45 17 558 39
03C10 1/22/1987 | 490242 71 593656 93 605 53 608 03 68 50 78 50 539 53 529 53 Beech Creek 49 85 558 18
03C11 1/28/1987 | 490024 65 594440 55 589 86 592 36 50 00 60 00 542 36 532 36 Beech Creek 4375 548 61
03C12 2/3/1987 | 489957 37 594574 22 584 70 587 20 4150 5150 545 70 535 70 Beech Creek 4185 545 35
03C13 2/9/1987 | 490901 00 593860 00 615 25 61775 7270 8270 545 05 535 05 Beech Creek 59 46 558 29
03C14 2/20/1987 | 489932 00 593575 00 640 29 642 79 107 00 117 00 53579 525 79 Beech Creek 84 92 557 87
03C15 2/26/1987 | 489849 54 593146 29 618 51 621 34 9133 101 33 530 01 520 01 Beech Creek 64 37 556 97
03C15P3 4/--/87 489855 00 593143 00 618 61 621 11 18 10 2310 603 01 598 01 Golconda 620 614 91
03C16 3/12/1987 | 490478 00 593362 00 680 75 683 25 148 50 158 50 534 75 524 75 Beech Creek 125 17 558 08
03C17 3/19/1987 | 492763 63 594371 09 693 65 696 15 141 00 151 00 555 15 545 15 Beech Creek 137 97 558 18
03C18 4/--187 489992 00 592967 00 622 59 625 09 18 00 23 00 607 09 602 09 Golconda 449 620 60
03C19 5/8/1987 { 491442 00 593351 00 648 00 650 50 113 30 123 30 537 20 527 20 Beech Creek 92 13 558 37
03C19P3 | 5/13/1987 | 49143100 593354 00 647 20 649 70 39 50 44 50 610 20 605 20 Golconda 3274 616 96
03C20 5/24/1987 | 489880 21 593773 34 644 12 646 62 110 50 120 50 536 12 526 12 Beech Creek 89 29 557 33
03C21 5/28/1987 | 489925 00 593356 00 639 72 642 22 110 90 120 90 531 32 52132 Beech Creek 84 96 557 26
03C21P2 | 5/29/1987 | 489925 00 593361 00 639 72 642 22 36 10 4110 606 12 601 12 Golconda 34 08 608 14
03C22 6/4/1987 | 490090 00 593319 00 615 08 617 58 12 50 17 50 605 08 600 08 Golconda 9 66 607 92
03C23 6/9/1987 | 490259 00 593462 00 616 11 618 61 11 00 16 00 607 61 602 61 Golconda 570 612 91
03C24 6/16/1987 | 485159 00 592615 00 550 64 553 24 24 60 29 60 528 64 6523 64 Beech Creek 2150 53174
03C25 6/18/1987 | 487148 51 592610 07 594 53 597 03 62 20 7220 534 83 524 83 Beech Creek 46 68 550 35
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PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002
SWMU 03 -- OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE 3 OF 4
Horizontal Location Top of Riser or Well Screen Interval Well Screen Interval Ground Wa:er De;;t:z& Elevation
une
Monitoring Date North Coord | East Coord. G“:El:zgatsi::? ce Re::::::::gmt Depth to Depth to | Elevation* | Elevation* Momtored Unit Ground Water
Well Number| Installed ({feet (feet (fect ams) Elevation® Top Bottom of Top of Bottom Depth to Water Elevation*"
N/AD 27) N/AD 27) (feet btor) | (feet btor) | (feet amsl) | (feet amsl) (feet btor)
(feet amsl) (feet amsl)

