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Preface

A Resource Conservation and Recovery Act Facility Investigation, Phase III
Soils Study was conducted at the Ammunition Burning Ground Site, Naval Sur-
face Warfare Center Crane (NSWCC), Indiana, by personnel of the Geotechni-
cal Laboratory (GL), U.S. Army Engineer Waterways Experiment Station
(WES), and the U.S. Army Engineer District, Wilmington (CESAW). The
field work was done in August 1993. The data reduction, draft report prepara-
tion, and final editing were conducted between September 1993 and July 1998.

The primary author of this report was Mr. Paul Albertson, WES. Contribu-
ting authors were Mr. Stephen Nohrstedt, Ms. Zainul Kidwai, Messrs. Phil
Payonk, and Frank Yelverton, CESAW, and Dr. James May, WES. Also con-
tributing to the report were Mses. Benita Abraham and Evelyn Villanueva,
and Mr. Bennie Washington, WES. Ms. Adrienne Wilson, Naval Facilities
Engineering Command, provided oversight, and Mr. James Hunsicker,
NSWCC, Manager of the Environmental Protection Department at Crane, and
Mr. Tom Brent, NSWCC, managed the project. Mr. William Murphy was the
Principal Investigator, and Dr. May was the Program Manager for WES.

At the time the work was conducted English units were used, and a metric
conversion table is provided.

This study was performed in the Geotechnical Laboratory, WES, under the
supervision of Dr. A. G. Franklin, former Chief Earthquake Engineering and
Geosciences Division (EEGD), Dr. Lillian Wakeley, acting Chief, EEGD, and
Dr. W. F. Marcuson III, Director.

At the time of publication of this report, Dr. Robert W. Whalin was the
Director, and COL Robin R. Cababa, EN, was the Commander of WES.

The contents of this report are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.




Executive Summary

To fulfill the Corrective Action Requirements of its Resource Conservation
and Recovery Act (RCRA) Storage Permit, the Naval Surface Warfare Center
Crane (NSWC Crane) has conducted an RCRA Facility Investigation (RFI)
Part 2, Phase III Soils Study for the Ammunition Burning Ground (ABG), solid
waste management unit (SWMU) 03/10. The ABG is located in a stream val-
ley and covers approximately 20 acres. It is located in the NW 1/4 of Sec-
tion 28 and the SW 1/4 of Section 21, TSN, R3W. Access to the ABG is by
facility Road H463 off Highway 58.

* Thirty-three surface (grab) soil samples were collected and thirty-two soil
borings were made in August 1993 to determine the extent of soil contaminants
identified in the Part 1 RFI Phase III soils investigation. The soil samples were
analyzed for contaminants of concern including volatile organics, polycyclic
aromatic hydrocarbons (PAHs), explosives, and inorganics, principally metals.

The soils analyses indicated that ABG waste disposal activities have contrib-
uted residues of explosives compounds and metal contaminants to the soils.
PAHs and VOAs were also released, but in concentrations that were generally
below 1 mg/kg (ppm). The explosives HMX, RDX, TNB, TNT, 2,4-DNT,
2,6-DNT, 2A-DNT, and 4A-DNT were detected. Explosives with highest
concentration were HMX, RDX, and TNT. Several metals and inorganic con-
stituents in ABG soils had consistently higher concentrations than nearby back-
ground soils. In some cases the concentrations of metals and inorganics were
100 times the background which suggested the release of these constituents to
ABG soils. Constituents that were greater than 100 times background included
cadmium, calcium, copper, lead, zinc, and tin.

The extent of contaminated soils at the ABG was estimated. For this deline-
ation, contamination was defined as soils with one or more of the following
conditions: cadmium concentrations greater than 10 mg/kg; lead concentra-
tions greater than 500 mg/kg, or total explosives (sum of all explosives
detected) greater than 10 mg/kg. For the surface soils data (0 to 30 in. deep),
the area of contamination is about 10.98 acres. For the deeper soils (30 to
90 in. deep), the area of contamination is about 1.99 acres. The extent of
contamination in surface soils (< 30 in. below ground surface) was greater
than that for the deeper soils.

vii




The results of this Part 2, RFI Phase III Soils study should be coordinated
with appropriate State and Federal regulatory agencies.
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ABG
ALG
CAAA
CAP
CAR
CERCLA

CMS
DNT
DQCR
HMX
IAS
IDEM
IDW
IRP
mg/kg
msl
NACIP
NCP
NEESA
NSWC
PAH
PCB
PEP
PPDDE
PPDDT
ppm
RCRA/HSWA

RD/RA
RDX
RFA

Acronyms and Abbreviations

Ammunition Burning Ground

Analytical Laboratory Group

Crane Army Ammunition Activity

Corrective Action Programs

Corrective Action Requirements

Comprehensive Environmental Response, Compensation
and Liability Act of 1980

Corrective Measure Study

dinitrotoluene

Daily Quality Control Report
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine

Initial Assessment Study

Indiana Department of Environmental Management
Investigation-Derived Waste

Installation Restoration Program

milligrams per kilogram

mean sea level

Navy Assessment and Control of Installation Pollutants
National Oil and Hazardous Substances Contingency Plan
Naval Energy & Environmental Support Activity
Crane Naval Surface Warfare Center Crane
polycyclic aromatic hydrocarbons

polychlorinated biphenyl

Pyrotechnics, Explosives, and Propellants

para, para’ DDE (a pesticide)

para, para’ DDT (a pesticide)

parts per million

Resource Conservation and Recovery Act/Hazardous and
Solid Waste Amendments

Remedial Design/Remedial Action
Hexahydro-1,3,5 trinito-1,3,5-triazine
RCRA Facility Assessment




RFI

RI/FS

SARA
SWMU

TCE

TNB

TNT

TSD
USACE
USACESAW
USACEWES

USEPA
USCS
VOA

RCRA Facility Investigation

Remedial Investigation/Feasibility Study

Superfund Amendments and Reauthorization Act

Solid Waste Management Unit

trichloroethylene

trinitrobenzene

2,4,6-trinitrotoluene

Treatment, Storage, or Disposal Facility

United States Army Corps of Engineers

United States Army Corps of Engineers Wilmington District

United States Army Corps of Engineers Waterways
Experiment Station

United States Environmental Protection Agency
Unified Soil Classification System

Volatile Organic Compound Analysis




Conversion Factors,
Non-Sl to Si
Units of Measurement

~

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By J To Obtain

acres 4,046.873 ] square meters

feet 0.3048 meters

feet per mile 0.1893935 meteqs per kilometer
inches 2.54 centimeters

miles (U.S. statute) 1.609347 — kilometers




Chapter 1

1 Introduction

Objectives of the Investigation

RFI Phase III Investigations are release characterization studies. The pur-
pose of the RFI is to collect data necessary to characterize the site for evaluat-
ing and developing effective remedial alternatives. The objectives of this
investigation are:

a. Determine the nature and extent of soil contamination.

b. Gather necessary data to support the corrective measure study (CMS).

Site Location and Description

The Naval Surface Warfare Center, Crane (NSWC Crane) is located in
Indiana approximately 40 miles southwest of Bloomington and 74 miles south
of Indianapolis (Figure 1). NSWC Crane covers approximately 62,463 acres
or roughly 100 square miles in Davies, Greene, and Martin Counties of Indi-
ana. The Ammunition Burning Ground (ABG) occupies approximately
20 acres. It is located in the NW 1/4 of Section 28 and the SW 1/4 of Sec-
tion 21, T5N, R3W. Access to the ABG is by facility Road H463 off High-
way 58 (Figure 2).

Facility History

The facility, originally called Naval Ammunition Depot (NAD), Burns City,
was opened in 1941 to serve as an inland ammunition production and storage
center. The Depot’s name was changed to NAD, Crane in 1943. The name
was changed again in 1975 to Naval Weapons Support Center, Crane. The
name was changed again in 1992 to Naval Surface Warfare Center, Crane.
Today Naval Surface Warfare Center, Crane’s mission is to “Provide quality
and responsive engineering, technical and material support to the Fleet for
combat subsystems, equipment and components, microelectronics technology,

Introduction
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microwave components, electronic warfare, acoustic sensors tests, engineering,
pyrotechnics, small arms, electronic module test and systems command.”
Under the Single Service Management Program, a segment of the Center’s
mission is to provide support (including environmental protection) to the Crane
Army Ammunition Activity (CAAA). The Army is tasked with the production
and renovation of conventional ammunition and related items, the performance
of manufacturing, engineering, and product quality assurance to support pro-
duction; and the storage, shipment, demilitarization, and disposal of conven-
tional ammunition and related components. Because of the nature of the
Army’s operations, CAAA contributes significant financial support for the
environmental program through an Interservice Support Agreement.

All environmental activities on the installation, including permitting activi-
ties, remain the responsibility of the Navy. The Navy has applied to Region V
of the United States Environmental Protection Agency (USEPA) for a Resource
Conservation and Recovery Act (RCRA) permit for thermal treatment (open
burning/open detonation) of pyrotechnics, explosives, and propellants (PEP) at
the ABG Subpart X unit.

Site Setting

Ordnance and ordnance-contaminated materials from NSWC Crane produc--
tion areas have been taken to the ABG for treatment by burning since the
1940's. The ABG is used extensively for destroying unwanted materials con-
taminated with explosives, bare explosives, rocket motors, candles, flares,
solvent, detonators, and fuse materials. Several separate burning areas are
located within the site proper. The largest quantities of materials were
destroyed from 1956 to 1960, when 15,000 Ib per day of smokeless powder
was destroyed. In the same period, about 46,000 Ib per day of high explosives
were burned. The area is also used for flashing the residue from bombs and
projectiles after they have been subjected to melt out or drill out operations for
removal of the bulk of the explosive.

The locations of the various open burning/thermal treatment units are shown
in Figure 3. Three surface impoundments were constructed in 1975 to remove
liquids from otherwise combustible sludge resulting from the blending and
loading of munitions. The impoundments were modified in 1982 to include a
liner and leachate collection system for each. The impoundments have been
replaced by the sludge burn pads (area 1 of Figure 3) and are under closure.
Surface burning of ordnance was formerly conducted on the ground surface,
but burning pans are now used to prevent contact of burn products with the
ground. Typically, bulk propellants or other energetic materials are poured
into the burning pans to a few inches in depth, primed, and remotely initiated.
Examples of these items are:

a. Bulk propellant and high explosives, which are burned (thermally
treated) in clay-lined steel pans. Twenty pans are set up for this

Chapter 1
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operation. Two of the pans are specifically set aside for the burning of
production scrap.

b. PEP (pyrotechnics, explosives, and propellants)-contaminated solvent
and liquids burned in one unlined steel pan.

¢. Waste bulk pyrotechnics burned in one unlined steel pan.

d. Waste red phosphorous burned in unlined steel pans. Currently, four
pans are set up for this operation.

e. Desensitized black powder (powder that has been stabilized in water) is
burned in an unlined steel pan. There is one pan set up for this
operation. :

The primer pit, incendiary cage and burn box are used for thermal treatment of
ammunition components (e.g., small impact-sensitive primers) and pyrotechnic

. munitions.

The area labeled “Ash Pile” is the site of a former stockpile of burn residue
which has been removed under a RCRA closure plan (Figure 3).

Chapter 1
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2 Study History

Regulatory Status

Under the authority of RCRA as amended by Hazardous and Solid Waste
Amendments (HSWA), a hazardous waste treatment, storage, and disposal
facility must be permitted by the USEPA. In December 1989, NSWC Crane
was issued a storage permit. A RCRA Facility Assessment (RFA) for the
NSWC Crane Facility was completed. The ABG was designated a Solid Waste
Management Unit (SWMU). The Corrective Action Requirements (CAR)
were negotiated between the Navy and the USEPA Region V. As part of the
CAR, the NSWC Crane is to conduct a RFI at its SWMUs. An RFI is a three-
part study, consisting of a Phase I, Environmental Monitoring Report; a
Phase II, Release Assessment; and a Phase III, Release Characterization Study.
Phase I and Phase II have been completed. The RFI Phase III Soil Study was
divided into two parts. The U.S. Army Corps of Engineers Waterways Exper-
iment Station (USACEWES) conducted the Part 1 Study. A Draft Report was
prepared in November 1992. The Part 2 Study was conducted in August 1993
by the U.S. Army Corps of Engineers, Wilmington District (USACESAW).
The results of the Part 2 Study are presented in this report.

Crane’s USEPA Permit as of July 1995 stipulates the following: “The
R-150 Tank, and the Waste Pile and Surface Impoundment Units at the Ammu-
nition Burning Grounds are RCRA regulated units that are subject to 40 CFR
Part 265, Subpart G closure requirements. Closure plans have been submitted
to the State and some closure activities have been performed. It is apparent at
these units that contamination in the area may not be distinguishable between
the regulated units and the SWMU under or around them. Therefore, for the
purposes of consistent remedial investigations, the Permittee shall perform one
corrective action investigation at these units that will allow for compliance with
both the closure and the Corrective Action requirements. This will allow for
one investigation for soil and ground water at these units, instead of two sepa-
rate regulatory investigations for the same media. The RFI Work Plans have
been submitted for these units, and the Permittee shall continue to define the
rate and extent of contamination, perform a risk assessment, evaluate Correc-
tive Measures, and provide Corrective Measures Implementation at these
units... It is the intent of this permit to avoid duplication of effort at these
units, and to have one monitoring and Corrective Action program to serve both
State and Federal requirements of protection...”

Chapter 2 Study History



Previous Studies

A sequence of remedial investigations and remedial actions has been per-
formed at the NSWC Crane. Investigations began at the NSWC Crane after
the initial discovery in early 1981 of a potential hazardous substance release
from the Center. The investigations have proceeded since 1981 and continue at
the time of this writing. In April 1981, the U.S. Navy implemented the Navy
Assessment and Control of Installation Pollutants (NACIP) Program, now
known as the Installation Restoration Program (IRP), to identify and control
environmental contamination from past use and treatment of hazardous sub-
stances at the NSWC Crane. The IRP program is designed to conform to the
scope and purposes of the National Oil and Hazardous Substances Contingency
Plan (NCP) established by the Comprehensive Environmental Response, Com-
pensation and Liability Act (CERCLA) of 1980, and amended by the Super-
fund Amendments and Reauthorization Act (SARA) of 1986. The IRP consists
of five major steps; (a) Preliminary Assessment (formerly 1AS), (b) Site
Inspection (formerly Confirmation Study), (c) Remedial Investigation/
Feasibility Study (RI/FS), and (d) Remedial Design/Remedial Action
(RD/RA).

An Initial Assessment Study (IAS) for the NSWC Crane began in April
1981 and was completed in May 1983 by the Naval Energy and Environmental
Support Agency (NEESA). Assistance was provided by the Ordnance and
Environmental Support Agency and the USACEWES. The IAS recommended
site inspections be performed at 14 sites: Nine ordnance sites and five non-
ordnance sites. The IAS identified the ABG as a site requiring investigation
because of past hazardous waste treatment. The ongoing hazardous waste
management operations at the ABG also mandated compliance with Subtitle C
of the RCRA. On 19 May 1980, the USEPA finalized Phase I of the RCRA
hazardous waste regulatory program, which became effective 19 November
1980. By this date, the NSWC Crane had to comply with the codified regula-
tory sections of the RCRA. In October 1980 the NSWC Crane filed a RCRA
Section 3010 notification and a Part A permit application to operate as a treat-
ment, storage, or disposal (TSD) facility. The NSWC Crane was qualified for
and obtained Part A “interim status,” which allowed the facility to legally
operate as though it had a permit. The ABG then became subject to 40 CFR
Part 265 (interim status standards). Part 265 (as well as Parts 260 through
280) is divided into subparts that address the general operating requirements
for hazardous waste management facilities and the technical standards applica-
ble to specific units.

In August 1981 the NSWC Crane notified the USEPA of four surface
impoundments (dewatering beds) at the ABG and one waste impoundment. A
groundwater monitoring program was required at the ABG pursuant to
(a) 40 CFR Part 265-Subpart F and (b) the IRP. The groundwater monitoring
program began at the NSWC Crane in 1981. Through a Military Interservice
Procurement Request, the Navy contracted the USACEWES to conduct hydro-
geologic investigations at ten sites, eight identified in the IAS and two new
sites. The work was performed under authority provided by NAVCOMPT
Document Number N00164-IMP-04575, dated June 1981 and amended

Chapter 2 Study History




October 1981. The USACEWES-installed monitoring wells from August 1981
to December 1981 at the ABG and provided a report in April 1982 (Dunbar
1982). Results of the monitoring program suggested the presence of ground-
water contamination at the ABG. Pursuant to 40 CFR 265 Subpart F,
USACEWES performed six studies at selected sites from June to October
1983. The ABG was one of the sites. The final report for the 1983-84 studies
at the ABG was provided in April 1984 (Dunbar 1984).

The HSWA of RCRA established corrective action programs (CAP), Sec-
tion 3004, at TSD facilities. The provision required the NSWC Crane to
address past releases of hazardous waste or hazardous constituents at SWMU’s
and regulated units. The first step of the CAP required the NSWC Crane to
submit a Hazardous Waste Management Report (known as the SWMU report)
to the USEPA. The SWMU report listed the ABG and all of the IAS-identified
hazardous waste sites as SWMU'’s and was submitted to the USEPA in Janu-
ary 1985. The next step of the CAP, a RFA, was conducted by A. T. Kear-
ney, a USEPA contractor. The contractor conducted a file search of the
facility and a site visitation and prepared a report in 1987 which characterized
possible releases from 100 SWMU’s. On 22 June 1987 the USEPA promul-
gated amendments to allow the information related to detailed corrective action
planning to be developed by USEPA Regional Administrators after the issuance
of a RCRA permit through the use of compliance schedules included in the
permit.

A hydrogeological investigation of the ABG and surrounding area was con-
ducted by the USACEWES in 1986-87. The Hunt (1988) report identified
factors influencing or controlling the flow of potentially contaminated ground-
water into and out of the ABG. Work included emplacement of 66 exploration
borings and monitoring wells in three aquifers, geologic and hydrologic field
mapping, literature survey and consultation with geologists at the Indiana Geo-
logical Survey, Bloomington. The study area included the area surrounding the
ABG, especially that to the south.

The Hunt (1988) hydrogeological investigation and report are partial fulfill-
ment of the (a) Ground Water Assessment Plan, Ammunition Burning Grounds
Hazardous Waste Treatment Site, NWSC, (May, 1986); (b) the 1989 USEPA
RCRA Part B Permit’s CAP; and (c) the RI phase of the IRP at the ABG. The
report by Hunt (1988) concluded that flow through solution passages in the
Beech Creek limestone is the primary conduit for groundwater leaving the
ABG and that flow through the conduits can be “rapid.” The report recom-
mended that increased emphasis be given to monitoring of springs and that
injection of tracers (i.e., dye tracer test) be considered to confirm direction and
rate of movement away from the ABG through solution conduits.

On 3 April 1989, the Navy submitted three documents to the USEPA
Region V: (a) an updated Groundwater Assessment Plan for the ABG; (b) a
Dye Tracer Test Proposal and (c) the Hunt (1988) ABG hydrogeologic inves-
tigation. Technical review comments, dated 22 June 1989, were submitted by
the USEPA Region V to the NSWC Crane for the three documents. After dis-
cussions in a May 1989 meeting between the USEPA, USACEWES, and the
Navy, the USACEWES installed five additional monitoring wells (July and
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August 1989) in the vicinity of the ABG. As requested by the USEPA comm-
ents, the Dye Tracer Test proposal was rewritten and submitted to the USEPA
in July 1989.

Final approval of the Dye Tracer Test Proposal and the Hunt (1988) report
were established in the Federal portion of the joint RCRA storage permit issued
to the U.S. Navy by the USEPA and the State of Indiana. The Federal portion
of the RCRA Permit, dated 20 December 1989, established the HSWA Correc-
tive Action Requirements and Compliance Schedules (RCRA Section 3004).
The compliance schedules obligated the NSWC Crane to perform RCRA Facil-
ity Investigations (RFI) at 30 SWMU’s, and, if contamination were found, to
conduct Corrective Measures Studies (CMS) and implement Corrective Mea-
sures, if needed. The State of Indiana obtained pre-HSWA authorization and
issued the State portion of the permit which authorized the NSWC Crane to
operate the Central Hazardous Waste Storage Facility, Building No. 2993.

The Permit’s RFI compliance schedule for the ABG established work plan
submittals for the following: (a) Modified RFI Phase III Release Characteriza-
tion for Groundwater; (b) RFI Phase III Release Characterization for Soil; and
(c) RFI Phase II Release Assessment for Surface Water Bodies. In April 1990,
the NSWC Crane submitted the Modified RFI Phase III Release Characteriza-
tion Work Plan for Groundwater. The Work Plan scheduled the submittal of
the Dye Tracer Report, the proposal to conduct a second Dye Tracer Test,
progress reports, and the RFI Phase III Final Report for Groundwater. The
RCRA Section 3004 Corrective Action Requirements of the Storage Permit
have incorporated the IRP. RCRA will be the primary vehicle to further inves-
tigate and remediate the IRP sites. The NSWC Crane is also pursuing a
USEPA, RCRA operating permit for thermal treatment (open burning/open
detonation) of pyrotechnics, explosives, and propellants (PEP) at the following
Subpart X units: the ABG, the Demolition Area, and the Old Rifle Range,
which are also considered SWMU'’s.

As a part of the water sampling and chemical analysis program initiated by
NSWC Crane in 1987, laboratory analysis and laboratory Quality Assurance
(QA) and Quality Control (QC) data have been reported to NSWC Crane in a
series of reports. The information from these reports formed the basis of a
summary report, dated 1 April 1992, and prepared under contract by
COMARCO, ESD of Bloomfield, Indiana. The groundwater was tested for a
wide range of chemical parameters at various limits during the program.

These parameters are discussed in 40 CFR (7-1-89) in sections 265.92, 265.93,
and 265.94 Appendix III. (COMARCO 1992.)

The following summary information is taken directly from the COMARCO
summary report (shown in italics). Wells placed prior to 1986 were not
included in this report.

Water samples were collected from 40 wells and tested for a range of chemi-
cals and properties. The four indicator parameters utilized by the USEPA, pH,
specific conductance, total organic halogens, and total organic carbon were
collected during all sampling periods in replicates. The 23 chemicals identified
by the USEPA, and having national drinking water standards, were also tested,
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as were six chemicals defining water quality. Tests for three explosives and
three volatiles were also conducted from the earliest sampling period.

The data documents the presence of RDX, an explosive, in the water col-
lected from a group of wells centered on a line running NW/SE through the
center of the ABG. Chlorinated hydrocarbons, primarily trichloroethylene, are
also present under the ABG and some of the adjacent area. The major concen-
trations are along the same NW/SE line. Significant quantities were also
detected north of the ABG on the before-mentioned NW/SE line. Another sig-
nificant concentration is at the western corner of the ABG. Barium is also
present in significant quantities, although values do not approach the drinking
water standards. The wells with major contaminants coincide with the major
underground water flow detailed in the Hunt reports.

The following wells (Table 1 and Figures 4, 5 and 6) exhibited values for 3
or more sampling periods which were different from the ambient levels found to
exist regionally:

Table 1 II
|

|

Wells Above Ambient Levels :

Chemical Contaminant/Water Parameter Wells

pH (1) 03-C20, 03-C29, 03-C30 .
TOX {4) 03-C11, 03-C20, 03-C3P2, 03-C9P2
Barium (22) ‘ 03-C12, 03-C2P2, 03-C8P2, 03-C30, 03-
C31, 03-81, 03-B2, 03-B3, 03-B6
Nitrate-N (28) 03-C8P2
Iron (9) 03-C/P2 (
Mg (47) 03-83, 03-84
RDX (15] 03-C20, 03-C3P2, 03-C8FP2, 03-C9P2 .
TCE (18) 03-C11, 03-C13, 03-C14, 03-C15, 03-
C3P2, 03-C3P8, 03-C9P2 . :

Many wells exhibited values different from background levels for 1 or 2 sam-
pling periods for the following chemical parameters: cadmium; lead (5 wells);
selenium (4 wells); chloride (4 wells); HMX, DNB, and BIS.

The wells that had groundwater which provided significant amounts of man-
made chemicals are centered in the ABG along a northwest/southeast line.
Two wells outside the ABG, 03-C13 and 03-C31, also produced samples that
had significant amounts of man-made chemicals. Trichloroethylene was
present in samples from a number of wells throughout the ABG. Well 03-C9P2
has consistently high values and 03-C11 has extremely high values.

RDX, an explosive, was present in the water samples of a group of wells
exiting through the ABG on a northwest/southeast line. Hunt’s report details
the geology of the area and indicates that the maximum water flow in the Beech
Creek aquifer occurs along the general line of these wells. This water flows
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into the area of solution passages and caverns in the southeast portion of the
ABG.

Nitrate values over the drinking water standard were obtained from
wells 03-C9P2 and 03-C8P2. Well 03-C8P2, which has high values for four
sampling periods, is adjacent to the former location of the ash pile. This mate-
rial has been removed. It was the probable source of the high nitrate values.

Murphy (1994) provided additional analyses of the groundwater data per-
taining to RDX, TCE and barium in the Final RFI Phase III Groundwater
Report for the ABG. Murphy concluded that four monitoring well sites within
the ABG were notably higher in RDX and/or TCE than other wells.

To investigate background conditions and to characterize the source(s) of
contamination in the soils, a RFI Phase III Part 1 soils investigation was con-
ducted by USACEWES in 1990. Twelve auger borings (03/10-1-90 through
03/10-12-90) were placed and soil samples were collected. Chemical analysis
of the soil samples indicated contamination by explosives and metals as dis-
cussed in Chapter 1 of the RFI Phase III Part 1 Report.

Murphy and Wade (1994) conducted a Phase II Surface Water Assessment
at the ABG and submitted a Draft report. The report concluded that explo-
sives, metals, other inorganics, and certain volatile and semivolatile com-
pounds have been released to the water and bottom sediments of streams at and
below the ABG.

Reports describing the previous studies at the ABG, listed in chronological
order, are (see References for full citations): Dunbar 1982; Naval Energy and
Environmental Support Activity 1983; Dunbar 1984; May 1986; Woods 1986;
Hazardous Material Technical Center 1986; Hunt 1988; Murphy and Ciocco
1990; Comarco 1992; U.S. Army Engineer Waterways Experiment Station
1992; U.S. Army Corps of Engineers, Wilmington District 1993; Murphy and
Wade 1994; Murphy 1994. ‘
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3 Physical Characteristics of
the Study Area

Physiography

Much of the NSWC Crane is covered by forest. Its surface topography is a
rugged plateau dissected by well-defined stream valleys. The surface eleva-
tions range from 470 ft mean sea level (msl) in the valleys to 800 ft msl on the
ridges. The ABG is located within the Crawford Upland, a rugged, dissected
plateau formed by differential erosion of Pennsylvanian and Mississippian sedi-
mentary rocks. The site lies in the valley formed by Little Sulfur Creek. Sur-
face drainage into and from the ABG is via this creek, which flows from the
north to the southeast through the center of the ABG (Figure 2). A small tribu-
tary drainage way joins Little Sulfur Creek near the center of the site from the
west-southwest.

Geology

The rock units underlying the operations area of the ABG consist of lime-
stone, shale, and sandstone of the Mississippian aged Stephensport Group (Fig-
ure 6). Most of the ABG is situated in the dissected alluvial valley of Little
Sulfur Creek. The surrounding hills are formed by shale and sandstone of the
Pennsylvanian aged Raccoon Creek Group. The unconsolidated sediments of
the ABG site are composed of residual soils formed by weathering of the
underlying parent rock, alluvium, colluvium derived from the hill slopes, and
modified soil, which is soil reworked by man. Modified soils are associated
with the ABG operations. "

The geology of the ABG was characterized with data from groundwater
monitoring wells, auger soil borings and valley floor (VF) soil borings (Dunbar
1982 and 1984, Woods 1986, Hunt 1988, and Draft Part 1 RFI Phase III Soils
Report 1992). The locations of the geologic sections are shown in Figure 7.
Geologic sections A-A’ and B-B’ (Figures 8 and 9, respectively) are adapted
from Hunt (1988). Descriptions of the sections and the drilling logs were pre-
sented in the Hunt (1988) report. The stratigraphic assignment of the sand-
stone units underlying the site has been changed from Hardinsburg (Dunbar
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1982) to Big Clifty Formation, following Hunt (1988). Geologic sec-
tions C-C’, D-D’, E-E’, and F-F’ (Figures 10, 11, and 12, respectively) were
constructed from data from the 1990 soil auger borings. Collectively, the sec-
tions portray the soil and rock stratigraphic relationships at the ABG.

Soils

The soil thickness at the ABG ranges from O to approximately 18 ft. The
variability of soil thickness is apparent in Figure 13. The soil types that com-
pose the ABG site are predominately silt (Unified Soil Classification System, or
USCS, ML) and clays (CH) with lesser amounts of sand and gravel. Figure 14
explains the USCS symbology. The thicker sections of soil are alluvial and
colluvial filling of the Little Sulfur Creek Valley. The thickest soils correspond
to the areas of deepest incisions into the rock. Prior to and during fluvial inci-
sion, a residual soil formed from the weathering of parent rock material. Rem-
nants of the residual soil make up a portion of the soil stratigraphic sequence.

The alluvial and colluvial soil zones of the ABG are delineated on the geo-
logic sections (Figures 8, 9, 10, 11 and 12). An anthropogenic soil unit is
identified on the geologic cross sections as “modified.” “Anthropogenic”
describes soils that have been modified by human activity, such as that associ-
ated with burning ground activity. The modified soil is chiefly colluvium and
alluvium with cultural debris. The modified soil is shown on the cross sections
as a continuous unit. Review of the ABG’s history indicates that the modified
soil has been reworked to a depth of two to three feet.

Hydrogeology

Previous studies have indicated that groundwater in the ABG study area
occurs primarily in three rock aquifers: the uppermost or Golconda/Haney
limestone, the middle or Big Clifty sandstone/Beech Creek limestone, and the
lower or Beaver Bend limestone (Hunt 1988 and Murphy 1994). Groundwater
migrates from the ABG principally through solution-widened channels in the
Beech Creek limestone, a poorly developed karst with negligible surface
expression. A thick shale at the base of the Beech Creek limestone dispenses
the groundwater laterally down-gradient. Groundwater elevations range from
about 558 ft msl in the central and northwest part to 542 ft msl in the southeast
part of the ABG. The piezometric surface is about 40 to 50 ft below ground
surface in the central part of the ABG. Groundwater flow in the Big Clifty/
Beech Creek aquifer is primarily to the south and southeast.

The soil is relatively impermeable with most rainfall exiting the site as sur-
face runoff except in the channel of Little Sulphur Creek, where the Big Clifty
is exposed and infiltration can occur. Vertical infiltration occurs in Little Sul-
phur Creek below about the center of the ABG site, since the alluvium is per-
meable. Groundwater moves downward through the soil by vertical
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infiltration, then laterally along the soil/rock interface until it reaches the
fractured rock where the ground water enters the aquifer system.
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4 Site Investigation

Field Work -

Approach

The Part 2 Phase III investigation was a release characterization. Sampling
locations in the Part 2 study were selected to determine the extent of the release
and to evaluate its vertical and lateral distribution. To delineate the soil con-
tamination, the ABG was divided up into acre blocks (Figure 15). Three basic
criteria were used to locate the soil borings and surface sampling points in the
acre grid system. First, the sampling locations were selected with a bias
toward areas having the greatest probability of contamination. Based on the
results of the previous investigation (Phase III Part 1 Soils) an area of probable
contamination was identified. Emphasis was on placing more borings and sur-
face sampling points in that area. Secondly, the sampling locations were
placed in the vicinity of the areas identified as waste generating areas such as
burn pads, surface impoundments, and primer burn box. The third criterion
used in placing sampling locations was based on the results of the ABG
groundwater study (Murphy 1994). Several monitoring wells indicated high
concentration of TCE, RDX, and barium.

Although a total of 38 soil borings, which included three background bor-
ings, were proposed, only 32 borings were drilled. Six borings were canceled
because of the inaccessibility of those locations. A total of 33 surface soil sam-
ples were collected during this investigation. The boring and surface sampling
point locations are shown in Figure 15. Each sample point is numbered using
elements which include: SWMU number, sample point, year of sampling, and
sample number. Sample point numbers 1 through 38 were assigned to subsur-
face borings. Numbers 39 through 71 were assigned to surface sample points.
For example, the first boring in the Part 2 investigation is SWMU 03/
10-1-93-1 and the first surface sample is SWMU 03/10-39-93-1.

Survey and geophysical investigation

To make the sampling efforts as efficient as possible all sample locations
were surveyed and marked with stakes and flags prior to the sampling.
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A hand held magnetometer geophysical survey was performed to ensure the
safe entry of personnel and equipment into each of the sampling sites. The
areas where geophysical surveys were conducted include all the burn pads and
the areas where soil borings and surface sampling points were located.

Surface soil sampling

The 33 surface soil sampling locations are shown in Figure 15. Sod and top
soil were removed to a depth of approximately 6 in. below the ground surface.
A sample from the interval 6 in. to 18 in. was then taken with precleaned stain-
less sampling trowel or scoop. The sample jar was then sealed. Following
collection, soil samples were placed in locked ice chests (coolers) for storage at
a temperature of 4 C° Chemical preservatives were not used. The coolers
containing the samples with their accompanying chain of custody forms were
transported to the analytical lab for analysis. Transport was by air freight with
an overnight carrier service. A seal was placed on each cooler to ensure that
the samples had not been disturbed during transport to the laboratory.

Soil borings and subsurface soil sampling

Thirty-two soil borings were placed using a truck mounted drilling rig. The
boring locations are shown in Figure 15. Samples were taken at specified
depths (0 in. to 30 in., 30 in. to 60 in., 60 in. to 90 in.) and/or at refusal. A
standard-sized splitspoon sampler was used to collect the soil samples. The
sampler was advanced through a hollow stem auger. At the surface, the sam-
pler was opened and the sample was extracted, peeled, and bottled. Peeling is
the process that removes the portion of the sample that is in direct contact with
the sampler. The ends of the sample were not used. Samples were extruded
into wide-mouth glass jars with minimal disturbance. Stainless steel tools were
used to place the peeled samples into the containers. The sample jars were
then sealed. Following collection, soil samples were stored and delivered as
explained above. Following sample collection, the hole was backfilled using a
cement-bentonite mixture.

To ensure that the soil samples would be representative of the site condi-
tions, a QA/QC program was enforced. Field blanks, trip blanks, equipment
rinsates, and duplicates were collected. Drilling and sampling equipment was
decontaminated between sampling locations. Sample documentation proce-
dures as outlined in the workplan were enforced. They included completion of
Daily Quality Control Report (DQCR), field log book, sample labels, and
chain of custody forms.
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Laboratory Analyses

Physical analyses of soil samples

Soil samples from the auger borings were classified in the field according to
the USCS. Selected soil samples were analyzed later in the laboratory.

Soil samples were characterized in the laboratory using standard U.S. Army
Corps of Engineers geotechnical methods. These methods are defined in OCE,
EM 1110-2-1906 (1970). The classification consists of a visual classification
and a'sieve and hydrometer analysis to determine grain size distribution of the
samples. The sieve analysis determined the gradation of grain sizes ranging
from the number 3 sieve to the number 200 sieve. The hydrometer analysis
determined the percentage of silt and clay size particles in the sample.

Chemical analyses

Soil samples were analyzed for explosives, polycyclic (polynuclear) aro-
matic hydrocarbons (PAHs), volatile organic compounds, and metals. A list of
the target analytes and the methods of analysis is presented in Table A1. The
decision to select certain chemical compounds for analysis was based on the
results of the Part 1 RFI Phase III Soils study (U.S. Army Engineer Waterways
Experiment Station 1992), which characterized contaminants in the ABG soils.
Results of previous studies of the ABG area were summarized and listed in
Chapter 2. The chemical composition of munitions likely burned at the ABG is
provided in Table A2.

Chemical data quality control

A quality control program was enforced to ensure that the soil samples and
the resultant chemical data represented the site conditions, that sources of
extraneous contamination were determined, and that decisions based on chemi-
cal data were meaningful and supported.

Validity of the data is dependent on the level of quality control needed for
the study. For this Part 2 RFI Phase III Soils Study, Ammunition Burning
Ground, SWMU #03/10, a NEESA Level C, EPA Level 4 equivalent, Quality
Control (QC) program was used. Other quality parameters used were analyti-
cal method-dependent and are described in USEPA 1986.

The data validation program began with the Part 2 RFI Phase III Soils Work
Plan (U.S. Army Corps of Engineers, Wilmington District 1993). The work
plan documented the objectives for the soils study and the procedures that
would be used to meet those objectives. The data validation program continued
in the field with chain of custody procedures and sample isolation and preser-
vation. The tracking procedures were continued in the laboratory. A complete
laboratory QA/QC plan was followed. Document management was started
upon the receipt of the samples. Log books, bench sheets, and reports were
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kept. All data were checked by the analyst, the inorganic-team leader or the
organic-team leader, and the laboratory Chief before the data was released.
The data were checked for completeness. The completeness check was to
ensure that: (1) all samples and analyses were processed, (2) complete records
including chain of custody for each analysis and associated QC samples were
used, (3) procedures specified in project planning were followed, and (4) all
required calibrations were performed. In addition to completeness, the follow-
ing items were also checked:

a. Duplicate values for precision.

b. Recovery of spikes for accuracy.

¢. Method blanks for contamination.

d. Surrogate recoveries for organic analyses.

e. Data for quality assurance check samples.

/. Reasonableness and trends.

If data fell outside acceptable limits as described in the analytical methods pro-
cedures, the sample was rerun if the required amount of sample was available.
If the results continued to fall outside acceptable limits and the QA check
sample data were good, then data were reported with qualifying explanations.
Criteria for acceptable data were usually defined by the specific procedural
method (i.e., SW-846).

The final data reports went through several review and approval levels.
The data was finally checked for validity. The data was evaluated with respect
to:

a. Detection limits.

b. Control limits for duplicates, matrix spikes, blanks, and surrogates.

¢. Data control within control limits and corrective actions.

d. Flagging consistently out of control data.

A Chemical Data Quality Validation Report was prepared as a step in the data
evaluation process and is contained in Appendix E.
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5 Results of Investigation

Physical Characteristics of Soils

The depth of soil samples collected during the Part 2 Phase III investiga-
tions ranged from 0.5 to 10.0 ft below ground (Figure 16). The borings were
terminated at refusal. Boring logs are presented in Appendix B and physical
analysis data of soil samples is presented in Appendix C. Evaluation of boring
logs and the results of the physical analysis of the soil samples indicate that
soils from O in. to 30 in. depth are predominately inorganic sandy silts and
clays (USCS ML-CL). The soils-from 30 in. to 90 in. depth are composed of
inorganic sandy silts, clays (USCS ML-CL) and fat clays (USCS CH) with
lesser amounts of sand and gravel. The surface clays and silts contain roots
and natural organic debris. The clay (USCS CH) represents the residual soil, a
weathering product of the shale and limestone. Residual soils are also found as
clay (USCS CL) with scattered sandstone fragments. A review of the site
history indicates that the soil at the site has been reworked to a depth of two to
three feet. ‘

Chemical Analyses of Surface Soils

Introduction

Thirty-three surface soil grab samples were taken between August 10 and
August 19, 1993 and submitted for chemical analyses. Three field duplicate
samples were also taken. Figure 17 shows the ABG surface soil sample loca-
tions. These samples were taken from an interval between 6 and 18 in. below
the ground surface. Chain of custody forms are presented in Appendix D and
analytical data is presented in Appendix A.

Volatilé organic analytes (VOAs)

The results of analyses of ABG surface soils for VOAs (EPA Method 8240
in USEPA 1986) are given in Table A3, and summarized in Table A4. Meth-
ylene chloride and acetone were found in most surface soil samples taken.
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These constituents were also found in the associated method blanks (Table A5).
These results suggest sample contamination from the laboratory environment
rather than from processes associated with the field conditions. VOAs that
may not be solely associated with laboratory environment contaminants were
also detected and include T-xylene, ethyl benzene, toluene, and trichloroethene
(also known as trichloroethylene, or TCE) (Table A4). The reported concen-
trations of T-xylene, ethyl benzene, and toluene ranged from 0.00061 to
0.0091 mg/kg dry weight and were all “J” qualified, that is, detected by the
analytical instrumentation but not in sufficient quantities to accurately quantify,
but estimated. The highest VOA concentration was trichloroethene from sam-
ple 56 (0.017 mg/kg). Trichloroethene was also found in “J” value concentra-
tions in samples 66 and 67.

Table A4 compares concentrations of VOAs found in the ABG surface soils
with risk-based concentrations (RBCs) promulgated by USEPA (USEPA

‘Region III 1994). The RBCs are derived from toxicity constants from estab-

lished sources and “standard” exposure scenarios corresponding to a fixed
level of risk (i.e., a hazard quotient of one, or a lifetime cancer risk of 10%,
whichever occurs at a lower concentration). The RBCs are not regulation or
guidance and should not be viewed as a substitute for a site-specific risk assess-
ment. The maximum concentrations of specific VOAs in ABG surface soils
sampled did not exceed the USEPA Region III RBCs for respective VOAs for
industrial soils.

Method blanks. Acetone and methylene chloride were reported in most
method blanks for the VOA analyses (Table A5), which implies a laboratory
contamination source for these constituents. The volatile organic compounds
2-butanone and T-xylene were also found in some method blanks in low con-
centrations, 0.004 and 0.0012 mg/kg, respectively. 2-Butanone was not found
in any surface soil samples. T-Xylene was detected in a method blank associ-
ated with the analysis of the soil sample collected at station 54. The concen-
tration of T-xylene in the method blank was 0.0012 mg/kg while the
concentration in the soil sample was 0.003 mg/kg. All other samples where
T-xylene was detected, six other stations including a duplicate of station 54,
had no T-xylene in associated method blanks. These method blank analysis
results were considered in the interpretation of the VOA soils analyses.

Equipment rinses. Sampling equipment for the surface soil sampling were
disposable scoops. This equipment was used for sampling at one location and
then disposed of. As a result, equipment rinse blanks were not taken. Because
of the use-and-dispose sampling gear, contaminant carryover between samples
is not considered a likely occurrence. Leaching of contaminants from the sam-
ple devices was not evaluated with rinse blanks but was not expected to occur.

Trip blanks. No VOA'’s other than methylene chloride and acetone were
detected in the trip blanks (Table A6). Methylene chloride and acetone were
also found in method blanks associated with the analyses of the trip blanks.
These data indicate that cross-sample contamination did not occur within a
sample shipment.
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Explosives

The results of analyses of ABG surface soils for selected explosives com-
pounds (EPA Method 8330) are given in Table A7 and summarized in
Tables A8, A9, and A10.

HMX, RDX, TNB, TNT, 2,4-DNT, 2,6-DNT, 2A-DNT, and 4A-DNT
were found in measurable quantities in the ABG surface soil samples. DNB
and TETRYL were tested for but not detected in any sample. Explosives were
found in 22 of 33 surface soil sample locations. HMX was found at 21 loca-
tions, TNT at 19 locations, and 4A-DNT at 17 locations. TNB, RDX,
2,4-DNT, and 2A-DNT had similar frequencies of occurrences, occurring in
samples from 8, 9, 9, and 11 locations, respectively. The explosive,
2,6-DNT, was detected at four locations. HMX was the explosive with the
highest concentration in 14 locations. TNT and RDX were the explosive com-
pounds with the highest concentrations at four and three locations, respectively.
Station 61 contained the highest concentration reported for 4 of the 8 explosive
compounds reported (Figure 15).

RDX was the explosive compound with the highest concentration encount-
ered, 1820 mg/kg at station 61. The highest HMX and TNT concentrations
reported were 223.0 mg/kg at station 61 and 136.0 mg/kg at station 56, respec-
tively. None of the other explosive compounds detected, TNB, 2,4-DNT,
2,6-DNT, 2A-DNT, and 4A-DNT, had maximum concentrations of over
10 mg/kg.

Table A8 summarizes the analyses of ABG surface soils for explosives
using total explosive concentrations. Total explosive concentrations were
determined by summing all concentrations of explosive compounds detected
during the analysis of a specific soil sample. The total explosives categories -
are arbitrary for illustrative purposes. In 48.5 percent of the ABG surface soil
samples, explosives were either not detected (33.3 percent) or were found in a
total explosives concentration of less than 1 mg/kg (15.2 percent). About
76 percent of the surface soil samples taken contained less than 10 mg/kg total
explosives. The total explosive categories, >10 mg/kg < 100 mg/kg,
> 100 mg/kg < 1000 mg/kg, and > 1000 mg/kg characterized 15.2 percent,
6.1 percent and 1.7 percent of the samples, respectively.

There were two sampling locations with elevated total explosives concentra-
tions. The highest one was centered around stations 61 and 56 in the west cen-
tral portion of the ABG complex and the other around station 69 on the eastern
edge of the ABG. Explosives were also found in areas between the two areas
of elevated concentrations.

Table A9 compares the maximum concentrations of specific explosive com-
pounds to the EPA Region III RBCs (risk-based concentrations) for industrial
soils. The TNT in soils sampled at station 56, 136 mg/kg, exceeded the TNT
RBC of 95 mg/kg (basis of the risk was a carcinogenic effect). The sum of
DNT mixtures 2,4-DNT, 2,6-DNT, 2A-DNT, and 4A-DNT, 13.85 mg/kg at
station 61, exceeded the DNT mixtures’ RBC (carcinogenic effect) of
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4.2 mg/kg. There were no RBCs established for the explosives with the
highest concentration in ABG surface soils, RDX and HMX.

Method blanks. No explosives compounds tested were detected in the
method blanks analyzed in association with the ABG soils analyses
(Table A11). The method blanks analyses do not change the interpretation of
explosives compound data previously presented.

Equipment rinses. Because of the use-and-dispose sampling gear, contam-
inant carryover between samples is not considered a likely occurrence. Leach-
ing of explosive analytes from the sample devices is not expected to occur.

Polycyclic aromatic hydrocarbons (PAHs)

The results of analyses of ABG surface soils for PAHs (using EPA
Method 8270 (semivolatile organics)) are given in Table A12 and summarized
in Tables A13 and A14.

PAHs were present at 9 of 33 locations sampled. With the exception of
benzo(b)fluoranthene at station 68, all specific PAH concentrations reported
were “J” qualified. The concentration of benzo(b)fluoranthene at station 68
was 0.37 mg/kg, the highest specific PAH measured. Total PAH concentra-
tions (the sum of all detected PAHs) were less than 1 mg/kg except for sta-
tion 64 (1.079 mg/kg) and station 68 (3.102 mg/kg).

Table A14 shows that the maximum concentration of any PAHs detected did
not exceed EPA Region III RBCs (risk-based concentrations) for industrial
soils.

Method blanks. No PAH compounds tested were detected in the method
blanks analyzed in association with the ABG surface soils analyses
(Table A15). The method blanks analyses do not change the interpretation of
explosives compound data previously presented.

Equipment rinses. Because of the use-and-dispose sampling gear, contam-
inant carryover between samples is not considered a likely occurrence. Leach-
ing of PAHs from the sample devices was not evident as most samples (24 of
33) did not contain detectable amounts of those compounds.

Metals and inorganics

The results of analyses of ABG surface soils for selected inorganic analytes
are given in Table A16. Tables A17 and A18 are summaries of the metals and
inorganics analyses data.

The maximum concentrations of specific inorganic constituents in ABG
surface soils sampled were distributed among seven sample locations
(Tables A17 and A18). Soils from location 67 exhibited maximums for
barium, chromium, iron, manganese, nickel, silver, tin, zinc, and total
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phosphorus. Location 61 contained maximums for aluminum, cadmium, cop-
per, and magnesium. Other constituent maximums were singularly distributed.

All the tested inorganic analytes occur naturally in soils. To assess the
magnitude and significance of inorganic constituents found in the ABG surface
soils sampled, comparison of the concentrations encountered were made with
“background” soils in the vicinity of the ABG and with USEPA Region III
RBCs. The background soils were taken from ABG soil borings 1, 2, and 3
(borings 03/10-1-93-1, 03/10-2-93-1, and 03/10-3-93-1) located in a remote
part of the ABG valley (Figure 15). The Part 1 Phase III Soils investigation
(U.S. Army Engineer Waterways Experiment Station 1992) indicated that the
background boring soils are likely not contaminated with respect to inorganic
constituents resulting from waste disposal activities at ABG.

Table A19 compares concentrations of inorganics in surface soils from the
ABG area, where waste handling activities are likely to have occurred, with
nearby background soils. ABG surface soils consistently had higher concentra-
tions of inorganic constituents than the background soils. Concentrations of
metals and inorganics in the ABG surface soils sampled were, in some cases,
more than 100 times, or two orders of magnitude, higher than mean back-
ground concentrations. Surface soil samples in this category were scattered
across the ABG valley floor and sample constituents in this category included
cadmium, calcium, lead, copper, and zinc. Calcium and cadmium were the
constituents most frequently meeting the criterion of 100 times the background.
If one order of magnitude difference, 10 times the background, is used, the
constituent list is expanded to include magnesium, silver, tin, and phosphorus,
and most ABG stations sampled are included.

As shown in Table A20, ABG surface soils exceeded the EPA Region III
RBC for industrial soils only for arsenic (for carcinogenic effects). However,
the mean arsenic concentrations in the background soils also exceeded the
arsenic risk-based concentration.

Method blanks. The results of analysis of method blanks used in associ-
ation with the inorganic analyses of ABG surface soils are provided in
Table A21. Some inorganic constituents were found in the method blanks but
at low concentrations (i.e., below the Contract Laboratory Program - Contract
Required Detection Limit but greater than the instrument detection limit and
thus qualified by a “B”). The results presented previously were not corrected
by subtracting any blank value. These method blank analyses do not change
the interpretation of inorganic constituent data previously presented.

Equipment rinses. Because of the use-and-dispose sampling gear, contam-
inant carryover between samples is not considered a likely occurrence.
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Chemical Analyses of Subsurface Soils

Introduction

Thirty-two soil borings were made in August 1993. Figure 18 shows the
location of these borings and of the Part 1, 1990 borings. Soil samples for
chemical analyses were taken from specified depths using a splitspoon. The
depth from which each soil sample was taken is indicated in Figure 16. Also
provided in Figure 16 are the dates of sample collection. Chain-of-custody
forms are presented in Appendix D and analytical data is presented in
Appendix A.

Volatile organic analytes (VOAs)

The results of analyses of ABG subsurface soils for VOAs (EPA
Method 8240) are given in Table A22. Methylene chloride and acetone were
found in most soil boring samples taken. These constituents were also found in
the associated method blanks (Table A26). These results indicate sample con-
tamination from the laboratory environment rather than from processes associ-
ated with the field conditions.

Tables A23 through A25 summarize the VOAs detected in ABG soil borings
that were not considered solely laboratory contaminants. VOAs were detected
in 11 of the 32 soil borings made. In 5 of the 11 borings with VOAs, the max-
imum concentration determined was qualified as a “J” value. The borings
where analyses resulted in concentrations that were not qualified by a “J”
included borings 10, 17, 23, 25, 28, and 29. VOAs were detected in the
uppermost samples (sample #1, from 0 to 60 in. below the ground surface,
Figure 16), mid-depth samples (sample #2, from 28 to 62 in. below the ground
surface), and bottom samples (sample #3, from 60 to 90 in. below the ground
surface).

Eight VOAs were detected, including trans-1,2-dichloroethene,
cis-1,2-dichloroethene, 1,1, 1-trichloroethane, trichloroethene, toluene, ethyl
benzene, styrene, and t-xylene.

Of these VOAs, 1,1,1-trichloroethane, ethyl benzene, and styrene occurred
in concentrations that were detected by the analytical instrumentation but not
large enough to accurately quantify. The maximum concentrations of 4 of the
8 different VOAs, cis-1,2-dichloroethene (2.3 mg/kg), trans-1,2-dichloro-
ethene (0.29 mg/kg), trichloroethene (0.2 mg/kg), and ethyl benzene
(0.0028 mg/kg) occurred in samples from boring 17. Boring 25 contained
maximum concentrations of two VOAs, styrene (0.0017 mg/kg) and xylene
(0.012 mg/kg). Maximum concentrations of toluene (0.0067 mg/kg) and
1,1,1-trichloroethane (0.00057 mg/kg) occurred at borings 10 and 19,
respectively.
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Xylene, the most frequently occurring VOA, was found in eight borings.
Cis-1,2-dichloroethene, trichloroethene, and toluene were found in five

- borings. Sfyrene and 1,1, 1-trichloroethane were found only in borings 25 and

19, respectively. Cis-1,2-dichloroethene was the VOA with the highest

g _,concentration in borings 17, 23, and 28. T-xylene was the VOA with the
highest concentration in borings 11, 25, and 38; toluene in borings 10 and 21;

and trichloroethene in borings 29 and 35.

With respect to sample depth, the highest concentrations of some VOAs
occurred at the deepest samples within a boring, samples #3. Trans-1,2-
dichloroethene and cis-1,2-dichloroethene were in this category. Conversely,
trans-1,2-dichloroethene was not found in any sample #1, the shallowest boring

" sample. The highest concentrations of trichloroethene occurred in a sample #2.
- The VOA 1,1, 1-trichloroethane was found only in sample #1. Sample depth

associations for t-xylene, styrene, toluene, and ethyl benzene were not clear,
except thai styrene and ioluene were noi found in any sampie #3. '

As shown in Table A24, the ABG subsurface soils sampled did not exceed

any EPA Region III RBC for industrial soils for specific VOAs.

Method blanks. Acetone and methylene chloride were reported in all
method blanks associated with the VOA analyses of the soil boring samples .
(Table A26). These constituents are considered laboratory contaminants. The
VQA, 2-butanone, was found in one method blank in a low concentration,
0.0040 mg/kg. However this compound was not detected in any of the soil
boring samples analyzed. These method blank analysis results were considered
in the interpretation of the VOA subsurface soils analyses.

Equipment rinses and field blanks. Five equipment rinsates and one field
blank (source water used for cleaning) were collected for subsurface ABG soil
sampling. Methylene chloride, chloroform, bromodichloromethane, and dibro-
mochloromethane were found in all equipment rinses and the field blank
(Table A27). Acetone was detected in one rinse. Methylene chloride and
acetone were found in method blanks associated with these analyses, which
implies a laboratory source for these contaminants. Because chloroform,
bromodichloromethane, and dibromochloromethane were found in the field
blank, they may have been derived from the initial washing with potable water. e
Neither chloroform, bromodichloromethane, nor dibromochloromethane were
detected in any of the ABG subsurface soil samples.

Trip blanks. Methylene chloride was reported in all trip blanks analyzed
(Table A28). Acetone was found in one trip blank. These constituents are
considered laboratory contaminants as they were also found in method blanks
associated with the analyses of the trip blanks. These data indicate that cross
sample VOA contamination did not occur within the sample shipment.
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Explosives é
- l

The results of analyses of ABG subsurface soils for selected explosives

- compounds (EPA Method 8330) are given in Table A29 and summarized in

Tables A30, A31, and A32.

HMX, RDX, TNB, TNT, 2,4-DNT, 2,6-DNT, 2A-DNT, and 4A-DNT
were found in measurable quantities in the ABG subsurface soil samples. DNB
and TETRYL were tested for but not detected in any sample. Explosives were
found in 16 of 32 soil borings made. HMX was found in 14 of the 16 borings
with detectable explosives and was the explosive with the highest concentration
in nine borings. TNT, RDX, 2A-DNT, and 4A-DNT were similarly distrib-
uted, being found in 11, 13, 10, and 11 borings, respectively. RDX was the
maximum explosive compound in 3 borings and TNT in two borings. TNB
and 2,4-DNT were maximum explosives in one boring each.

The maximum concentrations of specific explosives ranged from
2,030 mg/kg for TNT to 0.375 mg/kg for 2,6-DNT. Within that range, RDX
and HMX had maximum concentrations of 274 and 232 mg/kg, respectively.
Maximum concentrations were 37.5 mg/kg for TNB and 11.6 mg/kg for
2,4-DNT. The explosives 2A-DNT and 4A-DNT had maximum concentra-
tions of less than 2.50 mg/kg.

Explosives were represented at all sample depths. Except for borings 17
and 335, the highest concentrations of explosives in a specific boring came from
the shallowest sample, sample #1 (depth range O to 30 in. below the ground
surface). However, the highest concentrations of HMX, RDX, TNB, and
TNT occurred in sample #2 of borings 17 and 35 (from 28 in. to 62 in. below
ground surface).

Table A32 summarizes the ABG subsurface soils using total explosive con-
centrations. Total explosive concentrations were determined by summing ail
concentrations of explosive compounds detected during the analysis of a spe-
cific soil sample. The total explosives categories are arbitrary for illustrative
purposes. Most, 67.2 percent, of all ABG subsurface soil samples contained
less than 1 mg/kg of total explosives. Eighty-one percent of the samples taken
contained less than 10. mg/kg total explosives. The total explosive categories,
>10 mg/kg <100 mg/kg, > 100 mg/kg < 1000 mg/kg, and > 1000 mg/kg
characterized 12.1 percent, 5.2 percent and 1.7 percent of the samples,
respectively.

For the soil boring data, specifically from surficial sample #1, explosives
concentrations were generally highest in borings 17 and 29 in the central ABG
area and boring 35 in the east ABG area. Considering the slightly deeper
sample #2 data, the foci are still centered on borings 17 and 35. The bor-
ing 17 area was the only area with explosives detected in the deeper sample #3.

Table A31 compares the maximum concentrations of specific explosive
compounds in ABG soil boring samples to the EPA Region III RBCs for indus-
trial soils. The TNT RBC for industrial soils is 95 mg/kg (basis of the risk : ‘y
was a carcinogenic effect). Only sample #2 from boring 35, with a TNT

¥
i
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concentration of 2,030 mg/kg, exceeded this RBC. The sum of DNT mixtures
2,4-DNT, 2,6-DNT, 2A-DNT, and 4A-DNT, in samples 6 #1, 12 #1, and 17
#1 exceeded the DNT mixtures RBC (carcinogenic effect) of 4.2 mg/kg.

There were no RBCs provided for RDX and HMX, Wthh are present in some
ABG soil boring samples. .

Method blanks. . No explosives compounds were detected in the method
blanks analyzed in association with the ABG subsurface soils analyses
(Table A33). :

Equipment rinses and field blanks. Five equipment rinsates and one field
blank were collected during the subsurface ABG soil sampling (Table A34).
No explosives compounds were detected in those equipment rinses and field
blank. Thus, evidences of sample to sample contamination due to incomplete
sampling equipment cleaning were not observed.

Polycyclic aromatic hydrocar‘bons (PAHSs)
The results of analyses of ABG subsurface soils for PAHs (using EPA
Method 8270 (semivolatile organics) are given in Table A35 and summarized

in Tables A36 and A37.

PAHs were present in 11 of 32 soil borings in less than 1 mg/kg concentra-

~tions. All specific PAH concentrations reported were “J” qualified. Maximum

concentrations of specific PAH compounds occurred in samples taken from
borings 6, 19, and 23. The highest specific PAH measured was phenanthrene,
which had an estimated (J value) concentration of 0.21 mg/kg at sample #1 of
boring 19. PAH concentrations in ABG subsurface soils sampled did not
exceed EPA Region III RBCs for PAHs for industrial soils (Table A36).

Total PAH concentrations (the sum of all detected PAHs) were all less than
1 mg/kg (Table A37). The highest total PAH concentration from an ABG soil
bormg sample was 0.823 mg/kg for sample #1 from boring 19.

Method blanks. No PAH compounds tested were detected in the method
blanks analyzed in association with the-ABG surface soils analyses
(Table A38). These method blank analysis results were considered in the inter-
pretation of the soils analyses for PAHs.

Equipment rinses and field blank. No PAHs were detected in equipment
rinses or field blanks (Table A39). These results indicate that cross-
contamination of samples or equipment contamination did not occur and was
not a factor in the results obtained from the analyses of ABG subsurface soils
for PAHs.
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Metals and inorganics

The results of analyses of ABG subsurface soils for selected metals and
inorganic analytes are given in Table A40. Table A41 is a statistical summary
of the metals and inorganic analyses data.

The maximum concentrations of specific inorganic analytes in ABG subsur-
face soils were distributed among seven borings (Table A42). Boring 31 con-
tained the maximum concentration with respect to barjum, copper, chromium,
iron, sodium, tin, zinc, and total phosphorus. Borings 12, 22, 23, 33, 34, and
36 contained maximums of either 1 or 2 inorganic constituents. Maximum
concentrations of silver, arsenic, barium, calcium, chromium, copper, iron,
mercury, sodium, nickel, lead, tin, zinc, and total phosphorus occurred within
the more surficial samples within a boring (sample #1, from O to 60 in. below
the ground surface). Maximums of aluminum, cadmium, cobalt, magnesium,
and manganese occurred in mid-boring samples (sample #2, from 28 to 62 in.
below the ground surface). Only the maximum for arsenic occurred in a lower
boring sample (sample #3, from 60 to 90 in. below the ground surface).

' Table A43 the ABG area, where waste handling activities are likely to have

- occurred, with those from nearby background borings, borings 1, 2, and 3

placed in a more remote part of the ABG valley. Soils from the ABG

SWMU #03/10 area borings consistently had higher concentrations of inor-
ganic constituents than the background soils. Concentrations of metals and
inorganics in the ABG soils sampled were, in some cases, more than

100 times, or two orders of magnitude, higher than mean background concen-
trations. Soils borings with samples in this category were scattered widely
across the ABG valley floor. Constituents in this category included cadmium,
calcium, copper, zinc, and tin, Calcium and cadmium were the most frequent
constituents meeting the criterion of 100 times background. Only boring 31,
sample 1 had other constituents, namely copper, tin, and zinc, in concentra-
tions greater than 100 times the background. If 10 times the background is
used as the criterion, the constituent list for all ABG soil samples is expanded
to include lead; magnesium, mercury, nickel, silver, and phosphorus and most
ABG stations sampled are included.

Considering sample depth within soil borings, only-three borings, 23, 28,
and 35, had mid- or lower depth samples where soils contained a metal concen-
tration 100 times greater than background. In these samples cadmium was at
least 100 times greater than background.

As shown in Table A44 ABG area subsurface soils exceeded the EPA
Region III RBC for industrial soils only for arsenic (for carcinogenic effects).
However, the mean arsenic concentrations in the background soils (3.7 mg/kg
from Table A43) also exceeded the arsenic RBC of 1.6 mg/kg.

Method blanks. The results of analysis of method blanks used in associ-
ation with the inorganic analyses of ABG subsurface soils are provided in
Table A45. Some inorganic constituents were found in the method blanks but
at low concentrations (i.e., frequently below the Contract Laboratory Program-
Contract Required Detection Limit but greater than the instrument detection
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limit, and thus qualified by a “B”). The results presented previously were not
corrected by subtracting any blank value. These method blank analyses do not
change the interpretation of inorganic constituent data previously presented.

Equipment rinses. The results of the analyses of five equipment rinses and
one field blank for inorganic constituents are provided in Table A46. Inor-
ganic analytes were found in the equipment rinses and the field blank. How-
ever, the concentrations of inorganic constituents were not great enough to
change the interpretation of data as previously discussed.

Summary of Analytical Results And Estimate of
Extent of Contamination

Volatile organic analytes (VOASs)

VOAs were detected in several surface and subsurface ABG soil samples.
Highest concentrations of VOAs were the solvents cis- and trans- isomers of
1,2-dichloroethene (2.3 mg/kg and 0.29 mg/kg, respectively) and trichloro-
ethene (0.2 mg/kg). Maximum concentrations occurred at the depth of
approximately 30 to 90 in. below the ground surface. Surface VOAs were
scattered among several locations. In deeper soil samples, VOAs occurred
only in the area of the contaminated material burn pads (Boring 17) and to a
lesser extent near the PEP contaminated solvents liquid burn pads (Boring 25).
See Figure 3 for locations of ABG operational units. Soil sample locations are
shown in Figure 19.

Explosives

HMX, RDX, TNB, TNT, 2,4-DNT, 2,6-DNT, 2A-DNT, and 4A-DNT
were detected in surface and subsurface ABG soil samples. Thus a release of
these compounds as a result of waste management activities at ABG is con-
firmed. Of the explosives detected, RDX, TNT and HMX were the most sig-
nificant in terms of maximum concentrations. RDX and TNT occurred in
concentrations greater than 1,000 mg/kg and HMX in concentrations greater
than 200 mg/kg. The remaining explosives had maximum concentrations
generally less than 10 mg/kg.

Explosives occurred at all sample depths. However, the samples obtained
from O to 60 in. below the ground surface had higher concentrations of explo-
sives than the deeper soil samples. Low concentrations of explosives (defined
as less than 10 mg/kg total explosives (sum of all explosives detected)) were
scattered widely. Total explosives in concentrations greater than 100 mg/kg
occurred at fewer locations (surface grab locations 56, 69, and 61 and soil
borings 29, 35, and 17) (Figure 20). Concentrations of total explosives greater
than 1,000 mg/kg occurred infrequently, in only one surface grab sample and
one soil boring (surface grab location 61 and soil boring 35).
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Polycyclic aromatic hydrocarbons (PAHs)

PAHs were detected in ABG surface and subsurface soils in concentrations
that were generally less than 1 mg/kg total PAH (sum of all detectable PAHs).
Two surface soil samples, from locations 64 and 68, contained the highest
PAH concentrations at 1.079 and 3.102 mg/kg total PAH, respectively.

Metals and inorganics

Several metal and inorganic constituents in the ABG surface and subsurface
soils sampled had consistently higher concentrations than the background soils.
Surficial soil samples (surface grabs and surface samples from the soil borings)
that were 100 times higher than mean background concentrations were scat-
tered widely across the ABG valley floor. These comparisons indicate that
waste management activities at ABG have released metal and inorganic constit-
uents to the soils. Constituents that were greater than 100 times background
included cadmium, calcium, copper, lead, zinc, and tin. Calcium and cad-
mium were the most frequent constituents meeting the specified criteria.
Surface grab sample 67 and soil boring 31, sample 1 had more constituents
greater than 100 times the background (i.e., cadmium, calcium, copper, lead,
and zinc for sample 67 and cadmium, copper, lead, tin, and zinc for boring 31
sample 1). Only borings 23, 28, and 35 had mid or lower depth samples
where a single constituent, cadmium, had concentrations 100 times greater than
the background concentrations. If 10 times the background is used as the crite-
rion, the constituent list for all ABG soil samples is expanded to include mag-
nesium, mercury, nickel, silver, and phosphorus, and most ABG stations
sampled are included.

Estimate of extent of explosives and metals contaminants

The intent of this Part 2, RFI Phase III, Soil Investigation was to determine
the extent of soil contamination at ABG resulting from waste management
activities. Both 1990 (Part 1 soils) and 1993 (Part 2 soils) data were addressed
to determine the extent of contamination. Figure 19 illustrates all the sample
locations for the 1990 and 1993 sampling activities.

Based on the 1990 and 1993 soils data, the waste disposal activities have
contributed residues of explosives compounds and metal contaminants to the
soils. PAHs and VOAs were also released, but in concentrations that were
generally below 1 mg/kg. Therefore, this assessment of the extent of soils
contamination will focus on explosives and metals. Concentrations of total
explosives and selected metals, in surface and soil boring samples to an
approximate depth of 30 in. below the ground surface for both the 1990 and
1993 data, were evaluated using Intergraphs’ “InRoads” software application.
A digital terrain model or surface was created using the soil sample locations
and constituent concentrations. These surfaces were triangulated and then con-
toured as concentration isopleths. Similar evaluations were performed for soil
samples taken at sample depths greater than 30 in. below the ground surface.
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However, it should be noted that the data available to create the model
decreases significantly as sample depth increases.

In Figure 20, the 10 mg/kg total explosives isopleth is shown as an arbitrary
limit for explosives compound contamination of surface and boring soil sam-
ples (0 - 30 in. below the ground surface). The total explosives contour was
developed using surface grab and soil boring (sample #1) data. For soils
deeper than 30 in., Figure 21 illustrates a 10 mg/kg total explosives contami-
nation limit. For soils greater than 30 in. below the ground surface, only
samples 2 and 3 from 1993 boring 17 and sample 2 from 1993 boring 35
exceeded the 10 mg/kg total explosives criterion.

Soil concentrations of cadmium, lead, zinc, copper, tin, and calcium that
were two orders of magnitude (100 times) above background concentrations
were scattered across the ABG valley. Maximum concentrations of many
metal and inorganic constituents in ABG soils occurred near surface sample
station 61 and boring 31. Of the metals and inorganics that were greater than
100 times the background (calcium, lead, zinc, copper, and tin), cadmium and
lead are constituents with maximum contaminant concentrations established in
the TCLP (40 CFR 261.24 and Appendix II to Part 261, USEPA Method 1311
in USEPA 1986). The regulatory level of contaminants in leachates for toxic-
ity characteristic is 5.0 mg/L and 1.0 mg/L for lead and cadmium, respec-
tively. A solid waste exhibits the toxicity characteristic if the TCLP leachate
(extract) from a representative sample is equal or greater than the listed value.
Risk-based concentrations are not available for lead. Following recent USEPA
guidance for soil screening (USEPA 1994), soils concentrations of 500 mg/kg
lead and greater and 10 mg/kg cadmium and greater were used to estimate
areas of concern with respect to exceeding the TCLP regulatory levels. TCLP
analyses are required to determine if the ABG soils actually leach lead and cad-
mium at levels above TCLP maximum contaminant levels. Major portions of
the metals concentrations in soils are not readily leached. The leachable con-
centration is soil and metal specific.

The estimated extent of ABG soils that contain greater than 10 mg/kg cad-
mium or greater than 500 mg/kg lead are shown on Figure 21 and 22. For the
soil greater than 30 in. below the ground surface, only one soil sample had lead
or cadmium concentrations exceeding the arbitrary contaminant limits, that
being 1990 soil boring 12, sample 4. Figure 21 illustrates the extent of cad-
mium and lead contamination in soils greater than 30 in. deep.

Figures 23 and 24 illustrate estimates of the extent of contamination by
explosives and metals in ABG soils based on samples taken O to 30 in. deep
and 30 to 90 in. deep, respectively. For this delineation, contamination was
defined as soils with one or more of the following conditions: cadmium
concentrations greater than 10 mg/kg; lead concentrations greater than
500 mg/kg, or total explosives greater than 10 mg/kg. For the O to 30 in. sam-
ple data, the area of contamination was about 478,513 sq ft (10.98 acres).
Assuming that all the soil in the defined area to a depth of 30 in. is contami-
nated, the volume of contaminated soil is 1,196,282 cu ft or 44,307 cu yd. For
the 30 to 90 in. sample data, the area of contamination was 86,472 sq ft
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(1.99 acres). Assuming that all the soil in the defined area and between 30 to
90 in. deep is contaminated, the volume of contaminated soil is estimated to be
432,360 cu ft or 16,013 cu yd.
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6 Conclusions

Releases at ABG

The disposal activities have contributed residues of explosives compounds
and metal contaminants to the soils. PAHs and VOAs were also released, but
in concentrations that were generally below 1 mg/kg.

The explosives HMX, RDX, TNB, TNT, 2,4-DNT, 2,6-DNT, 2A-DNT,
4A-DNT were detected. Explosives with highest concentration were HMX,
RDX, and TNT.

Several metals and inorganic constituents in ABG soils had consistently
higher concentrations than nearby background soils. In some cases the concen-
trations of metals and inorganics were 100 times the background which sug-
gested the release of these constituents to ABG soils. Constituents that were
greater than 100 times background included cadmium, calcium, copper, lead,
zinc and tin.

Extent of Releases at ABG

The area where total explosives were greater than 10 mg/kg and 100 mg/kg,
that is, the extent of explosives contamination, was estimated. Explosives
occurred at all sample depths but were more frequent and at higher concentra-
tions in samples less than 30 in. below ground surface. Accordingly, the
extent of contamination in surface soils (<30 in. below ground surface) was
greater than that for the deeper soils.

The area where cadmium and lead contamination in ABG soils exceeded
their USEPA-suggested limits of 10 mg/kg and 500 mg/kg, respectively, were
estimated. In some cases, but not all, these areas corresponded to the same
areas where total explosives exceeded concentrations of 10 or 100 mg/kg.
With respect to soil depth, the metals contamination was a near-surface
(<30 in. below ground surface) phenomenon.
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7 Recommendations

The results of this Part 2, RFI Phase III Soils study should be coordinated
with appropriate State and Federal regulatory agencies to determine if the

report satisfies the requirements in the NSWC Crane’s schedule of compliance.

Action levels for each of the contaminants identified should be established.
Action levels are indicators of whether a Corrective Measures Study beyond
the RFI must be conducted and whether further action will be required.

Toxicity characteristic leachate procedure analyses (TCLP)(40 CFR 261.24
and Appendix II to Part 261, EPA Method 1311 in SW846) should be con-
ducted on representative soils from estimated contaminated areas. A solid
waste exhibits the toxicity characteristic and may be a RCRA hazardous waste
if the TCLP leachate from. a sample is equal to or greater than the regulatory
level.

NOTE: The above recommendations were acted on and the appropriate
corrective measures were implemented.

Chapter 7 Recommendations
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Table Al.  Ammunition Burning Ground, NWSC, SWMU#03/10. Target analytes and laboratory methods used for
analyses of soils.

SONLS METHQODS from SW-846 AND QTHER*
Sample

Technique Preparation Analysis
ORGANIC ANALYSES
Volatiles GC/MS 8270 8270
PAHs (BNA semi volatile
organics) GC/MS 3540/3550 8240
Explosives HPLC 8330 8330
HMX, RDX, TNB, DNB, TETRYL, TNT ~
2,4-DNT, 2,6-DNT, 2A-DNT, 4A-DNT
INORGANIC ANALYSES
Aluminum DCP 3050 6010
Antimony GFAA 3050 7041
Arsenic GFAA 3050 7060
Barium DCP 3050 D4190-82!
Cadmium GFAA 3050 6010
Calcium ) ICP 3050 6010
Chromium DCP ’ 3050 D4190-82
Cobalt DCP 3050 D4190-82
Copper DCP 3050 D4190-82
Iron . DCP 3050 D4150-82
Lead : DCP 3050 D4190-82
Manganese DCP 3050 D4190-82
Magnesium ICP 3050 ~ 6010
Mercury cv 7471 7471
Nickel DCp 3050 D4190-82
Phosphorous Colorimetric 365.42 365.4
Silver DCP 3050 D4190-82
Sodium ICP 3050 6010
Tin ICcp 3050 6010
Zinc ICP 3050 6010

* Abbreviations: .
GFAA = Graphite Furnace Atomic Absorption; CV = Cold Vapor; ICP = Inductively Coupled Plasma - Atomic Emission Spectroscopy,
and DCP = Direct Current Plasma - Atomic Emission Spectroscopy ;

Note: Al are U.S. EPA SW864 except as indicated by superscripts 1 and 2

U.S. Environmental Protection Agency,
November 1986, with revisions.

Mcthod D4190-82 ' in ASTM, 1987 Anpual Rook
1916 Race Street, Philadelphia, PA 10103.

Method 365.4 2 in U.S. Environmental Protection Agency, Mﬂhnd&fnLﬂ:.:mimLAmlysis_anmdmsg, EPA 600/4-79-020, March
1979 and EPA 600/4-82-055 December 1982. Environmental Monitoring and Support Laboratory, Cincinnati, OH 45268.
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Table A2. Ammunition Burning Ground, NSWC Crane (SWMU #3/10).

Composition of materials likely burned at the ABG.

Solid Propellants

Nitrocellulose, Nitroglycerine, Inorganic Nitrates, Metal Salts, Metals,

Carbohydrates, Dyes, Ammonium Picrate, Potassium Nitrate

Liquid Propellants

Fuels -
Alcohols, Hydrocarbons, Aniline, Hydrazine, Boranes, Liquid
Hydrogen, Anhydrous Ammonia

Oxidizers -
Nitric Acids, Hydrogen Peroxide, Chlorine Triflouride,
Dinitrogen Tetroxide , :

Low Explosives

Black Powder - Coal or Charcoal, Sulfur, Potassium or Sodium
Nitrate

Black Powder Substitutes - Benite, Eimite, Boron - Potassium
Nitrate

Pyrotechnics

Oxidizers - Chlorates, Perchlorates, Peroxides, Chromatés,
Nitrates ’

Fuels - Aluminium and Magnesium Powder, Barium Chromate -
Boron o
Mixture, Sulfur

Binders - Shellac, Linseed 0il, Paraffin, Resins

Color Intensifiers - Organic Chlorides, Barium and Copper Salts,
Strontium Salts, Dyes .

Coolants -
Magnesium Carbonate, Sodium Bicarbonate

High Explosives

Primer - Potassium Chlorate, Lead Thiocyanate, Calcium Silicide,
Antimony Sulfide, Lead Azide, Lead Styphnate, Mercury
Fulminate, Diazodinitrophenol

Booster - Tetryl, PETN, RDX

Bursting - Ammonium Nitrate, TNT, Picratol, DBX, HBX, Trinitrophenol, Ammonium

- Picrate, Nitroglycerin, Nitrostarch, Powdered Aluminium, HMX

Appendix A Tables

A3
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Table A3. (Page 10f4). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMURO03/10. Results of analyses of surface solls EPA Method 8240 (VOAS -volatile organic
analytes) soll analyses fof sutface soll samples. Concentratlons are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown In gray.

SURFACE 8OIL SAMPLE STATION

VOLAYILE ANALYTE 42 43 44 45 46 47 48 48D
Chloromethane 011 U 0011 U 0011 U 001U 001UV 0.011 U 011 U 011 u
Bromomethane AT 0011 U 0011 U 001 VU 001 U 0011 U 011U 011U
Vinyl Chioride ot v 0011 U 0011 U 001 UV 001U 0011 U 011U 011U
Chioroethane 011U 0.011 U 0011 U 0.01 U 0.01 U 011U
Methylene Chiorkie TO0TE NS (LR 0167418! (SN 068

0.0055U 0.0055U 0.0055 U 0.005 U 0.005 U 0.0055U 00055U 0.0055 U
00055 U - 00055 U 00055 U 0.005 U 0.005 U 00055 U 00055U 0.0055 U
00055 U 00058V 0.0055U 0.005 U 0.005 U 00055U 00055U 00055 U
00055 U 00055U 0.0055U 0.005 U 0.005 U 00055U 0.0055U 0.0055U
00055 U  0.00S5U 00055 U 0.005 U 0005 U 00055 U 0.0055 U 0.0055 U
00055U 0.0055U 00055 U 0.005 U 0.005 U 0.0055 U 00055 U 0.0055 U
00055 U 0.0055U 00055 U 0.005 U 0.005 U 00055 U 0.0055U 0.0055 U
00055U 00055U 0.0055U 0.005 U 0.005 U 00055U 00055U 0.0055 U
00055 U 00055U 00055V 0.005 U 0.005 U 00055 U 00055V 0.0055 U
000S5U 0.0055U  0.0055 U 0.005 U 0.005 U 00055 U 0.0055 U _ 0.0055 U
00055U 00055U 0.0055U 0005 U 0.005 U 0.0055U 0.0055U 0.0055 U

1,1-Dichloroethene
1,1-Dichloroethane
T-1,2-Dkhloroethens
¢is-1,2-Dichlorosthene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Oichloropropane
T-1,3-Dkchioropropene

Trichloroethene 00055 U 00055U 0.0055U 0005 U 0.005 U 00055 U 00055V 0.0055U
Dibromochioromethane 000S5U 00055U 00055V 0.005 U 0.005U 00055 U 0.0055U 0.0055 U
Cls-1,3-Dichloropropene 0005 U 00055U 00055 U 0.005 U 0.005 U 00055 U 0.0055U 0.0055 U
1,1,2-Trichloroethane 00055 U 0.0055U 0.0055 U 0.005 U 0.005 U 00055 U 00055U 0.0055U
Benzene 00055 U 0.0055U 0.0055 U 0.005 U 0.005 U 00055 U 0.0055U 0.0055U
Bromoform 000S5U 00055U 0.0055U 0.005 U 0.005 U 00055 U 00055U 00055 U

00055 U 00055U 00055 U 0005U  0005U 00055U 000S5U 00055V
00055 U 00055U 00055 U 0.005 U 0.005 U 00055 U 00055V 00055 U

1,1,2,2-Tetrachioroethane
Tetrachloroethene

Toluene 00055 U 0.0055U 0.005 U 0.0055 U 0.0055 U
Chlorobenzene 0.0055 U 0.0055 U 0.005 U 0.0055 U 0.0055 U
Ethylbenzene 0.0055 0.0055 U 0.005 U 0.0055 U  0.0055 U
Acetone 011 U 2 02 8BS {175 i1
2-Butanone A 011U . -0. 0t U 011U 011U
Carbondisulfide 0.005 U 00055 U 0.0055U 0.005 U 0005U - 0.0055 U 0.0055 U
2-Hexanone 0.005 U A 0055 U 0055 U 0055 U 005 U 0.005 U 0.055 U 0.055 U
4-Methyl-2-Pentanone 0.005 U 0.005 U 0.055 U 0055 U 0055 U 005U 0.005 U 0.055 U 0055 U
Styrene 0.005 U 0005U 00055U 00055U 00055 U 0.005 U 0005U 00055V 00055 U
Vinyl Acetate 0.005 U 0.005 U 0.055 U . 005U 0.005 U 0.055 U 0.055 U
T-Xylene 000S5U  0005U  0005U 00055y [IbI658519E! o. 0.005 U HHOTG0EIE_0.0055 U
1,2-Dichloroethane-d4(76-114) 876 104 29 98.3 09 101
Toluene-D8(88-110) 8.7 873 994 99.8 976 101 100 8.3
4-Bromofiuorobenzene(86-118) 94.4 99 97.4 100 . 92.4 98.5 £6.7. 8.9
Notes: Station - See Figure 8.1 for 480D & 4 fleld dup taken at station 48, .

EPA Mothod 8240 - In Test Methods for Evaluating Organkc and Inorganic Wastes, Physicat/Chemic | Method: SW848, Third Edition, November 1986, with July 1992 revisions,

E - identifies pounds whose ded the calbration range of the GC/MS Instrument. . . ¢

U - Compound was analyzed for but not detected. Detection limRs sre ghven before the U symbol.

B - Anatyte found in asoctated method blank g9 we!! as sample.

J - Indicates an esth d value below quantitation limits

Last three rows In table - Surrog rles, 9 method perfy Acceptab! ries (defined by the method) are given In parentheses.




Table A3. (Page 2 of 4). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU#03/10. Results of analyses of surface solls EPA Msthod 8240 (VOAs -volatile organic
analytes) soil analyses fol surface soll samples. Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown In gray.

SURFACE 80Il. SAMPLE STATION
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SV

Volatlle Anaiyte

B - Analyte found in

thod blank as well as sample,
J - Indicates an estimated value below accurate quantitation fimits

o h

Last three rows In table -

rles (defined by the method) are given In parenth

650D 51 62 63 64 64D 65 66 67
Chloromethane 0011 U 0011 U [RENY] 0011 U 0011 U 0011 UV 0012 U 0.011 U 0011 U
Bromomethane 0011 U 0011 U 041 U 0011 U 0011 U 0011 U 0012 U 0011 U 0011 U
_ Vinyl Chloride 0011 U 011 U 0011 U 0011 U 0011 U 0012 U 0011 U 0011 U
Chloroethane 0011 U 011 U 0011 U 0011 U 0011 U 0012 U 0011 U 0011 U
Chioride O OSTB Y Eb0531E KPR o<1 Kot o
. 1,1-Dichioroethene 00055 U 00055U 0.0055 U 00055 U 00055°'U 00055 U 0.0055UV 0.0055 U 0008U 00055 U 00055U -
1,1-Dichloroethans 00055U 00055U 00055U 00055U 000S5U 00055U 0.0055U 0.0055U 0008 U 00055 U 0.0055U
_Trans-1,2-Dkchloroethene 00055 U 00055U 00055U 00055U 00055U 00055U 00055U 0.0055U 0008 U 00055U 0.0055U
cls-1,2-Dichloroethene 00055U 00055U 00055U 00055U 00055U 00055U 00055U 0.0055U 0008U 00055U 0.0055U
Chioroform 00055U 00055U 00055U 0.0055U 00055U 0.0055U 0.0055U 0.0055 U 0008 U 00055 U 0.0055 U
1,2-Dichlorosthane 0.0055 U 0.0055 U 0.0055 U 00055 U 00055U 00055U 0.0055 U 0.0055 U 0008 U 00055U 00055 U
1,1,1-Trichloroethane 00055U 00055 U 00055U 00055U 00055U 00055U 0.0055U 0.0055U 0006U 00055U 0.0055U
Carbon Tetrachioride 0.0055 U 0.0055 U 0.0055 U 0.0055 U 00055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U
Bromodichforomethane 0.0055 U 00055 U 00055 U 00055V 00055U 00055U 0.0055U 0.0055 U 0006 U 00055U 0.0055U
1,2-Dichloropropane 0.0055 U 00055 U 00055 U 0.0055 U 00055 U 00055U 00055 U 0.0055 U 0.008 U 0.0055 U  0.0055 U
Trans-1,3-Dichloropropene 0.00S5 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U
Trichloroethene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 00055 U 00055U 0.0055 U 0.0055 U 0.008 U j 0.0055 U
Dibromochloromethane 0.0055 U 00055 U 00055U 0.0055 UV 00055 U 00055U 00055 U 0.0055 U 0008U 00055U 000550V
Cls-1,3-Dichioropropene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 9.0055 V] 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.0055 U =
1,1,2-Trichloroethane 00055 U 00055 U 0.0055 U 00055 U 00055U 000S5U 0.0055U 0.0055 U 0008U 0.0055U 0.0055U
Benzene 0.0055 U 0.0055 U 0.0055 U 00055 U 00055U 00055 U 00055V 0.0055 U 0006 U 0.0055U 00055V o o
Bromoform 0.0055U 00055 U 0.0055 U 00055U 00055U ©00055U 0.0055U 0.0055 U 0008U 000SSU 0.0055U i
: 1,1,2,2-Tetrachloroethane 00055U 000SSU 00055U 000S5U 00055U 00055U 00055U 00055V 0008U 00055U 00055V
Tetrachlorosthene 00055U 00055U 00055U 00055U 00055U 00055U 00055U 0.0055U 0006 U 0.0055'U 0.0055U
" Toluene 00055U 00055U 0005S5U 000551 00055U 00055U 0.0055U ~ 0.0055U 0006 U 00055 U  0.0055 U
Chiorobenzene 00055 U 0.0055 U 0.0055 U 00055U 00055U 00055 U  0.0055 U 0.0055 U 0006 U 00055 U 0.0055U i
Ethylbenzens 0.0055 U 00055 U [F0100TER 10008 00055 U _ 0.0055 U ’
Acetone DALY 1884 S i o1y 12618 03 } IOXFENE
2.8utanone 011 U 011UV LUARNY] 011U 011 U 01U . A 3 A
Carbondisulfide 0.0055 U 0.0055 U 0.0055 U 0.0055U 00055 U 0.0055 U 0.0055 U 0008 U 0.0055 U 0.0055 U
2-Hexanone 0.055 U 0055 U 0.055 U 0.055 U 0.055 U 0.055 U 0.055 U 0.06 U 0.055 U 0.055 U
4-Methyl-2-Pentanone 0.055 U 0.055 U 0055 U 0.055 U 0.055 U 0.055 U 0.055 U 0.06 U 0.055 U 0.055 U
Styrene 00056 U 00055U 000550 0.0055U 00055U 0.0055U 0.0055 U 0006 U 00055U 0.0055U
Vinyl Acetate 0.055 U 0.055 U 0.055 U 0055 U 0.055 U 0.055 U 0.055 U 0.055 U
T-Xylene 00008700 o.005 U [INOOTRIE 0005 U 0.0055 U_[NHBEEZN 0.005U  0.005U
1,2-Dlchloroethane-d4(76-114) 99.9 96 102 95.9 101 112 878 104
Toluene-D8(88-110) 98.9 8.6 101 9.7 986 101 96.9 102
" 48 f {68-118) 96.5 94.3 101 86.8 102 102 99.4 97.1 90.8 104
Notes: Station - See Figure 6.1 for 840 Indicat aflold taken at station 84.
" EPA Method 8240 - in Test Methods for Evaluating Organk and Inorganic Wastes, Physical/Chemical Methods SWB848, Third EdRtion, November 1988, with Juty 1992 revisions.
. E«Identifies pounds whose th ded the calbration range of the GC/MS Instrument. : ’
U - Compound was yzed for but not d d {imRs are given before the U symbol.
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‘Table A3. (Page 3 of 4). Ammunition Buming Ground, NWSC, Crane,
analytes) soll analyses fof surface soil samples. Concentrations are mg/kg

Indlana, SWMU#03/10. Results of analyses of surface solls EPA Method 8240 (VOAs -volatile organic
(ppm) dry welght. Samples with detectable concentrations are shown In gray.