03C26 8/3/1987 | 490695 18 594134 16 638 07 640 57 96 50 106 50 544 07 534 07 Beech Creek 82 44 558 13
03C27 8/14/1987 | 489658 33 594767 37 601 34 603 84 63 00 73 00 540 84 530 84 Beech Creek 60 78 543 06
03C28 8/22/1987 | 489884 00 595269 00 610 76 612 96 67 20 77 20 54576 53576 Beech Creek 67 41 545 55
03C29 9/1/1987 | 488529 00 591095 00 794 67 797 37 27020 280 20 527 17 517 17 Beech Creek 242 40 554 97
03C30 9/17/1987 | 488967 44 592402 75 776 41 778 91 253 00 263 00 525 91 515 91 Beech Creek 223 23 555 68
03C31 11/1/1987 | 488492 00 593743 00 789 70 792 10 257 40 267 40 534 70 52470 Beech Creek 238 06 554 04
03C32 11/14/1987| 491056 00 594471 00 709 06 711 56 166 50 176 50 545 06 535 06 Beech Creek 153 65 557 91
03C33 11/31/87 | 486651 00 594224 00 782 53 785 03 24100 251 00 544 03 534 03 Beech Creek 234 48 550 55
03C34 8/11/1989 | 487870 00 599301 00 724 57 727 07 180 00 190 00 547 07 537 07 Beech Creek 178 56 6548 51
03C35 8/19/1989 | 485347 00 598082 00 695 50 697 00 166 00 176 00 531 00 52100 Beech Creek 174 85 522 15
03C36 9/6/1989 | 485203 00 599202 00 71574 718 24 17150 181 50 546 74 536 74 Beech Creek Dry Dry

03C37 9/21/1989 | 483933 00 596471 00 617 78 620 28 107 00 117 00 51328 503 28 Beech Creek 108 47 511 81
03C38 9/29/1989 | 485309 00 595951 00 570 47 572 97 45 50 55 50 527 47 517 47 Beech Creek 55 15 517 82
03B01 6/19/1987 | 482590 00 595584 00 501 97 504 47 10 00 15 00 494 47 489 47 Alluvium 6 96 497 51
03B02 6/27/1987 | 482573 03 595505 44 501 46 503 96 12 10 17 10 491 86 486 86 Alluvium 610 497 86
03B03 6/29/1987 | 482578 00 595406 00 502 46 504 96 11 00 16 00 493 96 488 96 Aliuvium 574 499 22
03B04 6/30/1987 | 482630 95 595292 56 503 97 506 47 12 00 17 00 494 47 489 47 Alluvium 6 92 499 55
03B05 7/1/1987 | 482623 00 595192 00 504 55 507 05 1150 16 50 495 55 490 55 Alluvium 7 05 500 00
03B06 7/2/1987 | 482666 00 594960 00 506 76 509 26 10 50 15 50 498 76 493 76 Alluvium 775 501 51
03B07 8/4/1987 | 482672 00 594768 00 508 22 510 72 6 50 11 50 504 22 499 22 Alluvium 6 60 504 12
03808 8/5/1987 | 482667 00 594594 00 510 90 513 40 8 50 13 50 504 90 499 90 Alluvium 8 45 504 95
03809 8/7/1987 | 482657 00 594417 00 513 54 516 04 8 00 13 00 508 04 503 04 Alluvium 9 82 506 22
03810 10/22/1987} 482607 00 594209 00 559 46 561 96 5100 6100 510 96 500 96 Beech Creek 50 60 51136
03-01 9/4/1981 490748 00 593688 00 601 67 604 67 44 60 53 80 560 07 550 87 Big Clifty and Beech Creek 4578 558 89
03-02 9/7/1981 489940 00 593060 00 619 67 622 67 6 50 13 00 616 17 609 67 Mansfield N/A N/A

03-03 9/8/1981 489838 00 594843 00 581 29 584 29 88 90 98 00 495 39 486 29 Sample Shale N/A N/A

03-04 9/24/1981 | 489791 00 594610 00 591 17 594 17 58 10 67 50 536 07 526 67 Beech Creek N/A N/A

03-05 9/29/1981 N/A N/A 592 75 595 75 48 40 57 70 547 35 538 05 Beech Creek N/A N/A

03-06 10/6/1981 | 489796 00 594636 00 586 71 589 71 40 30 49 60 549 41 540 11 Beech Creek N/A N/A

Aliuvium and Beech Creek

03-07 10/8/1981 | 487837 91 596315 43 553 46 556 48 15 42 24 72 541 06 53176 (breccia zone) 11 93 544 55
03-08 10/9/1981 N/A N/A 583 76 586 76 35 40 44 80 551 36 541 96 Beech Creek N/A N/A

03-09 10/28/1981] 489909 00 593047 00 62172 624 72 68 90 78 10 556 82 546 62 Big Clifty 67 80 556 92
03-10 11/3/1982 | 487821 20 596515 84 554 94 557 99 1525 24 55 54274 533 44 Beech Creek (breccia zone) 16 60 541 39
03-11 11/4/1982 | 487708 67 596434 59 550 05 553 41 9 06 18 46 544 35 534 95 Beech Creek (breccia zone) 977 543 64
03-12 11/4/1982 | 487765 38 596231 91 554 99 558 24 15 45 24 85 542 79 533 39 Beech Creek (breccia zone) 16 55 541 69
03-13 11/5/1982 | 487633 96 596376 32 549 24 552 26 15 02 24 42 537 24 527 84 Beech Creek (breccia zone) 12 95 539 31
03-14 11/6/1982 | 487672 86 596420 54 549 37 552 41 824 17 74 544 17 534 67 Beech Creek (breccia zone) 11 57 540 84

Breccia zone and Beech
03-15 11/22/1982| 487874 92 596346 66 556 09 559 31 18 92 28 32 540 39 530 99 Creek+K158 17 98 541 33




TABLE 1-3

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS FOR JUNE 2002
SWMU 03 -- OLD JEEP TRAILULITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
PAGE 4 OF 4
Horizontal Location Top of Riser or Well Screen Interval Well Screen Interval Ground Water Depth & Elevation
Monitoring Date North Coord j East Coord. Ground Surf.a ce Measuring Depthto | Depthto | Elevation® | Elevation* . June 2002
Elevation Reference Point Monitored Unit Ground Water
Well Number| Installed (feet (feet (feet amsl) Elevation* Top Bottom of Top of Bottom Depth to Water Elevation*"
N/AD 27) N/AD 27) (feet amsl) (feet btor) | (feet btor) | (feet amsi) (feet amsl) (feet btor) (feet amsl)
03-16 11/23/1982| 488566 76 595786 62 568 61 57170 26 29 35 69 545 41 536 01 Beech Creek (breccia zone) 29 14 542 56
03-17 11/24/1982| 487650 31 596264 68 550 44 553 47 15 33 24 73 538 14 528 74 Beech Creek (breccia zone) 16 18 537 29
03-18 1/14/1983 | 487508 18 596288 23 549 80 553 12 17 92 27 22 535 20 525 90 Beech Creek (breccia zone) 17 71 535 41
03-19 1/15/1983 N/A N/A 556 37 559 37 23 10 32 50 536 27 526 87 Beech Creek (breccia zone) N/A N/A
03-20 1/17/1983 | 487674 48 596119 27 551 83 554 76 17 33 26 63 537 43 528 13 Beech Creek (breccia zone) 18 28 536 48
03-21 1/27/1983 | 488039 00 596246 09 557 12 560 11 1579 25 09 544 32 535 02 Beech Creek 18 92 54119
03-22 1/27/1983 | 487791 08 596369 15 555 72 558 68 17 46 26 86 541 22 531 82 Beech Creek (breccia zone) 16 58 542 10
03-23 1/28/1983 | 487958 48 596055 94 559 34 562 49 18 05 26 45 544 44 536 04 | Breccia zone and Beech Creek 18 10 544 39
03-24 2/6/1983 | 488012 65 596461 97 586 04 589 28 45 24 54 64 544 04 534 64 Beech Creek 49 34 539 94
03-25 2/7/1983 | 487901 68 596498 01 570 64 573 97 27 53 36 83 546 44 537 14 Beech Creek 32 80 54117
03-26 10/1/1983 N/A N/A 592 89 595 89 38 90 48 00 556 99 547 89 Big Chfty N/A N/A
03-27 10/3/1983 | 489964 00 593967 00 596 08 599 08 2150 30 60 577 58 568 48 Big Cilfty N/A N/A
03-28 10/6/1983 | 489705 00 594006 00 624 49 627 49 15 50 24 60 61199 602 89 Hardinsburg/Gol 1116 616 33
03-29 10/8/1983 § 489992 00 593981 00 595 61 598 61 39 60 48 60 559 01 550 01 Big Clifty N/A N/A
03-30 10/4/1985 | 490818 00 593630 00 N/A 608 60 N/A N/A N/A N/A Big Clifty 50 15 558 45
03-31 10/10/1985§ 489788 00 594804 00 N/A 582 84 N/A N/A N/A N/A Big Chity 37 73 545 11
03-32 10/11/1985| 489857 00 594822 00 N/A 583 54 N/A N/A N/A N/A Big Clifty N/A N/A
03-33 10/13/1985| 489923 00 594836 00 N/A 583 39 N/A N/A N/A N/A Big Clifty 36 67 546 72
03-34 10/21/1985| 489844 00 594662 00 N/A 585 06 N/A N/A N/A N/A Big Chity N/A N/A
03-35 10/23/1985| 489830 00 594561 00 N/A 586 60 N/A N/A N/A N/A Beech Creek N/A N/A
03-36 10/25/1985| 489691 00 594603 00 N/A 617 54 N/A N/A N/A N/A Beech Creek N/A N/A
03-37 10/27/1985| 489890 00 594618 00 N/A 586 52 N/A N/A N/A N/A Beech Creek N/A N/A
03-38 11/2/1985 | 490676 00 593744 00 N/A 604 79 N/A N/A N/A N/A Big Clifty 46 25 558 54
03-39 11/2/1985 | 490700 00 583792 00 N/A 603 25 N/A N/A N/A N/A Big Clifty 44 36 558 89
03SG01 6/9/2001 490124 27 594313 10 N/A 587 20 N/A N/A N/A N/A N/A 280 584 40
035G02 6/9/2001 488570 67 595726 88 555 50 561 84 N/A N/A N/A N/A N/A Dry Dry
035G03 6/9/2001 | 487330 50 596436 67 541 07 547 42 N/A N/A N/A N/A N/A Dry Dry
03SG04 6/9/2001 485646 58 596328 42 525 94 533 32 N/A N/A | N/A N/A N/A Dry Dry
03SG05 6/9/2001 484740 20 596109 74 N/A 525 05 N/A N/A N/A N/A N/A 6 93 518 12
03SG06 6/9/2001 483694 26 595518 08 N/A 513 57 N/A N/A N/A N/A N/A 6 30 507 27
03SG07 6/9/2001 | 482632 16 595545 26 N/A 499 95 N/A N/A N/A N/A N/A 104 498 91