VOLATILE ANALYTE 68

69

62

SURFACE 80IL SAMPLE STATION

EPA Method 8240 - In Test Methods for Evaluating Organk and |

E - Identifies ds whose

V.G d was

d for but not detected. O

B - Anatyte found In asoclated method blank as well as sample.
J - Indicates an estimated vatue below accurate quantitation limts

recoveries

Last three rows In table - Surrogate ries,

method perf A

b ries (defined by the

thod) are given in parenth

ganic Wastes, Physical/Chemical Mmod: EWBS48, Third Edition, Novembet 1988, with Juty 1992 revisions.
the caifbration range of the GC/MS Instrument.
limhs are given before the U symbol.

63 64 65 67 68
Chioromethane 011U 0011 U 0012 U 0011 U 0011 U 0.011 U 0012 U 0012 U 0011 UV
Bromomethane 011U 0011 U 0012 U 0011 U 0011 U 0.011 U 0012 U 0012 U 0011 U
Vinyl Chioride . 011U 0011 U 0012 U 0011 U 0011 U 0.011 VU 0012 U 0012V 0011 U
Chioroethane 1 U 0.011 U J 0.011 0011 U 0011 U
Methylene Chioride JRTo03T B 605818 1037 HO083! 07818 101035
1,1-Dkchloroethens 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U
1,1-Dichloroethane 0.0055 U 0.0055 U 0.006 U 00055 U 00055 U 0.0055 U
Trans-1,2-Dichloroethene 00055 U 0.0055 U 0.008 U 00055 U 0.0055U 0.0055 U
cls-1,2-Dichloroethens 00055 U  0.0055 U 0.008 U 00055 U 0.0055 U X 0.0055 U
Chloroform 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.006 U 0.008 U 0.0055 U
1,2-Dichloroethane - 0.0055 U 0.0055 U 0.0068 U 0.0055 U 0.0055 U 0.008 U’ 0.006 U 0.0055 U
1,1,1-Trichloroethane 0.0055 U 0.0055 U 0.006 U 00055 U 0.0055 U 0.006 U 0.008 U 0.0055 U
Carbon Tetrachloride 0.0055 U 0.0055 U 0.008 U 00055 U 0.0055 U 0.008 U 0.008 U 0.0055 U
Bromodichloromethane 0.0055 U 0.0055 U 0.006 U 00055 U 0.0055 U 0.006 U 0.006 U 0.0055 U
1,2-Dichloropropane 0.0055 U 0.0055 U 0.006 U 00055 U 0.0055 U 0.008 U 0.008 U 0.0055 U
" Trans-1,3-Dichloropropene 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.006 U 0.008 U 0.0055 U
Trichtoroethene 00055U 00055U 0006 U 00055 U  0.0055 U 0.008 U [IBiod08ITE! 0.0055 U
Dibromochloromethane 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.006 U 0.008 U 0.0055 U
Cis-1,3-Dkchloropropene 0.0055 U 0.0055 U 0.006 U 0.0055 U  0.0055 U 0.006 U 0.008 U 1 0.0055 U
1,1,2-Trichtoroethane 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U .0.0068 U 0.008 U 0.008 U 0.0055 U
Benzene 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.006 U 0.008 U 0.006 U 0.0055 U
Bromoform 0.0055 U 0.0055 U 0.006 U 00055 U 0.0055U 0.008 U 0.006 U 0.006 U 0.0055 U
1,1,2,2-Tetrachforoethane 0.0055 U 0.0055 U 0.006 U 00055 U 0.0055 U 0.006 U 0.008 U 0.008 U 0.0055 U
Tetrachloroethens 00055 U 00055V 0.006 U 00055 U 0.0055 U 0.008 b 0.0055 U
Toluene 0.0055 U 0.0055 U 0.008 U 0.0055 U  0.0055 U 0.006 U 0.0055 U
Chlorobenzene 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.006 U 0.0055 U
Ethylbenzene 0.0055 U
Acetone 011 U iBY#720.0:
2-Butanone 011 U 01U 0. iU 0. X
Carbondisulfide 00055 U  0.0055 U 0.006 U 0.0055 U 0.0055 U 0.006 U
2-Hexanone 0.055 U 0085 U 0.06 U 0.055 U 0.055 U 0.0055 U 0.06 U
4-Methyl-2-Pentanone 0.055 U 0.055 U 006 U 0.055 U 005U 00055 U 0.08 U
Styrene 00055 U 0.0055 U 0.006 U 00055 U 0.0055U 0.0055 U 0.006 U X
Viny! Acetate 0.055 U 0.055 U 0.08 U 0055 U 0055 U 0.0055 U 008 U 0.06 U
T-Xylons 76100 0.0055 U 0.006 U 0.0055 U 00055U 00055U 0008 U 0.006 U |
1,2-Dkhloroethane-d4(76-114) 08.8 98 974 99 99.8 105 108 101
Toluene-D8(88-110) 973 988 99.9 100 86.6 915 100 R
4-Bromofiuorobenzene(86-118) 93.2 93.3 921 84.2 99.9 85.8 835 106 83
Notes: Station - See Figure 8.1 for locath 64D indicates a fleld dupt taken at station 64,



sajqe] v xipuaddy

LY

"Table A3. (Page 4 of 4). Ammunition Buming Ground, NWSC, Crane, Indlana, SWMU#03/10. Results of analyses of surface solls EPA Method 8240 (VOAs -volatile
organic analytes) soil analyses for surface soll samples. Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown In gray.

: SURFACE S0IL SAMPLE STATION
VOLATILE ANALYTE 69 70

Chioromethans 0012 U 0011 U
Bromomethane 0012 U 0011 U
Viny! Chioride 0012 U X R R
Chloroethane 0011 VU
Metnylene Chloride o

0.0055 U

1,1:Dichloroethens

1,1-Dichloroethane X 0.0055 U

Trans-1,2-Dichloroethene 0.006 U 0.0055 U

cls-1,2-Dichloroethene 0006 U 0.0055 UV

Chioroform 0.008 U 0.0055 U

1,2-Dichioroethane 0006 U 0.0055 U

1,1,1-Trichloroethans 0.006 U 0.0055 U X

Carbon Tetrachloride 0006 U 0.0055U 0.006 U

Bromodichloromethane 0.008 U 0.0055 U 0.008 U i

1,2-Dichloroprop 0.006 U 0.0055 U 0.008 U :

Trans-1,3-Dchloropropens 0.006 U 0.0055 U 0.006 U

Trichloroethene 0008 U 00055 U 0.006 U

Dibromochlotomethane 0.008 U 0.0055 U 0.008 U

Cls-1,3-Dichloropropene 0.008 U 0.0055 U 0.008 U

1,1,2-Trichloroethane 0008 U  0.0055 U 0.008 U -
. Benzene 0.006 U 0.0055 U 0.008 U .

‘Bromotorm 0.008 U 0.0055 U 0.008 U :

1,1,2,2-Tetrachloroethane 0006 U 00055U . 0008V "

Tetrachloroethene 0.006 U 0.0055 U 0.008 U

Toluens _ 006 U__ 00055 U [6B06ETTH !

Chiorobenzene 0.006 U 0.0055 U 0.006 U

Ethylbenzene 0.006 U 0.0055 U

Acetone ‘é‘;v il 5"""1:23{&'

2-8utanone 012U 011U

Carbondisulfide 0.006 U 0.0055 U

2-Hexanone 0.006 U 0.0055 U

4-Methyl-2-Pentanone 0008 U  0.0055 U 0.006 U

Styrene 0008 U 00055 U 0.006 U -

Vinyl Acetate 00068 U 00055 U 0.0068 U

T-Xylene 0006 U  0.0055 U 0.006 U

1,2-Dichioroathane-d4(76-114) 105 99.2 103

Toluene-D8(Surrogate (88-110)) 98 98.4 875

4-8 b {88-118) 946 034 07.1

Notes:  Station - See Figure 5.1 fof locations. ,
EPA Method 8240 - in Test Methods for Evaluating Organk and Inorganic Wastes, Physical/Chemica! Methods SW846, Third Edition, November 1988, with July 1992 revisions.

E - Identifiea compounds whose t ded the calibration range of the GC/MS Instrument, .

U - Compound was analyzed for but not d. Detection limts are given before the U symbol,

8 - Analyte found In asociated method blank as well as sample.

-1 an esth d vatue below te quantitation limits -

Last three rows In table - gat ries. S t L d p Accep (defined by the method) are given In parentheses.
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Table A4.  Ammunition Burning Ground, NWSC,‘Crane, Indiana, S

analyses of surface soils for VOAs.

WMU #03/10. Summary by station of resuits of

BY STATION
NUMBER OF DIFFERENT TOTAL SAMPLE MAXIMUM VOA IN STATION
STATION VOAs DETECTED VOAS (mglkg) CONC (mg/kg) NAME
43 1 0.0092 0.0092(J) T-xylene
47 1 0.0006 0.0006(J) T-xylene
49 1 0.0009 0.0009(J) T-xylene
50 1 0.001 0.001(J) T-xylene
53 2 0.011 0.009(J) T-xylene
54 2 0.0056 0.0048(J) T-xylene
56 1 0.017 0.017 Trichloroethene
58 1 0.00098 0.00098(J) T-xylene
66 1 0.00084 0.00084(J) Trichloroethene
67 1 0.00068 0.00068(J) Trichloroethene
68 1 0.0024 0.0024(J) T-xylene
71 1 0.00061 0.00061(J) Toluene
Note: Where field duplicates were taken, the highest total concentration [
and occurrence all VOAs from both samples were included. !
Total VOAs - Sum of all VOAs with detectable concentrations,
J - Indicates an estimated value below accurate quantitation limits .
BY VOA
OCCURRENCE MAXIMUM CONCENTRATION LOCATION OF RBC iINDUSTRIAL
VOA DETCTED BY STATION ENCOUNTERED (ma/kg) MAXIMUM SOILS markg
T-Xylene 43,47, 49, 50, 53, 58, 68 0.0092(J) 43 1000000 n
Ethyl Benzene 53,54 £ 0.002(J) 53 100000 n
Toluene 4l 0.00061(J) 71 200000 n
Trichloroethene 56, 66, 67 0.017 56 260 n

Note:

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994,
Roy L. Smith, Senlor Toxicologlst (3HW15), U.S. EPA Reglon |l

Risk Based Concentrations are in mg/kg.

Basls of RBC: ¢ = carcinogenlc effect; n = noncarcinogenlc effect
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Table A5 Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Resuns of analyses of method blanks assoclated with analyses of surface solls
|collected August 1993 for volatile organics using EPA Method 8240 . Concentrations are mgfkg (ppm) dry welght. Samples with detectable concentrations are
shown In gray.

METHOD BLANK
ANALYTE MB1 MB2 . _MB3 MB4 MBS MBS MB7 MBS
Chioromethane 0010V 0.010 U 0.010 U 0.010 U 0010V 000U 0010V 0.010 U
Bromomethane 0010 U 0010 U 000U 000U 0.010U 00t0U 0010V 0010 U
Vimy Chioride 000U o0010U o0010U 000U o0.0t0U 0.010 U
* Chiorosthane 0010V 0.010 U 00100 0010 U 0.010 U 0,010 U
. Methyens Chioride G087  [HDI00¢ 10087 116107001 G ¥ 61 o i 012)
1,1-Dichioroethene : 0 0050 U 00050U 00050U 0.0050U 00050 U 000500 0O 0050 U 00050U
1,1-Dichioroethane 00050 U 0.0050U 00050U 000500 00050U ©0050U 0.0050U 0.0050U
Trans-1,2-Dichioroethens 0.0050 U 0.0050U 0.0050U 00050V 00050U 0.0050U 0.0050U 0.0050U
cis-1,2-Dichioroethens 00050 U 0.0050U 0.0050U 00050V 00050V 00050U 00050V 0.0050 U
Chioroform 00050 U 0.0050U 00050V 0.0050U 000500 ©0.0050U 0.0050U 0.0050U 0.0050 U
- 1,2-Dichioroethane 0.0050U 0.0050U 0.0050U ©0.0050U 00050U 0.0050U 00050U 0.0050U 0.0050 U
1,1,1-Trichioroethane 00050 U 00050U 00050V 00050V 000S0U 00050U 0.0050U 00050V 0.0050U
Carbon Tetrachioride 0.0050 U 0.0050U 00050U 00050U 00050U 0.0050U 0.0050U 000500 0.0050U
Bromodichioromethane 0.0050 U 0.0050 U 0.0050 U 00050U 00050U 00050U 0.0050U 0.0050U - 00050V
1,2-Dichioropropans 0.0050U 000S0U 000SOU 000S0U 00050V 0.0050U 0.0050 U 0.0050 U 0.0050 U
Trans-1,3-Dichioropropena 00050 U 00050U 0.0050U 00050U 0.0050U 00050U 0.0050U 0.0050U 0.0050 U
Trichioroethene 00050 U 00050V 0.0050U 00050U ©0.0050U 000S50U 00050U 0.0050U 0.0050U
Dibromochioromethane 00050 U 00050U 00050U O0.0050U ©00050U 00050U 0.0050U 0.0050U 0.0050U
"Cls-1,3-Dichioropropene 00050U 00050U 000S0U 00OSOU 00050U 00050V 0.0050U 00050V 00050V
1,1.2-Trichioroethane 00050 U 00050V 0.0050U 0.0050U ©0.0050U 0.0050U 0.0050VU 0.0050 U 0.0050 U
Berzene 0.0050U 0.0050U 00050V 0.0050U 0.0050U 000S0U 0.0050U 0.0050U 0.0050 U
Bromoform 00050U 00050U 00050U 00050U 00050U 0.0050U 0.0050U 0.0050U 0.0050U
1,1,2,2-Tetrachioroethane 0.0050U 00050U 00050U 00050U 0.0050U 00050V 0.0050U 0.0050U 0.0050U
Tetrachioroethens 00050 U 0.0050U - 00050U 0.0050U 00050U 000500 00050U 0.00500 0.0050 U
Toluene 00050 U 00050V 0.0050U 0.0050U 00050U 00050U 0.0050U 0.0050UV I
Chiorobenzene 00050V 0.0050U 00050V 0.0050U 0.0050UV 0.0050 U 0.0050 V
Ethybenzene 00050 U 0.0050U 00050V 0.0050UV 000500 - ogpsop 0.0050 U
Acetone h: i 3
2-Butanone 0.10U 010UV 0.10 V] 010UV 0. 10 U 0.10U |00
Ci . 0.0050 U 0.0050U 0.0050U 0.0050 U 0.0050 U 0.0050 U 0!
2-Hexanone 0.050 U 0.050 U 0.050 U 0050 U 0.050 U 0.050 U
4-Methyl-2-Pentanone 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U -0.050U
Styrene 00050 U 00050V 00050U 0.0050U 0.0050U 0.0050 U
Vinyt Acetate 0.050 U 0050U 0050U 0050U 0050V 0.050 U
T-Xylene 0.0050 U 0.0050 U 00050 U 0.0050 U 0.0050 U [ 0.0050 U ,
1.2-Dichioroethane-d4(70-121) 929 92.7 92,9 94.3 Q2.7 953 915 915
Tokene-D8(81-117) 98.5 100.0 8.5 102.0 100.0 996 1010 101.0
4-Bromofk (74-121) 100.0 100.0 100.0 102.0 100.0 100.0 100.0 101.0 101.0
Notes: . .
EPA Method 8240 - In Test Methods for Evaksting Organic end tnorgenic Wastes, PhysicalChemical Methods SW848, Third Editon, November 1886, with Ay 1892 revisions,
U - Compound was enalvzed for but not detected. Detection kits are given before the U symbol. - .
J-ind an esth d vakse below quarttaton Imits
Last three rows In table - Surrogat des. Surogat rk method petformance, mmhmmﬂmoymmmmmhmmm
MB1 - Sampies from stations 39, 40, 84, 69, and 74 MBS - Samples from statons 89, 61
MB2 - Samples from stations 41, 46, and 70 MBB - Samples from stations 84D
MB3 - Samples from station 63 MB7 - Samples from locafons 42, 45, 48, 48D, 49, 62, snd 68

MB4 - Samples from stadon 63, 84, 68 : MBS - Samples from locafons 43, 44, 62, €5, 68, and 67
. MBS - Bamples from locatons 47, 60, 80D, 61, 85, 66, 67, and 60



Table A6. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of
analyses of trip blanks associated with shipment of ABG surface soils sampled for volatile
organics. Concentrations are mg/L (ppm). Blanks with detectable concentrations are shown in

gray. -
TRIP BLANK
ANALYTE T81 MB/TB1 T82 MBABY
Chloromethane 0010 U 0010 U 0010 U 0010 U
Bromomethane 0010 U o010 U 0010 U 0010 U
Vinyl Chloride 0.010 U o010 U 0010 U 0.010 U
Chloroethane 0010 U
Methylene Chioride e ] 400
1,1-Dichloroethene 0.0050 U . 00050 U 0.0050 U 0.0050 U
1.1-Dichloroethane 0.0050 U 00050 U ~ 0.0050 U 0.0050 U
Trans-1,2-Dichloroethene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
cis-1,2-Dichloroethene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Chloroform 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1.2-Dichloroethane 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1.1,1-Trichloroethane 0.0050 U 0.0050 U 00050 U 0.0050 U
Carbon Tetrachloride 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Bromodichioromethane 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1,2-Dichloropropane 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Trans-1,3-Dichloropropene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Trichloroethene 00050U 0.0050 U 0.0050 U 0.0050 U
Dibromochioromethane 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Cis-1,3-Dichioropropene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1,1.2-Trichloroethane. 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Benzene - 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Bromoform 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1.1.22-Tetrachloroethane . 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Tetrachioroethene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Toluene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Chlorobenzene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Ethylbenzene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
2-Butanone o.t10 U 010U
- Carbondisutfide 0.0050 U 0.0050 U 0.0050 U 0.0050 U
2-Hexanone 0.050 U 0.050 U 0.050 U 0.050 U
4-Methyl-2-Pentanone 0.050 U 0.050 U 0050 U 0.050 U
Styrene 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Vinyl Acetate 0050 U 0.050 U 0.050 U 0.050 U
T-Xylene ) 0.0050 U 0.0050 U 0.0050 U 0.0050 U
1.2-Dichloroethane-d4(70-121) 100.0 994 102.0 994
Toluene-D8(81-117) 101.0 99.7 101.0 99.7
4-Bromofluorobenzene(74-121) 102.0 101.0 103.0 101.0
Notes:

EPA Method 8240 - in Test Methods for Evaluating Organic and Inorganic Wastes, P!

- November 1986, with July 1992 revisions.

U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

J - Indicates an estimated value below accurate quantitation limits
B - Analyte is found in the associated blank as well as the sample.

. Last three rows in table - Surrogate recoveries. Surrogate recoveries measure method

the method) are given in parentheses.

TB1 - cooler #4 (8/17/93 - date shipped); samples from stations 42, 45, 48, 49, 52, 58

TB1 - cooler #5 (8/18/93); samples from locations 43,44, 62, 65, 66, and 67
MB/TB1 - Method Blank analyzed with Trip Blank 1

A10

hysical/Chemical Methods SW846, Third Edition,

performance. Acceptable recoveries (defined by

Appendix A Tables
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Table A7. Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of surface soll samples for explosive compounds. Concentrations are
mg/kg (ppm) dry welght. Samples with detectable concentrations are shown In gray.

SURFACE SOIL SAMPLE STATION

EXPLOSIVE 39 40 41 46 47 48

HMX 220U 220U 220UV
RDX 1.00 U 100UV 1.00UV
TNB 025U 025U 025V
DNB 025 U 025U 025UV
TETRYL 065UV 065U 065U
TNT 025U 025U 025U
2,4-DNT. 025 U 025U 025U
2,6-DNT 0.26 U 026U 026U
2A-DNT 025V 025U 025UV
4A-DNT 025U 025U 025UV
TOT EXP ND ND ND

220U
1.00U
025 Y
025U
065 U
025U
025UV
026 U
025U
025 U
ND

EXPLOSIVE

HMX
RDX
TNB
DNB
TETRYL
TNT
2,4-DNT
2,6-DNT
2A-DNT
4A-DNT
TOT EXP

CececeaeCcCcCCec

EXPLOSIVE

HMX
RDX
TNB
DNB
TETRYL
TNT
2,4-DNT
2,6-DNT
2A-DNT
4A-DNT
TOT EXP ND 0
Notes: Sample {D Is as follows, Sta
J - Indicates an estimated value below accurate quantitation fimits

U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.
TOTAL EXP - A total of all explosive compounds determined for that sample. ND means none detected.




Table A8. Ammunition Buming Ground, NWSC, Crane, Indiana, SWM
concentrations in surface soil samples.
explosive compounds. Less than detection limit results were summed as zero.

U #03/10. Total explosives
Total explosives are the sum of concentrations of all detectable

TOTAL EXPLOSIVES

l NUMBERIN | %4 TOTAL NUMBER

CATEGORY SAMPLE LOCATION CATEGORY SAMPLES | CUMMULATIVE %

NONE DETECTED 39 40 41 46 47 53 54 S5 " 333 333
59 60 63

>ND <1 mg/kg S8 64 66 68 71 S 152 485

>1mgkg < 10 mgkg 43 49 S50 S1 S2 57 65 67 9 273 758 .
70

>10mg/kg <100 mg/kg 42 45 48 62 5 152 91

>100mg/kg < 1000 mg/kg 56 2 6.1 971

>1000 mg/kg 61 1 3.0 100.1

TOTAL NO. SAMPLES - 33
Note:

A12

Duplicates - Field duplicates were taken at 48, 50, 54. For this summary the highest totla e:q:iosive concentration of the twp samples used.

Appendix A Tables




Table AS. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary by
explosive analyte of the results of analyses of surface soil sample analyses for explosives.

EXPLOSIVE

NUMBER OF STATIONS
DETECTED OCCURRENCE BY SAMPLE WITH SPECIFIC EXP
HMX 42 43 44 45 48() 49  50() 1]
: S1(d) 52() 56(J) 57  58(J) 61 62
65 66(J) 67 68(J) 6 70() _ 71()
" RDX 2 439 44 45() 48 49() 510 13
L 52()) 58(J) 61 62 67 639
TNB 420) 44) 48  52(J) 61 62 67() G
' 68(J)
TNT 42 430 44 45(9) 48 49() 50 i19]
51 52 56 57()) 58(J) 61 62
65())  66(J) 67  68(J) 69 )
2,4-DNT a2() . 43 45() 48(y) 49 52  S6(J) 5
S8()  67()
2,6-DNT 43 4409 49 52  58(J) {4
2A-DNT 42 44 48 43()) S0() 52 56 1]
58(J) 61  62()) 67
4A-DNT 42 43 44 453) 48 49  50() 17
51() 52 58() 61 62 64(J) 68(J) .
67  68(J) 69 : '

Note: J- Indicates that concentration reported was an estimated value below accurate quantitation fimits
Duplicates - Where field duplicates were taken, the highest concentration and all explosives from both samples were included.

RBC
EXPLOSIVE MAXIMUM CONCENTRATION INDUSTRIAL SOILS
COMPOUND ENCOUNTERED (mg/kg) LOCATION OF MAXIMUM mg/kg
HMX 223.0 61 -
RDX 18200 61 -
TNB 1.60 62 Sin
DNB NONE DETECTED - 100 n
TETRYL NONE DETECTED - 10000 n
TNT 136 56 85¢c
24-DNT 13 43 2000n*"
2.6-DNT 0.58 49 1000n*
2A-DNT 565 61 ¢
4A-DNT 82 61 ¢
TOTAL EXP 2078 61 -

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994.

Roy L. Smith, Senior Toxicologist (3HW15), U.S. EPA Region Ilf.
Risk Based Concentrations are in mg/kg.

Basis of RBC: ¢ = carcinogenic effect; n = noncarcinogenic effect
(-) No RBC avaiable

+(*) An RBC for DNT mixture is 4.2 mg/kg as a carcinogenic effect

Appendix A Tables

A13,




‘Table A10. Ammunition Buming Ground, NWSC, Crane, indiana, SWMU #03/10. Summary by station of the
results of analyses of surface soil samples collected August 1993 for explosive compounds. -

NUMBER OF -
DIFFERENT EXPLOSIVES MAXIMUM EXP IN STATION ’J
STATION DETECTED BY STATION CONC (mg/kg) NAME
42 7 8.90(J) HMX
43 6 3.74 HMX
44 7 10.90 RDX
45 6 11.40 HMX
- 48 6 195 RDX
. 49 7 3.16 HMX
50 3 0.52(9) HMX :
51 4 0.70 TNT SUMMARY
52 8 1.82(J) HMX NO. OF
56 4 136.C TNT EXPLOSIVE MAXIMUMS
57 2 9.20 HMX HMX 14
58 7 0.11 HMX RDX 4
61 5 1820.0 RDX TNT 3
62 6 19.20 HMX 4A-DNT 1
64 1 0.11(J) 4A-DNT
65 2 6.05 HMX
66 3 0.18(J) TNT
67 7 288 HMX
68 4 0.17(J) HMX
63 4 182.0 RDX
70 1 1.50(J) HMX
71 1 0.30(J) HMX
{4} - indicates an estimated value accurate detection fimits
Duplicates - Where field duplicates were taken, the highest concentration and all explosives from both samples
were included.
Al4 Appendix A Tables




“Table A11. Ammunition Buming Ground, NWSC, Crane, indiana, SWMU #03/10. Results of analyses of
method blanks associated with anatyses of surface soils for explosives (EPA Method 8330). Concentrations are
mg/kg. Method blanks are shown for associated group of sample analyses indicated by station. All method
blanks had the same detection levels and results (i.e., none detected), therefore results are presented only once.

Note: U - Compound was analyzed for but mot detected. Detection limits are given before the U symbol.

METHOD BLANK - ASSOCIATED ANALYSES

Method Blank - 42, 45, 48, 48D, 49, 52,58
Method Blank - 47, 50, 50D, 51, 55, 56, 57, 60
Method Blank - 53, 54, 54D, 59, 61, 63, 68
Method Blank - 43, 44, 62, €5, 66, 67

Method Blank - 39, 40, 41, 46, 64, 69, 70, 71

CONCENTRATION
EXPLOSIVE ma/kg
HMX 220UV
RDX 1.00UV
TNB 025 U
DNB 025 UV
TETRYL 065UV
TNT 025U
2,4-DNT 025 UV
2,6-DNT 0.26 U
2A-DNT 025U
4A-DNT 025 UV

D - Field duplicate sample.

Appendix A Tables

A15
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Table A12.
(semivolatile organics) .

(Page 1 of 3) Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/
Concentrations are mg/kg (ppm) dry welght. Samples with detectable

10. Resulits of analyses of surface soils for PAHs using EPA Method 8270
concentrations are shown in gray.

1,2-Dichloroben.-d4(Surr (20-13

STATION

ANALYTE 39 40 41 42 43 44 45 46 47 48 48 D 49
Naphthalene 034U 035U 036U 04U 038U 038U 035U 036U 0380 038U 038U - 036U
. Acenaphthylene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 038U
Acenaphthene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 036U
Fluorene 034U 035U 038U 04U 038U 038U 035U 036U 038U 028 U 038U 036U
Phenanthrene 034U 035U " 036U 04U 038U 038U 035U 036U 038U 038U 038U 038U
Anthracene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 036U
Fluoranthene 034U 035U 038U 04U 038U 038U 035U 036U 038U 038U 038U 038U
Pyrene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 036U
Chrysene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 038U
Benzo(a)Anthracene 034U 035U 036U 04U 038U 038U 035U 038U 038U 038U 038 U _ 038U
Benzo(b)Fluoranthene 034U 035U 036 U 04U 038 U 038U 035U 036 U 038 U 038U. 038U 0.36 U
. Benzo(k)Fluoranthene 034U 035U 036 U 04U 038 U 038 U 035U 0.36 U 038 U 038 U 038U 0.36 U
Benzo(a)Pyrene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 036 U
Indeno(1,2,3-C,D)Pyrene 034U 035UV 036 U 04U 038 U 038U 035U 0.36 U 038 U 038U 038 U 0368 U
Dibenzo(A,H)Anthracene 034U 035U 036U 04U 038U 038U 035U 036U 038U 038U 038U 036U
Benzo(G,H,)Perylens 034U 035U 036 U 04U 038 U 038U 035U 0.36 U 038U 038 U 0.38 U 036 U

2-Methylnaphthalene - - - - 038U 038U - - - - - -

TOTAL PAH ND ND ND ND ND ND ND ND ND ND ND ND

2-Fluorobiphenyl(Surr (30-115)) 61.0 36.7 251 57.8 59.0 51.7 51.3 31.0 63.8 50.6 28.6 45.0.

. p-Terphenyl-D14(Surr (18-137)) 814 79.2 28.7 93.6 97.2 857 77.6 91.3 89.9 86.8 76.2)1 769

51.5 29.7 25.1 48.5 44.3 38.6 32.7 229 38.7 41.2 23.0 33.7

Notes:

Method 8270 - in Test Methods for Evaluating organic and Inorganic Wa

J - Indicates an estimated value below accurate quantitation limits

U - Compound was analyzed for but was not detected. Detection limits are

-) - No analysis reported for this compound.

Surr - Surrogate recoveries. Surrogate recoveries measure method

48 D - Field duplicate for soll sample from station 48,

TOTAL PAH - Sum of all detectable concentrations of PAHs. ND indicates none detected.

performance. Acceptable recoveries (defined by the method) are given in parentheses.

stes, Physical/Chemical Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

given before the U symbol,
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Table A12. (Page 2 of 3). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of surface soils for PAHs using EPA Method 8270
(semivolatile organics) . Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are shown in gray.

STATION

ANALYTE 50 50D 51 52 53 54 57 58 §9
Naphthalene 038U 038U 038U 038U 037U 033U 038U 035U 035U
Acenaphthylene 038U 038U 038U 038U 037U 039U 038U 035U 035U
Acenaphthene 038U 038U 038U 038U 037U 039U 038U 035U 035U
Fluorene. 038U 038U 038U 038U 037U 039U 038U 035U 035U
Phenanthrene 038U 038U 038U 038U 037U 64514 | 038U 035U 035U
Anthracene 038U 038U 038U 038U 037U U 038U 035U 035U
Fluoranthene 038U 038U 038U 038U 037U J 038U 035U 035UV
Pyrene 038U 038U 038U 038U 037U J 038U 035U 035U
Chrysene 038U 038U 038U 038U 037U J 038U 035U 035U
Benzo(a)Anthracene 038U 038U 038U 038U 037U J 038U 035U 035U
Benzo(b)Fluoranthene 038U 038 U 038 U 038U ; 037UV J 038U 035U 035UV
Benzo(k)Fluoranthene 038U 038U 038U 038U 037U J 038U 035U 035U
Benzo(a)Pyrene 038U 038U 038U 038U 037U J 038U 035U 035U
Indeno(1,2,3-C,D)Pyrene 038U 038U 038U 038U 037U J 038U 035U 035UV
Dibenzo(A,H)Anthracene 038U 038U 038U 038U 037U U 038U 035U 035U
Benzo(G,H,)Perylene 038U 038U 038U 038U 037 U [;;0.033}J 038U 035U 035U
2-Methylnaphthalene - - - - - - - - -
TOTAL PAH ND ND ND ND ND 0.508 ND ND ND
2-Fluorobiphenyl(Surr (30-115))  61.5 62.4 62.8 46.7 43.6 35.3 64.2 45.6 45.4
p-Terphenyl-D14(Surr (18-137))  78.1 96.7 97.8 80.4 85.4 90.9 89.4 81.3 | 93.2
1,2-Dichloroben.-d4(Surr (2013 49.0 52.4 50.8 39.9 30.8 29.9 445 - 33

Notes;

Method 8270 - in Test Methods for Evaluating organic and Inorgan , Phy:

419 -

ic Wastes, Physical/Chemical Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

J - Indicates an estimated value below accurate quantitation limits
U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.

(-) - No analysis reported for this compound.
Surr - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given in parentheses.

48 D - Field duplicate for soil sample from station 48.
TOTAL PAH - Sum of all detectable concentrations of PAHs. ND indicates none detected.
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Table A12.  (Page 3 of 3). Ammunition Buming Ground, NWSC, Crane, Indiana, SW
(semivolatile organics) . Concentrations are mg/kg (ppm) dry welght. Samples with de

MU #03/10.. Results of analyses of surface soils for PAHs using EPA Method 8270
tectable concentrations are shown in gray.

Notes:

Method 8270 - in Test Methods for Evaluating or

anlc and Inorganic

ganic and Inorganic v

J - Indicates an estimated value below accurate quantitation limits

STATION
ANALYTE 60 63 64 65
Naphthalene 0.38 U 039 U 36U 038U
Acenaphthylene 038 U 039 U 36U 038U
Acenaphthene 038 U 039 U 36U 038U
Fluorene 038 U 033 U 36U 038U
Phenanthrene 0.38 U 039 U 541 0.38 U 5653
Anthracene’ 038 U 039U 0.38 U
Fluoranthene’ 0.38 U 039 U 038 U
Pyrene 038 U 0393 U 038 U
Chrysene 038 U 039 U 038 U
Benzo(a)Anthracene 0.38 U 0.39 U 0.38 U
Benzo(b)Fluoranthene 038 U 038 U 038 U | C
Benzo(k)Fluoranthene 0.38 U 039 U 0.38 U Em 49 )
Benzo(a)Pyrene 038 U 0.39 U i 038U 038U 038U 038U 037U
Indeno(1,2,3-C,D)Pyrene 038 U 0.39 U }iiC 038 U 038 U 038U 036U o037V
Dibenzo(A,H)Anthracene 0.38 U 0.39 U 0.38 U 0.38 U 038U 036U 037U
Benzo(G,H,!)Perylens 038 U 039U {} 038 U 038 U
2-Methylnaphthalene - - 0.38 U {6553y
TOTAL PAH ND 1.078  ND 0.15 3.102 ND ND 0.050
2-Fluorobiphenyl(Surr (30-115)) 60.2 332 59.9 43.6 62.0 421 327 50.6 254
- p-Terphenyl-D14(Surr (18-137))  82.2 91.9 940 6.9 104.0 86.9 85.8 786 83.2
1,2-Dichloroben.-d4(Surr (20-13 42,9 26.9 10.0 3286 51.8 32.2 235 378! 25.4

Wastes, Physlcal/Chemlcal Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.

(-) - No analysis reported for this compound.

Surr - Surrogate recoveries. Surrogate recoveries measure method performance, Acceptable recoveries (defined by the method) are given in parentheses,
TOTAL PAH - Sum of alt detectable concentrations of PAHs. ND indicates none detected.
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Table A13.  Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary by station of

results of analyses of surface soils for PAHSs.

NUMBER OF DIFFERENT TOTALSAMPLE  MAXIMUM PAH IN'STATION
STATION PAHs DETECTED PAHs (mg/kg) CONC (mg/kg) NAME
54 10 0.508 0.084(J) Fluoranthene
56 2 0.031 0.016(J) Phenanthrene
61 1 0.022 0.022(J) Phenanthrene
62 6 0.303 0.084(J) Phenanthrene
64 10 1.079 0.20(J) Benzo(b)fluoranthene
66 9 0.15 0.054(J) Phenanthrene -
67 8 0.316 0.079(J) Phenanthrene ‘
68 12 3.102 0.37 Benzo(b)fluoranthene
71 2 0.05 0.029(J) Phenanthrene
MAX 12 -3.102
MIN 1 0.022
MEAN 7 0.618

Note: Where field duplicates were taken, the highest total concentration
and occurrence all PAHs from both samples were Included.
Total PAHs - Sum of all PAHs with detectable concentrations.

-~
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" Note: Where field duplicates were taken, the occurrence of a PAH In either sample was listed,
ND - None detected; No RBC - No RBC listed in reference.

J - Indicates that concentration reported was an estimated value below accurate quantitation limits.

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994,
Roy L. Smith, Senlor Toxicologist (3HW15), U.S. EPA Reglon I,
Risk Based Concentrations are in mg/kg.

Basis of RBC: ¢ = carcinogenic effect; n = noncarcinogenic effect

Table A14.  Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summeary by specific PAH of results of analyses of surface soils using EPA
Method 8270.
NUMBER OF STATIONS MAXIMUM CONCENTRATION LOCATION INDUSTRIAL SOILS
PAH OCCURRENCE BY STATION WITH SPECIFIC PAH ENCOUNTERED (mg/kg) OF MAXIMUM RBC mgfkg
Low Molecular Weight PAHs
Naphthalene 62 66 67 [3) 0.04(J) . 62 41000n
Acenaphthylene ND [0} ND - no RBC
Acenaphthene ND {0] ND - 61000n
Fluorene ND [0] ND - 41000n
Phenanthrene 54 56 61 62 64 66 67 68 9] 0.084(J) 62 no RBC
71

Anthracene 68 1] 0.066(J) 68 310000n
2-Methylnaphthalene 66 67 2] 0.07(J) 67 no RBC
High Molecular Welght PAHs

" Fluoranthene 54 56 62 64 66 67 68 7 0.24(J) 68 41000n
Pyrene 54 62 64 66 67 68 T 7 0.33(J) 68 31000n
Chrysene 54 62 64 66 67 68 {6} 0.32(J) 68 3%0c
Benzo(a)Anthracene 54 64 68 (3] 0.20(J) 68 3.90¢c
Benzo(b)Fluoranthene 54 64 66 67 68 I5) 04 p 68 3.90c
Benzo(k)Fluoranthene 54 64 66 67 68 (5} 0.31(J) 68 39.0¢
Benzo(a)Pyrene 54 64 68 (3] 0.28(J) 68 0.3%¢
Indeno(1,2,3-C,D)Pyrene 64 64 68 "13) 0.23(J) 68 3.90¢
Dibenzo(A,H)Anthracene 68 (1} 0.040(J) €8 0.3%
Benzo(G,H,|)Perylene 54 62 64 68 (4] 0.21(J) €8 o RBC
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Table A15. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of method blanks for PAHs using EPA Method 8270. Concentrations are
mg/kg. Method blanks are shown for assoclated group of sample analyses Indicated by station..

METHOD BLANK :
PAH ANALYTE MB1 mB2 MB3 mB4 MBS MBé MB7 MB8
Naphthalene 033 UV 033U 033 U 033V - 033UV 033 U 033 UV 033U
Acenaphthylene 033 U 033 U 033 v 033 U 033V 033 U 033U 033V
Acenaphthene 033 U 033 U 033 U 033U 033U 033 U 033U 033U
" Fluorene 033 U 033 U 033 U 033 Vv 033 U 033 U 033 U 0330V
Phenanthrene 033 U 033 U 033 U 033 V 033 U 033 U 033 U 033 U
Anthracene 033 U 033 U 033 U 033 V 033UV 033U 033 U 033 U
Fluoranthene 033 U 033 U 033 U 033 U 033U 033U 033 v 033 U
" Pyrene 033 U 033 U 033 U 033 U 033 UV 033U 033 U 033 U
Chrysene 033 U 033 U 033 0V 033 U 033 UV 033V 033U 033 U
Benzo(a)Anthracene 033 U 033 U 033 U 033 U 033 U 033 UV 033U 033 U
Benzo(b)Fluoranthene 033 VU 033 U 033 U 033 U 033 U 033 UV 033 U 033 U
Benzo(k)Fluoranthene 033 U 033 U 033 U 033U 033 U 033U 033V 033 U
Benzo(a)Pyrens 033 U 033UV 033U .- 033U - 033UV 033UV 033U 033U
Indeno(1,2,3-C,D)Pyrene 033 UV 033U 033 U 033 U 033U 033 U 033U 033U
Dibenzo(A.H)Anthracene 033 U 033 U 033 U 033 U 033 U 033 U 033U 033 U
Benzo(G,H,l)Perylene 033 U 033 U -033 UV 033 U 033 U 033 U 033U 033 U
2-Methyinaphthalene - - - - - - - 033 U
2-Fluorobiphenyl(Surr (30-115)) 61 39 61 30.2 57.4 60.4 56.2 57.4
p-Terphenyl-D14(Surr (18-137)) 81.2 93 81.2 90.6 86.9 87.8 89.3 86.9
1,2-Dichloroben.-d4(Surr (20-130)) 453 35.1 45.3 23.8 46.9 49.1 37.7 46.9

Note: U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

EPA Method 8270 - in Test Methods for Evaluating Organic and Inorganic Wastes, Physical/Chemical Methods SW846, Third Edition, November 1986, with July 1992 revlslows
(<) - No analysis reported . ]
Surr - Surrogate recoverles measure method performance. Acceptable recoverles (defined by the method) are given In parentheses.

MB1 - Samples from stations 38, 41, 69, and 71 MBS - Samples from stations 47, 50, 50D, 51, 55, 86, 7, and 60
MB2 - Samples from stations 54, 59, 61, 63, and 68 MB88 - Samples from stations 40, 48, 64, and 69
MB3 - Samples from stations 45, 48, 480D, 49, 52, and 58 MB7 - Samples from stations 53 and 54D

MB4 - Samples from stations 43, 44, 82, 65, 60, and 67 MB8 - Samples from station 42



[AA

s3|ge ) v xipuaddy

Table A16. Ammunition Bumning Ground., NWSC, Crane, Indiana, SWMU #03/10, Resulls of Inorganic analyses of surface soll samples. Concentrations are mg/kg dry welght (ﬁpm).