amsl = Above mean sea level
N/A = Not available or not applicable
btor = Below top of nser

1 = Ground water elevation estimated due to well nser damage
* All elevations are based on National Geodetic Vertical Datum of 1929 (NGVD 29)




GROUND WATER ELEVATIONS MEASURED IN 1994 AND 2001 IN MONITORING WELLS LOCATED IN THE OLD JEEP TRAIL AREA

TABLE 1-4

SWMU 03 -- OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
Ground Water Depth & Elevation | Ground Water Depth & Elevation | Ground Water Depth & Elevation
September 1994 June 2001 ' September 2001
Monitoring Depth to Ground Water Ground Water Depth to Ground Water
Well Number Water Elevation Depth to Water zElevlation Water Elevation
(feet btor) (feet amsl) (feet btor) ('feet; famsl) (feet bor) (feet amsl)

03-07 13.36 542 72 11.62 544 46 15 02 541.06
03-10 17.00 540 59 16.63 540 96 17.00 540.59
03-11 11.80 541.21 9.81 543.20 13 04 539.97
03-12 17 45 540.39 16 85 540 99 17.53 540.31
03-13 13.46 538.40 13.01 538.85 13.53 538 33
03-14 12 42 539.59 11.58 540.43 13.58 538 43
03-15 18 46 540.45 17 98 540.93 18.46 540 45
03-16 29.67 541 63 29.29 542.01 29.47 541.83
03-17 16 45 536.62 16.22 536.85 16.98 536 09
03-18 17.98 534 74 17.73 534.99 18.15 534 57
03-19 NF NF NF NF NF NF

03-20 19.20 535 56 18.00 536 76 19.00 535.76
03-21 19.08 540.63 18.90 540.81 19 14 540.57
03-22 17 61 540 67 16.58 541.70 17.41 540.87
03-23 18.30 543 79 17.50 544.59 19.47 542 62
03-24 49.32 539.56 49.35 539.53 49 36 539.52
03-25 33.06 540 51 3300 540.57 33.04 540.53

NF = Not found, presumed to be destroyed

amsl = Above mean sea level.

btor = Below top of riser.
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).