ANALYTE :

SAMPLE | AL S8 AS BA cD CA CR co cu FE PB MG MN HG NI AG NA SN ZN TP
39 8190 09 UN 426 412 0098 7720 1 86 5.8 14800 6.1 1820 365 0.16 1.9 1U 808 S5U 331 150
40 8200 09 UN 207 471 0158 3260 134 103 7.7 21300 85 1090 428 01U 128 iU 69.7B. SU 482 152
41 9610 09 UN 433 497 0428 1340 1.3 10.4 129 16200 11.7 1080 692  0.123 13.8 1U 1118 sU 731 293
42 17000 09UN 842 1410 263 23900 29 18 265 23900 ar2 10000 739 0733 203 22°* 1308 56U 135 188
43 8620 263 BN 358 208 1.26 104000 10.9 73 936 N* 10800 1510 12800 335 0.106 12 1U 143 8 §U 189 921
44 15300 0.9 UN 6 104 0478 7040 18.7 112 37.8 N* 24100 240 2320 534 0473 221 1U 8528 sU 179 199
45 7660 14BN 42 138 1.26 88400 9.7 1.2 297 10500 948 19700 478  1.926 136 10 180 B §U 137 935
46 10200 09 UN 437 §68 0128 1420 139 93 116 16500  10.7 1180 456  0.109 12.2 1u 7038 SU 511 185
47 7980 09 UN 105N 426 0178 3168 145 114 104 °* 19300 141 N* 697 291 2.51 8.1 1uU 2688 SU 401 122
48 12900 09 UN 558 984 1 28700 18.3 189 738 23600 163 5670 598  0.808 238 1U* 6898 SU_ 110 243
49 7010 09 UN 408 111 0.7 - 78000 9.6 103 585 10300 1270 15900 365 0928 118 1u 103 B SU 131 768
50 9830 09 UN 6983 463 78N 27100 158.7 128 80.2* 18800 98 N* 3610 569 4Mm 16.5 iRV 9198 S§U 476 232
51 10500 09 UN 664N 184 181 30400 14.2 105 122 15800 93.1 N* 7600 510  0.564 13.1 tu 148 B 5U 304 231

- §2 11000 09 UN 824 116 0348 11100 155 136 185 19600 425 3410 318 0.41 26.1 11U 138 5U 809 152
53 17600 09UN 77 603 0058B 724 213° 7.7 131 25900 118 1930 211 01U 113 iU 1178 S§U 507 152
54 6690 1.36 BN 5.57 142 499 34300 132* 104 849 17000  88.2 2280 346 2.54 20.6 11U 6118 5U 509 147
§6 7410 09UN 681N 841 1 17300 133 142 352* 16900 31.7 N* 1430 6§56  0.856 135 1U 318 5U 120 190
56 14700 09UN 662N 154 1 20800 14.7 139 387 13300 624 N* 5500 361 233 26.7 1V 6118 S§U 177 180
57 9370 0O9UN 538N 947 027B 4090 152 759  178°* 19200 216 N°* 1750 250 2.17 .20 iU §8.78 §U 698 208
58 6460 1.26 BN 538 177 224 83800 134 129 856 14200 955 9810 784 1.13 19 iU 1318 S§U 405 364 -
59 12400 09 UN 5.18 959 o0.228B 2810 162° 819 145 18900 20.8 1610 404 01uU 17 LY 67.3 6U 535 167
60 7510 09 UN 468N 887 104 1400 104 142 224°* 13200 248 N* 843 802 3.05 122 Y] 3158 SU 114 200
61 80400 2.34 UN 3 578 6838 9630 211 114 776 17100 280 28000 835 3.34 259 1.7 868 S§U 1440 176
62 10500 294 BN 654 347 085 132000 29.2 11.8 §04 N* 20100 a77 6080 2490 0.438 249 11 1078 57 1600 348
63 18500 09 UN _6.03 336 0228 4220 26* 174 214 22100 139 3070 504 01U 39 1V 246 8 S5U 8§81 164/
64 7860 2.07BN 4.16 137 3 W 114000 16 8 998 13200 107 8810 648  0.168 13.9 Y 1358 SU 489 254U
65 10800 09 UN 6.02 156 0.3 2030 1756 105 34 N* 28400 352 1720 853  0.186 20.9 tRY 5298 5U 130 142
66 13300 491BN 118 830 554 8550 26.2 131 290 N* 28300 538 3080 1620 0.44 N3 1V 6238 84 1850 977
67 26800 8.79UN 111 1410 208 49600 70.2 172 1310 N* 40100 1070 6160 2830 0.724 426 19 226 B 52.7 3930 1250
68 11200 158 BN 6.78 488 6.04 64700 198 * 123 148 17900 232 4780 956  0.276 22 1V 108 B 5U 434 482
69 14000 1,92BN 69 35 079 2780 17.3 132 542 21600 55.9 1610 870 0234 . 198 1V 7988 5U 184 124
70 8330 1.43 BN 5 157 0.7 9060 103 108 366 15300 424 1530 655 0.173 134 i1u 836 B §U 122 218
7111400 09 UN &79 1984 0.5 2400 15.6 133 266 19100 216 1230 1050 0.116 17.8 iU 65.3 ALY 97 174

Notes:

U - Analyte was analyzed for but not detected. Detection fimlts are given before the U symbol.

B - Reported value Is fess than the Contract Required Detectlon LimH but greater than the Instrument Detection Limit,

W - Post-digestion spike for furnace AA analysls is out of control llmits (85-115%), while sample absorbance ts less than 50% of spike absorbance.
N - Spike sample recovery not within control limiis. ’ .

* - Duplicate analysis not within controf limits,
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Table A17.  Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10. Summary statistics for results of inorganic analyses of surface
soil samples. See Table 5.2.13 for complete data. MAX, MIN, and MEAN concentrations are mg/kg dry weight (ppm).

ANALYTE
STAT | AL(33) SB* AS (26) BA(33) CD(33) CA (33) CR(27) CO(33) CU (20) FE (33)
MAX 80400 {61) N 20.7 [40] 1410 (67)  68.8 (61] 132000 [62) 70.2 (67) 18.8 (48] 776 [61) 40100 (67)
MIN 6460 (58] - 3[61]  41.2[39) 0.052 (53] 316 [47) 9649 7.3[43) 58([39 10300 [49)
MEAN1 13313 - 6.6 298.1 4.15 29603 17.7 1.9 92.2 18982
STDDEV 12776 . 36 362.6 12.23 37668 11.9 3.0 172.5 6056
MEAN2 13313 . 6.6 268.1 4.15 29603 177 11.9 92.2 18982
STDDEV 12776 - 38 362.6 12.23 37668 11.9 30 . 1725 6056
STAT | PB (26) MG (33)  MN (33) HG (33) NI (33) AG (27) NA (33) SN (33) 2N (33) TP (33)
MAX 1510 [43] 29000 (61] 2830 (67)  4.71 (50]  42.6 [67)  18.7 [67) 246 (63] 52.7 (67) 3930 (67) 1250 [67)
MIN 6.1 (39) 697 (47) 211[53] <0.1 [} 8.1 [47) <1[*] 268[47) <S5[7 331[39] <25.4(64)
" MEAN1 291.2 5428 715 0.98 19.0 1.7 98.1 6.6 41838 245.0
STD DEV 426.9 6247 577 1.20 8.3 34 50.3 8.3 7743 2425
MEAN2 291.2 5428 715 0.98 19.0 1.2 98.1 43 4188 244.6
STD DEV 426.9 6247 577 1.21 8.3 35 50.3 8.8 7743 2429

Note: .
AL (33) - Inorganic analyte Le., aluminum. Number in parentheses Is the number of surface'soll analyses used to compute the statistic. Data qualified bly 'a W, N,
or * (see Notes on Table 5.2.13) were not used.
SB (*) - All data for SB was qualified by an *N" and therefore not used for these comparisons. :
80400 [61] - Analyte concentration in mg/kg dry weight (ppm). Number in brackets, l.e., [(61] is the sample location where the MAX or MIN occurred.
Where a MIN was the detection limit and occurred at more than one location a [*] symbol is given.
MEAN1 - Mean was computed using the reported detection limit for those samples with results reported as < detection limits (U qualified).
MEAN2 - Mean was computed using 1/2 detection limit for those samples with results reported as < detection limits (U qualified).
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Table A18. Ammunition Burning Ground., NWSC, Crane, Indiana,
SWMU #03/10. Location of maximum concentrations of inorganic
constituents.

SURFACE SOIL SAMPLE
LOCATION WHERE
CONSTITUENT MAXIMUM OCCURRED CONSTITUENT(S)
67 ' Ag, Ba, Cr, Fe, Mn, Ni, Sn, Zn, Total P
61 Al, Cd, Cu, Mg
63 Na
62 Ca
50 Ho -
48 Co
43 ’ Pb
40 As
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Table A19. (Page 10f2). Ammunition Bumning Ground., NWSC, Crane, Indiana, SWMU #03/10. ‘Comparison of ABG surface soils to nearby “background samples”, Ratio of sample concentration to
mean background cqncontmllon for a specific metal or Inorganic constituent is given. See Table 5.2.13 for complete data. Constituents greater than 100 times the background are shaded in gray.

RATIO ABG SAMPLE CONCENTRATION / MEAN BACKGROUND CONCENTRATION FOR INDICATED CONSTITUENT

sampLe | AL . S8 AS BA cD CA CR co cu FE MG MN HG NI AG
39 1.0 - 1.2 1.0 23.6 0.9 . 14 0.9 25 . 1.6 2.1 1.0
40 1.0 - 5.6 1.1 9.9 1.0 . 1.5 14 1.5 . 1.0 23 1.0
41 11 - 1.2 4.1 0.8 - 25 1.0 15 - 12 25 1.0
42 20 - 23 26 - 51.0 15 13.6 - 73 5.2 -
43 1.0 - 1.0 0.8 - - 17.3 - 11 21 1.0
44 1.8 - 1.6 14 . . 3.1 - 1.7 3.9 1.0
45 09 - 11 0.8 - 5.7 26.7 - 19.3 24 -
48 12 - 1.2 1.1 - 2.2 16 - 1.4 22 1.0
47 09 - . 11 . - 0.9 - 251 14 1.0
48 15 - 1.5 1.4 - 14.2 7.7 - 8.1 43 -
49 08 - 1.1 0.7 - 113 215 - 9.3 241 -
50 1.1 - 1.9 1.2 - . 49 - 47.4 29 1.0
51 1.2 - - 1.1 . 235 10.3 - 5.6 23 1.0
52 13 - 2.2 1.2 - 3.6 46 - 41 4.7 .
53 21 - 2.1 1.7 - 25 2.6 - 1.0 2.0 1.0
54 08 - 1.5 1.0 - 16.3 3.4 - 254 7 1.0
56 08 - - 1.0 . . 19 - 8.6 24 1.0
56 1.7 - - 14 - . 75 - 233 48 1.0
57 1.1 - - 1.2 . - 24 - 27.7 1.7 1.0
58 08 - 1.5 1.0 - 16.8 133 - 113 34 .
59 14 - 14 13 - 28 22 - 10 3.0 1.0
60 09 - - 0.8 . - 1.1 . 305 2.2 1.0
61 9.4 - 0.8 16 - [FagR 39.3 - 334 46 1.7
62 12 - 18 23 - - 8.2 - 44 44 11
63 22 - 1.6 2.0 - 4.1 4.2 - 1.0 7.0 1.0
64 09 - 1.1 1.2 . 19.2 1.9 - 1.7 25 1.0
65 13 - 1.6 1.4 - - 23 - 19 3.7 1.0
66 16 - 3.2 20 . - 4.2 . 44 5.6 1.0
67 31 - 3.0 5.4 - - 8.3 - 7.2 76 18.7
68 13 - 1.8 15 - 28.5 6.5 - 2.8 3.9 1.0
69 16 - 1.9 1.3 - 104 . . 22 - 23 35 1.0
70 1.0 - 14 08 . 7.0 1.0 5.6 2.1 - 1.7 2.4 1.0
71 13 - 1.6 1.2 - 5.1 1.2 29 1.7 - 1.2 3.2 1.0

Note: .

() - Comparison not made due to data being qualified by a W, N, or * (see notes Table 5.2,14). '

Mean - Means were computed using the reported detectlon limit for those samples with results reported as < detection limits (U qualified).
Ratios - Ratlos were computed using the detection limit In those cases where less than detection concentrations were reported.
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Table A19. (Page20of2). Ammunition Buming Ground., NWSC, Crane, Indlana, SWMU #03/10. Comparison of ABG surface solls to nearby
to background concentration for a specific metal or Inorganic constituent is gliven. See Table 5.2.16 for complete data. MAX, MIN, and MEAN co\

"background samples®. Ratio of ABG concentration
ncentrations are mg/kg dry welght (ppm).

ABG - SWMU 03/10, SURFACE SAMPLES ANALYTE PPM (MG/KG) .
AL s8 AS BA co CA__CR__ co cu FE PB Mo MN Ho NI Ag NA SN N TP
Max " 80400 * 21 1410 688 132000 702 19 776 40100 1510 29000 2830 4.71 426 18.7 246 527 3930 1250 .
Min . 6460 * 30 412 0052 316 868 73 58 10300 6.1 697 211 <010 81 <10 268 <5.0 33.1 <254
Mean 13313 66 2981 415 29603 177 12 922 18982 291 5428 715 098 190 1.7 8.1 66 4188 245
ABG Background Solt Borings (03/10-1-63-1, 03/10-2-93-1, and 03/10-3-83-1)
Max 10100 * 52 693 0.03 622 159 . 6.7 28400 999 755 * <010 78 <10 473 <5.0 39 131
“Min 9150 . 2 231 <002 744 109 . 3 9040 556 710 * <010 37 <10 284 <5.0 839 563 .
Mean 8570 * 37 4 0.02 3278 129 * 52 15506 752 738 © <010 56 <10 385 <50 266 1024 °
COMPARISON OF ABG BACKGROUND WITH ABG SWMU SOILS FOR SPECIFIC ANALYTE - GREATER CONCENTRATION 8 INDICATED
AL S8 AS BA () CA _CR__ co cu FE P8 MG MN HG Nt Ac NA 8N 2N TP
Max ABG - Ase ABG ABG ABG  ABG - ABO ABG  ABO ABG - ABG ABG ABG  ABG ABG ABG  ASG
Mean ABG < ABG ABG ABG __ABG - ___ABo ABG ___ ABG ABG - ABG__ABG _ ABG__ ABG ABG ABG __ABG .
RATIO ABG SWMU MAX / ABG BACKGROUND MAX
8.0 - 40 203 22933 2122 442 - 1158 14 1512 384 - 79 85 659 52 17222 1008 95
RATIO ABG SWMU MEAN / ABG BACKGROUND MEAN
1.6 - 18 70 2075 903 14 - 117 12 387 74 - 98 34 120 25 10 15.7 24
RATIO ABG SWMU MIN / ABG BACKGROUND MIN
07 - 15 18 286 42 09 . 18 11 11 1.0 - 10 22 17 10 13 35 05

Note:
(*) - All data qualified by a W, N, or * (see notes Table 5.2.13) and not used for these comparisons.
(-) - Comparison not made due to data belng out of control limits.

Mean - Means were computed using the reported detection limit for those samples with results reported as < detection limits (U qualified).

Ratios - Ratios were computed using the detection limit in those cases where less than detection concentrations were reported.
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Table A20. Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10. Comparison
of results of inorganic analyses of ABG surface soil samples to EPA Region Il RBCs (risk-based
concentrations) for industrial soils. Concentrations are mg/kg dry weight (ppm).  Table entries
shaded in gray indicate mean or max ABG surface sofl concentration greater than the RBC.

~

RBC

ABG SURFACE SOIL RISK-BASED CONCENTRATIONS*
ANALYTE' MAX MEAN INDUSTRIAL SOIL
AL 80400 13313 1000000 n
SB - . 410n
AS 0 16¢
AS 20.7 6.6 310n
BA 1410 298.1 72000 n
CD 68.8 4.15 510 n
CA 132000 29603 -
CR(VI) 70.2 17.7 5100 n
co 18.8 11.9 61000 n
cu ’ 776 92.2 - 38000 n
FE 40100 18982 -
PB . 1510 291.2 -
MG 29000 5428 -
MN 2830 715 5100 n
HG 4.71 0.98 310n
NI 426 19 20000 n
AG 18.7 1.7 5100 n
NA 246 98.1 -
SN 527 . 686 610000 n
ZN 3930 418.8 310000 n
Notes:

Risk-Based Concentrations * - Risk-Based Concentration Table, Fourth Quarter 1994,
Roy L. Smith, Senior Toxicologist (3HW15), U.S. EPA Region il
Risk Based Concentrations are in mg/kg. Basis of RBC: ¢ = carcinogenic effect
Basis of RBC: ¢ = carcinogenic effect; n = noncarcinogenic effect -

MEAN - Mean computed using the reported detection limit for those samples wrth results
reported as < detection limit (U qualified). See Table 5.2.17.

(-) - No risk-based concentration avaitable.

(#) - Number of samples that exceeded the occupational soil risked-based concentration

CR(VI) - Chromium VI and compounds.

A27
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Table A21. Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10
analyses of ABG surface soil samples. Concentrations are mg/kg dry weight (ppm).

. Results of inorganic analyses of method blanks associated with the

BLANKID |

AL

SB

AS

BA

cb

CA

CcO

cuU

FE

10

R PB MG MN HG NI AG NA SN ZN
BLK DGST 1 79B 03UN 02U 2U 03348 508 1U 32B 08U 448 4U 27U 06U NA 1.3 1U 20U 5U 19B
BLK DGST 2 2V 03UN 02UV 2V 002U 349 iu 15U 06U 53 4U 27U o6V NA 1U 1U 62.4 5U 1V
BLKDGST 3 218 03UN 02U 2U 0.107 8 745 1U 15U 06 U 25UV 4V 27U o7U 01U 1U iU 704 B 5U
BLK DGST 4 548 O03UN 02U 2V 002U 438 1U 328 068U 448B 4U 27U 08U NA 1V 1U 20U 5U 188
BLK DGST 5 598 0O3UN 02U 2U 0.104 B 336 1U 15U 06U 44 8 4U 27U o8 U 01U iU iu 20U S5U 138B
Note:

BLK DGST 1 - Blank Digest run with samples 48, 42, 54 Dup, 58, 52, 49, and 45

BLK DGST 2 - Blank Digest run with samples 39, 510, 41,46,64,70, 71, and 69

BLK DGST 3 - Blank Digest run with samples 63, 68, §9, 53, 54, 61, and 54 Dup

BLK DGST 4 - Blank Digest run with samples 56, 50, 57, 51, 55, 60, 47, and 50 Dup

BLK DGST § - Blank Dlgest run with samples 43, 44, 65, 62, 67, and 66

U - Analyte was analyzed for but not detected. Detectionlimts are gliven before the U symbol.

B - Reported value Is less than the Contract Required Detection Limit but greater than the Instrument Detection Limit
N - Spike recovery not within controf limits
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Table A22. (Page 1 of 6). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for volatile organic analytes
(VOAs) .using EPA Method 8240 . Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are shown In gray.

BORING/SAMPLE .
ANALYTE 1M 140 peal 3% [ 8#2 M 642 ™ 42 8
Chloromethane 0011 U 0011 U 0011 U 0012V 0011 U 0012V 0011 U 0011V 0011 U 0012 U 0.011 UV
Bromomethane 0011 VU 0.011 U 0011 U 0012 U 0011 VU 0012 v 001 U o011 U 0011 U 0012V 0011 U
Vinyl Chloride 0011 U 0.01t U 0011 U 0012 U 0011 U 0012V oonvu oot u 0011 U 0012 U 001t U
Chloroethane 0011 U 0.011 U 0011 U 0.012 U 0011 U 0012 U 0.011 U 0011 U 0011 U 0012 U 0.011 U
Methylene Chioride ‘ '0.634 0418 ) 02618 00 B
1,1-Dichloroethene 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U .
1,1-Dichloroethane 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U
Trans-1,2-Dichloroethene 0.0055 U 0.0055 U 0.0055 U 0,008 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U
cis-1,2-Dichloroethene 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U
Chloroform 0.0055 U 0.0056 U - 0.0065 U 0.008 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U 0,008 U 0.0055 U
1,2-Dichloroethane 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.006 U 0.0055 U 0.0055 VU 0.0055 U 0.008 U 0.0055 U
1,1,1-Trichloroethane 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U 0,006 U 0.0055 U
Carbon Tetrachloride 0.0055 U 0.0058 U 0.0055 U 0.006 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U
Bromodichloromethane 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U
1,2-Dichloroprop 0.0055 U 0.0058 U 0.0055 U 0.0068.U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U
Trans-1,3-Dichloropropene 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.006 U 0.0055 U 0.0055 U 0.0055 U
Trichloroethene 0.0055 U 0.0055 U 0.0085 U 0.006 U 0.0055 U 0.008 U 0.0055 .U 0.005% U 0.0055 U
Dibromochtoromethana 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U
Cis-1,3-Dichloropropene 0.0055 U 0.0055 U 0.0085 U 0.008 U 0.0055 U 0.008 U 0.0055 U 0.0055 U 0.0055 U
1,1,2-Trichloroethane 0.0055 U 0.0055 U 0.0055 U 0,008 U 0.0055 U 0.008 U 0.0055 U
Benzene 0.0055 U 0.0055 U 0.0055 U 0.008 V 0.0055 U 0.006 U 0.0055 U
Bromoform 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.008 U 0.0055 U
1,1,2,2-Tetrachloroethane 0.0055 U 0.0055 U 0.0055 U 0.008'U 0.0055 U 0.008 U 0.0055 U
Tetrachloroethene 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.008 U 0.0055 U
Toluene 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.008 U 0.0055 U
Chlorobenzens 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.008 U 0.0055 U
Ethylbenzene 0.0055 U
Acetone 041U
2-Butanone 011 U
Carbondisulfide 0.0055 U 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.008 U 0.00558 U .
2-Hexanone 0.055 U 0.055 U 0.055 U obs U 0.055 U 0.008 U 0.055 U
4-Methyl-2-Pentanone 0.055 U 0055 U 0055 U 008 U 0.055 U 0.008 U 0085 U
Styrene 0.0055 U 00055V . 00055 U 0.008 V 0.0055 U 0.008 U 0.0085 U
Vinyl Acetate 0.055 U 0.055 U 0055 U 008 U 0055 U 0.006 U 0055 U
T-Xylene 0.0058 U 0,0085 U 0.0055 U 0.008 V 0.0058 U 0.008 U 0.0055 U
1,2-Dichloroethane-d4(76-114) 103 8.9 105 03 4 108 109 101
Toluene-D8 (88-110) 100 101 100 101 102 102 08.7
4.Bromofluorobenzene (88-115) 107 102 107 104 99.8 107 04.8 107 94.3

| Methods W848, Third Edition, November 1688, with July 1892 revisions.

Notes: Sample [D - 1#1 indicates boring ber 1, ple 1. 1#1D indi a field dupliciite of the boting 1 sample 1.
EPA Method 8240 - In Test Methods for Evatuating Organk and inorganic Wastes, Physical/Chem}
U - Compound was analyzed for but not detected, Dstection limits are given before the U symbol.

B - Analyte found in asoclated method biank as well as sample.

J - Indicates an estimated value below accurate quantitation fimits

Last 3 rows In table - S

) Aaa Idafl d by the th ":INQMRII‘!,. gy
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Table A22. (Page 2 of 6). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10, Results of analyses of subsurface solls for volatile organic analytes
(VOAs) using EPA Method 8240 . Concentrations are mg/kg (ppm) dry weight.  Samples with detectable concentrations are shown In gray.

ANALYTE [l 11 1112 iam 1212 12103 1381 13m

Chloromethane . 0011 U 0.0011 U 0.0011 U 0.011 vV 0011 U 0012V 00t U 0011 U
. Bromomethane 0011V 0011 U 0.011 U 0011 v 0011 U 0012V 001U 0011 u

Vinyl Chlorlde 0.014 U 0011 U 0012V 001U 0011 U

Chiloroethane
Methylene Chloride
1,1-Dichioroethens
1,1-Dichloroethane
Trans-1,2-Dichiorosthens
cis-1,2-Dichlorosthene
Chioroform
1,2-Dichloroethane
1,1,1-Trichioroethane
Carbon Tetrachtoride
Bromodichloromethane

. 1.2-Dichloropropane
Trans.1,3-Oichloropropens
Trichloroethene
Dibromochloromethane
Cis-1,3-Dichloropropene
1,1,2-Trlchloroethane

0.005 U
0.008 U 0.005 U 0.0055 U
0.006 U 0.005 U 0.0056 U
0.008 U 0.005 U 0.0058 U
0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U -
0.008 U 0.005 U 0.0055 U
0.006 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U

-0.008 U 0.005 U 0.0055 U
0.008 U 0.005 U 0.0055 U

Benzene ¢ 0,008 U 0.005 U 0.0055 U
Bromoform . 0.008 U 0.005 U 0.0058 U
1,1.2,2-Tetrachlorosthane 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.005 U 0.00dS’ u
Tetrachloroethene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U 0.005 U 0.0055 U
Toluene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 00055 U . 0.008 U 0.005 U 0.0055 U
Chiorobenzene 0.0055 U 0.0055 U 0.005 U 0.0055 U
Ethylbenzene 0.3955 U_w - 0.0QS U‘. 0.0055 L
Acetone ; WEOTERY  omu
2-Butanone 01U o1u
Carbondisulfide 0.0055 U 0.005 U 0.0055 U
2.Hexanone 0055 U 005 v 0.055 U
4-Methyl-2-Pentanone 0.055 U 005 U 0.055 U
Styrene 0.0058 U 0058 L 0.0055 U
Vinyl Acetate 0.055 U 005 VU 0.088 U
T-Xylene 0.0055 U 0.05 U 0.0038 U
1,2-Dichloroethane-d4 (76-114) 108 103 103 107
Toluene-D8 (88-110) 100 074 08.0 101 100 100 00.7 102
4.8 i b (86-115) 00.8 02.7 90.7 103 107 101 4.2 ___ 100
Note:

Sample ID - 8#1 indl boring ber 8, ple 1.  8#1D ind} a fleld duplicate of the boring 8 sample 1,
EPA Method 8240 - In Test Methods for Evaluating Organic and Inorganic Wastes, Physical’Chemical Methods SW848, Third Edition, November 16886, with July 1992 revisions.
U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

B - Anatyte found In asoclated method blank as well as sample.

J - Indicates an estimated value below accurate quantitation limits

Last 3 rows In table - Surrogat res. Surrog d method perf Acceptabl ries (defined by the method) are given in parentheses.
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Table A22. (Page 3 of 6). Ammunition Buming Ground, NWSC, Crane, Indlana, SWMU #03/10. Results of analyses of subsurface solls for volatile organic analytes
(VOAs) using EPA Method 8240 . Concentrations are mgikg (ppm) dry weight. Samples with detectable concentrations are shown in gray.

Sample ID - 18#1 indicat

boring ber 16, ple 1. 168D indicates a fleld duplicate of the boring 16 sample 1.

EPA Method 8240 - in Test Methods for Evaluating Organic and Inorganic W , Physlcat/Chemicsl Methods SWB@, Third Edition, Novembaer 1988, with July 1092 revisions,

U - Compound was

lyzed for but not detected. - Detecth {imits are given before the U symbol,

B - Analyte found in asociated method blank as well as sample.
J - Indicates an estimated value below sccurste quantitation limits

Last 3 rows in table - Surrogate

ries (defined by the method) are given In parentheses.

N o 9, o et vy A
. ) ¥

BORING/SAMPLE
ANALYTE ) 168 16810 178 17402 1743 1981 1942
Chloromethane 0011V 0011 U 0011 U 0011 U 0011 U 012 U 0.01 v 0011 Y
. Bromomethane 0011 U 0011 U 0.011 U 0011 U 0011 v 012U 00t v 0.011 U
Vinyl Chloride 0011 U 0011 U 0011 U 0011 U 0011 U 012U 0.0 U 0011 U
Chloroethane 0.011 U 0 012V 00t U
Methylene Chioride 046 T} Ho13lR
1,1-Dichloroethene 0.0055 U 0.0055 U
1,1-Dichloroethane 0.0055 U 0.0055 U .
Trans-1,2-Dichloroathens 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
cls-1,2-Dichloroethens 00055U  000S5U  00055U 00055 U | 0.0055 U [BBOEERI
Chioroform 0.0055 U 0.0058 U 0.0055 0.0055 U 0.0058 U 0.008 U
1,2-Dichlorosthane 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
1,1,1-Trichloroethane 0.0085 U 0.0055 U 00058 U,  0.0055 U 0.0058 U 0.008 U
Carbon Tetrachloride 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Bromodichlotromethane 0.0058 U 00055U 00055 U 0.0055 U 0.0055 U 0.008 U
1,2-Dichioropropane 0.0035 U 0.0058 U 0.0058 U 0.0055 U 0.0055 U 0.008 U
Trans-1,3-Oichloropropens 0.0055 U 0.0055 U 0.0055 U 0.0055 UV 0.0055 U 0.008 U
Trichloroethene 0.0055 U 0.005% U 00055V - 00055 U 0.0085 U 0.008 U.
Dibromochioromethane 0.0055 U 0.0055 U 00055 U 0.0055 U 0.0055 U 0.008 U
Cis-1,3.Dichloropropene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U
1,1,2.Trichtoroethane 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U
Benzene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Bromoform 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U O.m U
1,1,2,2:.Tetrachloroethane 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0. 'U
Tetrachioroethene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Toluens 0.0055 U 0.00558 U 0.0055 Y 0.0055 U 0.0055 U 0.008 U
Chlorobsnzene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U
Ethylbenzene 5 U 0.008 U
Acetone ( i 0,61 Sis BT G osaTEl
2-Butanone 011 U 011V . A A 012UV
Carbondisulfide 0.0055 U 0.0055 U 0.0058 U 0.0055 U 0.08 U 0.005 U 0.0055 U 0,006 U
2-Hexanone 0055 U 0.055 U 0.055 U 0.055 U 0.06 U 005 v 0.055 U 0.06 U
4.Methy!-2.Pentanone 0055 U 0.055 U 0055 U 0.055 U 008 U 005U 0.055 U 0.06 U
Styrene . 1 0.0085 U 0.0055 U 0.0055 V 0.0055 U 008 U 0.005 U 0.0058 U 0.008 U
* Vinyl Acetate 0.055 U 0.055 L 0058 U ‘0055 U 0.055 U 0.055 U 008 U 008 v 0055 U 0.06 U
T-Xylena 0.0055 U 0.00S5 U 00035 U 0.0058 U 0.0058 U 0.0058 U 0.0055 U 008 U 0.008 U 0.0058 U 0.008 U
1,2-Dichioroethane-d4(70-121) 9768 102 78 103 109 102 08.6 o973 107 108 114
Toluene-D8(81-117) - 100 102 8.7 08.7 102 05.9 08.4 100 004 101 102
4-B fluorob (74-121) 102 105 97.3 © 108 102 88.7 99.7 90.3 88 104 107
Note:

i
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Table A22. (Page 4 of 6). Ammunition Buring Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for volatile organic analytes
(VOAs)s using EPA Method 8240 . Concentrations are mglkg (ppm) dry weight. Samples with detectable concentrations are shown in gray.

BORING/SAMPLE
ANALYTE - 21 21m 2118 2212 22 23 2312 23 24 25
- Chloromethane 0011 v o011 v 0012y oo u 0.011 U 0011 u 0011 U 0011 v [ X RV} 0011 U
Bromomethane 0011 v 0011 U 0012u 0011V o001 u 0011 U 0011 v 0011 U 001U 0011 v
Vinyl Chloride 0011 U 0011 U 0012V 0.0t1 V 0011 U [X R V) 0011 U o011y 001V 0011 U

Chloroethane 0011 U 0011 UV 0011 U 0011 U 0.011 U 0011 ] 001 U 0011 U
Methylene Chlorids 018! K UK OBEEIE 6538 PP PEriy
1,1-Dichloroethene 0.0055 U 0.0055 U 0.008 U 0.0056 U 0.0055 v

1,1-Dichloroethane ' 0.0058 U 0.0053 U 0.008 U 0.0055 VL 0.0055 U

Trans-1,2-Dichloroethene 0.0055 U 0.0058 U 0.006 U 0.0055 U 0.0055 v

cis-1,2.Dichloroethens 0.005% U 0.0055 U 0.008 U 0.0055 U 0.0055 U

Chtoroform 0.0055 U 0.0058 U 0.008 U 0.0055 U 0.0058 U

1,2.Dichlorosthane 0.0055 U 0.0058 U 0.008 U 0.0058 U 0.0038 U

1.1,1-Trichloroethane 0.0058 U 00055 U 0.008 U 0.00558 U 0.0058 U

Carbon Tetrachloride 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.0055 U

Bromodichloromethane 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.0055 U

1,2-Dichloropropane 0.0055 U 0.0085 U 0.008 U 0.0055 U 0.0085 U

Trans-1,3-Oichloropropene 0.0055 U 0.0058 U 0.008 U 0.0085 U 0.0058 U

Trichloroethene 0.0055 U 0.0055 U 0.006 U 0.0058 U 0.0058 U

Dibromochloromethane 0.0055 U 0.0085 U 0.008 U 0.0055 U 0.0085 U

Cis-1,3.Dichloropropene 0.0055 U 0.0055 U 0.008 U 0.0088 U 0.0055 U

1,1,2-Trichloroethane . 0.0055 U 0.0055 U 0.008 U 0.0055 U 0.0055 U

Benzene © 00055V 0.0055 U 0.008 U 0.0055 U 0.0055 U

Bromotorm 0.0055 v 0.0055 U 0.008 U 0.0055 U 0.0055 U

1,1,2,2-Tetrachloroethane 0.0055 U 0.0055 U 0.006 U 0.0055 U 0.0055 U

Tetrachloroethane 0.0055 U 0.0058 U 0.008 U 0.0055 U 0.0055 U

Toluens 3 0.0056 U 0.0055 U

Chlorobenzene 0.0055 U

Ethylbenzene 0.0055 U

Acetone 0.11 U jih

2-Butanone A X [(SRNY)

Carbondisulfide 0.0055 U 0.008 U 0.0055 U 00055 U  0.0055 U ' 0.0055 U 0.005 U 0.0058 U
2-Hexanone 0.055 U .0.06 U 0.055 U 0055V 0.055 U 0.055 U 005U 0055 U
4-Methyl-2-Pentanone 0.055 U ‘0.06 U 0.055 U 0.055 U 0.055 U 0055V - 005V 0.055 U
Styrene 0.0055 U 0006 U 00055V  00055U  0.0055 U 0005 u LB
Vinyl Acetate 0.055 U . 008 U 0.085 U 0055 U 0058 U 005 U 0055 v
T-Xylene . 0.0085 U 0.0085 U 0.006 U 0.0055 U 0.0058 U 0.0055 U 0.005 U
1,2-Dichioroethane-dd(Surrogat 1" 114 110 08.8 - 978 106

Toluene-D8{Surrogate (81-117)) 101 101 101 076 8.1 109

4.8 fluorob. (Surrogst 103 108 104 02.2 00.9 107

Notes: Sample ID - 21#1 indi boring ber 21, fe 1.

EPA Method 8240 - In Test Mathods for Evaluating Organie nnd ganic Wi , Physical/Chemical Methods SW848, Third Edition, November 1888, with July 1992 revisions.

U - Compound was yzed for but not detected, Detecti IImlharegMnbefmheUcymbol

B AnuMo found in asociated method blank as well as sample.

J - Indicates an mlmated value below accurste quantitation Ilmna

Last 3 rows in table - gat res. S h thod perk A bk ries (defined by the method) ate given In parentheses,
E - ldentifles compounds whose eoncenhuons exeeedod the callbration range of (ho GC/MS for that lpoclﬂc analysts. B
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Table A22. (Page § of 6). Ammunition Burning Ground, NWSC, Crane, Indlana, SWMU #03/10, Resuits of analyses of subsurface solls for volatile organic analytes
(VOAs) using EPA Method 8240 . Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown In gray.

BORING/SAMPLE
ANALYTE 2882 251 2912 3184 krsal 33 30 341
Chloromethane [X 2T oot U 0011 U 0011 U 0011 U 0011 U 0011 U 0012 U
Bromomethane 0011 U 0011 U 0011 U 0011 U 0011 U 0011 U 0011 U 0012 U
Vinyl Chloride 0011 U 0011 U 0011 U 0011 U 0011 U 0011 U 0011 U 0012 U
Chloroethane 0.01 011 | 0.012
Methylene Chioride T Y
1,1-Dichloroethene 0.0058 U 0.0055 U 0.0055 U 0.0055 V 0.0055 U
1,1-Dichloroethane 0.0055 U 0.0055 U 0.0055 U 0.0055 VU 0.0055 U 0.0055 U 0.008 U
Trans-1,2-Dichiorosthens 00055 U  000S5U 00055 U 0] 0.0055 U 0.008 U
cis-1,2-Dichloroethene 0.0055 U 0.0058 U 0.0055 U 0.0058 U 0.008 U
Chloroform 0.0055 U 0.0085 U 0.0055 U 0.0055 U 0.008 U
1,2.Dichloroethane 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
1,1,1-Trichloroethane 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Carbon Tetrachloride 0.0058 U 0.0055 U 0.0085 U . X 0.0055 U 0.008 U
Bromodichloromethane 0.0058 U 0.0055 U 0.0085 U 0.0055 V 0.0058 U 0.0085 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.006 U
1,2:Dichloropropane 0.0055 U 0.0058 U 0.0058 U 0.0038 U 0.005% U 0.0058 U 0.0055 U 0.0058 U 0.0055 U 0.0058 U 0.008 U
Trans-1,3-Oichloropropene 0.0055 U 0.0055 U 0.0055 U 0.0058 U 0.0058 0.0055 U 0.0055 U 0.0058 U 0.0058 U 0.0055 U 0.008 U
Trichloroethene 00055 U  00055U 00055 U 3 % 00055 U  00055U  00055U  0.0055U  0.0055 U 0.006 U
Dibromochloromethane 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Cis-1,3-Dichloropropene 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.006 U
1,1,2-Trichloroethane 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
Benzena 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U £.0085 U 0.0055 L 0.008 U
Bromoform 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 K
1,1,2,2.Tetrachloroethane 0.0055 U 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0,006'
Tetrachloroethene 0.0055 U 0.0055 U 0.0055 U 0.0055 V 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0085 U 0.008 U
Toluene 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U
Chlorobenzene ) 0.0055 U
Ethylbenzene . 0 0. 005.':.I
Acetone 083:8: 3
2-Butenone 011U 011 U 01t U o1t v 011UV 012U
Carbondisulfide 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.008 U
2-Hexanone 0.055 U 0055 U 0055 U 0.055 U 0.055 U 0.06 U
4-Methyl-2-Pentanone boss U 0.055 U 0058 U 0.055 U 0.055 U 0.06 U
Styrene 0.0055 U 0.0055 U 0.0058 U 0.0055 U 0.0058 U 0.006 U
Vinyl Acetate boss v 0.055 U 0.055 U 0.055 U 0.055 U 0068 U
T-Xylene i ! 0,0055 U [, 0.0055 U 0.0058 U 0.0055 U 0.0055 U 0.008 U
1,2-Dichloroethane-d4(76-114) 105 Cm 110 105 100 105 108 090.8 108
Toluene-D8(88-110) 100 08.8 102 100 10Q - 101 00.0 0.8 101
4.B fluorob (68-115) 01.8 83 97.3 88.2 94.3 102 £0.1 06.4 103 97.8 100
Notes: Sample ID - 33#1 indicates boring ber 33, ple 1. 33#1D Indicates a field duplicate for boring 33 sample 1.
EPA Method 8240 - in Test Methods for Evalusting Organic and | ic Wastes, Physical/Chemicat Methods W848, Third Edition, November 1988, with July 1992 revisions.

U - Compound was anatyzed for but not detected, Detectk IlmhnmgMnbeforeheUﬁy-mbol.
B - Analyte'found in asoclated method blank as well as sample.
J - Indicates an estimated value below sccurate quantitation limits

Last 3 rows In table - Sumrogat tles. Surrog thod perf A

E - Identifies pounds whose ]

tabl rles (defined by the method) arq given in parentheses,

ded the calibration range of the GC/MS for that specific anatysis,

i
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(VOAs) using EPA Method 8240 . Concentrations are mg/kg (ppm) dry welght,

Table A22. (Page 6 of ). Ammunition Burning Ground, NWSC, Crane, Indlana, SWMU #03/10. Results of analyses of subsurface solls for volatile organic analytes

Samples with detectable concentratlons are shown in gray.

BORING/SAMPLE
ANALYTE 3442 sy 3822 6m 3T 3o 3ssd 36#2
Chloromethane 0012 U 0011 U 0012V 001 U 0011 v 0011 U 0011 U 0011 V
Bromomethane 0.012 U 0011 U 0.0f2U 001 U 00t1 U 001t U 0011 U 0011 U
Vinyt Chloride 0012 U 001t U 0012V 001 U 0011 U 0011 v 0011 U 001t U
Chioroethane 0.011 U 0.011 U 0011 U
it o iy

Methylena Chioride

Trans-1,2.Dichloroethene

088

1,1-Dichloroethene
1,1-Dichioroethane

cis-1,2-Dichlorosthene
Chioroform

1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1.2-Qichloropropane

Trans.1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
Cis-1,3-Dichloropropene
1,1,2-Trichloroethane

EPA Method 8240 - in Test Methods for Evaluating Organic and Inorganic Wi , Physical/Chem!

- Benzene
Bromoform
1.1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
Chlorobenzene
Ethylbenzene .
Acetone 46 .:,, +0.0251
2-Butanone A A
Carbondisulfide 0.008 U - 0.0055 U 0.0055 U 0.0055 U 0.0055 U
2-Hexanone 0.08 U 0.055 U 0.055 U 0.055 U 0.055 U
4-Methyl-2-Pentanone 0.06 U 0.055 U 0058 U 0.055 U 0.0S5 U
Styrene 0.006 U 0.0055 U 00055V 00055 U 0.0055 U
Vinyl Acetate 0.0 U 0.058 U 0055 U 0.055 U 0.055 U
T-Xylene 0.008 U - ; b H 0.0058 U 00055 U 00085 U BT
1,2-Dichloroathane-d4(70-121) 107 100 100 . 100 102 111 08 108
Toluene-D8(81-117) 10 08.2 (24 0.4 00.0 100 ERE*Y] 07.4
4-Bromofiuorobenzene(74-121) 103 05.8 7.4 76.6 101 102 100 88.1
Notes: Sample ID - 37#1 Indi boring ber 37, sample 1. 37#10 indi a fleld duplicate for boring 37 sample 1.

U - Compound was anealyzed for but not detected. Detects fimits are given before the U symbol,
B - Analyte found in asoclated method blank as well as sample.

J - Indicates an estimated value below accurate quantitation imits

Last 3 rows In table - Surrog fles. Surrog rl p thod perfy A

| Methods SW8486, Third Edition, November 1688, with July 1802 revisions.

ptabk ries (defined by the meM are given in parentheses.
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Table A23. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary of ABG sdil borings with
detectable volatile organic analytes (VOAs, EPA Method 8240) .

NUMBER OF DIFFERENT OCCURRENCE OF VOAs BY SAMPLE MAXIMUM VOA IN BORING
. BORING VOAs DETECTED SAMPLE#1  |SAMPLE #2 SAMPLE #3 CONC (mg/kg) NAME
- 10 2 0 2 NS 0.0067 Toluene

11 1 1 0 NS 0.0017(J) T-Xylene
17 5 3 3 4 2.3 cis-1,2-Dichloroethene
19 1 1 0 1 0.00057(J) 1,1,1-Trichloroethane
21 1 0 1 0. ~0.0016(J) Toluene _
23 3 0 2 3 0.0064 cis-1,2-Dichloroethene ™"
25 4 4 3 NS 0.012 T-Xylene
28 5 2 0 3 0.057 cis-1,2-Dichloroethene
29 4 4 1 NS 0.021 Trichloroethene
35 2 0 2 NS 0.0019(J) Trichloroethene
38 1 0 1 NS 0.0024(J) T-Xylene

. H
Note: (J) - Indicates an estimated value below accurate detection limits.
NS - No sample taken. .

0 - Sample taken but VOAs were not detected.
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Table A24. Ammunmon Burning Ground NWSC, Crane, Indiana, SWMU #03/10 Summary of results of analyses of subsurface soils for volatile organic analytes (VOAs)

29#1(J) 29#2(J) 35#2(J) 38#2(J)
Note J- indicates that concentration reported was an estimated value below accurate quantltaﬂon limits.
(-) - indicates analyte did not occur in that sample type

Maximum Concentration

RBC INDUSTRIAL

VOAs DETECTED Encountered (mg/kg) Location of Maximum SOILS (mg/ka)
Trans-1,2-Dichloroethene 0.29 17#3 10000 n
cis-1,2-Dichloroethene 23 ' 1743 10000 n
1,1,1-Trichloroethane 0.00057(J) 19#1 92000 n
Trichloroethene 0.2 1742 260 n
Toluene - " 0.0067 1042 200000 n
Ethylbenzene 0.0028(J) 17#3 100000 n
Styrense 0.0017(J) 25#1 200000 n
T-Xylene 0.012 25#1 1000000 n
Notes:

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994.
Roy L. Smith, Senior Toxicologist (3HW15), U.S. EPA Region Ill.
Risk Based Concentrations are in mg/kg.
Basis of RBC: ¢ = carcinogenic effect; n = noncarcinogenic effect

using EPA Method 8240.
NUMBER BORINGS OCCURRENCE OF SPECIFIC VOA BY SAMPLE
VOAs DETECTED OCCURRENCE BY SAMPLE WITH SPECIFIC VOA SAMPLE #1 SAMPLE #2 ISAMPLE #3
Trans-1,2-Dichloroethene  17#2(J) 1743  28#3(J) 2} - 2 1
cis-1,2-Dichloroethene 17#41(J) 1782 1TH3  19#3(J) 2343  28#3  29#1(J) (5] 2 1
1,1,1-Trichloroethane 19#1(J) 1] 1 - -
Trichloroethene 1781 17#2 ATH3 23#2(J) 23#3(J) 28#3(J) 2081 35#2(J) [5) 2 3 2
Toluene 1082 17T#1(J) 2142(J) 25#1(J) 28#1(J) i (5) 4 1 -
Ethylbenzene 178#3(J) 25#1(J) 25#2(J) 29#1(J) {3) 2 2 3
Styrene 25#1(J) 25#2(J) (1} 1 - -
- T-Xylene . 10#1(J) 10#2(J) 11#1(J) 2342(J) 23#3(J) 25#1 2542  28#1(J) (8] 5 6 1
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'Table A25. : Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary of results by sample depth of
analyses of subsurface soils for volatile organic analytes (VOAs) using EPA Method 8240,

A MAXIMUM CONCENTRATION
SAMPLE TYPE VOAs DETECTED OCCURENCE BY BORING OF SPECIFIC VOA (MG/KG)
SAMPLE #1 Trans-1,2-Dichloroethene None R
33 Samples Collected cis-1,2-Dichloroethene ~  17#1(J) 29#1(J) 0.0025(J)
Depth Range: 0-30inches 1,1,1-Trichloroethane 19#1(J) 0.00057(J)
Trichloroethene 17#1 291 ' 0.06
Toluene 17#1  25#1(J) 291 - 0.001(J)
Ethylbenzene 25#1(J) 29#1(J) 0.0021(J)
Styrene 25#1(J) 0.0017(J)
T-Xylene 10#1(J) 11#1(J) 25#1  28#1(J) 29#1(J) 0.012
SAMPLE #2 Trans-1,2-Dichloroethene 17#2(J) 0.0038(J)
19 Samples Collected cis-1,2-Dichloroethene 17#2 0.058
Depth Range: 28 - 62 inches 1,1,1-Trichloroethane None -
. Trichloroethene 17#2 - 23#2(J) 35#2(J) 0.2
Toluene 10#2 - 21#2(J) 0.0067
Ethylbenzene 25#2(J) 0.0016(J)
Styrene T 25#2(J) , 0.0006()) '
T-Xylene 10#2(J) 23#2(J) 25#2 . 29#2(J) 35#2(J) 0.0095
38#2(J)
SAMPLE #3 Trans-1,2-Dichloroethene 17#3. 28#3(J) 0.29
7 Samples Collected cis-1,2-Dichloroethene 17#3  19#3(J) 23#3  28#3 23
Depth Range: 60 - 90 inches 1,1,1-Trichloroethane None ' -
Trichloroethene 17#3  23#3(J) 28#3(J) ' 0.073
Toluene None -
Ethylbenzene 17#3(J) 0.0028(J)
Styrene None . -
T-Xylene 23#3() 0.00078(J)
Note:

J-indicates that concentration reported was an estimated value below accurate quantitation limit
() - Notapplicable :

Sl
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Table A28. (Page 10f2). Ammunition Burnin
subsurface solfs for volatile organic analytes (V

9 Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of method blanks assoclated with analyses of
‘OAs) using EPA Method 8240 . Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations

are shown in gray.

ANALYTE mM81

METHOD BLANK

MB?

Chioromethane 0011 v
Bromomethane 0011 U
Vinyt Chioride C0011 U
Chioroethane 0.9111 Y]

Maetyiene Chioride

0010 U

0010 U,

0010 U
0010 U

o]

1.1-Dichioroethene 0.0050 U
1,1-Dichioroethane 0.00%0 U

Trens-1,2-Dichicroethene
clis-1,2-Dichioroethene
Chioroform

0010 U
0010 U
0010 U
0.010 U

()

0010 U
0010 V
0010 U
0010 U

6318
0.0050 U

0010 U
0010 U
0010 U
0010 U

S

1,2-Dichioroethane
1,1,1-Trichioroethane
Carbon Tetrachioride
Bromodichioromethane
1.2.Dichioropropene

Trans-1,3-Dichioropropene
Trichioroethens
Dibromochioromethane
Cis-1,3-Dichloropropene
1.1.2-Trichioroathane

Benzene

Bromoform
1,1.2,2-Tetrachioroethane
Tetrachioroethene
Toens

Chiorobenzene
Ethybenzens

Acetone
2-Butanone
C

[ALAY)
0.0050 U

010 U
0.0050 U

2-Hexanone

4-Methyh-2-Pentanone 0050 U
Styrene 00050 U
Vinyl Acetate 0050 U
T-Xylene 00050 U

00050 U
0.050 U
0.0050 U

0.0050 U
0.0% U
0.00%0 U

0.0050 U

0.050 U
0050 U
0.0050 U
0.0%0 U
0.0050 V

005 U
0050 V
0.0030 U
0.0% v
0.0050 U

1,2-Dichioroethane-d4(70-121) 994
Tokene-D8(81-117) 89.7
4-Bromofuoroberzene( 74-121} 101.0

27
100.0
100.0

1060
100.0
9.8

1040
100.0
1020

250
9.8
1020

1010
101.0
101.0

1040
100.0
1020

850
898
1020

1010
101.0
101.0

Notes:

EPA Method 8240 - In Test Methods for Evahraing Organle and inorganic Wastes, PhysicalChemical Methods SW846, Third Editton, November 1988, with July 1992 revisions,

U - Compound was enalyzed for but not detected. Detection fmits are given befors the U symbol,

J-ind on est valie below

te quantitation imits

method

Last 8vee rows In tadle - Surrogste rfes. S
MB1 - S8amples from borings 8, 6, 8, 13, and 8 Dup

MB2 - Samples fromborings 1,2, 3,7, 9, end 22

MB3 - Sampies from borings 12, 14, 36, 37, and 1 Dxp
MB4 - Samples from borings 21, 24, 34, and 37 Dwp
MBS - Samples from borings 38, 35, 33, end 33 Dwp

gater

MBS - Samples from borings 31, 32, 28, 29,
MBY - Samples from borings 19 end 23
MBA - Samples from borings 17 (samples 1 and 2), 16 and 16
MB9 - Samples from borings 17 (sample 3) and 18 Dup
MB10 - Bamples from borings 10 and 11

(defined by the meth ‘;anmhp‘r«mnu.
and 28
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Table A26. (Page 2 0f2). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of method blanks assoclated with analyses of
subsurface solls for volatile organic analytes (VOAs) using EPA Method 8240 . Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are

|shown in gray. .

METHOD BLANK
ANALYTE MB13 MB14 MB18 MB16 MBI1T MB{8
Chioromethane o010 U 00t0 U 0oto v 0010 U 0010 U 0010 U
Bromomethane 0010 U 0010 U oofou 0010V 0010 U 0010 U
Vnyl Chioride 0010 V 0010 U 0010V 0010 L 0010 U 0010 U
Chioroéthane 0010 V 0010 U
Methylens Chiorlde 504, 060471
1,1-Dichioroethens
1.1-Dichioroethans
Trans-1,2-Dichioroethene
cis-1,2-Dichioroethene
Chioroform

1.2-Dichioroethane
1.1, t-Trichioroethane
Carbon Tetrachloride
Bromodichioromethane
1.2-Dichloropropane

Trans-1,3-Dichioropropens
Trichioroethene
Dibromochioromethans
Cis-1,3-Dichioropropene
1,1.2-Trichioroethane

Benzens

Bromotorm

1,1,2,2-Tetrachioroethane

Tetrachioroethene

Tolene

Chiorobenzene

Etybenzene

Acetone it ke

2-Butanone [ALNY) 010 U otou 0.10.V o190 u 010V [ R{-AY) o10uv
Carbondisutiide 0.0050 U 00050 U 00050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
2-Hexanone 005 v 0.050 U 0050 U 0050 v 005 U 0050 U 0050 U 0.050 U
4-Methyt-2-Pertanone 0050 U 005 U 0.050 U 0.050 U 0.0%0 U 005 U 0050 U 0050 U
Styrene 0.00%0 U 0.0080 U 0.0050 U 0.00%0 V 0.0050 U 0.00%0 U 00030 U 0.0050 U
Vinyl Acetate 005 U 0050 U 0050 U 0.05%0 U 0050 U 0.080 U 0050 U 0.050 U
T-Xylene 0,0050 U 0.0050 V 0.0050 U 0.0050 U 0,0050 U 0.0050 U 0.0050 U 0.0050 U
1,2-Dichicrosthane-d4(70-124) 8.4 101.0 108.0 884 101.0 " 1010 101.0 101.0
Toluene-D8(81-117) 09.7 9.0 100.0 0.7 9.0 0.0 99.0 290
4-Sromofiuorobenzene(74-121) 101.0 102.0 99.8 101.0 102.0 1020 1020 1020
Notes:

EPA Mathod 8240 - In Test Methods for Evalmting Organic and inorganic Wi , PhysicalChemical Methods W848, Third Ediion, Novermber 1986, with July 1992 revisions.
U - Compound was anatyzed for but not o d. Detection Imits are given before he U symbol.
J - Indicates en estmated vakse below accurate quanttation imits -

Last thres rows In table - Surrogate 8urrog: el thod performence. Accep ries (defined by the method) are given In parentheses.
-MB11 - Associated with TB4, FIELD BLANK, and RINSE1 ‘ MB18 - Assoclated with TB8 and RINSE2

MB12 - Assoclated with TBS MB16 - Assoctated with TB9

MB13 - Assoclated with TBS and RINSE3 MB17 - Associated with TB10 and RINSE4

MB14 - Assoclated with TBY MB18 - Assoclated with TB11, TB12, and RINSES

S
¢

k

ek
{ J‘:

e

P
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Table A27.  Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of trip blanks assoclated with shipment of
subsurface sofl samples for volatile organic analyses. Concentrations are mgiL (ppm). Blanks with detectable concentrations are shown in gray.

TRIP BLANK
ANALYTE 183 86 187 188 TB9 7810 1811 1812
Chioromethane 0010V 0010 V 0010 U 0010 U 0010 U 0010 v 0010 U 0010 V
Bromomethane 000U 0010V 0010 U 0010 U 000U o010V 0.010 UV 0010 U
Vinyi Chioride 000U o0tOU 0010 U 0010 v 0010 U 0010 v 0010 v o010V
Chioroethane 0010 U 0010 U 000U 0010 U 010 U 0.010 U
Methylene Chioride i X Y Bﬁb“”"*‘”?’b"éﬁéﬁ?['ﬂ" 38!
1,1-Dichioroethene 0.0050 U 00050 U 00050U 00030V 00050U 0005 U 00050 U 00050 U 00050 U
1,1-Dichoroethane 00050 U 00050 U 00050U 00030U 00050U 00050 U 00050 00050 U 0.00%0 v
Trans-1,2-Dichiorosthens 00050 U  00030U 00050 U 00030V 00050U 00050 U 00050U 00050 U 0.0050 U
cie-1,2-Dichioroethene 00050 U 00050 U 00050V 00050V 00050U 00050U 00050U 00050 U 0.0030 U
Chioroform 00050 U 00030U 00050l 00050 U 00050U 00050 U 00050 U 00030 U 0.0050 U
" 1,2-Dichloroethane 00050 U 00050U 00050 U 00050 U 00050 U 0005 U 00050 U 00050 U 0.0050 U
1,1,1-Trichlorosthane 00050 U 00050 U 00050U 00050U 00050U 00050 U 00050U 00050 U 0.00%0 U
Carbon Tetrachioride 00050 U 00050 U 00050U 00050U 00050U 00050 U 00050 U 000% U 0.0050 U
Bromodichioromethane 00050 U 00050 U 00050 U 00050V 00050U 00050U 00050 U 00050 U 0.0050 U
1.2-Dichioropropane 00050 U 00050 U 00050U 00050 U 00050 U 00050 U 00050 U 00050U 00050 Y]
Trans-1,3-Dichioropropene 00050 U 00050 U 00050 U 00050U 00050 U 00050 U 00050 U 00050U 0005 U
Trichloroethens 00050 U 00050 U 00050 U 00050U 00050U 00030V 00050 U 000500 00050 U
Dibromochioromethane 00050 U 00050 U 00050U 00050U 00050U 00050 U 00050 U 00050 U  0.0050 U
Cls-1,3-Dichioropropene 00050 U  00050U 00030U 00050U 00030U 00050 U 00050 U 0.0050 U 0.0050 U
1,1,2-Tdchloroethane 00050 U 00050U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 0005 U
Benzena 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U
-~ Bromoform 00050 U 00050U 00050U 00050 U 00050U 0005 U 00050 U 0005 U 00050 U
1.1.2,2-Tetrachioroethane 00050 U 00050 U ©00050U 00050U 00050U 00050U 00050U 00050U 00050 U
Tetrachioroethene 00050 U 00050 U 00050U 00050U 00050U 00050 U 00050 U 00050 U 0.0050 U
Toluene 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U  0.0050 U
Chiorobenzene 00050 U 00050 U 00050 U 00050 U 00050U 00050 U 00050 U 00050 U  0.0050 U
Etybenzene 00060 U 00050U 00050U 00050U 00050U 00050U 00050U 00050U 00056 U
Acetone o1V 010UV 010V 0.f0 U Q10 vV 010U 0.10 U 010U
2-Butanone 010 u 0.10 U 010V 0.10 U 0.10 U 0.0V 0.10 U 010 U 010U
Carbondsufld 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U 00050 U  0.0050 U
2-Hexanone 0050 U 0050 U 0050 U 0050 v 0.050 v 005U 0050U 0.050 U 0050 U
4Methyl-2-Pentanone 0.0%0 U 00%0 U 0050 U 0.0%0 U 0.050 U 0050 U 00S0U 0050 U 0.050 U
Styrene 00050 U 00050 U 00050U 00050U 00050U 00050U 00050U 00050U 00050 U
Vimyl Acetate 0.050 U 0050 U  00%0U 0050 U 0.050 U 005U 005U 0.050 U 0.050 U
T-Xylene 00050 U 00050 U 00050 U 00050 U 00050U 00050U 00050U 00050U 00050 U
1.2-Dichioroethane-d4(70-121) 995 100.0 101.0 1010 9.9 100.0 100.0 950 101.0
Toluene-D8(81-117) 99.9 096 9.4 101.0 98.7 100.0 998 885 101.0
4-Bromofuorobenzene(74-121) 99.7 100.0 102.0 100.0 101.0 101.0 101.0 99.6 101.0
Notes:

EPA Method 8240 - in Test Methods for Evakuating Organie and norganic Wastes, PhysicalChemical Methods SWB46, Thind Ediion, November 1888, with July 1992 revisions.
U - Compound was analyzed for but not d d. Detection Emits are given before the U symbol,

J - indicates en esth d vabe below Quanitation fmits

B- mmmmlnhonodammumashum

Last Bwee rows In tadle - Surrogate ot method perf. A ries (defl byhe ) are given In parentheses,
TB4 - cooler #7 (8/20/93 - amwppea)mnuummwwu 788. coolerﬂ‘li(amm) nnpmmbonmu 2,3,7.9,and 22

T85 - cooler #8 (8/23/93); samples from borings 21, 24, end 34 " TB9 - cooler #12 (8724/94); samples from borings 28, 35, 33, and 33 Dwp

TB8 - cooler #D (8723/03); samples from borings 12, 14, 38, 37, end 1 Dup 7810 - cooler #13 (8/25/93); samples from borings 31, 32, 26, 29, and 28

T87 - cooler #10 (8/23/93); samples from borings 5, 8, 8, 13,and 8 Dup TB11 . cooler #14 (8/726/93); semples from borings 19 and 23

TB12- cooler #15 (8/26/93); samples from borings 18, 17, 16, and 18 Dup
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Table A28.- Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of equipment rinse and field blanks associated with
sampling of subsurface solls for volatile organic analyses. Concentrations are mg/L (ppm). Blanks with detectable concentrations are shown in gray.

. Methylene Chloride

RINSATE BLANKS
ANALYTE RINSE1 RINSE2 RINSE3 RINSE4 RINSES FIELD BLANK
Chloromethane o010 U 0010V 0010 U 0010V 0.010U 0.010 U RINSATE and FIELD BLANK DESCRIPTION
Bromomethane 0010 U 0010V 0010V 0010V 00t0 U 0010 U RINSE 1 - Collected 8/20/03; borings 10 and 11 collected this day
Vinyl Chioride 0010V 0010 U 0010 U 0010 V 0010 U 0.010 U RINSE 2 - Collected 8/23/03; borings 1,2, 3, 7, 8, 13, and 22 collected this day

Chloroethane

RINSE 3. Collacted 8/23/03; borings 12, 14, 22, 24, 34, 38, and 37 collected this day
RINSE 4 . Collected 8/25/93; borings 25, 28, 29, 31, and 32 collected this day

0010

0.010
002

1,1-Dichloroethens
1,1-Dichloroethane
Trans-1,2-Dichloroethene
cis-1,2-Dichtoroethene
Chloroform

RINSE 5 - Collected 8/28/93; borings 19, and 23 collected this day

FIELD BLANK - Caliected 8/20/03

1,2-Dichloroethane
1,1,1-Trichloroethans
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane

Trans-1,3-Dichloropropene
Trichioroethene
Dibromochloromethane
Cis-1,3-Dichloropropene

0.0050 U 0.0050 U o

1,1,2-Trichloroethans

Benzene 0.0050 U 0.0050 U

Bromoform 00050 U 0.0050 U 0.0050 U

1,1,2,2.Tetrachloroethane 00050 U 00050U 00050U 0.0050U 00050 U 0.0050 U

Tetrachloroethene 00050 U 00050U 00050 U 0.0050°U 00050 U 0.0050 U ’ f '
Toluene 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U

Chlorobenzene 00050 U 00050U 000500 00050V 00050 U 0.0050 U

Ethyibenzene 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U

Acetone 010U 0.10 U 010V 010V 010U

2-Butanone 010U 010U 010U 010V 010U 01U

Carbondisulfide 00050 U 00050V 00050 U 0005 U 00050 U  0.0050 U

2-Hexanone 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U

4-Methyl-2-Pentanone 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U

Styrene 00050 U 00050U 000S50U 00050U 00050U  0.0050 U

Vinyl Acetate 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U

T-Xylene 00050 U 00050U 00050U 00050U 00050 U  0.0050 U

1,2-Dichloroethane-d4(70-121) 101.0 101.0 101.0 101.0 69.9 101.0

Toluene-D8(81-117) 101.0 9.4 9.8 88.8 07.8 1020

4-8 fluorob (74-121) 103.0 101.0 100.0 101.0 100.0 103.0

Notes: ’

EPA Method 8240 - In Test Methods for Evaluating Orgsnic and Inorganic Wastes, Physical/Chemical Methods SW848, Third Edition, November 1888, with July 1692 revislons.
U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

J - Indicates an estimated value below accurate quantitation limits

B - Analyte is found in the associated blank as well as the sample. .

Last three rows in table - Surrogate recoveries. Surrogate fecoveries thod perf Acceptabt Hes (defined by the method) are given in parentheses.

3

TN
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Table A29. (Page 1 of 2). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soll
samples for explosive compounds. Concentrations are mg/kg (ppm) dry welght, Samples with detectable concentrations are shown In gray.

TOTAL EX

Notes: Sample ID - 1#1 Indicates boring number 1, sample 1. .1#1D Indicates a field duplicate for boring 1, sample 1.

J - Indicates an estimated value below accurate quantitation limits
U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.
TOTAL EXP - A total of all explosive compounds determined for that sample. ND means none detected.

EXPLOSVE  1#1  1#1D 2#1 3 5#1 542 6#1 6#2 7#1 T#2 8#1
HMX 220 220 22U 220 220 287 ' 220 220
RDX 1U 1U 1U 1v 1U 01U - 1uU
TNB 025U 025U 025U 025U 025U 025U 025U
DNB 025U 025U 025U 025U 025U 025U 025U
TETRYL 065U 065U 065U 065U 065U 065U 065U
TNT 025U 025U 025U 025U 025U 025U 025U
2,4-DNT 025U 025U 025U 025U 025U 025U 025U
2,6-DNT 026U 026U 026U 026U 026U 026U 026U
2A-DNT 025U 025U 025U 025U 025U 025U 025UV
4A-DNT - 025U 025U 025U 025U 025U 025U 025U
TOTALEX  ND ND ND ND ND ND ND
ExpLOsivE  8#1D 9#1 1041 10#2  11#1 1182 12 1262 1243 1381 1342
HMX T} 247 220 220 220 220
RDX 1V 1u 1u 1v
TNB 025U 025U 025U 025U
ONB 025U 025U 025U 025U
TETRYL 065U 065U 065U 065U
TNT 025U 025U 025U 025U
2,4-DNT 025U 025U 025U 025U
2,6-DNT } 037 026U 026U 026U 026U
2A-DNT 025U 025U 025U 025U 025U
4A-DNT 025U 025U 025U 025U 025U
TOTAL EX ND ND ND ND ND
EXPLOSIVE  14#1 1941 - 1942 1943
HMX 220 6 220 220
RDX 11U ERY
TNB 025 U 025U
_ DNB 025U 025 U
TETRYL 065 U 065U
TNT 025U 025U
2,4-DNT 025U 025U
26-DNT. 026U 026U
2A-DNT 025U 025U
4A-DNT 025U 2116 025 U
ND 479 39918 ND
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Table A28. (Page 2 of 2). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Resutts of analyses of subsurface soil
samples for explosive compounds. Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are shown in gray.

ExpLosivE 2181 2182 2183 22841 22#2 2243 23841 2382 2383 2481 2581

HMX 22U 22U 22U 22U 22U 22UV 0. 22U 221
RDX iU 1U 1U 1U 1U 1U Y] 1L
TNB 025U 025U 025U 025U 025U 025U 025U 025 L
DNB 025U 025U 025U 025U 025U 025U 025U 025\
-TETRYL 065U 065U 065U 065U 065U 065U 065U 065t
TNT 025U 025U 025U 025U 025UV 025U | 025U 025L
2,4-DNT 025 U 025U 025U 025U 025U 025U 025U 025 L
'2,6-DNT 026 U 026 U 026 U 0.26 U 026 U 026V 026 U 026 L
2A-DNT 025U 025U 025U 025UV 025U 025U | 025UV 025 L
4A-DNT 025U 025UV 025UV 025U 025U 025U ¢ 025U 025 L
TOTAL EXP ND ND ND ND ND ND ND ND

EXPLOSIVE 25%2 28#1 28#2 2843  29#

HMX 220
RDX 1u

TNB 025U

DNB ) } 025 U 025U 025U 025U

TETRYL ! 0. ; 065U 0.

il £ SY, oo

2,4DNT }

2,6DNT 026U 026U 026U
2A-DNT 025U 025U 025U
4A-DNT ! ) 025U 025U 025U
TOTAL EXP ) 0455 17528 ) ND 0055 ND

EXPLOSIVE 34#2 35#1 35#2 36#1 37#1 37#1D 38#1. 38#2

HMX 22U 22V 22U 22Uy 22U 22U
RDX iU 1U 1U iu 1U
TNB 025U 025U - 025U 025U 025U
‘DNB 025 U 025 U 025U 025UV 025U
TETRYL 065U . 065U 065U o065V 065U
“TNT 025U~ 025U 025U 025U 025V
2,4-DNT 025 U 0.25 U 025U 025UV 025 U
2,6-DNT 26U 026 U 026 U 026U 026 U 026U
2A-DNT 25U 025U 025U 025U 025U 025U
"4A-DNT 25U 025V 025V 025U 025U 025 U
TOTAL EXP 2360 ND ND ND ND ND

Notes: Sample ID - 33#1 indicates boring number 33, sample 1. 33#1D indicates a field duplicate for boring 33, sample 1.
J - Indicates an estimated value below accurate quantitation fimits

U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.

() - No analysis reported for this compound.

TOTALEXP-A total of all explosive compounds determined for that sample. ND means none detected.

Appendix A Tables A43
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Table A30. Ammunition Burning Ground, NWSC, Crane, Indiana, SWM!
analyses of subsurface soll samples for explosive compounds.

U #03/10.- Summary by boring number of the results of

NUMBER OF DIFFERENT EXPLOSIVES DETECTED MAXIMUM EXP IN BORINO. . l

BORING BY BORING SAMPLE #1 SAMPLE #2 SAMPLE #3 CONC (mg/kg) SAMPLE NO. NAME
6 6 6 2 NS 1.28(J) # HMX

9 5 S NS NS 19.2 #1 RDX

10 4 4 1 NS 1.24(J) # HMX

11 4 4 0 NS 0.45(J) #1 HMX
12 2 2 0 ] 11.6 # 2,4-DNT
15. 4 4 NS NS 245 #1 TNB
16 3 2 NS NS 0.52(J) # HMX
17 7 7 6 4 274 #2 RDX
19 4 4 0 0 16 #1 HMX
23 5 4 1 1 0.335 #1 TNT
28 7 5 4 4 164 # RDX
29 6 6 5 NS 128 #1 HMX
31 7 7 NS NS 1.29 #1 HMX
32 1 1 NS NS ' 0.41(y) #1 HMX
33 2 2 NS ~Ns 0.035(J) #1 HMX
35 7 7 4 NS 2030 #2 TNT

Notes:

Number of borings made = 32, sampled as follows: Sample #1s- 32; Sample # 2s - 19; and Sample #3s - 7.

(J) - Indicates an estimated value accurate detection limits
NS - No sample taken
0 - Sample taken but explosives were not detected

Duplicates - Where field duplicates were taken, the highest concentration and all explosives from both samples were included.

~
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Table A31.  Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary by explosive analyte of analyses of subsurface soil

2341()) 28#2(J) 28131 20M1  20#2(J)) 31H1() 3541

samples.
EXPLOSIVE NUMBER OF BORINGS OCCURENCE OF SPECIFIC EXP BY SAMPLE
DETECTED OCCURRENCE BY SAMPLE WITH SPECIFIC EXP SAMPLE #4 SAMPLE #2 SAMPLERS
HMX eH1(J) 6#2()) oN 1041(J)  1042(S) 11#1(J) 16#1()) 1781 LN 14 7 1
72 T 18 23M()) 23%2(J) 2881 2842 28M
2042(J) M) 32M1(J) 3341(J) 3SH1 3542
* RDX e#() o) s 1041(J) 16H1(D) 1781 1782 173 ) 10 5 2
1941 23413 2841 2842 2941 20#2(J) 3MH1) 3541
35#2(J)
TNB 881 10#1(J) 1541 1741 28A1(J)  31#1(J) 3ISHI(Y) 35#2 (U] 7 1 . .
TNT 6#1 N2(J) oHI() 1IM() 1541 164#1(9) 1741 1782 13) 13 5 2
170 1941 231 2811 2842 2843 201 2042(9) .
31#1(J) 3381 3541 3542
2,4-ONT () 1241 1781 17R2(J)  1SH1(J)  28#3(J) 31H1(J) 3541(J) m [} 1 1
2,6-DNT eHt(d)  12M 2) 2 .
- 2A-ONT SMI(Y)  1081()) 1IMI()) 1SHY 17T 1TH2 2381(J) 28H1(J) (10 10 2 1
28#3(J) 2081 20#2(J) 31#1(J) 35#
4A-DNT eHt() s# 1081) 1MW) 1SHQ) 1781 1782 $743()) (1) 10 3 2

Note: J- Indi: that ported was an d value below accurate quantitation limits
{-) - Analyte did not occur ln this sample type

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994.
Roy L. Smith, Senlor Toxicologist (3HW15), U.S. EPA Region lil.
Risk Based Concentrations are in mg/kg.
Basis ot RBC: ¢ = Inogenic effect, n =
(-} No RBC avalable
(%) An RBC for DNT mixture is 4.2 mg/kg as a carcinogenic effect

lc effect

Duplicates - Where field duplicates were taken! the high and all explosives from both samples were included.
RBC
EXPLOSIVE MAXIMUM CONCENTRATION INDUSTRIAL SOILS
COMPOUND ENCOUNTERED (mgrkg) LOCATION OF MAXIMUM mgikg
HMX . 232 3542 -
- RDX 274 1742 -
TNB . . 375 35#2 Sin
DNB - NONE DETECTED - 100 n
TETRYL NONE DETECTED - 10000 n
- TNT 2030 3IS#2 S5¢c
-2,4-DNT 116 1241 2000n°*
2,6-DNT 0.375 1241 1000n*
2A-DNT 1.56 20#1 .
4A-DNT 248 17#1 *
TOTAL EXP . 2360 35#2 -
Note:



avv

s9|qe] vy xipuaddy

Table A32.  Ammunition Bumning Ground, NWSC, Crane, Indiana, SWMU #03/10. Total explosives concentrations in subsurface soil samples collected August

1993. Total explosives are the sum of ions of ail detectable expl pounds. Less than detection limit results were summed as zero.
TOTAL EXPLOSIVES BY SAMPLE % of TOTAL NUMBER l
CATEGORY . SAMPLE LOCATION ) | N CATEGORY OF SAMPLES CUMMULATIVE %
NONE DETECTED WY 2 381 SM 741 881 1381 1481 2181 TOTAL NO, SAMPLES - 33 86.9 569

281 2441 2581 33 4N 388t ITML 38 SAMPLE #1 - 17
S92 72 1M 1202 1302 142 1992 2192 2292 SAMPLE #2-12
2502 Mum 3Bn SAMPLE #3- 4
. 1203 198 203 20
>ND < 1moig 1681 230 31 33N TOTAL NO. SAMPLES - 8 103 6r2
2 20 SAMPLE#1-4
SAMPLE®M2-2
SAMPLE #3-0
>1mohg < 10 mokg 641 10M 11s 1581 3m TOTAL ND, SAMPLES - 8 138 81.0
1002 28902 20m SAMPLE#1-§
SAMPLE #2-3
. SAMPLE 83 - D
>10mgkg < 100 mokg S 1M 1M Yoer 2881 20w TOTAL NO. SAMPLES - 7 121 [ZX]
e SAMPLE #1 -8
SAMPLE #2-0
__SAMPLERY- 1
>100mgkg <1000mghkg 2041 IS TOTAL NO, SAMPLES - 3 6.2 08.3
72 SAMPLE #1-2
SAMPLE #2-1
. SAMPLE #3 -0
>1000 mokg sn ’ TOTAL NO. SAMPLES - 1 17 $9.0
SAMPLE #1-0 ;
SAMPLE #2- 1
SAMPLE 3 - 0
TOTAL MMBER OF BORINGS » 32 TOTAL NO. SAMPLES - 88
SAMPLE®Y 32
SAMPLESR2 19
SAMPLE®Y 7
Notes:
Ouplcates - Flaid duplicates were taken st 161, 881, 1681, 3341, and 3781, For this summary the highest of the two samples was used.

wumum«hhmmmm
Sample Depth -men-mnmo-:om.mgmma
SAMPLE#2 - Depth range 28 - 62 inches below the ground sutace
" SAMPLES - Depth range 60 - 90 inches below the ground surface
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are presented only once.

Table A33. Ammunition Bumning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of
method blanks associated with analyses of subsurface soils for explosives (EPA Method 8330).
Concentrations are mg/kg. Method blanks are shown for associated group of sample analyses indicated by
station. All method blanks had the same detection levels and results (i.e., none detected) therefore results

METHOD BLANK - ASSOCIATED ANALYSES .

Method Blank 1 - Borings §, 6, 8, 13, and 8D

Method Blank 2 - Borings 1, 2, 3,7, 9, and 22

Method Blank 3 - Borings 12, 14, 36, 37, and 1D

Method Blank 4 - Borings 21, 24, 34, and 37D

Method Blank 5 - Borings 38, 35, 33, and 33D

Method Blank 6 - Borings 31, 32, 25, 29, and 28

Method Blank 7 - Borings 19, 23, 17, 16, 15, and 16D |
Method Blank 8 - Borings 10 and 11

EXPLOSIVE

CONCENTRATION

mg/kg

HMX
RDX
TNB
DNB

TETRYL.

TNT
2,4-DNT
2,6-DNT
2A-DNT
4A-DNT

220U
1.00 U
025U
025U
065U
025 U
025 U
026 U
025U
025U

Note: U - Compound was analyzed for but mot detected. Detection limits are given before the U symbol.

D - Field duplicate sample.

Borings - all samples collected at each boring included

Appendix A Tables
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Rinses were collected following the last boring for the day indicated.

Table A34. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of
analyses of equipment rinses and a field blank associated with the sampling of subsurface soils

for explosives (EPA Method 8330). Concentrations are mg/l. All rinses and field blanks had the
same detection levels and results (i.e., none detected), therefore results are presented only once.

RINSE AND
FIELD BLANK DATE AND SAMPLES COLLECTED THAT DATE
RINSE 1 - Collected August 19, 1993 (borings 10 and 11)
FIELD BLANK - Collected August 19
RINSE 2 - Collected August 21 (borings 1, 2, 3, 7, 8, 13, and 22)
RINSE 3 - Collected August 22 (borings 12, 14, 22, 24, 34, 36, and 37)
RINSE 4 - Collected August 24 (borings 25, 28, 29, 31, and 32)
RINSE 5 - Collected August 25 (borings 19 and 23)
CONCENTRATION
EXPLOSIVE mg/l
HMX 0.020 U
RDX 0.020 U
TNB 0.020 U !
DNB 0.020 U
TETRYL 0.050 U
TNT 0.020 U
2,4-DNT 0.020 U
2,6-DNT 0.020 U
2A-DNT . 0.020 U
4A-DNT ’ 0.020 U

Note: U - Compound was analyzed for but mot detected. Detection fimits are given before the U symbol.

D - Field duplicate sample.
Borings - all samples collected at each boring included

Appendix A Tables
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Table A35.  (Page 1 of 6). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for PAHs using EPA
Method 8270 (semivolatile organics) . Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are shown in gray. Total PAHs are the
sum of all detectable PAH concentrations.

_ BORING & SAMPLE NO.

ANALYTE 1#1 1#1D 2#1 3#1 5#1 5#2 6#1 6#2 7#1 TH2 8#1
Naphthalene : 038 U 039 U 038U 0.38 U 0.38 U 0.38 U 0.38 U 038U. 035U 04U 0.38 U

“..Acenaphthylene 038 U 039 U 038U 038 U 038U 038 U 0.38 U 038 U 035U . 04U 038U
Acenaphthene 038 U 039 UV 038U 038U 0.38 U 038U 038U 038U 035U 04U 0.38 U
Fluorene 0.38 U 039 U 038 U 0.38 U 0.38 U 038 U 0.38 U 035U 0.4 U 0.38 U
Phenanthrene : 0.38 U 0.39 U 0.38 U 0.38 U 0.38 U 0K i 038U 0.35 U 04U 0.38 U
Anthracene 0.38 U 039V 038 U 038 UV 038 U 038 U 035U 04U 038U
Fluoranthene 0.38 U 039U 038U 0.38 U 0.38 U 038 U 035U 04U 038U
Pyrene 038U 039U 038U 038 U 038 U 038 U 035U 04U 0.38 U
Chrysene ) 038 U 039 UV 038U 038 U 038 U 038U 035U 04U 038U
Benzo(a)Anthracene 0.38 U 0.39 U 0.38 U 0.38 U 0.38 U 0.38 U 0.35 U 04U 0.38 U
Benzo(b)Fluoranthene 038 U 039V 0.38 U 0.38 U 038U 0.38 U 035U 04U 038 U
Benzo(k)Fluoranthene 0.38 U 039 U 038 U 0.38 U 038U 0.38 U 035U 04U 0.38 U
Benzo(a)Pyrene 038 U 039V 038 U 038 U 038U 038U 035U 04U 038 U
Indeno(1,2,3-C,D)Pyrene 038U 039U 038 U 038U 038U 0.38 U 035U 04U 0.38 U
Dibenzo(A,H)Anthracene 0.38 U 0.39 U 038U 0.38 U 0.38 U 0.38 U 035U 04U 0.38 U
Benzo(G,H,1)Perylene 038 U 039U 038U 038U 038U 038U 035UV 04U 038 U
2-Methylnaphthalene - - - - - - - - |-
TOTAL PAH ND - ND ND ND ND ND - ND ND ND

- 2-Fluorobiphenyl(30-115) 59.3 60 59.5 444 52.2 56.3 414 453 49.9
p-Terphenyl-D14(18-137) 85.7 89.7 81.6 98,6 96.1 . X 845 - 92.1 - 95.9 88.6
1,2-Dichlorobenzene-d4(20-130)  37.3 39.2 49.1 27 37 42.4 40.5 43.2 34.5 36.7 424

Notes: Sample ID - 1#1 indicates boring number 1, sample 1. 1#1D lndicates a field duplicate for boring 1, sample 1.

Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes, Physical/Chemical Methods, SW848, Third Edition, November 1986, with July 1992 Revnsuons

J - Indicates an estimated value below accurate quantitation limits

U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol. '

(-) - No analysis reported for this compound.

Last three rows of table - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given in parentheses.
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Table A35.  (Page 2 of 6). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for PAHs using EPA
Method 8270 (semivolatile organics) . Concentrations are mglkg (ppm) dry weight. Samples with detectable concentrations are shown in gray. Total PAHs are the
sum of all detectable PAH concentrations. '
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BORING & SAMPLE NO,
ANALYTE 8#1D 91 10#1 10#2 11#1 11#2 12#1 12#2 12#3 13#1 13#2
-Naphthalene 038U 04U 038 U 038U 038U 0.38 U 038U 038U 038 U 0.38 U 038U
Acenaphthylene 038 U 04U 038 U 038V 038U 038 U 038U 038 U 038U 038U
Acenaphthene 0.38 U 04U 038 U 038 U 038U 038 U 038 U 038U 0.38 U 0.38 U
Fluorene 038U 04UV 038 U 038U 0.38 U 038 U 038U 0.38 U 038 U 0.38 U
‘Phenanthrene 0.38 U 04 U 0.38 U 0.38 U | 0.38 U 0.38 U 0.38 U 0.38 U 0.38 U 0.38 U
Anthracene 0.38 U g4Uv 038 U 038 U 038 U 0.38 U 0.38 U 0.38 U 038 U 038 U
Fluoranthene 038 U 04U 038 U 038U & 038U 038 U 0.38 U 0.38 U 0.38 U 0.38 U
Pyrene 038U 04U 038U 038 U 51d 038U 038 U 0.38 U 038U 0.38 U 038 U
Chrysene 038U 04U 0.38 U 038U 038 U 038 U 038 U 038 U 0.38 U 0.38 U 038U
Benzo(a)Anthracene 0.38 U 04U 038 U 0.38 U 0.38 U 0.38 U 038 U 0.38 U 0.38 U 0.38 U 0.38 U
Benzo(b)Fluoranthene 0.38 U 04U 0.38 U 0.38 U 0.38 U 038U 0.38 U 038 U 038 U 038 U 0.38 U
Benzo(k)Fluoranthene 038 U 04U 038U 0.38 U 038 U 038 U 038 U 038U 0.38 U 0.38 U 0.38 U
Benzo(a)Pyrene 038 U 04U 0.38 U 038 U 038U 0.38 U 0.38 U 038 U 038 U 0.38 U 038U
Indeno(1,2,3-C,D)Pyrene 0.38 UV 04U 038U 038 U 0.38 U 038U 038U 038U 038U 0.38 U 0.38 U
Dibenzo(A H)Anthracene 0.38 U 04U 0.38 U 0.38 U 0.38 U 0.38 U 038U 0.38 U 0.38 U 0.38 U 0.38 U
Benzo(G,H,|)Perylene 0.38 U 04U 0.38 U 038U 038 U 038U 038 U 0.38 U 038 U 038 U P38 U
2-Methylnaphthalene - - - - - - - - - - .
TOTAL PAH ND ND ND ND 0.066 ND ND ND ND ND ND
2-Fluorobiphenyi(30-115) 58,7 441 404 54.5 61.5 55.4 48.5 35.7 441 55.9 51.9
p-Terphenyl-D14(18-137) 92 50.5 83.5 92.2 94.1 . 914 87.9 93.6 944 95.7 95.8
1,2-Dichlorobenzene-d4(20-130)  47.2 37 27.9 38.6 379 41.8 31.2 25 32.2 40.4 28.6

Notes: Sample ID - 8#1 indicates boring number 8, sample 1. 8#1D indicates a field duplicate for boring 8, sample 1.
Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes,

J - Indicates an estimated value below accurate quantitation limits
U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.
(-) - No analysls reported for this compound.

Last three rows of table - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given In parentheses.

Physical/Chemical Methods. SW846, Third Edition, November 1986, with July 1992 Revisions.
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Table A35.

(Page 3 of 6). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for PAHs using EPA
Method 8270 (semivolatile organics) . Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown in gray. Total PAHs are the
sum of all detectable PAH concentrations.

BORING & SAMPLE NO.
ANALYTE 14#1 14#2 15#1 16#1 16#1D 17#1 17#2 1743 19#1 19#2 19#3
Naphthalene 038U 038U 035U 037U 035U 037U 037U 037U 037U 037U
Acenaphthylene 038U 038U 035U 037U 035U 037U 037U 037U 037U 037U
Acenaphthene 038U 038U 035U 037U 035U 037 U 037U 037U
Fluorene 038U 038U 035U 037U 035U 037U 037U 037U
. Phenanthrene 0.38 U 0.38 U 035U 037U 035U [ 0.37 U 037U 037U
_‘Anthracene 038U 038U 035U 0370 035U 037 U 0370 037U
Fluoranthene 0.38 VU 0.38 U 035U 037U 035UV 037V 037U 037U
Pyrene 038U 038U 035U 037U 035U 0.37 U 037U 037U
Chrysene 038U 038U 035U 037U 035U 037U 037U 037U
Benzo(a)Anthracene 038U 038U 035U 037U 035U 0.37 U 037U . 037U
Benzo(b)Fluoranthene 038U 038U 035U 037U 035U 0.37 U 037U 037U
Benzo(k)Fluoranthene 038U 038 U 035U 037U 035U 037U 037 U 037U
Benzo(a)Pyrene 038U 038U 035U 037U 035U 037U 037U 037U
Indeno(1,2,3-C,D)Pyrene 038U 038U 035U 037U 035U . X 037 U 037U 037U
Dibenzo(A,H)Anthracene 038U 038U 035U 037U 035U 037U 037U 037U 037U 037U
Benzo(G,H,{)Perylene 038U 038U 035U 037U 035U 037U 037U 037U 0370 037U
2-Methylnaphthalene - - 035U 037U 035U 037U 037U 037U 0181011 037U 0Bf U
TOTAL PAH ND ND ND ND ND 0.075 0.283. ND 0.823 ND ND
2-Fluorobiphenyl(30-115) 50.3 50.6 40.3 41.6 49 30.6 46.4 49.4 60 39.2 33
p-Terphenyl-D14(18-137) 855 90.7 62.6 90.4 98.2 98.8 86.2 80.9 69.7 89 82.4
1,2-Dichlorobenzene-d4(20-130) 34 35.7 34.3 40.1 38.4 19.8 8.6 41.8 35.4 29.5 18.1

Notes:

J - Indicates an estimated value below accurate quantitation limits
U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol,
(-) - No analysls reported for this compound.

Last three rows of table - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given in parentheses.