TABLE 1-5

SUMMARY OF HISTORICAL CHEMICAL DATA
SWMU 03 -- OLD JEEP TRAIL/LITTLE SULPHUR CREEK

NSWC CRANE
CRANE, INDIANA
Maximum
Year of Primary Organic Concentration
Media Area Sampling Contaminants Detected Units | Source of Data
Soll oJT 1995 2,4-dinitrotoluene 76 mg/kg | TtNUS, 2001b
2,6-dinitrotoluene 4.0 mg/kg
HMX 2.31 mg/kg
RDX 2.07 mg/kg
ABG 1990-1993 2,4,6-tnnitrotoluene 2,030 ma/kg |
2 4-dinitrotoluene 11.6 mg/kg
2,6-dinitrotoluene 0.575 mg/kg
2-amino-4,6-dinitrotoluene 565 mg/kg
4-amino-2,6-dinitrotoluene 8.2 mg/kg |
1,3,5-trinitrobenzene 37.5 mg/kg
HMX 232 mg/kg
RDX 1,820 mg/kg
tetryl 0.7 mg/kg
Ground oJT 1994 1,1,1-tnchloroethane 1.0 ug/L TtNUS, 2001b )
Water 1,1,2,2-tetrachloroethane 2,100 ug/L
tnichioroethene 4,000 ug/L
cis-1,2-dichloroethene 1,000 ug/L
trans-1,2-dichloroethene 1.2 ug/L
HMX 134 ug/L
RDX 365 ug/L
ABG 1987-1998 1,2-dichloroethane 29 ug/L
trichloroethene 3,700 ug/L
cis-1,2-dichloroethene 120 ug/L
trans-1,2-dichloroethene 8.8 ug/L
vinyl chlonde 80 ug/L
2,4, 6-trinitrotoluene 0.54 ug/L
2,6-dinitrotoluene 094 ug/L
2-amino-4,6-dinitrotoluene 12 ug/L
4-amino-2,6-dinitrotoluene 19 ug/L
1,3,5-tninitrobenzene 67 ug/L
HMX 38 ug/L
RDX 190 ug/L
Spring A 1987-1995 tnchloroethene 0.6 ug/L TINUS, 2001b
2,4,6-trninitrotoluene 18 ug/L
2-amino-4,6-dinitrotoluene 2.1 ug/L
4-amino-2,6-dinitrotoluene 4.9 ug/L
HMX 31 ug/L
RDX 120 ug/L
Murphy and Wade,
Creek 1992 2 4-dinitrotoluene 9 ug/L 1998
Water HMX 45 ug/L
RDX 37 ug/L
Creek 1992 2,4 6-trinitrotoluene 1.13 mg/kg | TtNUS, 2001b
Sediment 2,4-dinitrotoluene 0.55 mg/kg
HMX 10.2 mg/kg
RDX 1.78 mg/kg
1,3,5-trinitrobenzene 0.2 mg/kg
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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 rolling 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 direction. 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.



FIGURE 1-3

SITE PHOTOGRAPHS (6-16-02)
SWMU 03 — OLD JEEP TRAIL/LITTLE SULPHUR CREEK
NSWC CRANE
CRANE, INDIANA
PAGE 4 OF 9

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 trailer 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 Sulphur Creek, showing a dry streambed just west
of the OJT’s former burn area and north of sediment sampling location 03SD10. 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 Little Sulphur Creek showing a dry streambed just
west of the trailers located at the OJT'’s former burn pit and near sediment sampling location 03SD11.
Metal debris was observed at this location.

Figure 1-3/ — Close-up of typical metal debris found in the dry streambed of Little Sulphur Creek, between
sediment sampling locations 03SD11 and 03SD12. Note that some of the pieces are fused as a result of
burning.
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. Figure 1-3n -Weir for measuring flow rate discharging from Spring A', 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 Sulphur Creek streambed just
downstream of Springs A and A', 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 03SG07). Numerous minnows
. were observed in the creek at this photo location.
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