Sample ID - 16#1 indicates boring number 16, sample 1. 16#1D indicates a field duplicate for boring 16 sample 1. ‘
Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes, Physical/Chemical Methods, SW846, Third Edition, November 1986, with July 1992 Revisions,
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| Table A35.  (Page 4 of ). Ammunition Bumning Ground, NWSC, Crane, Indiana, SWMU #03/10, Results of analyses of subsurface soils PAHs us{ng EPA Method

8270 (semiivolatile organics) . Concentrations are mg/kg (ppm) dry welght. Samples with detectable concentrations are shown in gray. Total PAHs are the sum of
all detectable:PAH concentrations,

BORING & SAMPLE NO.
ANALYTE 21#1 21#2 2143 22#1 22#2 2243 23#1 23#2 23#3 2441 2581
Naphthalene 039U 039U 039U 038U 038U 038U 037U 037U 037U 034U 037U
Acenaphthylene _ 033U 039U 039U 038U 038U 038U 037U 037U 037U 034U 037U
Acenaphthene ' 039U 033U 039U 038U 038U 038U 037U 037U 037U 034U 037U
Fluorene 039U 039U 039U 038U 038U 038U 037U 037U 037U 034U 037U
Phenanthrene 039U 039U 039U 038U 038U 038U 037U 037U [ 034U 037U
Anthracene 039U 039U 039U 038U 038U 038U 037U 037U 034U 037U
Fluoranthene 039U 038U 039U 038U 038U 038U 037U 037U ! 034U 037U
Pyrene 033U 039U 033U 038U 038U 038U 037U 037U 034U 037U
Chrysene - 039U 039U 039U 038U 038U 038U 037U 037U | 034U 037U
Benzo(a)Anthracene 039U 033U 039U 038U 038U 038U 037U 037U | 034U 037U
Benzo(b)Fluoranthene 039U 033U 039U 038U 0380 038U 037U 00164 | 034U 0370
Benzo(k)Fluoranthene 039U 039U 039U 038U 038U 038U 037U 0009J 034U 037U
. Benzo(a)Pyrene 039U 033U 038U 038U 038U 038U 037U 037U | 034U 037U
Indeno(1,2,3-C,D)Pyrene 039U 039U 039U 038U 038U 038U 037U 037U | 034U 037U
Dibenzo(A H)Anthracene 039U 039U 039U 038U 038U 038U 037U 037U 037U 034U 037U
Benzo(G,H,I)Perylene 039U 039U 039U 038U 038U 038U 037U 037U [[03]] 034U 037U
2-Methylnaphthalene - - . - . . 037U 037U 37U - H.
TOTAL PAH ND ND ND ND ND ND ND ND 0.471 ND ND
2-Fluorobiphenyl(30-115) 36.6 431 58.7 443 50.3 495 29.9 30.4 313 36.7 398
p-Terphenyl-D14(18-137) 61.6 93.1 96.5 94.7 91.2 96.4 879 753 90.3 77.2 101
1,2-Dichlorobenzene-d4(20-130)  25.6 24.2 32.1 29.9 36.9 35.9 226 27.2 9.2 10.3 20.9

Notes: Sample ID - 21#1 indicates boring number 21, sample 1,

Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes, Physical/Chemical Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

J - Indicates an estimated value below accurate quantitation fimits

U - Compound was analyzed for but was not detected, Detection limits are given before the U symbo!.

(-} - No analysis reported for this compound.

Last three rows of table - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given in parentheses.



ss|qe| vy xipuaddy

EGQV

Table A3S5.

(Page 5 of 6). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for PAHs using EPA

Method 8270 (semivolatile organics) . Concentrations are mgl/kg (ppm) dry weight. Samples with detectable concentrations are shown in gray. Total PAHs are the

sum of all detectable PAH concentrations.

Notes:

J - Indicates an estimated value below accurate quantitation limits
U - Compound was analyzed for but was not detected. Detection limits are given before lhe U symbol.

(-) - No analysis reported for this compound.

Last three rows of table - Surrogats recoveries. Surrogate recoveries measure method performance. Acceptable recoverles (defined by the method) are given in parentheses.

Sample ID - 33#1 Indicates boring number 33, sample 1. 33#1D Indicates a field duplicate for boring 33 sample 1.
Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes, PhyslcaVChemlcal Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

BORING & SAMPLE NO.

ANALYTE 25#2 28#1 28#2 28#3 29#1 29#2 31#1 32#1 33#1 33#1D 34#1
Naphthalene 037 U 037U 037U 037U - 037U 037U | 21 037U 039 U 039U 0.39 U
Acenaphthylene 037U 037 U 037U 037V 0.37 U 037U 037 U 037 U 039 U 0.39 U 0.39 U
Acenaphthene . 037 U 037UV 037 U 037U 0.37 VU 0.37 VU 037 U 037V 039 U 039 U 039 U
Fluorene 037U 037U 037U 037 U 0.37 U 0.39 U 039 U 039 U
Phenanthrene 0.37 U {0705 0.37 U 0038, 037U 039U 039U 039U
Anthracene 037U - /0.37 U 037U 037 U 0.39 U 039 U 0.39 U
Fluoranthene 037UV 0.37 UV 0.37 U 0.37 U 039UV 039U 039 U
Pyrene 037U 037U 037U 039 U 039 U 039U
Chrysene 037U 037UV 037 U 039 U 0.39 U 039 U
Benzo(a)Anthracene 037 U 037U . 037U 0.39 U 039 U 039 U
Benzo(b)Fiuoranthene 037U 037U 037 U 0.37 U 0.39 U 039 U 039 U
Benzo(k)Fluoranthene 037U 037U 037 U 037 UV 039U 033U 033U
Benzo(a)Pyrene 037UV 037U 037 U 037UV 033 U 039U 039U
Indeno(1,2,3-C,D)Pyrene 037U 037U 037U 0.37 U 039 U 033U 039U
Dibenzo(A,H)Anthracene 037V 037U , 037U 0.37 U 039 U 0.39 U 0.39 U
Benzo(G,H,|)Perylene 037UV 0. 37 V] ffi"-'“,;m 0.37 V L 037 U 039U 033U 0.39 U
2-Methyinaphthalene - - - - - - - 11"
TOTAL PAH ND 0.037 0.044 ND 0.123 0.072 0.205 ND ND ND ND

" 2-Fluorobiphenyl(30-115) 40.9 48.6 413 46.3 33.5 46.2 30.9 54.8 49.9 54.1 57.5
p-Terphenyl-D14(18-137) 98 101 96.4 89.6 103 84 99.1 96.8 100 98.7 97.7
1,2-Dichlorobenzene-d4(20-130) 30.6 39.6 28.8 33.4 14.4 21.7 19.8 35.3 25.6 336 40.5
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Table A35.  (Page 6 of 6). Ammunition Burmning Ground, NWSC, Crane, Indiana, SWMU #03/10. Results of analyses of subsurface soils for PAHs using EPA
Method 8270 (semivolatile organics) . Concentrations are mg/kg (ppm) dry weight. Samples with detectable concentrations are shown in gray. Total PAHs are the
sum of all detectable PAH concentrations. .

BORING & SAMPLE NO.

ANALYTE - 34#2 35#1 3542 36#1 37T#1  37#1D 38#1 38#2
Naphthalene 0.39 U 039U 0.39 U 0.34 U 035U 0.34 U 039 U 035 VU
Acenaphthylene 039V 039 U 039 U 034 U 035U 034U 039U 039UV
Acenaphthene . 0.39 U 039U 039 U 0.34 U 035U 034 U 039 U 039U
" Fluorene 0.39 U 039 U 039 U 034 U 035U 034 U 0.39 U 039 U
Phenanthrene 0.39 U 039 U 039 U 034 U 035U 034 U 039 U 0.39 U
‘Anthracene 039U 039U 039U [H0036707 035U 034U 039U 039U
" Fluoranthene . 039U 039 U 0.34 035U 034 U 039 U 039 U
Pyrene 039U 033U 034U -035U 034U 039U 039U
Chrysene 039U 039U 0.34 U [HO0OT8U 034U 033U 039U
Benzo(a)Anthracene ' 0.39 U 039 U 0.39 U 0.34 U 035U 0.34 U 039 U 0.39 U
Benzo(b)Fluoranthene 0.39 U 039 U 0.39 U 034 U 035U 034 U 039 U 0.3 U
Benzo(k)Fluoranthene 038U 033U - 039U 034 U 035U 034 U 033U 039 U
Benzo(a)Pyrene 039V 039 U 039 U 034 U 035U 034U 039U 033 U
Indeno(1,2,3-C,D)Pyrene 0.39 U 033U 039 U 034U 035U 034 U 039 U 039 U
Dibenzo(A H)Anthracene 0.39 U 039 VU 039 U 034 U 035V 034 U 039 U 039 U
Benzo(G,H,i)Perylene 039 L 039U 039 U 034U 035U 034U 039U 039U
2-Methylinaphthalene - - - - - - - - - I
TOTAL PAH ND ND 0.065 0.036 0.018 ND ND ND
2-Fluorobiphenyl(Surrogate (30-1  52.8 48.6 51.8 34.9 48.1 46.5 31.2 322
p-Terphenyl-D14(Surrogate (18- 103 98.9 104 823 94.2 726 93.1 99
1,2-Dichlorobenzene-d4(Surroga  36.6 255 32.2 18 30.4 38.9 20 14.2

Notes: Sample ID - 37#1 indicates boring number 37, sample 1. 37#1D indicates a field duplicate for boring 37 sample 1.

Method 8270 - in Test Methods for Evaluating organic and inorganic Wastes, Physical/Chemical Methods, SW846, Third Edition, November 1986, with July 1992 Revisions.

J - Indicates an estimated value below accurate quantitation limits

" U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.

(-) - No analysis reported for this compound. .

Last three rows of table - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries (defined by the method) are given in parentheses,
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' Table A36. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Summary of results by PAH analyte of analyses of subsurface solls using EPA Method 8270 (semivolatile

organics) .
TOTAL NO. BORINGS SAMPLE | SAMPLE | SAMPLE MAXIMUM LOCATION  |INDUSTRIAL SOILS

PAH OCCURRENCE BY STATION WITH SPECIFIC PAH # #2 * CONC. MGIKG OF MAXIMUM  |RBC MG/KG
Low Molecular Welg!\t PAHs
Naphthalene 19#1 311, (2] 2 - - 0.12J 19#1 41000n
Acenaphthylene ND / (o)) - - - ND ND no RBC
Acenaphthene ND [0 - - - ND NOD 61000n
Fluorene, ND ) (0] - - - ND ND 41000n
Phenanthrene 6#1, 11#1 17#1, 1782 19#1, 23#3, 28#1, 29#1 28#2, (10} 7 2 1 0.21J 19#1 no RBC

31#1,

Anthracene 19#1, 1 1 - - 0.015J 19#1 31000n
2-Methylnaphthalene 19#1 (11 1 - - 0.18J 19#1 no RBC
High Molecular Weight PAHs .
Fluoranthene 6#1, 11#1 17#1, 17#2 19#1, 2343, 29#1, 31#1 3542, )] 6 2 1 0.066J 19#1 41000n
Pyrene 6#1, 11#1 1741, 1742 1981, 23#3, 29#1, 31#1 3542, 9] 6 2 1 0.076J 19#1 31000n
Chrysene 61, 17#2 19#1, 23#3 28#2, 25#1, 31#1, 371 (8] 5 2 1 0.064J 6#1 390c
Benzo(a)Anthracene 6#1, 17#2 19#1, 2343, {4] 2 1 1 0.031J 6#1 3.90¢c
Benzo(b)Fluoranthene 6#1, 17#2 19#1, 2343, (4] 2 1 1 0.071J 6#1 3.90¢
Benzo(k)Fluoranthene 6#1, 17#2 19#1, 2343, (4] 2 1 1 0.037J 6#1 39.0¢
Benzo(a)Pyrene 641, 17#2 19#1, 2343, (4] 2 1 1 0.034J 6#1 0.3%¢
Indeno(1,2,3-C,D)Pyrene 641, 23#3, 2 1 - 1 0.13J 23#3 3.90c
‘Dibenzo(A,H)Anthracene ND (0] - - - . ND ND 0.39¢ .
Benzo(G,H,l)Perylene 6#1, 19#1 2343, 28#2 25#2, 31#1, (6] 3 1 0.13J 23#3 [fnoRrBC

Notes: ND - Not detected; No RBC - No RBC listed in reference.

RBC - Risk-Based Concentrations - Risk-Based Concentration Table, Fourth Quarter 1994,
Roy L. Smith, Senlor Toxicologist (3HW15), U.S. EPA Reglon iii.
Risk Based Concentrations are in mg/kg.
Basls of RBC: ¢ = carcinogenlc effect; n= noncarclnogenlc effect
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Table A37. Ammunition Burning Ground, NWSC, Crane,
Indiana, SWMU #03/10. Summary of results of analyses of
subsurface solls collected August 1993 for polycyclic aromatic
hydrocarbons using EPA Method 8270 (semivolatile organics) .

Number of Different Total Sample

Station PAHs Detected PAHs (ma/kg)
6#1 10 0.419
11#1 3 0.066
17#1 3 0.075
17#2 8 0.283
19#1 12 0.823
23#3 10 0.471
28#1 1 0.037
28#2 2 0.044
29#1 4 0.123
29#2 2 0.072
31# 6 0.205
35#2 3 0.065
36#1 1 0.036
37 1 0.018
MAX 12 0.823
MIN 1 0.018
MEAN 5 0.2209
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Table A38. (Page 1 of 2). Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10.. Results of analyses of method blanks for PAHs using
EPA Method 8270. Concentrations are mg/kg. Method blanks are shown for assoclated group of sample analyses as indicated on page 2. Except as
indicated all samples from a boring were analyzed as a group.

METHOD BLANK

PAH ANALYTE MB1 MB2 MB3 MB 4 MB 6 MB 6 MB 7 MB8 MB9 MB 10
Naphthalene . 033UV 033UV 033UV 033U 033UV 033U 033U 033U 033U 033U
Acenaphthylene 033U 033U 033U 033UV 0330 033UV 033U 033 U 033U 033U
Acenaphthene 033U 033UV 033UV 033U 033U 0.33 U 0.33 UV 0.33 U 033U 033 U
Fluorene 033U 033U 033UV 033U 033U 033 UV 033UV 033 U 033U 033 U
Phenanthrene 033U 033 U 033 U 033 U 033U 033U 0.33 U 0.33 U 0.33 U 0.33 U
Anthracene 033U 033UV 033UV 033U 033 UV 033U 033UV 0.33 U 033U 033U
Fluoranthene 033U 033U 033U 033U 033U 033UV 033U 0.33 U 033U 033U
Pyrene - 033U 033U 033U 0.33.V 033U 033U 033U 0.33 U 033U 033U
Chrysene . 033U 033 U 033UV 033 U 033U 033U 033 UV 033U 033U 0.33 U
Benzo(a)Anthracene 033 U 0.33 U 0.33 U 033 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U
Benzo(b)Fluoranthene 033 U 033 U 033 UV 0.33 U 033 U 033UV 033U 033UV 033U 033 U
Benzo(k)Fluoranthene 033 U 033 U 033U 033 U 0.33 U 033U 033U 033U 033U 033 U
Benzo(a)Pyrene 033U 033U 033U 033U 033U 033U 033U 033U 033U 033 U
Indeno(1,2,3-C,D)Pyrene 033U 033U 033 U 033U 033U 033 U 033U 033U 033U 033U
Dibenzo(A,H)Anthracene 033 U 033U 033U 033 U 033U 0.33 U 033U 033UV 033U 033U
Benzo(G,H,|)Perylene : 033U 033 U 033U 033 U 033 U 033UV 033 UV 033U 033U 033 U’
2-Methyinaphthalene - - - - - - - 033 U - T
2-Fluorobiphenyl(Surr (30-115)) 56.2 56.2 60.6 61.9 57.1 57.1 61.9 60.4 459 57.3
p-Terphenyl-D14(Surr (18-137)) 89.3 89.3 92.0 79.8 94.5 94.5 79.8 87.8 ' 88.2 114
1,2-Dichloroben.-d4(Surr (20-130))  37.7 37.7 42.5 45.3 35.4 = 354 453 491 21.3 38.6
Note: i

U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

EPA Method 8270 - in Test Methods for Evaluating Organic and Inorganic Wastes, Physical/Chemical Methods SW846, Third Edition, November 1986, with July 1992 revisions.

(-) - No analysis reported .
Dup - Duplicate sample.
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Table A38. (Page 20f2). Ammunition Buming Ground, NWSC, Crane, Indiana, SWMU #03/1
EPA Method 8270. Concentrations are mg/kg. Method blanks are shown for associated
samples from a boring were analyzed as a group.

0. -Results of analyses of method blanks for PAHs using

group of sample analyses as indicated . Except as indicated all

METHOD BLANK

PAH ANALYTE MB 11 M8 12 M8 13 MB 14 MB 16

Naphthalene 033U 033U 033U 033U 033 U
Acenaphthylene 033U 033U 033U 033U 033UV
Acenaphthene 033U 033U 033U 033U 033U
Fluorene 033U 033U 033U 033U 033U
Phenanthrene 0.33 U ‘0.33 U 033 U 0.33 U 0.33 U
Anthracene 033U 033 U 033U 033 U 033U
Fluoranthene 033U 033 U 033U 033U 033U
Pyrene 033U 033 U 033 U 033U 033 U
Chryséne 033UV 033U 033U 033U 033U
Benzo(a)Anthracene 0.33 U 0.33 U 0.33 U 033 U 033 U
Benzo(b)Fluoranthene 033 U 033U 0.33 U 033U 033 U
Benzo(k)Fluoranthene 033 U 033U 033 U 033U 033U
Benzo(a)Pyrene 033 U 033U 033U 033U 033 U
Indeno(1,2,3-C,D)Pyrene 033 U 033U 033U 033U 033U
Dibenzo(A,H)Anthracene 0.33 U 0.33 U 033 U 0.33 U 033 U
Benzo(G,H,l)Perylene 033U 033 U 033U 033 U 033 U
2-Methylnaphthalene - - - - -

2-Fluorobiphenyl(Surr (30-115)) 57.3 60.6 30.8 61.9 45.9

p-Terphenyl-D14(Surr (18-137)) 114 920 65.2 79.8 88.2

1,2-Dichloroben.-d4(Surr (20-130)) 38.6 425 248 45.3 34.0

Note: )

U - Compound was analyzed for but not detected. Detection limits are given before the U symbol.

EPA Method 8270 - in Test Methods for Evaluating Organic and Inorganic Wastes, Ph
(-) - No analysls reported .

Dup - Duplicate sample.

METHOD BLANK/SAMPLE ASSOCIATIONS
MB 1- borings 5, 8, 8, 13, and 8 Dup.
MB2-borings 1,2, 3,7, and 9 )

MB 3 - borings 12 and 14,

MB 4 - boring 36.

MB § - borings 37 and 1 Dup.

MB 6 - borings 21, 24, 34, and 37 Dup.

MB 7 - borings 21, 24, 34, and 37 Dup (second blank).
MB 8 - borings 10, and 11,

MB 8 - boring 29 (sample 2).

MB 10 - borings 31, 32, 25, 28, and 29 (sample 1).
MB 11 - borings 38, 35, 33, and 33 Dup.

MB 12 - boring 22.

MB 13 - borings 19, 23 (samples 1 & 2), 17 (samples 1 & 3), and 16.

MB 14 - borings 15 and 16 Dup.
MB 15 - borings 17 (sample 2) and 23 (sample 3).

ysical/Chemical Methods SW846, Third Edition, November 1986, with' July 1992 revisions.



Table A39. Ammunition Burning Ground, NWSC, Crane, Indiana, SWMU #03/10. Resuits of
analyses of equipment rinses and field blank for polycyclic aromatic hydrocarbons using EPA Method
8270 (semivolatile organics) .

RINSE AND FIELD BLANK mg/l (PPM)

ANALYTE RNS1 FLD BLK RNS2 RNS3 RNS4 RNSS
Naphthalene 0.10 U 0.10 U 0.10 U 0.10U 0.10 U 0.10 U
Acenaphthylene 0.10 U 0.10U 0.10 U 0.10U 0.10U 0.10U
Acenaphthene 0.10 U 0.10U 010U. 010U 010U 010U
Fluorene 0.10 U 0.10 U 0.10U 0.10 U 0.10 U 0.10U
Phenanthrene 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U
Anthracene 0.10 U 0.10 U 0.10 U 0.10 U 0.10U 0.10 U
Fluoranthene 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 010U
Pyrene 0.10 U c.10U 0.10 U 0.10U 0.10 U 0.i10 U
Chrysene 0.10 U 0.10 U 0.10U 010U 0.10 U 0.10 U
Benzo(a)Anthracene L 0.10 U 0.10 U 010U 0.10 U 010U - 010U
Benzo(b)Fluoranthene "0.10 U 010U 0.10 U 010U ~ 010U 010U
Benzo(k)Fluoranthene 0.0 U 0.10 U 0.10 U 0.10 U 0.10U 010U
Benzo(a)Pyrene 0.10U 0.10 U 0.10U 0.10 Ui 016 U 0.10 U
Indeno(1,2,3-C,D)Pyrene 0.10U 0.10 U 0.10 U 010U 0.10 U 0.10 U

. Dibenzo(A,H)Anthracene .. . 010U  0.10 U 0.10 U 0.10 U 0.10.U 0.10 U,
Benzo(G,H,|)Perylene .10 U 0.10 U 0.10U 0.10 U 010U  0.10U
2-Methyinaphthalene - - - - - -
TOTAL PAH ND. ND ND ND ._ND ND
2-Fluorcbiphenyl(30-115) 55.2 68.3 65.9 76.7 63.3 74.0
p-Terphenyl-D14(18-137) 924 959 97.1 101.0 927 = 953
1,2-Dichlorobenzene-d4(20-130) 50.8 51.0 48.9 58.9 46.8 56.9
Notes:

RINSE 1 - Collected 8/19/93; borings 10 and 11 collected this day

RINSE 2 - Collected 8/21/93; borings 1,2, 3, 7, 8, 13, and 22 collected this day
RINSE 3 - Collected 8/22/93; borings 12, 14, 22, 24, 34, 36, and 37 collected this day
RINSE 4 - Collected 8/24/93; borings 25, 28, 29, 31, and 32 collected this day

RINSE S - Collected 8/25/93; borings 19, and 23 collected this day

FIELD BLANK - Collected 8/19/93

Method 8270 - in Test Methods for Evaluating organic and Inorganic Wastes, Physical/Chemical Methods,
SW846, Third Edition, November 1986, with July 1992-Revisions, - )

U - Compound was analyzed for but was not detected. Detection limits are given before the U symbol.

(-).- No analysis reported for this compound.

(20-130) - Surrogate recoveries. Surrogate recoveries measure method performance. Acceptable recoveries
(defined by the method) are given in parentheses.

Method Blanks - Mehtod blanks were run with each rinse and field blank. No PAHs were detected in the
method blanks at detection limits that were the same as above. ‘

Appendix A Tables

A59
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Table A4o, (Page 1of2). Ammunition Bumning Ground., NWSC, Crane, Indiana, SWMU #03/10, Results of inorganic analyses of subsurface soll samples.

See Figure 5.3.1 for ple {ocati C ions are mg/kg dry
welght (ppm).
BORING & ANALYTE
SAMPLE AG AL AS BA CA cD co CR cu FE HG Mo MN NA NI ] SB SN ZN TP
1.1 tou 6460 1.9 69.3 622 0.020 U 1.7° 12 31 9350 0.100 U 710 7* 4138 37 5.56 080 UN 500U 9.39 56.3
1.10 1.0V 2490 .60 UN 358 3938 0020V 218 5. 248 5230 0.100 U 397B 64 3338 248 43 0.890 UN .00 U 6.6 61.2
2. 10U 10100 ,24 354 2878 0028 7.8 * 5.¢ 6.7 28400 0.100 U 755 231° 4228 7.6 9.99 0.890 UN .00 U 313 13
3 1.0U 50 .83 <X 7448 00308 3.3 B* 10§ 59 9040 0.100 U 48 4956 2618 5.2 7 0.90 UN .00 U 39 120
5. 10U 12300 4.82 103 2020 0189 B 142 18.€ 137 22100 0.100 U 1440 72 876B 184 172 0.80 UN .00 U 63.1 196
5.2 1.0V 20300 4.02 188 16700 03588 173 312 17 37100 0100 U 2690 1650 95.8B 428 144 090 UN 500U 58.3 268
6.1 14 Hnr00 770 480 5320 0.847 123 17.7 622 23600 0100V 2320 429 639B 244 417 080 UN 500U 174 222
8.2 1.0 U 10900 1.37 225 3470 02818 147 18.8 21 28400 0100 U 2040 1040 $6B8 228 304 080 UN 500U 130 288
74 10U 11000 4.91 568.1 630 01168 130° 1586 17 27000 0.100 U 1030 §12°* 588B 161 12 09 UN 500U 87.5 210
72 10U 22000 8.87 §1.9 557 0.046 B 72 295 20.2 30700 0100 U 2820 28° 564B 173 149 080 UN 500U 76.8 212
8.1 10U 11100 5.68 118 2020 0.720 137 17.8 69.1 24000 0.249 1170 366 6378 203 279 080 UN 500U 86 183
8.10 10U 12700 5.78 156 36000 /0.95 16.7 214 214 31000 0.407 1820 731 8998 29 244 080 UN 500U 72 258
9.1 10U  15%00 68.42 81.8 4860 . 00938 150° 228 15.1 29900 0.100 U 1790 550 * 1108 23, 29.2 080 UN 500V 60.5 188
101 10U 10000 7.39 51.7 1150 00678 204 17.1 88 25400 0.336 1070 875 §318 187 13.2 080 UN 500U 65.5 160
102 40U 10400 6.70 81.8 6540 02818 178 17.9 118 32300 0.294 1980 877 628B 232 372 080 UN 500U 358 289
" 10U 13200 5.24 178 23300 0.876 121 175 1.9 19300 4.260 4320 493 842 19.2 174 1.038N 500U 133 349
112 iou 8550 4.61 66.9 833 00928 184 11.6 49 19500 0.113 451 B 1130 3868 156 11.2 090 UN 500V 328 319
121 10U 7440 6.21 132 4760 0.978 19.0 1.3 38.4 21000 7.690 968 748 6378 127 40.9 148 BN 500U 208 194
122 10V 8770 6.03 603 1458 0020V 109 11.4 74 17300 0.100 U 655 662 3928 101. 126 08O UN 500U 347 136
123 10U 10700 6.32 48.9 1428 0320B 106 15.9 8.69 20300 0.100 U 1330 444 4188 959 13 09O UN 500U 35.1 181
131 10U 12000 172 738 2490 02008 134 189 129 28900 0.100 U 1170 666 6688 243 129 080 UN 500U 744 191
13.2 10U 11100 7.41 57.7 1900 0091 B 145 18.8 9.89 24900 0.100 U 1120 510 67.2B 196 11.2 090 UN 500U 59.6 196
141 BRK V) 8040 4.44 70 4050 0208 B8 78 138 13 18300 0100 U 1580 m 4338 10 100 080 UN 500U 64 183
42 - ou 9180 8.88 48.2 4738 0058 B 6.8 15.4 3. 6100 0.100 U 760 56.6 4028 119 11.9 090 UN 600U 48 133
“15.1 QU 14100 7.61 78.1 1770 02578 147 17.7 25° 9800 0.100 U 440 368 608 B 245 119 0.90 UN 500U 62.8 114
16.1 ovu 8540 8.15 245 14600 1.500 136 20 414 41300 0100 U 2100 543 728 n 758 * 090 UN 500UV 996 175
16.1D 13°* 8840 8.62 127 4220 0.361 128 14.9 318 * 25500 0.100 U 1370 452 5528 121 602° O0SOUN 500U 12 - 190
174 10U 20800 5.48 483 11300 3.090 16.0 203 152 ¢ 24000 0.891 7730 1180 9618 253 183°* 080UN 500U [ rsa 209
17.2 t.OU 17800 7.93 121 4680 1.060 18.2 18.68 352°* 35000 0.398 1920 761 5668 183 805° 09OUN 500U 93 177
173 1.0V 8820 10.70 55.9 1300 0173B 160 16.8 106 ¢ 33400 0.934 868 620 536B 152 144° 090UN 500U 167 197
19.1 10U 8210 5.12 258 13800 3.870 122 17.5 195 ¢ 14200 0.219 8690 882 199B 184 212* 7Y BN 500U 852 517
19.2 10U 10600 .87 65 1630 00798 123 213 73° 24500 0.100 U 826 818 69.7B 134 101 O0SOUN 500U 476 159
18.3 1.0 U 14400 7.18 77.2 1010 0.057 104 20.3 14 ¢ 26800 0.100 U 1840 339 4348 109 89°¢ O09UN 500U 51.1 247

Notes: Sample ID - 1.1 ndicates boring 1, sample 1. Sample 1.1D s a fleld duplicate of sample 1.1,

U - Analyte was analyzed for but not detected. Detection limits are given before the U symbaot,

8 - Reported value Is less than the Contract Required Detection Limit but greater than the Instrument Detection Limit,

W - Post-digestion spike for fumace AA analysis is out of control limits (85-115%), while samplo absorbance Is less than 50% of spike absorbance,
N - Splke sample recovery not within control limits.

* - Duplicate analysls not within control limits.
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Table A40. (Page 2 of 2). Ammunition Burning Ground., NWSC, Crane, indlana, SWMU #03/10. Results of Inorganic analyses of subsurface soil samples. See Figure 5.3.1 for sample locati C are mg/kg dry

[welght (ppm).

BORING & ANALYTE

SAMPLE AG AL AS BA CA cD cOo CR . CU FE HG MG MN NA NI PB $B8 SN ZN A (4
211 10U 7840 5.14 138 6040 0492 BN  10.7 86 227 17600 0336 1390 447 4778 129 244 0.80 UN 5.10 91 169
21.2 10U 10600 395 121 1700 0.089 BN 979 1.7 149 19100 0100V 1150 330 81.8 11.2 47 0.90 UN 500U 308 66.9
213 10U 8070 6.29 102 3270 0.050 BN 10.5 129 74 23200 0400 U 1280 372 70.8 13.2 5.6 0.90 UN 5.00 U 136 97.5
2.1 10U 18500 6.63 834 9120 0.493 B 125 25.7 34.4 25600 0100 VU 2380 950 126 B 206 31.2 0.90 UN 500 L 117 379
2.2 10U 42000 361 141 1380 0091 B 68.3 419 214 48800 0400 U 64950 2760 4208 644 253 090 UN 500U 475 209
23 1.0 U = 20400 17.3 69.8 17700 0121 8 134 3.2 18.9 50400 0.100 U 3740 98.5 151 8 594 15.1 0.90 UN 500 U 115 196
231 10U 12600 7.39 568 8310 3.430 145 224 457 ¢ 26600 0.962 1970 574 5288 266 376 °* 080 UN 500UV 300 202
23.2 {0U 17100 7.04 823 4070 7.870 141 254 139 * 19500 0.100 U 2820 121 226 B 433 134 0.90 UN 500 U 61.1 171
23 OU 14000 52.4 57. 3140 0133 8 8.1 22.2 12 * 22900 0.100 U 2120 30.8 107 B 204 351 ° 090 UN 5.00 U 225 242
24.1 ou 2630 2.82 56. 115000 0528 N 9.4 6. 34.3 7810 0100 U 17300 324 114 10.8 26.5 0.90 UN 500 U $0.8 116
251 O0U 11000 642N 809 1220 02178 12.7 16. 8.89 28900 0.100 U 57 1000 69.28 178 78°* 090 UN 500V 80.2 220
25.2 10U 8300 584 N 529 907 0114 8 14.4 14.3 10.2 23000  0.279 842 933 3678 159 99°* 090 UN 500U 614 144
281 10U 13800 808 N 823 7060 0.376 B 11.2 20.7 327 28300 0100 VU 1810 302 6438 174 302* 0S80 UN 500V 228 169
282 10U 10800 720N 508 1770 0128 B 105 172 148 31000 0100U 1120 282 4998 13 989* O08OUN 500U 188 128
28.3 1.0U 17300 147N 326 2950 2610 226 384 94.7 49200  0.850 2580 782 71.78 358 135 * 172 BN 500 U 337 178
2.1 28 12900 121N 290 6120 4330 11.9 296 179 - 40500 0598 2210 698 6018 208 344°* 830N 500U 2160 375
29.2 .0U 12500 823N 158 1670 0162 8 12 19.4 14, 23100 0.100 U 470 311 96.6 B 29 178° O0S0UN  S00U 753 197
31.1 6.6 14600 119 N _ 1740 20300 4.580 25.1 .86.4 616 129000 0.100 U 580 2310 755 52.4 4940 *  36.90 N 1550.00 3370 1220
321 0U $620 10.3 N 170 3190 3.000 16.7 215+ 33, 43700 0.100 U 070 1270 4948 222 21.3*  0.90 UN 500U 13 584
331 OU 8390 6.29 168 12200 0226 BN 149 139"  15.3 19100 0.100U 1170 800 68.9 B 17 18 090 UN 600U 02 223
33.1D 1.0U 9560 7414 254 3250 0.689 N 13.7 138 314 21200 0100U 1150 842 3878 172 30.8 090 UN 500U 12 302
31 10U 13900 9.85 3a 3240 0423 BN 249 18.4 19.4 36500 0.100 U 2320 2450 - 95.4 87.2 10.7 0.90 UN 500 U 798 148
34.2 oy 9010 5.93 70.3 1140 0.039 BN  28.7 12.7 6.7 30200 0.100 U 897 1300 64 11.9 12.8 1.07 BN 500 U 406 118
351 3.2 21200 6.17 620 4550 2460 N 16.2 148, 102 17100 0400 U 1580 2540 4548 195 351 0.90 UN 500U 457 721
35. 2 17500 .04 503 4820 2,040 2. 36 143 6400 0100V 1390 1610 47. 7. 255 1.62 BN .00 U 319 807
38. OU 5610 .52 328 171000 2.190 3. 6.€ 138 6800  0.100 U 10000 61.3 ¥ 7.5 361 2.96 BN .00 U 79 164
EIA OU 5880 .87 195 3650 140 K 220 307 7900 0100V 2280 480 417 .2 248 0.80 UN .00 U 72 g
37.1D 10U  43% 6.88 198 3950 1.200 N 9.5 81. 418 15900  0.100 U 2190 568 3628 117 21 - 080 UN 5.00 U 53 250
38.1 10U 7760 6.32 145 961 0313 BN 113 118 283 18400  0.118 782 395 2878 95 15.7 090 UN 500U 424 170
382 1.0U 98110 3.37 103 510 0.096 BN _ 16.1 8.6 6.7 11400 0100 U 716 1420 293B 112 14.1 0.80 UN 500U 275 248

Notes: Sample iD - 1.1 indicates boring 1, sample 1.

U - Analyte was analyzed for but not detected. Detection limits are given before the U symbol.

B - Reported value Is less than the Contract Required Detection Limit but greater than the Instrument Detection Limit.
W - Post-digestion spike for funace AA analysis is out of control limits (85-115%), while sample absorbahee 18 loss than 50% of spike absorbance.
N Spike sample recovery not within control limits.

¢ - Duplicato analysis not within control limits.




cov

s3|ge] vy xipuaddy

Table A41.  Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10, Summary statistics for results of inorganic analyses of subsurface soil samples.
See Table 5.3.19 for complete data. MAX, MIN, and MEAN concentrations are mg/kg dry weight (ppm).

ANALYTE
STAT | AG (58) AL (58) AS (49) BA (58) CA (58) CD _ (48) €O (49) CR(58)  CU (47) FE (58)
MAX 6.59 [33#1] 42000 [22#2) 52.10 (23#3] 1740 [3T#1] 171000 (36#1]  7.87 [23#2]  28.7 (34#2] 86,4 [31#1] 616 [31#1] 129000 [37#1]
MIN <LO[] . 2630 [24#1]  1.99 [1#1] 231 (3#1)  74.4 [3#1] <0.02 [*] 6.8 [14#2) 6.8 [24#1] 3.1 [1#1) 7810 [24#1)
MEAN1 1.2 . 12405 7.29 178.2 9472.8 1.02 14.3 19.4 413 27153
STDDEV  0.81 5803 6.95 248.1° 26524 1.61 4.47 11.2 93.0 16635
MEAN2 0.7 12405 7.29 178.2 9472.8 1.02 14.3 19.4 413 27153
STDDEV 091 5803 6.95 248.1 26524 1.61 4.47 11.2 93.0 - 16635
STAT - | HG (58) MG (58) MN (50) . NA (58) NI(58) °  PB (58) SB () SN (58) _ ZN (58) TP (58)
MAX 7.69 [12#1] 17300 (12#2] 2760 [22#2] 755 (31#1]  87.2 (34#1] 361 [36#1] - 1550 (31#1] 3370 (31#1] 1220 (31#1]
MIN <0.10 [ 451 (11#2]  30.8 [23#3)  26.1 [3#1) 3T[(M] 47 [21#1) - <504 9.39 [1#1]  56.3 [1#1]
MEAN1 0.392 2371 804.4 88.2 21.3 49.1 - 316 248.8 2452
STDDEV 1132 . 2750 641.1 106.70 14.8 88.7 - 202.9 533.9 191
MEAN2 0.356 2371 804.4 88.2 21.3 49.1 - 29.2 248.8 245.2| |
STDDEV  1.142 2750 641.1 106.70 14.8 88.7 . 203.2 533.9 191

Note: .
AG(58) - Inorganic analyte i.e., silver. Number In parentheses Is the number of subsurface soil analyses used to compute the statistic. Data qualified by a W, N,
or* (see Notes on Table 5.3.19) were not used. Field duplicates were not used in this statistical summary.

' sB (*) -. All data for SB was qualified by an “N" and therefore not used for these comparisons.

2630 [24#1] - Analyte concentration in mg/kg dry welght (ppm). Number In brackets, I.e., [24#1] is the boring (24) and sample number (1) for the MAX or MIN.
Where a MIN was the detection limit and occurred at more than one location a [*] symbol Is given.

MEAN1 - Mean was computed using the reported detection limit for those sarhples with results reported as < detection limits (U qualified).

MEAN?2 - Mean was computed using 1/2 detection limit for those samples with results reported as < detection limits QU qualified).
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‘Table A42.  Ammunition Burning Ground., NWSC, Crane, Indiana,
SWMU #03/10. Location of maximum concentrations of inorganic

constituents,
BORING WHERE
CONSTITUENT MAXIMUM OCCURRED CONSTITUENT(S)
12 Hg and Mg
22 Al and Mn
23 As and Cd
31 Ba, Cr, Cu, Fe, Na, Sn, Zn, and TP
33 Ag
34 Co and Ni
36 Caand Pb
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‘Tabel A43.  (Page 1 of 3). Ammunition Buming Ground., NWSC, Crane, Indlana, S
sample concentration to mean background concentration for a specific metal or inorganl
the background are shaded in gray.

WMU #03/10. Comparison of ABG subsurface solls to nearby "background samples®, Ratlo of
c constituent Is given. See Table 5.3.19 for complete data. Constituents greater than 100 times

i RATIO ABG SAMPLE CONCENTRATION / MEAN BACKGROUND-CONCENTRATION FOR INDICATED CONSTITUENT

~ SAMPLE | AL SB AS BA CA cD cO CR cu FE PB MG MN HG NI AG NA SN ZIN TP
5.1 ' 1.4 - 1.3 24 6.2 8.5 - 1.5 26 14 - 23 2.0 - 1.0 3.3 1.0 2.3 1.0 24 19

- 6.2 2.4 - 1.1 44 509 17.9 - 25 3.3 2.4 1.9 3.6 - 1.0 7.6 1.0 2.5 1.0 22 26
6.1 14 - 2.1 113 162 424 - 1.4 100 1.5 55 3.1 - 1.0 43 14 1.7 1.0 06 22
6.2 1.3 - 20 53 10.6 14.1 - 1.5 4.0 1.8 4.0 2.8 - 1.0 4.1 1.0 1.5 1.0 49 28
7.1 1.3 - - 13 58 - 13 15 1.7 16 14 - 1.0 29 1.0 1.5 1.0 33 21
7.2 2.6 - 24 2.3 - 2.4 3.9 2.0 2.0 3.8 - 1.0 3.1 1.0 1.5 1.0 29 21
8.1 1.3 - 1.5 36.0 - 14 114 15 3.6 1.6 - 25 36 1.0 1.7 1.0 32 18
8.1D 1.5 - 1.6 - 1.7 41 2.0 3.2 25 - 4.1 5.2 1.0 23 1.0 27 25
9.1 1.9 - 1.7 - 1.8 29 1.9 3.9 2.4 - 1.0 4.1 1.0 2.9 1.0 23 18
10.1 1.2 - 20 - 1.4 17 1.6 1.8 1.4 - 34 33 1.0 1.4 1.0 21 16
10.2 1.2 - 1.8 - 1.4 23 21 4.9 2.7 - 2.9 4.1 1.0 1.6 1.0 135 28
1.4 15 - 14 - 1.4 8.1 1.2 231 5.9 - 426 3.4 1.0 2.2 1.0 50 34
11.2 0.6 - 1.2 - 0.9 0.9 1.3 1.5 0.6 - 1.1 2.8 1.0 1.0 1.0 1.2 31
124 09 - 1.7 - 09 74 1.3 5.4 1.3 - 76.9 23 1.0 1.7 1.0 78 19
12.2 1.0 - 1.6 - 0.9 14 1.1 1.7 0.9 - 1.0 1.8 1.0 1.0 1.0 13 13
123 1.2 - 1.7 - 1.3 1.7 1.3 1.7 1.8 - 1.0 1.7 1.0 1.1 1.0 13 18
13.1 14 - 21 - 1.5 25 1.9 1.7 1.6 - 1.0 43 1.0 1.7 1.0 28 19
13.2 1.3 - 2.0 - 1.5 1.9 1.6 15 1.5 - 1.0 3.5 1.0 1.7 1.0 22 19
14.1 1.1 - 1.2 - 1.1 25 12 133 21 - 1.0 1.8 1.0 1.1 1.0 24 18
14.2 1.1 - 2.4 - 1.2 2.6 1.0 1.6 24 - 1.0 21 1.0 1.0 10 ,, 1.8 13
15.1 1.6 - 2.0 - 1.4 - 1.3 - 2.0 - 1.0 4.4 1.0 1.6 1.0 "1 24 11
16.1 141 - 22 - 1.6 - 26 - 28 - 1.0 3.9 1.0 1.9 1.0 374 17
16.1D 1.00 - 24 - 1.2 - 1.6 - 1.9 - 1.0 2.2 1.3 1.4 1.0 42 19
1741 24 - 1.5 - 1.6 - 15 - 105 - 8.9 45 1.0 25 10 172 20
17.2 21 - 241 - 1.5 - 22 - 26 - 4.0 33 1.0 15 1.0 73 17
17.3 1.0 - 2.9 - 1.4 - 2.1 - 1.2 - 9.3 27 1.0 1.4 1.0 63 19
19.1 1.1 - 14 - 1.4 - 0.9 - 11.8 - 22 33 1.0 5.2 10 320 5.0
19.2 1.2 - 1.9 - 1.7 - 1.6 - 1.1 - 1.0 24 1.0 1.8 1.0 18 16
19.3 1.7 - 1.9 - 1.6 - 1.7 - 2.2 - 1.0 1.9 1.0 1.1 1.0 19 24
Note: i

() - Comparison not made due to data belng qualified by a W, N, or * (see notes Table 5.3.19).
Mean - Means were computed using the reported detection limit for those sam
Ratlos - Ratios were computed using the detection limit in those cases where |

ples with results reported as < detectlon limits (U qualified).
ess than detectlon concentrations were reported.,
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Tabel A43.  (Page 2 of 3), “Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10. Comparison of ABG subsurface soils to nearby "background samples”, Ratio of

background are shaded in gray.

sample concentration to mean background concentration for a specific metal or inorganic constituent is given. See Table 5.3.19 for complete data. Constituents greater than 100 times the

. RATIO ABG SAMPLE CONCENTRATION / MEAN BACKGROUND CONCENTRATION FOR INDICATED CONSTITUENT
SAMPLE | AL _sB AS BA CA cD co CR 1Y) FE PB MG MN HG NI SN ZN

TP

214 09 - 14 32 18.4 - - 08 44 1.4 32 19 - 34 23 1.0 34 17
21.2 12 - 14 17 52 - - 09 14 1.2 06 1.6 - 1.0 20 1.0 12 07
21.3 11 - 1.7 24 10.0 - - 1.0 14 15 0.7 1.7 - 1.0 24 1.0 51 10
224 22 - 18 20. 278 - 21 - 686 1.6 44 32 - 1.0 37 1.0 44 37
22 49 - 10 33 42 - 33 41 - 31 34 88 - 1.0 15 1.0 18 20
23 24 - .47 16 54.0 - 25 36 - 32 20 5.1 - 1.0 106 1.0 43 19
231 15 - 20 134 254 - 18 - 17 - 27 - 96 48
232 20 - 19 1.9 124 - 20 - 13 - 38 - 1.0 7.7
233 16 - 144 1.3 96 - 1.8 - 15 - 29 - 1.0 36
24.1 03 - 0.8 1.3 135081 - 05 05 35 234 - 1.0 1.9
251 13 - - 19 37 - 13 1.9 - 13 - 1.0 32
252 11 - - 1.2 28 - 1.2 15 - 1.1 - 2.8 2.8
28.1 16 - - 19 215 . 17 18 - 25 . 1.0 31
282 13 - - 1.2 54 - 14 20 - 15 - 1.0 23
283 20 - - 7.7 9.0 - 341 32 - 35 - 85 6.4
29.1 15 - - 6.8 187 - 24 26 - 30 . 6.0 37
29.2 15 " - - 37 5.1 - 1.6 1.5 - 33 - 1.0 5.2
31.1 17 - - 408 61.9 - - 7.0 8.3 - 49 - 1.0 9.4
321 11 - - 4.0 9.7 - 1.7 28 - 1.4 - 1.0 4.0
331 1 - 17 39 37.2 - - 1.1 12 24 16 - 1.0 30

BIO__11 - 19 6.0 9.9 - - 1.1 1.4 4.1 1.6 - 1.0 3.1
341 16 - 27 76 99 - - 15 23 14 31 - 1.0 156
34.2 11 - 1.6 1.7 35 - - 1.0 1.9 1.7 1.2 - 1.0 2.1
35.1 25 - 14 122 139 - 12 1.4 46.7 2.1 - 1.0 35
/2 20 - 14 118 147 ! - 1.1 1.1 339 1.9 - 1.0 3.1
36.1 07 - 1.8 7.7 is29in 1095 - 1.3 1.1 48.0 136 - 1.0 341
371 07 - 15 46 1.1 57.0. - 1.0 1.1 33 31 - 1.0 24

371D 0.5 - 19 46 1241 - - 0.7 1.0 29 3.0 - 1.0 24

38.1 09 - 1.7 34 29 . - 1.0 12 21 14 - 1.2 17

382 14 - 09 24 16 - - 0.7 0.7 19 1.0 - 1.0 20

Note:

(-) - Comparison not made due to data being qualified by a W, N, or * (see notes Table 5.3.19).
Mean - Means were computed using the reported detection limit for those samples with results reported as < detection limits (U qualified).
Ratios - Ratios were computed using the detection ]lmit in those cases where less than detection concentrations were reported.

.
-y
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Tabel A43. (Page 3 of 3). Ammunitlon Burning Ground., NWSC, Crane, Indiana, SWMU #03/10, Comparison of ABG subsurface soils to nearby “background samples”. Ratlo of sample
concentration to mean background concentration for a specific metal or Inorganic constituent is given. See Table 5.3.19 for complete data. MAX, MIN, and MEAN concentrations are ma/kg dry welght
(ppm). :

ABG - SWMU 03/10 - All 8OIL BORING SAMPLES ANALYTE PPM (MG/KG)
AL__, .88 AS BA co CA___CR co cu FE P8 MG MN HG NI AG NA SN N
Max 42000 ¢ 52 1740 787 171000 864 29 618 129000 361 17300 2760 769 87.2 659 755 1550 3370 1220
Min © 2630 * 20 241 0.02 744 68 68 31 7810 4.7 451 308 <010 37 <10 261 <5.0 839 563
- Mean 12405 * 73 1782 102 94728 194 14 413 27153 491 2371 804 039 213 12 882 316 2488 2452
ABG Background Soll Borings 1, 2, and 3 (03/10-1-83-1, 03/10.2:83-1, and 03/10-3-93-1)
Max 10100 * 52 693 0.03 622 159 ‘ 6.7 28400 9.99 755 * <010 78 <10 473 <5.0 33 131
Min 9150 * 2 231 <002 744 109 ¢ 3.1 8040 556 710 * <010 37 <10 261 <50 9.39 563
Mean 8570 * 37 428 0.02 3278 129 * §2 15596 752 738 : <010 586 <10 385 <5.0 266 1024
COMPARISON OF BACKGROUND WITH ABG SOILS FOR SPECIFIC ANALYTE - GREATER CONCENTRATION IS INDICATED
AL 88 AS BA co CA___ CR co cu FE P8 MG MN HG NI AS NA SN N TP
Max ABG - ABG ABG ABG ABG  ABO - ABG ABG ABG ABG - ABG ABG  ABG ABG ABG ABG  ASO
Mean ABG - Aso ABG ABG. ABG _ ABG - __Asg ABG ABG A8G - ABG __ ABG___ ABG ABG ABG ABG _ ABG

RATIO ABG MAX / BACKGROUND MAX
4.2 - 9.9 25.1 262.3 2749 543 - 918 4.5 36.1 229 - 769 112 659 16.0 310.0 864 93

RATIO ABG MEAN / BACKGROUND MEAN
14 - 2.0 42 51.0 289 15 - 79 1.7 6.5 3.2 -. 38 38 120 23 6.3 94 24

RATIO ABG MIN / BACKGROUND MIN
03 - 10 1.0 28 10 086 - 1.0 0.9 08 0.6 - 9.8 1.0 1.7 1.0 13 10 05

. ' 1]
Note:

(') - All data qualified by a W, N, or * (see notes Table 5.3.19) not used for these comparisons. Fleld duplicates also not used for these comparisons:

(-) - Comparison not made due to data being out of controt limits,

Mean - Means were computed using the reported detection limit for those samples with results reported as < detection limits (U qualified).

Ratios - Ratlos were computed using the detection limit in those cases where less than detection concentrationis were reported,




Table A44.  Ammunition Buming Ground., NWSC, Crane, Indiana, SWMU #03/10. Comparison

of results of inorganic analyses of ABG subsurface soil samples to EPA Region lll RBCs (risk-based
A . -

concentrations) for industrial soils.” Concentrations are mg/kg dry weight (ppm). Table entries

shaded in gray indicate mean or max ABG surface soil concentration greater than the RBC.

RBC
: ABG SURFACE SOIL RISK-BASED CONCENTRATIONS*
ANALYTE MAX MEAN INDUSTRIAL SOIL
AL 42000 12405 1000000 n
SB - 410 n
AS 16¢c
AS 52.1 7.29 310 n
BA 1740 178.2 72000 n
CcD 7.87 - 1.02 510n
CA 171000 9473 -
CR 86.4 19.4 5100 n CR(VI)
CcO 28.7 14.3 61000 n
cuU 616 413 38000 n
FE 128000 27153 -
PB 361 49.1 -
MG 17300 2371 -
MN 2760 804 5100 n
HG 7.69 0.392 310 n
NI 87.2 21.3 20000 n
AG 6.59 1.2 5100 n
NA 755 88.2 -
SN -1550 316 610000 n
ZN 3370 249 310000 n
TP 1220 2452 . -
Notes: ' '

Risk-Based Concentrations * - Risk-Based-Concentration Table, Fourth Quarter 1994,
Roy L. Smith, Senior Taxicologist (3HW15), U.S. EPA Region Il
Risk Based Concentrations are in mg/kg. Basis of RBC: ¢ = carcinogenic effect
Basis of RBC: ¢ = carcinogenic effect; n = noncarcinogenic effect

MEAN - Mean computed using the reported detection limit for those samples with mulis
reported as < detection limit (U qualified). See Table 5.3.20.

(-) - No risk-based concentration available.

(#) - Number of samples that exceeded the occupational soil risked-based concentration

CR(VI) - Chromium Vi and compounds.

Appendix A Tables

A67
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Table Ad45. Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10. Method blanks lated with the analyses of ABG subsurface soil samples for Inorganic constituents. Concentrations are mg/kg dry welght
(ppm). : '
ANALYTE
BLANKID | AG AL AS BA CA cb co CR cu FE HG MG MN NA NI PB sB SN ZN
MB1 11U 2U 02U 2U 2238 0.02 U 1.58 (Y] 06 U 5.4 N/A 21V 06 U 26 8 1V 0.61 0.3 UN 5U 23
MB2 1U° 698 02U 2U 8578 0.078 B 1.5V 1v (XA VA 568 N/A 27v o8 U 20U 1V 4U"° 0.3 UN 5V 77
- MB3 1V, 35B 02U 2U 2328 0.043 BN 15V 1V 86U 48 0.100 U 27TV 06U 201 8 1u 4U 0.3 UN 5U 1.3
‘MB4 tU 828 02UN 2V 874 8B 002U 15U 1U 06U 748 N/A 27U 06U 20U 1y LRVA 03UN 005U 7.6
M85 iU 588 02U 20V 456 B 0.086 BN 278 1U 06U 628 NA 21V 08U 20V 18 4U 0.3 UN SU 23
MB6 1U 348 02U 2V 20 0024 B 15V V) 06U 468 NIA 20UV [X: RV 28 1u 0.4 03UN 005U 1.3
MB7 - tU 47B 02UV 2V 20U 0.02 vV 15U° 1V 06U 25U N/A 27V 08 U 2648 1U 0.44 0.3 UN 5U 1.3
MBS - 1U_ 328 02U 2U 200 U 0.024 8 1.5 8 108 1.1 458 NIA 27U 078 203 8 1U 04 0.3 UN 5U 1
Note:

BLK DGST 1 - Blank Digest run with samples from borings 12, 14, 38, 37, and 1 Dup

BLK DGST 2 - Biank Digest run with samples from borings 19, 23, 17, 16, 15, and 16 Dup
BLK DGST 3 - Blank Digest run with samples from borings 21, 24, 34, and 37 Dup.

BLK DGST 4 - Blank Digest run with samples from borings 31, 32, 25,29, and 28,

BLK DGST § - Blank Digest run with samples from borings 38, 35, 33, and 33 Dup.

BLK DGST 6 - Blank Digest run with samptes from borings 5, 6, 8, 13, and 8 Dup.

BLK DGST 7 - Biank Digest run with samples from borings 1, 2, 3, 7, 9, and 22.

BLK DGST 8 - Blank Digest run with samples from borings 10 and 11.

U - Analyte was analyzed for but not detected. Detection limts are ghven before the U symbol.
B - Reported value Is less than the Contract Required Detection Limit but greater than the Instrument Detection Limit
N - Spike recovery not within controf limlts

* - Duplicate analysls not within control limits.
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analytes. Concentratlons are mgfl (ppm).

Table A46. . Ammunition Burning Ground., NWSC, Crane, Indiana, SWMU #03/10, Resulls of analyses

of equipment rinses and field blanks associated with the sampling of subsurface sells for Inorganic

Note:
RINSATE and FIELD BLANK DESCRIPTION

RINSE 1. Colected 8/20/83; borings 10 and 11 colected this day

RINSE 2 - Colected 8/23/83; borings 1, 2,3, 7, 8, 13, and 22 colected this day
RINSE 3 - Colected 82383, borings 12, 14, 22, 24, 34, 36, and 37 colected this day
RINSE 4 - Collacted 8/28/93; borings 23, 28, 29, 31, and 32 colected tis day
RINSE 8 - Colected 8/26/83; borings 19, and 23 colected this day

"FIELD BLANK - Collected 872083

U - Analyte was analyzed for tut not detected. Detection imts are given before the U symbol.
8-RepoﬂodvumIllesimnhncomaﬂmmoelecﬂmtmm”ammmlmmmembelecﬂonum :
N - Spike recovery not within control imits

* - Duplcate analysis not within control Emits.

BLANKID | AL 88 AS BA _co CA CR co cu FE FB MG MN HG Ni AG NA SN ZN P

RINSE 1 0.31t 0.0030 U 00020 U 00218 000088 8B 145 0010V 00158 0.0060 U 0635 000248 325B 0025 0.0002 U 0010 U 0.010 U 5.48 0050 U 0.029 02U
FIELDBLK  0.308 0.0030 U 00020V 00288 000020 U 163 0010 U 0024 8 0.0060 U 0675 0.0032 3618 0030 00002V 0010U 000V 5.19 0050 U 0075 o2v
RINSE 2 0.152 8 0.0030 U 00020U 0020V 000020 U 148 0010 U 0018 BN 00060 U 161 00010 U 3228 0048 00002V o00t0UV o010V 620 005U 000U 02U
.RINSE 3 0204 ' 00030 U 00020V 0020V  0.00020 V 149 0010 U° 00208 00080 U 173 00020 B 311B 005 00002V 0010U 0010 U 544 0050 U 00178 02U
RINSE 4 01288 -~ 00030 U 000200 0020V 000020 V 158 000U 00248 00060 U 189N 00010U 342B 0047 00002V 0010U 0010 U 5.27 0050 U o010V 02U
RINSES 0.127 B 00030 U 00020U 0020V 0.00020 U 16.1 0010 U  0.028 8° 00060 U 293 00010 U 3368 0072 0.0002 U 0010V 0010 U 5.13 0050 U 000U 02U
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B2

Hole No.03/10-1-93

2. LOCATION (Coordnates or Stofford

MSL

DIVISION INSTALLATION SHEET 1
DRILLING LOG SOUTH ATLANTIC WILMINGTON DISTRICT or 1 serrs
L PROXECTABG 03/10 RFI PART2, PHASE I SOILS [©. SZE M0 TYPE OF BT 3" DIA SHELBY TUBE
NSWC, CRANE, INDIANA 1L DATUM FOR ELEVATION SHOWN (T8N or ¥SU

See Boring Location Map

12. MANUFACTURER'S DESIGNATION OF DRILL

FAILING 1500

3. DRLLING AGENCY
WATERWAYS EXPERIMENT STATION

NOTE: Soils field clossified

Soil Clossificotion System.

lllllllllllJlllllllllllIllllllllllllllllllll'llIlllllllllllIIlllIlllLLllllllllllllIl'lIll IIIIIJJJI

in occordonce with the Unified

B-1

o HOLE N0, (e B 2 13, TOTA—NO. OF OVER- {DISTURBED NOSTUREED
+ HOLE MO. (s thrum on drowirg fite { 03/10-1-93 . il;?ium:i:::ms. :1-Chemical
. NABER N/A
S. NAME OF DRLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DIRECTION OF HMOLE ISTARTED {COMPLETED
00 VERTRAL O MCLMD — 0cc. FRom VERT. | 8721793 :8/21/93
17. ELEVATION TOP OF WOLE
7. THCKESS OF OVERSLROEN _ 1.0° 18. TOTAL CORE RECOVERY FOR BORNG N/ A x
8 OEPTH DRLLED 870 Rocx N/A 19. SGNATLRE OF ISPECTOR
9. TOTAL DEPTH OF HOLE 1.0° LARRY BENJAMIN
ELEVATION o:grl LECEND CLASSIFICATION OF WATERIALS SV | e | Ortting lem it . oot of
. o . Dﬂ”‘ ofiont m.ur . -trnrhq.tr.' o dorificont)
CH, Brownish oronge. fat NOTE: Sample w/3" dio.
cloy. 3.0"long Shelby tube
1
. HNU- 0
10074 0"-12| TiME 1515
] / REFUSAL € 1.0’ Duplicate somple *5 token
BOTTOM OF HOLE 1.0 NOTE:

Hole was dry during drilling
ond after completion,

llll‘rllllllllllllllllll[lllllllllllllllllllIlllllllllllllI|lllll|lllllllllerlllllllllll IIIIIIIII

ENG FORM1836 PREVIOUS EDMIONS ARE OESOLETE.
wR 7

|mo.:c1

[MOLE NO.

Appendix B Boring Logs




Hole No. 03/10-2-93

DVISION
DRILLING LOG SOUTH _ATLANTIC

DNSTALLAT SHEET 1

ON
WILMINGTON DISTRICT oF 1 swueeTs

1 PROCTABG 03/10 RFI PART2, PHASE (IISOILS
NSWC, CRANE, INDIANA

0. SZE AND TYPE OF BT 3" DIA. SHELBY TUBE

2. LOCATION (Coordingfas ar Stofion?
SEE_BORING LOCATION MAP

1. OATUM FOR ELEVATION SHOWN T8V or MSU
MSL

3. DRLLING AGENCY
WATERWAYS EXPERIMENT STATION

12. MANUFACTURER'S DESIGNATION OF DRLL
FALING 1500

T OLE Mot prm—— . ToTALm. of OVER. o DSTUREED :\?osr"rmszo
. . (AS stown en : BURDEN" SAMPLE! CI :1-chemicol
and e unter) :03/10-2-93 chemico
4. TOTAL NUMBER CORE BOXES N/A
S. NAME OF DRALER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DIRECTION OF MOLE 15, DATE HOLE STARTED COMPLETED
[X) vERTCA. [ weunen DEG. FROM VERT, :8/21/93 :8/21/93
7. ELEVATION TOP OF MOLE
7. THCKMESS OF OVERBLROEN 1.0’ 18. TOTA. CORE RECOVERY FOR BORNG N/ A P
8. DEPTH DRLLED W70 ROCK N/A 19. SONATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 1.0 LARRY BENJAMIN
FT % CORE | 80X OR MARKS
ELEVATION | DEPTH | LEGEND CLASSFICATION OF MATERIALS RECOV- | SAMPLE (Ortitng o e Ross, degtn of
o (Descrigtton) ERY NO. et ing, ofc. If signtticars)
- » . .

CH, Brownish orange, fat
clay

\\\.

-

3
NOTE: Sample w/3" dia.
3.0'long Shelby tube

1007 | 1 |HNU-O
0-12"| TIME 1545
_ __REFUSAL @ 10"
BOTTOM OF HOLE e 1.0° NOTE:

NOTE: Soils field classified
in accordance with the Unified
Soil Clossification System.

Hole was dry during drilling
and after completion.

lllllllllilllIIIllllllIIlllIIllllllllllllll[lllllllllllllllllIlllvlIlllllllllllllllllllll llllllllL

lllllllll'lllllllllIllllIl]llllllllllllllllllllllllllllllll]llllll‘ll'lllllllIIIIIIIIIIII lllllll]l

ENG FORMIB36 PREVIOUS EDMIONS ARE CBSOLETE.
w7

Appendix B8 Boring Logs
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B4

Hole No. 03/10-3-93

DOvISION
SOUTH ATLANTIC

INSTALLATION ) SHEET
DRILLING LOG WILMINGTON DISTRICT or 1 ;,“Ts
L PROVCTABG 03/10 RFI PART2, PHASE UISOILS [w©. szEa0 Tvee oF ent 3" DIA. SHELBY TUBE
NSWC, CRANE, INDIANA T. DATUM FOR ELEVATION SHOWN (T&¥ or ¥SU
2. LOCATION (Coordinatos or Svarion) MSL
SEE BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF ORLL
3. ORLUNG AGENCY 1
WATERWAYS EXPERIMENT STATION m ro:wgr o?&(? "DISTORSED O TURSED
4. HOLE NO. (As stowm on drowirg fite - " BURDEN SAMPLES TAKEN  ° *1-chemical
ond flle ruztor) :03/10-3-93 14, TOTAL NAMBER CORE BOXES N/ A
5. NAME OF ORLLER -
ELASTIC BROWN/VON NIXON 1S. ELEVATION GROUND WATER
6. DIRECTION OF MOLE 16. DATE MOLE {STARTED {COMPLETED,
) vermica, O mcuaed OFC. ROV VERT. 8/21/93 :8/21/93
17. ELEVATION TOP OF HOLE
7. THICKNESS OF OVERBURDEN 2.1 18. TOTAL CORE RECOVERY FOR BORNG N/A X
8. DEPTH DRLLED NTO ROCK N/A Y OF NSPECTOR
9. TOTA DEPTH OF HOLE 2.1 LARRY BENJAMIN
FT % CORE [ BOX OR REMARKS
CLASSFICATION OF MATERIALS :
ELEVATION z;o:m LEGEND O RECOV su":gn.e torting fiom wery Zf:ﬂm -
. ¢ P) . s
. NOTE: Somple w/3" dia.
ML, Brownish orange, .
sondy  silt 3.0'long Sheiby tube
HNU- O
TIME 1605
1 ! A
1007
D"-24'1 NOTE:
Hole was dry during drilling
ond after completion.
2 _ . REFUSAL e 2.1

BOTTOM OF HOLE @ 2.

Soil Classificotion System.

lllllllIlllllllllll]llllllllllllllllllllIllllllll]lllllIIII'I]IIIIIIIIIIIIIIII l]llllllllllllllllll

T

NOTE: Soils field clossified
in occordance with the Unified

B-3

lllllllllIllll‘llll]l]llllllllllllllllf'lllllllllllllllllll]llIIIIIIIITIIIITII Illlllll]l]llll]ll]l

ENG FORM1836 PREVIOUS EDTIONS ARE OBSOLETE.
MAR T

Imou:m Iuou: "o,

Appendix B Boring Logs




Hole No. 03/10/5-93

DIVISION
DRILLING LOG SOUTH ATLANTIC

INSTALLATION SHEET 1

WIL| N of 1 SHEETS

1. PROJCT ABG 03/10 RFI PARTZ2, PHASE #lISOLS

0. SIZE 4D TYPE OF BT 3- n)a SHFIRY TURE

NSWC, CRANE, INDIANA

2. LOCATION fCardintes or Stefion)

1. OATUM FOR ELEVATION SHOWN (T8Y o WSU
MSL

SEE_BORING LOCATION MAP

12. MANUFACTURER'S DESIGNATION OF DRRL
FALING 1500

3. DRLLING AGENCY
WATERWAYS EXPERIMENT STATION

4. HOLE NO. (As sfown on drowing fite 5 Gt S EOSVETRA'KE D‘IGI;URB:‘D h %thb ]
. . on Ing H BURDEN SAMPLI N _1-Geote 12~
ord o ) :03/10-5-93 4. TOTAL NUMBER CORE BOXES < S
fumter 3 N/A
S. NAME OF DRRLER
ELASTIC BROWHN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE HOLE STARTED {COMPLETED
X vERTICAL [ NcunNeED DEG. FROM VERT. :8/20/93 :8/20/93

17. ELEVATION TOP OF HOLE

Soil Classification System

lllllllllIllIlIllllIlllllllllllllllllllllllllllllllll Illlllllllllllllll lllllll]lLlllll]lllll LIt

BOTTOM OF HOLE e 4.6'

NOTE: Soils field classified
in accordance with the Unified

7. THONESS OF OVERBURDEN _ 4 6 18. TOTAL CORE RECOVERY FOR BORNG N/A %
8. DEPTH DRLLED WTO ROX ___N/A 19. SGNATURE OF SNSPECTOR
9. TOTAL DEPTH OF MOLE 4.6 LARRY BENJAMIN
ELEVATION wEtT« LECDNO CLASSFICATION OF MATERIALS Recov- | Sauptt (Ortting tenweer s, doth of

o (Desoriprion) ERY n'o woattertng. e, I sigeif loort)

. » . 4 . [}
7 SC, Dork brown, cloyey NOTE: Sample w/3" dio.
% sond, trace of gravel 3.0'long Shelby tube
HNUe O
ML, Dork brown, cloyey TIME 1050
silt .
1 ! NOTE:
1007 0"-30"| Hole wos dry during drilling
. ond ofter completion.
2
CH, Groyish ton, fot clay.
3 few rock fragments. HNU-0
TIME NM05
2 NOTE:
100z Bo"-5q Geotech. Somple taken
at 30"-53"
4
4.6 / REFUSAL @ 4.6

II'IIIIIIIllllilrlllllllIlllll!lITII‘I‘IIIIII'IIIIIIII Illll'llllllllllllll||IIIIII'IIIIIIII|I|]|III]

ENG FORMIB36 PREVIOUS EDITIONS ARE OBSOLETE.
MAR 71

Appendix B Boring Logs

Imo.zc-r HOLE NO.
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Hole No. 03/10-6-93

INSTALLATION SMEET
DRILLING LOG SOUTH ATLANTIC  WILMINGTON DISTRICT |57 st
. PROKCTABG 03/10 RF] PART2, PHASE ISOILS [®©. SZE a0 TYPE oF e 3" DIA. SHELBY TUBE
NSWC, CRANE, INDIANA TL DATUM FOR ELEVATION SHOWN T8¢ or &SU
2. LOCATION Coorfindtes or Staffory MSL
SEE_BORING LOCATION MAP 12. MANUF ACTURER'S DESIGNATION OF DRILL
3. DRLLING AGENCY FALING 1500
WATERWAYS EXPERIMENT STATION . TOTA Mo, OF OVER-  DETIOED [rr——
4 mlrtmw.wln:mmwwm : BURDEN SAMPLES TAKEN ' 1-Geotech  :2-Chemical
I ::: o e :03/10-6-93 M. TOTAL MUMBER CORE BOXES N/ A
" _ELASTIC_BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE " s bare woce ISTARTED COMPLETED
[ vERTRAL [ mcLed DEC. FROM VERT. :8/20/93 :8/20/93
17. ELEVATION TOP OF HOLE
7. THCKNESS OF OVERBURDEN 3 4° 8. TOTAL CORE RECOVERY FOR BORNG N/ A %
8. DEPTH ORLLED WTO ROCK N/A y oF PSPECTOR
9. TOTAL DEPTH OF MOLE 3.4 LARRY BENJAMIN
FT 2 CoRE | BOX OR REMARKS
CLASSFICATION OF MATERLS 3
ELEVATION lgmn LEGEND M“ k%:gv sa::‘;;\.e zw%:’l;a:z; m&f
. ] 3 ) L2 ']
-1 ML, Brown, clayey silt, NO'fE: Somple w/3" dio. -
- trace of gravel 3.0"tong Shelby tube -
] HNU-0 -
= TIME 1012 C
— 7 C
= w.znd NOTE: -
- 1007 30" Hote was dry during drilling |-
3 and ofter completion. ~
= CH, Sray, fot ‘clay, with - -
= little sond ond rock —
2 fragments -
- -
3 / C
- [
3 HNU-0 =
3 . 2 | TIME 1025 -
3_] 100% o,,_sg,cectech. Sample token -
= 1 20v-3g" -
sedl?  _mrrusm o se 30739 =
- BOTTOM OF HOLE 3.4 [
3 NOTE: Soils field classified . —
o= in accordance with the Unified —
— Soil Classification System. -
b -
3 -
ENG FORM1836 PREVIOUS EDTIONS ARE OBSOLETE. fPrO£CT JHoce wo.

MR T

Appendix B Boring Logs




Hole No. 03/10-7-93

OVISION
DRILLING L0G SOUTH ATLANTIC

INSTALLATION

SHEET 4
WILMINGTON DISTRICT  loe 1 seerts

1. PROECT ABG 03/10 RF! PART2, PHASE NISOLS [®.

SZE AND TYPE OF BIT 3¢ DIA, SHELBY TUBE

DATUM FOR ELEVATION SMOWN (TBY o ¥SU
MSL

NSWC_CRANF_ INDIANA n
2. LOCATION (Coordinates or Statlan)
| SEE_BORING LOCATION MAP 2

. MANUFACTURER'S DESIGNATION OF ORILL

. Qs . 0

%ﬁmfg‘" P FALING 1500
e et S S S laatecn, S Chereo
- . o 24 H :1-Ge . 2=

ekl Ll :03/10-7-93 1, TOTAL MMBER CORE BOXES es mES

. N/A
3. NAE OF ORLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER

6. DRECTION OF MOLE %. DATE MOLE STARTED {COMPLETED

[0 vErTIcaL [ scLaeD 0€C. FROW VERT. :8/21/93 :8/21/93

7. ELEVATION TOP OF HOLE
7. THOKQESS OF OVERRUROEN 5.0 . TOTA CORE RECOVERY FOR BORNG N/A P
8. DEPTM ORLLED WTO ROX  N/A 9. SGRATURE OF SPECTOR
9. TOTAL DEPTH OF HOLE 5.0 LARRY BENJAMIN
ELEVATION ocfw.{c LECEND CLASSFICATION OF MATERIALS Feoou: | et (Ortmang ooy s, dotn
{Oaseription) wecttoring, &c. If skoniflcars)

ERY NO.
t 2

ML, Brown, cloyey silt,
with gravel

Illllllllllllll

NOTE: Sample w/3" dio.
3.0'long Shelby tube

HNU- O
TIME 1425

1007 j0"-30'1 NoTE:
Hole was dry during drilling
ond ofter completion.’

ENG FORMIB36 PREVIOUS EDITIONS ARE OBSOLETE.
WR T

Appendix B Boring Logs

23 —
37 HNU- 0 -
— TIME 1440 -
— 2 —
- L NOTE: -
- 1007 lo -80]" Geotech. sample token -
4—] I g0 r
. with some groy silty 307-60 -
< sand. =

5 E REFUSAL € 5.0 —
= -BOTTOM OF HOLE © 5.0 -
E NOTE: Soils field classified E
- in accordonce with the Unified -
= Soil Classificotion System. —
= =

|mucr HOLE NO.

B7




B8

Hole No. 03/10-8-93 1

DRILLING LOG [° SOUTH ATLANTIC

INSTALLATION SHEET ¢
WILMINGTON DISTRICT of 1 sETs

L PROECTABG 03/10 RFI PART2, PHASE NISOILS [©. S2E AD TYPE OF BT 3 piA SHE|BY TUBE

NSWC, CRANE, INDIANA
2. LOCATION {Cordraates or Stofion)

MSL

. DATUM FOR ELEVATION SHOWN 78¥ or WS

SEE_BORING LOCATION MAP

12. MANUFACTURER'S DESIGNATION OF DRR.L

FALING 1500

3. DRRLNG ACENCY
WATERWAYS EXPERIMENT STATION

13. TOTAL -ND_OF OVER-
BURDEN-SAMPL

ES TAXEI

DSTURBED SUNDISTURBED
:1-Geotech._ :1-Chemical

4. HOLE NO. (As sfown on drowing fe |
axd Mo roer) :03/10-8-93

1. TOTAL NUMBER CORE BOXES N/A

5. NAME OF DRRLER
ELASTIC BROWN/VON NIXON

15. ELEVATION GROUND WATER

6. DRECTION OF HOLE . DATE HOLE STARTED {COMPLETED
O3 vermca, [ wcumed DEG. FROM VERT. :8/21/93 :8/21/93
17. ELEVATION TOP OF HOLE
7. THOIOESS OF OVERBURDEN _ 2.5' 8. TOTAL CORE RECOVERY FOR BORNG N/A x
8. DEPTH DRLLED INTO ROCK N/A . SORATURE OF SevecTon
9. TOTA. DEPTM OF MOLE 2.5 LARRY BENJAMIN
ELEVATION ocgrl LEGEND ummmms %e2ov- | S g e et s degrn of
. o R A ERY . et e g cot)
=7 SC, Brown, cloyey sand NOTE: Sompie w/3" dia.
= / 3.0'long Shelby tube
= ¢ HNU- O
-, CH, Brown, fat cloy TIMLé 0945
s 3 NOTE:
= Hole was dry during drilling
- 1 and ofter completion.
1 1007 j0"-30"
3 / NOTES: -
2 Duplicate sample *4 taken
3 Geotech. somple
3 0v-30"
2.5— / REFUSAL © 2.5 0
e

NOTE: Soils field classified

Soit Classification System.

lLlIIllIIllllllllllIlIIllllllll]]IIllllIlllllllllllllllllllllIllllllllllll

BOTTOM OF HOLE & 2.5

in accordance with the Unified

llllrllllIllrlrllllIIIII]llllllllIIIIIIIIIIIIIlll'llllrlllllllllllllllll1l llll'llll]llll]llll'llll

ENG FORM1I836 PREVIOUS EDITIONS ARE OBSOLETE.
MR N

]uou: NO.

Appendix B Boring Logs




Hole No. 03/

10-9-93

DIVISION
DRILLING LOG SOUTH . ATLANTIC .

INSTALLATI

N SHEET
“WILMINGTON DISTRICT l&' 1

1
SHEETS

1 PROECT ABG 03/10 RFI PART2, PHASE HlISOILS |®©. SIZE A0 TYPE OF BT 3 DA SHELBY TUBE

3. DRRLING AGENCY
WATERWAYS EXPERIMENT STATION

NSWC_CRANF | INDJANA 1. DATUM FOR ELEVATION SHOWN (T&Y or &SU
2. LOCATION (Cordinafes or Staffon) MSL
SEE BORING LOCATION MAP 12. MANFACTURER'S DESIGNATION OF DRILL

FALING 1500

PR T — 13. TOTA_NO. OF OVER- {DISTURBED WNOISTURBED
o e reenr) oY {03/10-9-93 BURDEN SAMPLES TAKEN _: :1-Chemicol
14. TOTA. NUMBER CORE BOXES N/A
S. NAME OF DRLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE STARTED COMPLETED
{50 vERTICAL [ meLreD 0EG, oM VERT. fo s 18/20/93 :8/20/93
17. ELEVATION TOP OF HOLE
7. THCKNESS OF OVERBURDEN 1.5 18. TOTAL CORE RECOVERY FOR BORNC N/A )
8. DEPTH DRLLED WNTO ROCK N/A - o
9. TOTAL DEPTH OF HOLE 1.5 LARRY BENJA_I_Ar_IN
FT CORE | 80X MARXS
ELEVATION | DEPTH | LEGEND CLASSFICATION, %“‘Tms feoov- | SRk Oty om wit s ot of
. 0 . A ERY wo. otorlg. o5 1 Sgrtcor)

-

ML, Brown, clayey silt,
troce of chert gravel

NOTE: Somple w/3"

HNU- O
TIME 0938

1
1002 |o-18"
0% 1018 yore:

3.0"long Shelby tube

Hole was dry during drilling
ond ofter completion.

dia.

n
lllIIlllllllllI[llllllllllllllllllllllllllllllIlllllllllllllllllllIllllllllLLlllllll llLllLLllIllLL

BOTTOM OF HOLE e 1.5

NOTE: Soils field clossified
in accordonce with the Unified
Soil Clossification System.

llllilllllIllllllllllllllll1lllll1lllllllllllllll[llllllllllllll'llllllIII]IIIIlIIII llllllllllllll

ENG FORM1B36 PREVIOUS EDTIONS ARE OBSOLETE.
WAR 71

Appendix B Boring Logs

Inou: NO.
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B10

Hote No. 03/10-10-93 !

ENG FORMIB36 PREVIOUS EDITIONS ARE OBSOLETE.
MAR 71

DIVISION INSTALLATION SHEET
ORILLING LOG l SOUTH ATLANTIC * WILMINGTON DISTRICT  |or 1 sweers
—=
1 PROXCT ABG 03/10 RFiI PART2, PHASE IISOILS |[©. SZE A0 TYPE OF 8T 3 DA SHELBY TUBE
NSWC, CRANE, INDIANA 1. DATUM FOR ELEVATION SHOWN T8N er WSU
2. LOCATION (Coordinotes o Starfont MSL
SEE_BORING LOCATION MAP 12. MANUF ACTURER'S DESIGNATION OF DRIL
3. ORLLING AGENCY FALING 1500
rh:;EzR”WoA‘:i:"XPERIME:: STATION S ST o P Tammn
- . oo drowing . BURDEN SAMPLE! b g . 2=
209 1o femter) 103/10-10-93 4. TOTAL NUMBER CORE BOXES e SIS
. N/A
S. NAME OF DRRLLER
ELASTIC BROWN/VON NIXON 15. SEUATION GROLND WATER | evel 4.0
6. DRECTION OF HORE 6. DATE HOLE STARTED ICOMPLETED
X vERTICAL ] NCLED DEC. FROM VERT. 8/19/93 :8/19/93
17. ELEVATION. TOP OF HOLE
7. THINESS OF OVERSUIRDEN 4 2° 18. TOTAL CORE RECOVERY FOR BORNG N/A 3
8. DEPTH DRILED NTO ROCK N/A . OF WNSPE|
9. TOTAL DEPTH OF HOLE 4.2 ZAINUL KIDWAI/LARRY BENJAMIN
FT z CoRre | BoX OR REMARKS
CLASSFICATION OF MATERILS 3
ELEVATION :):mn LEGEND AN RECOV- | SAMLE Oty i, weper s g of
. . . « . « il P!
= ML Dark brown, cloyey NOTE: Somple w/3" dia. -
= silt, plostic. few rock 3.0'long Shelby tube -
] fragments. HNU- O -
m TIME 1500 =
3 1 L
T 1007 p-28+{ NOTE: , —
- Water Level during -
- drilling 4.0 o
— 24 hrs. 4.0 —
2 - —
_-;/" SC, Light ond dark brown, HNU- O =
— clayey sand, few rock TIME 1530 C
- frogments, bottom sample -
37 saturated. 2 -
3 100z p8"-48" -
77 Geotech. sample -
— 28"-48" —
ms707% C
“—'% AV 3
- ‘6 -
= BOTTOM OF HOLE @ 4.2° -
3 NOTE: Soils field clossified -
- in occordance with the Unified -
- Soil Clossification System. —
J -
Imcv HOLE NO.

Appendix B Boring Logs




e
o~

Hole No. 03/10-11-93

OIVISION
ORILLING LOG SOUTH ATLANTIC

NSTALLATION [SiEET
WILMINGTON DISTRICT oF 1 SHMEETS

L PROECTABG 03/10 RFI PART2, PHASE MSOILS

0. SZE AND TYPE OF BT =+ D)a SHEI BRY TURFE

NSWC_CRANE _INDIANA
2. LOCATION (Cxordlixes or Stafion)

1L DATUM FOR ELEVATION SHOWN (TBY o WSU
MSL

SEE _BORING LOCATION MAP

12. MANUF,

S D& OF DRLL
FAILING 1500

3. DRLLING AGENCY
WATERWAYS EXPERIMENT STATION

4. HOLE NO. (As sfown on crowirg it o s T :o‘lsz;m{o h :ugm(s:‘lr:mszp
. 3 o I . N 2 1= . 2=
o [T mter) 103/10-11-93 . TOTAL MABER CORE BOXES . ermice]
5. NAUE OF ODRLLER - N/A
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. oaTE MOLE ISTARTED {COMPLETED
X0 verieaL [ nomeo DEG. FROM VERT. :8/18/93 :8/19/83
17. ELEVATION TOP OF HOLE
7. TROESS OF OVERBURDEN 5.2' 8. TOTAL CORE RECOVERY FOR BORNG N/A x
8. DEPTH DRELED NTO ROCX N/A my o SGPECTOR
9. TOTAL DEPTH OF HOLE 5.2 ZAINUL_KIDWAI/LARRY BENJAMIN
FT % CORE | 80X OR REMARKS
CUASSFICATION OF MATERIALS 3
ELEVATION l(:)u:rn LEGEND o Recov s»“?: Drtine e v bss.degn of
. . . A %
— ML, Dork ond tight brown, NOTE: Somple w/3" dia.
n clayey silt, low plasticity, 3.0'long Shelby tube
— . f ts.
e some rock frogments HNU- 0.5
- TIME 1415
1 = ! ﬁOTE‘
3 1007 [0*-30% Hole wos dry during drilling
— and ofter completion,
24
- HNU- 0
- TIME 1430
3
=
3 2
47 1007 Bo"-62"
- Geotech. somple
= . 30"-62"
3 Little silt at tip
5— .
5 REFUSAL © 5.2'  :-

Soil Classification System

IlllIllIIllllllllllllllIlllllllIllllllllllll'llNI

BOTTOM OF HOLE € 5.2°

NOTE: Soils field classified
in accordance with the Unified

B-10

Illlllll]lIIIIIllllllIllllll'lill'llllllllllll l||lll|llll|llll||llIIIII|IIlllllllllllllllllllllll

ENG FORM1B36 PrREVIRs £DMONS ARE OBSOLETE.
WAR 71

Appendix B Boring Logs

!mo.:c*r HOLE NO.

B11




B12

Hole No. 03/10-12-93

DIVISION TIoN B3
DRILLING LOG SOUTH ATLANTIC AT WILMINGTON DISTRICT L, T deers
1 PROECT ABG 03/10 RFI PART2, PHASE IISOILS (0. SIZE_AM TYPE OF 8T 3 DjA. SHELBY TUBE
NSWC, CRANE, INDIANA T DATUM FOR ELEVATION SHOWN (TBN or MSU
2. LOCATION (Coordinares o Staffony MSL
SEE BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF ORILL
3. DRILLING ACENCY FALING 1500
WATERWAYS EXPERIMENT STATION . TOTAL 0. OF OVER- DSTUREED RO TURDED
4. HOLE NO. (As stown on crowing e © BURDEN SAMPLES TAKEN  :1-Geotech. :3-Chemical
<0 Ok oumoer) :03/10-12-93 . TOTAL NUMBER CORE BOXES N/ A
5. NAME OF DRRLER -
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE ¥. DATE HOLE {STARTED {COMPLETED
[ vERTICAL (3 scLeD DEG. FROM VERT. :8/22/93 :8/22/93
7. ELEVATION TOP OF MOLE
7. THOESS OF OVERBUROEN  10.0° 8. TOTAL CORE RECOVERY FOR BORNG N/A B
8 DEPTH ORLLED NTO ROCK  N/A 1. SIGRATLRE OF NSPECTOR
9. TOTAL DEPTH OF HOLE 10.0' LARRY BENJAMIN
FT x core | Box oR REMARKS
CLASSFICATION OF MATERIALS a
vt | o | s Cota R | emym e
0 » ¢ 0] . v
- . . TE: * dio. -
3 ML, Brown, clayey silt, with g% fonséorggle?b;/t?;bem F
3 some rock fragments. : -
— 1 HNU- O —
- TIME 0945 -
- 1007 |0"-30" yotE: -
2— Water Levelduring —
- drilling @ 10.0' =
. 24 hrs. cove in -
= e 8.0 -
- 2 HNU- O -
3 TIME 1020 o
4. - o ' —
- 1007 30"-60 Geotech. sampie -
3 30"-60" C
n Dork brown, moist -
6 —] E‘
J Grayish ten -
8— —
- 3 HNU- O —
S . TIME 1100 C
- 1007 §o-120" -
103 \/ u
- BOTTOM OF HOLE © 10.0' . =
- NOTE: Soils field clossified —
= in accordance with the Unified -
- Soit Clossificotion System. —
]PROJEC‘I IMOLE NO.

ENG FORM1836 PREVIOUS EDITIONS ARE OBSOLETE.
AR 7

Appendix B Boring Logs



Hole No. 03/10-13-93

OVISION INSTALLATION SHEET
DRILLING LOG SOUTH ATLANTIC ' WILMINGTON DISTRICT  lop 1 wgers
L PROECTABG 03/10 RFI PART2, PHASE I SOILS [w0. SZE A TYPE OF BT 3" DIA. SHELBY TUBE
NSWC. CRANE [NODIANA - - 11, DATUM FOR ELEVATION SHOWN (TBY o WSU
2. LOCATION (Caxrdinates or Stations MSL
SEE BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRRLING AGENCY FAILING 1500
WATERWAYS EXPERIMENT STATION R T ) TP p—
4. HOLE NO. (AS strwm on drowing e - " BURDEN SAMPLES TAKEN | : 2-Chemical
ond Tk meder) :03/10-13-93 14, TOTAL NUMEER CORE BOXES
. N/A
NAME OF DRLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE HOLE ISTARTED COMPLETED,
] verTea. O meweD DEC. FROM VERT. 8/2V/93 :8/21/93
17. ELEVATION TOP OF HOLE
7. THCKNESS OF OVERBURDEN 4 @' 18. TOTAL CORE RECOVERY FOR BORNG N/ A 3
8. DEPTH DRLLED WTO ROCK N/A 19. SGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 4.6 LARRY BENJAMIN
ELEVATION n&l LEGEND CLASSFICATION :,;““ERW-S écégff- %og ety ¢ 7; e Joss dah, o
o Os s « . 'S M
- NOTE: Sample w/3" dia.
= ML, Dork brown, cloyey 3.0 long Shelby tube
= silt, trace of gravel
— and wood HNU- 0
- TIME 0845
— 1
- . | NOTE:
- 1007 [0"-30°| Kote was dry during drilling
— and after completion,
2 ]
m
= With wood
. HNU- O
3.7 TIME 0905
- 2
= 100/ RO"-54p
4]
4.6_ REFUSAL € 4.6

llIlIllIlllIIIIIIIlIIllIIIllIlllllll¢LllllIl|llll|lIl

BOTTOM OF HOLE e 4.6

NOTE: Soils field classified
in accordance with the Unified
Soit Clossification System.

B-12

llllllllll]llllllllIlllllllll[lllIlllllllllllllllllll llllllllll[llllllIIllllllllIllllllllllll]llll

ENG FORMI836 PREVIOUS EDITIONS ARE OBSOLETE.
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Taz NO.
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B14

Hole No.03/10-14-93

INSTALLATION SHEET
DRILLING LOG ™ §8yrH ATLANTIC WILMINGTON DISTRICT  [o5 1 cis
L PROECTABG 03/10 RFI PART2, PHASE I1SOILS [0. SZE A TYpe oF & 3" DIA. SHELBY TUBE
NSWC, CRANE, INDIANA TL DATUM FOR ELEVATION SHOWN (TBW or &SLY
2. LOCATION (xardinates or Statiory MSL
SEE_BORING LOCATION MAP . MANUFACTURER'S DESIGNATION OF DRILL
3. ng?élécc ACENCY FALING 1500
ot e CTUMENT STATION S A S i R, L R
. 3 ] : P i 2=
9 1k omter) :03/10-14-93 M. TOTAL MABER CORE BOXES pee heaie
- N/A
5. NAME OF DRLLER
ELASTIC BROWN/VON_ NIXON 5. ELEVATION GROUND WATER
6. DIRECTION OF HOLE . oare moue ISTARTED ICOMPLETED
X veRTeAL (T mceeD OEG. FROM VERT, 8/22/93 :8/22/93
7. ELEVATON TOP OF HOLE
7. THOKESS OF OVERBURDEN 3 g+ 18. TOTAL CORE RECOVERY FOR BORWG N/ A %
8. DEPTH DRLLED WNTO ROCK N/A 9. OF INSPECTOR
9. TOTAL DEPTH OF MOLE 3.8' LARRY BENJAMIN
ELEVATION o:frI« LEGEND uwc;\mmrmu ReCon es%og vty s ot ks, deptn of
. Os . A EF:Y N‘O mllnm-_’ll slardl lcant)
. ML, Brown, sondy silt NOTE: Sample w/3" dia.
- 3.0'long Shelby tube
e HNU- 0
3 TIME 0850
1 '
u o . 2 NOTE:
~ 1007 fo*-30 Hole was dry during drilling
_ ond after completion.
24 N
—'_1 Cloyey sift, with
= rock fragments 2 HNU- 0
3] N . TIME 1430
m 1002 PO"-43 Geotech. somple
3 ' 30"-45"
387 REFUSAL e 38

Soit Classificotion System.

LLlllllllIIIIIIIllllllIIIIIIIIIIlllllIlllljlllllllllllllllllI

B80TTOM OF HOLE e 3.8

NOTE: Soils field clossified
in accordonce with the Unified

B-13

lllllllll'llllllllllllIl]lllllllll]lllllllllllllllllll'llllll lIllIllllIll'llll'l7ll'lll|lllll]llll

ENG FORM1836 PREVIOUS EDITIONS ARE OBSOLETE,
MR 7

Imm Inou: NO,
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Hole No. 03/10-15-93

DRILLING LOG SOUTH ATLANTIC N3

INSTALLATION 1

SHEET
s WILMINGTON DISTRICT of 1 sHeETs

1 PROECT ABG 03/10 RFI PART2, PHASE il SOILSA
NSWC, CRANE, INDIANA

0. SZE AND TYPE OF BT 3 (1A SHELBY TUBE

T. DATUM FOR ELEVATION SHOWN (TBY or MSL

2. LOCATION (Coordinafes or Staflan MSL
SEE- BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRILL
WATERWAYS EXPERIMENT STATION FALING 1500
13. TOTAw-NO. OF OVER- IISTURBED UNDISTURBED
4. ’N%Emﬂo. w’mmm drowlng thile 503/10 15-93 BURDEN SAMPLES TAKEN | :t-Chemical
TR o 1. TOTAL MAMBER CORE BOXES N/ A
ELASTIC BROWN/VON NIXON 1S. ELEVATION GROUND WATER
€. DRECTION OF HOLE 16. DATE HOLE STARTED {COMPLETED
[ VERTICAL ) mcLoeD DEG. FROM VERT. :8/25/93 :8/25/93
7. ELEVATION TOP OF HOLE
7. THOGESS OF OVERBURDEN () g+ 18. TOTA CORE RECOVERY FOR BORNG N/A P’
B. DEPTH DRLLED INTO ROCK N/A .y OF PGPECTOR
9. TOTA. DEPTH OF HOLE 0.8 LARRY BENJAMIN
FT % CORE | BOX OR REMARXS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS RECOV- €
o T | e it S e emue

ML, Brown, clayey silt,
trace of grove!

REFUSAL © 0.8

o

(]
NOTE: Somple w/3" dia.
1 |3.0'long Shelby tube
100% (0"-10"| yny- o
TIME 1330

lIlIllIlllJlllLllHIllllIIIIIIIlll]llllllllllllIlIllIlIIIIllllllllllllllllI||llllllllllllllmlllllll

BOTTOM OF HOLE e 0.8

NOTE: Soils field clossified
in occordonce with the Unified
Soil Classificotion System.

NOTE:
Hole wos dry during drilling
aond ofter completion.

B-14

llllIlllllllllllllllllllIllllrllllIIIIIIIII!IIIIIlIllllllllllllllllllllllllIIIIIIIII]ITTII] llllll7

ENG FORMIB36 PREVIOUS EDITIONS ARE OBSOLETE.
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B16

{

Hole No. 03/10-16-93

DRILLING LOG SOUTH ATLANTIC

INSTALLATION - sreeT 4
WILMINGTON DISTRICT of 1 sHEETS

L PROECTABG 03/10 RFI PART2, PHASE I1SOLS
NSWC, CRANE, INDIANA

0. SIZE AND TYPE OF BT 3~ DA SHELBY TuBE

2. LOCATION (Cooratnates or Seation
SEE_BORING LOCATION MAP

T DATUM FOR ELEVATION SMOWN T8Y or WSU
MSL

3. DRLLING AGENCY.
WATERWAYS EXPERIMENT STATION

12. MANUFACTURER'S OESIGNATION OF DRRL
FALING 1500

ENG FORMIB36 srevious EDTIONS ARE OBSOLETE.
WR 71

13. TOTAL NO.OF- SR, DSTREID :tfocs;ms:_o |
4. HOLE NO. (As stomn on drovtny e - BURDEN SAMPL : :1-Chemica
< »;.Lmo:ﬂ::v.za :03/10-16-93 4. TOTAL MAGBER CORE BOXES N/ A
___ELASTIC BROWN/VON NIXON 15 ELEVATION GROUND WATER
6. DRECTION OF HOLE %. DATE MOLE ISTARTED {COMPLETED
[ vErRTIAL (T mvcunen DEG. FROM VERT. -8/25/93 :8/25/93
17. ELEVATION TOP OF MOLE
J. THOXNESS OF OVERBIROEN 1 50 8. TOTA. CORE RECOVERY FOR BORMG N/ A P
8. DEPTH DRLLED NTO ROCK N/A m OF SSPECTOR
9. TOTAL OEPTH OF MOLE 1.5 LARRY BENJAMIN
FT x core | 8ox oR REMARKS
CLASSFICATION OF MATERIALS 3
ELEVATION Zt?’m LEGDO ATON o Recov s»n?.: ormng i, warw s g of
. » 3 ] 3 9
= ML, Brown, clayey silt, NOTE: Somple w/3" dia. -
- trace of grave! 3.0'long Shelby tube -
= HNU- O —
- 1 | TIME 1255 -
- 1007 [0"-18*| NOTE: =
1 ‘|Hole was dry during drilling [—
- Some gray sond and ofter completion. o
15 REFUSAL © 15' . -
: BOTTOM OF HOLE € 15" Duplicate somple *8 -
- \ token B =
_— NOTE: Soils field clossified -
. in accordance with the Unified -
3 Soil Classification System. -
— I
] -
|moxc1 'm NO.

Appendix B Boring Logs




B18

Hole No. 03/10-1993

= DIVISION
DRILLING LOG SOUTH ATLANTIC

INSTALLATION .

WILMINGTON DISTRICT - [5¥5 1

L PROECTABG 03/10 RFI PART2, PHASE MSOILS |®.

SZE AD JIYPE OF BT 3v N]A SHEI RY_TURF

NSWC, CRANE, INDIANA n,
2. LOCATION (Coorcinfes or Stafony

DATUM FOR ELEVATION SHOWN (T84 or MSU
MSL

SEE_BORING LOCATION MAP Y

MANUF ACTURER'S DESIGNATION OF DRRLL
FALING 1500

3. DRRLNG AGENCY
WATERWAYS EXPERIMENT STATION
4. HOLE NO. (As stomn an drowtrg te
ond flio auseer) :03/10-18-93

13,
BURDEN SAMPLES TAKEN

TOTAL NO. OF OVER- DISTURBED [UNDISTURBED
:1-Geotech. :3-Chemica!

—— V4. TOTA. MAMBER CORE BOXES N/ A
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE “STARTED "COMPLETED
[ VERTCAL [ NcLred bec. Frow veRT, o oe :8/25/93 :8/25/93

5

. ELEVATION TOP OF MOLE

7. THCXNESS OF OVERBURDEN 7 3+

TOTAL CORE RECOVERY FOR BORNG N/A

OEPTH DRLLED NTO ROCK  _ N/A

OF INSPECTOR

©

. TOTAL OEPTH OF MOLE 7.3

LARRY BENJAMIN

FT
CLASSFICATION OF MATERIALS
ELEVATION z(s)cpm LECEND v
. . < )

X CORE | BOX OR REMARKS
RECOV- | SAMPLE (Driining tee, woter ks, oot of
ERY NO. wetrerteg, . If sioniticont!

ML, Brown, cloyey silt, with
grovel

llllllll

N

3

NOTE: Somple w/3" dio.
3.0'long Shelby tube
3 HNU- O

TIME 0905
100710"-30 NOTE: -
Water Levelduring
driling dry

CH, Brown, fot clay

illlllllllll

»

o0

NN

24 hrs. dry

2 HNU=- O h
TIME 0925

1007 $0"~60[Geotech. sample
30"-60"

HNU- O
TIME 0945

10078087}

I IlLILllLIllll

~REFUSAL © 7.3

S, Block, Tine, silly sand, moist

N
[
11

NOTE: Soils field clossified

Soil Classification System.

lllllllllllIlllllIIIILLIIIIIIIIIIIIIIIIIHlIIIIlIIIlllllHIIl

BOTTOM OF HOLE e 7.3'

in accordonce with the Unified

B-17

IITIIIIII'llll]llllIllll'llll]]lllrlllllll[lIll’lllllllllll'llllIllIlIIIIIIIIIIIllll’lllllllll'llll

ENG FORM1836 PREVIOUS EDITIONS ARE OBSOLETE.
uAR T

lmo.gc‘r . ]mu: NO.
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[

Hole No. 03/10-17-93

DRILLING LOG  [™™S0uTH ATLANTIC

INSTALLATION T 1

SHEE
WILMINGTON DISTRICT of 1 seeTs

L PROECT ABG 03/10 RFI PART2, PHASE MSOILS [w.

STE RD TYPE OF @7 3 DIA. SHELBY TUBE

2. LOCATION fCoordfinotes

NSWC, CRANE INDIANA m

OATUM FOR ELEVATION SHOWN T8Y ar ¥SU
MSL

SEE BORING LOCATION MAP 2.

MANUF ACTURER'S DESIGNATION OF DRLL
FALING 1500

WATERWAYS EXPERIMENT STATION

4. HOLE NO. (As stown on drowing fie “'&?&"“?»ﬁmm :1<; (D h ‘3“’%’;\ icol
. . on drowing : 17 -1-Geotech. : 3-Chemico
ord 1o ructer) :03/10-17-93 _ TOTAL MAMBER CORE BOXES N/ A
5. NAME OF DRLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE HOLE iSTARTED {COMPLETED
() VERTIEA, [ NcLred DEC. FROM VERT. 18/25/93 :8/25/93
17. ELEVATION TOP OF MOLE
7. DEOOESS OF OVERBUROEN 7 5 18. TOTAL CORE RECOVERY FOR BORNG N/ A 2
8. DEPTH DRLLED NTO ROCK N/A 9. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 2.5 LARRY BENJAMIN
ELEVATION n:;rL LEGEND uw-cmnr:ms v ety (Ortang n.i‘.‘:‘.?‘ Eu.md
. 0s . A tsv N'o -udlnrlna.lc; o sloriticent)
— . . NOTE: Somple w/3" dio.
e ML, Brown, clayey silt, with 3.0'long Shelby tube
- troce of grovel
] 1 HNU- 0.1
- S o] TIME m20
- 1007 10"-30% \ore:
2— Woter Levelduring
= drilling @ 7.5
0 24 hrs. cove in
— e 3.2
= 2 HNU- 0.1 .
- TIME N33 .
4_T] v ko 8
] 1007 30" -60 Geotech. sample
pm 30"-60"
e HNU- 0.1
6 - TIME 1155
3 3
] 1007 60"-90
5 ] N/

NOTE: Soils field clossified

Soil Classification System.

llIIIIlll'Iill'llllllllllIlllllllllIIIllllllllllllllllIlHIIlliJlI

BOTTOM OF HOLE e 7.5

in occordance with the Unified

Il1l'[l!lllllil‘llli'illlllllI|llllllllllllllTllllI|llllllll[l|llllllllllllllllllIIII[IIITII1ITTIIIl

B-16

ENG FORM1836 PREVIOUS EDITIONS ARE OBSOLETE.
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Hole No.03/10-21- 93 -

DIVISION :
DRILLING t0G SOUTH ATLANTIC,. - ..

INSTALLATION

SHE|
WILMINGTON DISTRICT oF | swgETs

ET |

L PROJECT ABG 03/I0 RFi PARTZ2, PHASE 1 SOILS

10. SZE AND TYPE OF BIV

3" DIA, SHELBY TUBE

NSWC. CRANE, INDIANA

2. LOCATION (Coordinotes or Stariont

MSL

1. OATUM FOR ELEVATION SHOWN (T8N o ¥SU

SEE BORING LOCATION MAP

12, MANUFACTURER'S DESICNATION OF DRILL

3. DRILLING AGENCY
WATERWAYS EXPERIMENT STATION

FAILING—ISOO

Solt Clossificotion System.

. TOTAL NO. TF OVEl ‘DISTURBED UNDISTURBED
4 ﬁEmb:o lAl;l!ommderq me BURDEN SAMPLES TAKEN :1-Geotech. :3-Chemical
:03710-21-93 . TOTAL NUMBER CORE BOXES N/A
S. NAME OF ORLLER
ELASTIC BROWN/VON NIXON 5. ELEVATION GROUND WATER
6. DIRECTION OF HOLE /6. DATE WOLE STARTED COMPLETED
() veRTICaL [ icLreD DEG. FROM VERT, :8/22/93 :8/22/93
7. ELEVATION TOP OF HOLE
7. TISCKNESS OF OVEREURDEN 1.5 18. TOTAL CORE RECOVERY FOR BORNG  N/A %
8. DEPTH DRLLED NTO ROCK N/A 5 SONATURE OF DSPECTOR
9. TOTAL DEPTH OF HOLE 1.5’ LARRY BENJAMIN
FT % _CORE | BOX OR
CLASSFICATION OF MATERALS »
ELEVATION | DEPTH | LECEND Oserigtion) RE&OVV SA;:LE mlxwm“ 4 MIM)
° O» o o - b1
3 ML.Brown, clayey siit, with ?%ng,fg’“s",iil!{ e
- trace of gravel
— ) HNU= O
- b ane | TME 1600
3 1007 {0*-30 NOTE:
2—_ Water Levelduring
. drilling ® 7.5°
_—// SC, Light ond dark brown, 246h5r,5' cove in
— Cloyey sond, few rock )
u frogments. 2 HNU= O -
4_7 Ll | TIME 1630
- 100% $0°-60 Geotech. somple
3 30"-60°
6 3 3 HNU= O
= 1007 B0°-901 TIME 1655
157 % Z
3 BOTTOM OF HOLE e 7.5
NOTE: Soils field clossifled
iIn occordonce with the Unifled

IIIEILJLIIIIH[IIIIIIlllllllI[lllll!IllIlIllIlIllIll||||l||ll

B-18
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lPﬁMcr

HOLE NO.
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f Hole No. 03/10-22-93 1

INSTALLATION SHEET 1
ORLLING LOG ™™ S8ytH aTLANTIC WILMINGTON DISTRICT L; 1_swcers
1. PROECTABG 03/10 RFI PART2, PHASE I1SOILS [o. szE_an0 TYPE ofF &7 3" DIA. SHELBY JUBE
NSWC, CRANE, INDIANA T DATUM FOR ELEVATION SHOWN TV or #SU
2. LOCATION fCoordingtes or Station) MSL
{SEE_BORING LQOCATION MAP 2. MANUF ACTURER'S DESIGNATION OF ORILL
3. DRILLING AGENCY ALING 15
WATERWAYS EXPERIMENT STATION FALING 00

13. TOTACRO. OF OVER- IDISTURBED “UNDISTURBED
BURDERTSAMPLES TAEN  :1-Geotech. :3-Chermical

4. HOLE NO. (As stown drowing fife N
o roe nemr) :03/10-22-93

1. TOTAL MAMBER CORE BOXES N/A
5. NAME OF DRLLER
ELASTIC BROWN/VON NIXON 5. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE HOLE ISTARTED COMPLETED
= ex O o DEG. FROM VERT. :8/21/93 :8/21/93
17. ELEVATION TOP OF HOLE
7. THCKNESS OF OVERBURDEN 7 8. TOTAL CORE RECOVERY FOR BORNG N/A %
8. DEPTH ORRLED WTO ROCK N/A 19. SGNATURE OF INSPECTOR
9. TOTA. DEPTH OF HOLE 7. LARRY BENJAMIN
FT % CORE | BOX OR ) REMARKS
CLASSIFICATION OF MATERIALS z tDrtaeg s o
euovanox | et | o bl T | s
- . ¢ o . ' N

ML, Brown, cloyey silt, with g%TIE‘;nsgmgﬁ:b;/ab:m‘

trace of gravel
d grav HNU- O

TIME 1050

NOTE: Hole wos dry
during drilling ond after
completion.

1
1007 j0*-30"

llllllll

N

lllLlllll

CH, Brownish orange, faot
clay
i 2 HNU- O -
TIME 1m0
1007 $0"-60[' Geotech. somple

30"-60"

H

IlILIII

NN

NN

1 3 |nnu-o
1007 gon-84) TiMg 1120

REFUSAL © 7.1
BOTTOM OF HOLE e 7.1
NOTE: Soils field classified

in occordance with the Unified
Soil Clossification System.

N

[
[lll!llllllllIll'lIlllllllllIIlIllllIllllIIlllIIlllIllIllIlll-llllllllllI
lIIIIllll[lllIIlllllllllllIll'll_rllllll]llll]llll]l[lflllllllll’llllllll_rl’llllllIll'llllllllllllll

B-19

]Pno.ecr lm.c NO.

ENG FORM1836 PREVIOUS EDMIONS ARE OBSOLETE.-
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| Hole No. 03/10-23-93

DRILLNG LOG  [™™SHuTH ATLANTIC STALATON . WILMINGTON DISTRICT [y derrs
1 PROECT ABG 03/10 RFI PART2, PHASE I SOILS |0. s12€ aND TYPE OF. 87 3" DIA. SHELBY TUBE
NSWC, CRANE, INDIANA 1. DATUM FOR ELEVATION SHOWN T&N o WSU
2. LOCATION (Toordinctes o Skatior) MSL
SEE_BORING LOCATION MAP e AT RS DESRTION OF DL
3. DRLUNG AGENCY
WATERWAYS EXPERMENT STATION AN 0
4. HOLE_NO. (As aen n droefrs ftre 303/10_23_93 " BURDEN SARPLES TAXEN  :i-Geotech. :3-Chemical
= 4. TOTAL NUMBER CORE BOXES N/A
S. NAME OF ORALER
ELASTIC BROWN/VON NIXON 15. LrEvatON GROUND WATER | evel 4.1
6. DRECTION OF MOLE ISTARTED “COMPLETED
2 vermea, [ naued otc. Frow verT. | DATE HOE 18/25/93 18/25/93
17. ELEVATION TOP OF HOLE
7. THCKMESS OF OVERBLROEN 6.7 15. TOTAL CORE RECOVERY FOR BORNG N/ A P)
8. DEPTH DRILLED NTO ROCK N/A o, SONATURE OF PGPECTOR
9. TOTAL DEPTH OF HOLE 6.7 LARRY BENJAMIN
FT Z CORE | BOX OR REMARKS
ELEVATION :)mn LEGEND CLasshicaTON, ’9:‘,“"5’““-5 RECOV- | SApLE (Orittng tien, weter m goorn of
. > . . . [) g
] ML, Brown, cloyey silt, with g%T,E;n?"s“ﬁflb;’j;ed"’- C
3 traces of grovel ! -
— ; |HNU- O —
7 TIME 1020 =
= 1007 030" \oT1e: -
2— Woter Levelduring —
: driling © 6.5 L
3 Grayish tan 24 hrs. @ 4.1 -
7 .2 | HNU-O C
4_] ' . TIME 1045 . il
] 1007 $0”-60[ Geotech. somple -
3 30"-60" -
3 Sandy silt, dense, moist HNU- O "
3 1 3 1 e moo o
6—:1 100[60"_80, —
6.7 v -
- BOTTOM OF HOLE @ 6.7 C_
- -
I NOTE: Soils field clossified —
= in accordance with the Unified -
- Soil Classification System. -
3 -
= C
E =
ENG FORM1836 PREVoUs EOMONS ARE OBSOLETE. " [prower Jrore ve.
MR T

{
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Hole No. 03/10-24-93

DIVISION
ORILLING LOG l SOUTH ATLANTIC

INSTALLATION

WILMINGTON DISTRICT

SHEET 1
of 1

SHEETS

1 PROECTABG 03/10 RFI PARTZ2, PHASE WISOIS

2. LOCATION Coordinates or Staftory
SEE_BORING _LOCATION MAP

0. SZL MO TYPE OF BT 3¢ DA SHELBY TUBE

n

DATUM FOR ELEVATION SHOWN (T&Y o ¥SU
MSL

3. DRLLING' ACENCY
WATERWAYS EXPERIMENT STATION

12,

MANUFACTURER'S DESIGNATION OF ORILL
FAILING 1500

]l!llllltllllIllllllllllllllllllIlllllllllIIIIIIIIIIIIIllIIllIIllIlIIllllllllllllllllllllllll

NOTE: Soils field clossified

in accordance with the Unified

Soil Classificotion System.

B-21

X NO-OF - f E
LR :g;.:mm. (AS SO0 o Groetrg e ° &%’e‘n smzoschRMtN :usrmsto :"1’1"8?.‘3?;?201
T YT :03/10-24-93 M. TOTAL MMBER CORE BOXES N/A
ELASTIC BROWN/VON NIXON 5. ELEVATION GROUND WATER
6. DRECTION OF HOLE 15, DATE MOLE ISTARTED ICOMPLETED
(D vertcaL 3 saunen DEG. FROM VERT, :8/22/93 :8/22/93
17. ELEVATION TOP OF HOLE
7. THOGESS OF OVERBLRDEN ) g 8. TOTAL CORE RECOVERY FOR BORMG N/A b
8. DEPTH DRILLED NTO ROCK N/A . SOUTWE OF NSPECTOR
9. TOTAL DEPTH OF HOLE 0.5' LARRY BENJAMIN
F REMARKS
ELEVATION n:P’rIq LEGEND CLASSFICATION OF MATERIALS Fecon: LLF {Oritfing time. water ioss, decth of
on (Duscriptiont ERY ; weatiering, stc. It storiticorss
. . . . :
- SM, Tan, fine/med. silty sond 1 NOTE: Somple w/3" dia.
] with gravel 1007 |~ .. [3-0'long Shelby tube
0.5 REFUSAL © 0.5 0"-6" | hny- 0 TIME 1445
BOTTOM OF HOLE © 0.5' NOTE:

Hole wos dry during drifing
ond after completion.

'lllllllll TTTT

lllllllllIll[l[llll'll’lIllll'lllllllll[lllllllll'llll'llll'llllllllllllll'“ll'lll’l

ENG FORM1B36 PREVIOUS EDMONS ARE OBSOLETE.
MAR 71

B22

Imm:ct

]nou: NO.
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>

Hole No. 03/10-25-93

NSTALLATION SHEET
DRILLING LOG  |™“Fdytn aTLANTIC . WILMINGTON DISTRICT |or 1 seers
1. PROECT ABG 03/10 RFI PART2, PHASE HISOILS |©0. SZE-AD TYPL OF BIT  3» DA SHELBY TUBE
NSWC, CRANE, INDIANASE - - . DATUM FOR ELEVATION SHOWN (T8Y o WSU
2. LOCATION (Coordinates or Statiorns . MSL
| SEE_BORING LOCATION MAP 2. MANUFACTURER'S DESIGNATION OF DREL
3. DRILLING AGENCY . FALING 1500
WATERWAYS EXPERIMENT STATION B ToTA. OF OVER.  oSTUREED ROSTUREED
4. :%LEI.NO. m‘mmmmmvmn : BURDER SAPLES TAXEN  : 1-Ceotech. :2-Chemical
P :03/30-25-93 14. TOTAL NUMBER CORE BOXES N/A
" _ELASTIC_ BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE 16. DATE MOLE STARTED {COMPLETED
X verTcar 3 meuneo DEGC. FROM VERT. :8/24/93 :8/24/93
17, ELEVATION TOP OF HOLE

7. THOKNESS OF OVERBURDEN 3 o 18. TOTAL CORE RECOVERY FOR BORNG N/A P
8. DEPTH DRILLED NTO ROCK N/A . SCRATURE OF BSPECTOR
9. TOTAL DEPTH OF HOLE 3.2° LARRY BENJAMIN
ELEVATION ocsEJc LEGEND CLASSFICATION OF WMATERIALS Fecov: | et riifing ftma, woter ks, decth of

o (Dascrigtion) ERY NO. weatiering, sic, I skt icort)

. > (3 4 3 1

ML,-Brown, cloyey silt,
trace of graovel

-

Sondy silt, ton

lllIll]llll]lllllllllllllllllll

L ]
NOTE: Somple w/3" dio.
3.0'long Shelby tube
HNU- 0
TIME 1100

1

w2y NOTE:

1007 0"-30' Hole was dry during drilling
and ofter completion,

lllllllllllllllllllllllllllllllllllIlllllllllllllllllllllllllllllll

2 -
. . . HNU- O
Cloyey silt, withtrace
of rock fragments B 2 TIME 1125
3 100% o3l Geotech. somple
30 REFUSAL © 3.2 30"-38"

BOTTOM OF HOLE e 3.2'

NOTE: Soils field clossified
in accordance with the Unified
Soil Clessificotion System.

IIlIlllIIIllliIllllllll|]1|IIIIIII]]IIIIIIIIIIIIIIIIII'|Illllllllll I'lll]lllllllllllllllllllllllll
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B26

Hole No. 03/10-31-93

BOTTOM OF HOLE @ 1.5°

NOTE: Soils field clossified
in accordonce with the Unified
Soil Clossification System.

DVISION SEET
DRILLING LOG SOUTH ATLANTIC ST WILMINGTON DiSTRICT® 2% e
. PROECT ABG 03/10 RFI PART2, PHASE HISOILS |10. sze a0 vt o &7 3" DIA,_ SHELBY TUBF
NSWC, CRANE, INDIANA T. DATUM FOR ELEVATION SMOWN T8Y o S

2. LOCATION (Toordinates or Statton) MSL

SEE_BORING LOCATION MAP B WA ACTURERS DESATON O D

3. DRRLNG AGENCY FAILING 1500

WATERWAYS EXPERIMENT STAT!ON . TOTAL I, OF OVER. DSTORBED DS TURBED

4 .."3‘%.” m,m-nmmmvtm- {03/10-31 93 BURDER SAMPLES TAKEN  © :1-Chemical

PR M. TOTAL NUMBER CORE BOXES N/ A

ELASTIC BROWN/VON NIXON 15. ELEVATION CROUND WATER
6. DRECTION OF HOLE ISTARTED {COMPLETED
%. DATE HOLE : :
(X VERTEAL [ weLmeDd EG. FROM VERT. :8/24/83 :8/24/93
17. ELEVATION TOP OF HOLE

7. THOGESS OF OVERBURDEN 1 & 18. TOTAL CORE RECOVERY FOR BORNG N/ A P’

8. DEPTH DRLLED WNTO ROCX N/A ~ OF BSPECTOR

9. TOTAL DEPTM OF MOLE 1.5 LARRY BENJAMIN

T MARKS
ELEVATION ot:fm LECEND “*Ss"f»‘gg', oy A TERIALS v %o? ritang A kss, deoth of
. O . ., [?V N'O Udl'lfq..\'.' o Sontticont)
- ML, Brown, clayey silt, NOTE: Sample w/3" dia. -
- troce of nails and 3.0"long Shelby tube -
~ with grovel HNU- 0.1 -
- 1 {TIME 0855 C
. 0"-18"|NOTE: -
L Hole wos dry during driling [

3 ond ofter completion, -
3 REFUSAL © 1.5' -

o
JllllllllllllllIIIIIIIIIIllllIllllllllllllllllll‘llllllllIllllllllllllll]llllllllll

B-25

lll[[lllIIIIllllrlllllllllllllllll'llllll’lllllll'llll'lllllllll'llll'lllllllll]

ENG FORM1836 previous EDTIONS ARE OBSOLETE,
MAR 71 .

Imzct tm(,: NO.
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Hote No.03/10-32-93 1

-

llllllllllllllllllllllllllllllllHlllllllllllllllIlllllllIlllllllllllllIIlllllllllllIllNlllllllllll

REFUSAL & 1.2'

OIVISION ATION

DRILLING LOG SOUTH ATLANTIC Pt WILMINGTON DISTRICT o 1 ;.‘ms

1. PROXCTABG 03/10 RFI PART2; PHASE IIlSOILS [0. SZEawD TYPE OF BT 3¢ DIA. SHELBY TUBE
NSWC, CRANE, INDIANA : . DATUM FOR ELEVATION SHOWN (TBW or ¥SU

2. LOCATION fxorclnates or Sicttons MSL
SEE _BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRILL
WATERWATS. EXPERIM s .
4. HOLE NO. wmfn drowt En,r\:,T STATION " ot sigl.zosv?:mn o :‘?‘ﬁm" |
. . o g BURDEN M - emical

ond Tl ruszbor) :03/10-32-93 . TOTAL MAMBER CORE BOXES N/ A
S. NAME OF DRLLER

ELASTIC BROWN/VON NIXON 5. ELEVATION GROUND WATER

6. DIRECTION OF HOLE STARTED {COMPLETED

0 vErmeaL (3 weLee ofc. FROM VERT, | onTE M '8/24/93 18724793

- 7. ELEVATION TOP OF MOLE
7. THCKNESS OF OVERBURDEN 1,2' 18. TOTAL CORE RECOVERY FOR BORNG N/A *
8. DEPTH DRILLED NTO ROCK N/A 9. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 1.2 LARRY BENJAMIN
FT % CORE | BOX oR REMARKS
CLASSFICATION OF MATERIALS .
e s i 2, R || empim sy
. L ) . L]
ML, Ton, sondy silt NOTE: Somple w/3" dia.
3.0'long Shelby tube
HNU- 0 TIME 1025
1 NOTE: .
1007 {g»-12+|Hole was dry during driling

ond . ofter completion,

BOTTOM OF HOLE © 1.2

NOTE: Soils field clossified
in accordance with the Unified
Soil Clossification System.

B-26
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Hole No. 03/10-33-93

ORILLING LOG ™™ SBuT1 ATLANTIC T wILMINGTON pisTRICT  [2S 1
1. PROECTABG 03/10 RFI PART2, PHASE WISOILS |%. sze D Tvre of 8 3" DIA. SHELBY TUBE
NSWC, CRANE, INDIANA 1. DATUM FOR ELEVATION SHOWN (T8N or #SU
2. LOCATION fxrdinatos or Stationt MSL
SEE_BORING LOCATION MAP 12. UANUF ACTURER'S DESIGNATION OF ORLL
3. DRLLING ACENCY FAILING 1500
\‘IVI.\;{.'LEER:A‘:‘Y‘S‘”E"XPERIME;T ?TAT!ON . TOTAL40. OF OVER- DSTURERD {UNDISTURBED
" aond frio rmoars D" o O 103/10-33-93 — srmon: Wl:scc:;::eoxzs; :1-Chemical
- NUMBE! N/A
S. RAME OF DRLLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE 9. DATE MOLE STARTED {COVPLETED
() VERTIGAL [ LD DG, FROM VERT. '8/23/93 18/23/93
17. ELEVATION TOP OF MOLE
7. THOIOESS OF OVERBURDEN 2 & 18, TOTAL CORE RECOVERY FOR BORMG N/A Z
8. DEPTH ORLLED INTO ROCK N/A ~ o EPECTon
9. TOTAL DEPTH OF HOLE 2.8 LARRY BENJAMIN
ELEVATION oeg'rl LECEND CLASSFICATION OF WATERALS fecov: | St (g ron et . doot of
5 - Gl
~ ML, Brown, cloyey silt NOTE: Sample w/3" dia. -
- trace of gross ond 3.0'long Shelby tube -
- with grovel HNU- 0 —
- TIME 1500 C
3 NOTE: o
T 1 Hole wos dry during drilling =
_E 1007 I0"-30° and ofter completion., E
' - Duplicate somple =7 -
2] token o
2.5 REFUSAL ¢ 2.5 -
a BOTTOM OF HOLE e 2.5' -
3 -
- NOTE: Soils field clossified o
— in accordance with the Unified =
— Soil Clossificotion Systemn. ‘_
ENG FORM1836 PREVioUs EDMIONS ARE OBSOLETE. |""°‘|ECT HOLE NO.
WR 71
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Hole No. 03/10-34-93

DRILLING LOG

orvTsion
SOUTH ATLANTIC

INSTALLATION 1

WILMINGTON DISTRICT ;ﬁ; SHEETS

1 PROECT ABG 03/10 RF| PART2, PHASE INSOILS |®.

SRE~AND TYPE OF BIT 3 NMIA SHF) BY TURF

lll'llll[llllllllI|IlllllllIIIlIIIIIIlllIIlllllL lJILlllllllLlllUJL

NSWC_CRANF _INDIANA 1. DATUM FOR ELEVATION SHOWN (TAN or #SU
2. LOCATION (Coordinatas or Staffon) . MSL
SEE BORING LOCATION MAP {12 MANUFACTURER'S DESIGNATION OF DRLL
3. DRLLING AGENCY ING 1
WATERWAYS EXPERIMENT STATION ey T;?_Lm (; oig: peep— DS TUREED
4- HLE NO. s gtown on drowing Mo /10-34-93 | BURDEN SAMPLES TAKEN :1-Geotech. :2-Chemical
:03/10-34- 1. TOTAL NUMBER CORE BOXES N/A
5. NAME OF DRALLER
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE STARTED (COMPLETED
0 VERTICA, [ NCLNED 066, FROM VERT, [ :8/22/93 :8/22/93
17. ELEVATION TOP OF HOLE .
7. THOQESS OF OVERBUREN 5 Q" 18. TOTAL CORE RECOVERY FOR BORNG N/A z
8. DEPTH DRLLED NTO ROCK N/A .. oF PSPECTOR
9. TOTAL DEPTH OF HOLE 5.0 LARRY BENJAMIN
FT % core | 8ox OR REMARKS
i CLASSFICATION OF MATERIALS 3
ELEVATION oos:vm LEGEND au:r o ReCov snn?: (g i v . gt of
. I3 . 4
1 Mt, Brownish orange, clayey NOTE: Somple w/3" dio.
= silt, trace of gravel 3.0'long Shelby tube
— HNU- O
- TIME 1330
1 1 NOTE:
] 1007 D-30'{ Hole was dry during drilling
- ond ofter completion.
2]
— CH, Brownish tan, fot cloy,
3 troce of rock fragments HNU- O
3] / TIME 1400
/ 2
. 1007 30"-60[ Geotech. semple
/ 30"-60"
5 / 2 50 -

NOTE: Soils field clossified

in accordance with the Unified

Soil Clessification System.

BOTTOM OF HOLE € 5.0°

B-28
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ENG FORM1836 previous
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B30

Hole No. 03/10-3593

Drvision INSTALLATION SHEET
ORILLING LOG SOUTH ATLANTIC WILMINGTON DISTRICT  [or 1 meers
L PROKCY ABG 03710 RFI PART2, PHASE W SOILS |wo. S2eemd Tvrt oF &7 3" DIA. SHELBY TUBE
NSWC. CRANE‘ INDIANA L. DATUM FOR ELEVATION SHOWN T8V or WSU
2. LOCATION Loordinates or Stotion) MSL .
SEE_BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY
WATERWAYS EXPERIMENT STATION m w':i—';"?g BSS e s
4. HOLE NO.(As toen on droving t2ia ;03/10_35_93 _BURDEN SAWPLES TAKEN _ “1-Geotech. : 2-Chemieal
5. FT OF DRLLER M. TOTAL NUMBER CORE BOXES N/A
ELASTIC BROWN/VON NIXON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE STARTED (COMPLETED
(@ VERTCA. [0 MoLNeD 0€c. Frow VERT. [ o MM :8/23/93 :8/23/93
17. ELEVATION TOP OF HOLE
7. THOQESS OF OVERBURDEN 4 4° 18. TOTAL CORE RECOVERY FOR BORWG N/A *
8. DEPTH DRRLED NTO ROCK N/A 19. SGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 4.4 LARRY BENJAMIN
T MARKS
ELEVATION osfm LEGEND CLASSFICATION OF MATERIALS Fegov: ey Oty e oss, dogtd of
O {Daserigtion) ERY N'o wethoring, etc. Y siorificxy)
. 3 [ . 2

I
ML, Brown, sandy silt,
trace of roots

llllllllll'lllllllll

3.0'long Shelby tube

HNU- O
TIME 1358

1 NOTE:

ond ofter completion.

2 -
- SM, Tan, fine, silty
3 sand HNU- 0

3 TIME 1415
- 2 Geotech I
- ML, Cloyey silt, brown, ¥ Bov-s1t e" ec semple
3 with grovel 1007 BO™-S1F 30--50

4.

4.4: . REFUSAL © 4.4'

NOTE: Scmple w/3" dio.

1007 p-30+ Hole wos dry during drilling

lllIIATIIIIIlll{lll]lllllllll]lIll]lllllllll

BOTTOM OF HOLE e 4.4'

NOTE: Soils field clossified
in accordance with the Unified

Soil Clossification System.

IIIIII!I[I[[IIIllllllllllllllIIIIIIIIIIIIIIIIH']IIII
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Hole No.03/10-3693

IIIl’illlllllll!lllllllllllIlJ_LlllIllIIlllllllllllllllllllllllIIIIIIIIIllllllllllllllllll IIIIIIlll

NOTE: Soils field classified
in accordance with the Unified
Soil Clossification System.

B-30

DRILLING LOG ™Syt _aTLanTIC PETT WMINGTON DISTRICT [y Jcers
. PROXECT ABG 03/10 RFI PART2, PHASE IISOILS [w0. si26 a0 TYPE OF a7 3" DIA,_SHELBY TUBE
NSWC, CRANE, INDIANA 1. DATUM FOR ELEVATION SHOWN (T8Y or WSU
2. LOCATION (Coarcrates or Statfon)” MSL
SEE_BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRLL
3. DRILLING AGENCY FAILING 1500
WATERWAYS EXPERIMENT STATION R T T )
4. HOLE NO. (As slown on drowing fite . BURDEN SAMPLES TAKEN : 1-Chemical
o0 Tl rmter) :03710-36-93 14, TOTAL NUMBER CORE BOXES
. N/A
5. NAME OF ORLLER
ELASTIC BROWN/VON NIXON 1S. ELEVATION GROUND WATER
6. DIRECTION OF HOLE 'STARTED “COMPLETED
[ VERTICAL (] McLeed 06 sROM VERT, |t N :8/22/93 :8/22/83
17. ELEVATION TOP OF HOLE
7. THOIOESS OF OVERBUDEN 10 18. TOTAL CORE RECOVERY FOR BORWG N/ A F;
8. DEPTH ORLLED NTO ROCK  N/A 15. SGNATURE OF MSPECTOR
9. TOTAL DEPTH OF MOLE 1.0 LARRY BENJAMIN
ELEVATION oalv:rL LEGEND u%urms Recov: | SRR rintng o v s, et o
. o. . . E?Y 0'0 VﬂMlﬁ.'c;Il stonfY icort)
ML, Tan, sandy silt, with NOTE: Sample w/3" dia.
rock fragments and 1 |3.0'long Shelby tube
ospholt 1007 lo"-12°| HNU- 0.5
TIME 1145
; REFUSAL © 1.0°
BOTTOM OF HOLE ¢ 1.0° NOTE:

Hole was dry during drilling
ond ofter completion,

lll]lllIl[llllllllIITIIIIIIIIIIIIIIII[I[IIIllllllllllll[llllllllllllll[rl’l[llllillIIIIIII llllllll|

I

ENG FORM1836 PREVIOUS EDTONS ARE OBSOLETE.
MR 71

Appendix B Boring Logs

Imou:cr lnou: NO.

B31




B32

Hole No. 03/10-37-93

DIVISION ATION SHEET
DRILLING LOG SOUTH ATLANTIC e WILMINGTON DISTRICT _for 1 dgers
L PROECT ABG 03/10 RFI PART2, PHASE MISOILS [o. szewo 1vpe of B 3" DIA. SHELBY TUBE
NSWC, CRANE_ INDIANA . 1. DATUM FOR ELEVATION SHOWN T8V or WSU
2. LOCATION @oerdinctes or Stafiery MSL
SEE _BORING LOCATION MAP 12. MANUFACTURER'S DESIGNATION OF DRRL
3. DRILUNG AGENCY ING 1
WATERWAYS EXPERIMENT STATION 00 e
4. HOLE NO. (s cfoen an drowing e " BURDEN SAMPLES TAKEN :1-Chemical
o I 2 :03/10-37-93 1. TOTAL MUMBER CORE BOXES N/ A
S. NAME OF ORLLER -
ELASTIC BROWN/VON NIXON 5. ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE MOLE ISTARTED {COMPLETED
0 verTcaL [ scunen DEG. FROM VERT. :8/22/93 :8/22/93
17. ELEVATION TOP OF HOLE
7. THOKESS OF OVERBRDEN 9 O 18. TOTAL CORE RECOVERY FOR BORWG N/ A z
8. DEPTH DRLLED NTO ROCK N/A . SONATURE OF BSPECTON
9. TOTAL DEPTH OF MOLE 2.0' LARRY BENJAMIN
FT 2 CoRre | BOX OR REMARXS
CLASSFICATION OF MATERILS 3
ELEVATION :PTN LEGEND ATon o mcov- | swot ormrg 1 e i st coth of
. . < a . 1 .
-/ SC, Tan, clayey sand, NOTE: Sample w/3" dig. —
. 3.0'long Shelby tube -
I HNU- O ——
B / . TIME 1305 -
3 b d NoTE: E
! ~ ML, Brown, cloyey silt, 1007 p-24 Hole waos dry during driling
- trace of grovel ond ofter completion. C
E Duplicate sampte = E
2 ... _REFUSAL © 2.0¢ token - -
~ BOTTOM OF HOLE @ 2.0° -
— NOTE: Soils field clossified -
— in accordance with the Unified -
] Soil Classification System. -
ENG 7l-‘()RM1836 PREVIOUS EDITIONS ARE OBSOLETE. IW" lnou o
WAR 71

L
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|
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Hole No. 03/10-38-93

DRILLING LOG__ ° ESOUTH ATLANTIC

INSTALL ATION

SHEET 9
WILMINGTON DISTRICT LH L

1 PROKECT ABG 03/10 RFI PART2: PHASE Il SOILS [10. SIZE AND TYPE OF BIT

3" DIA. SHELBY TUBE

NSWC, CRANE, INDIANA -

2. LOCATION (Crordinates or Stotion)

. DATUM FOR ELEVATION SHOWN (TBW o 4SU

MSL

MANUFACTURER'S DESIGNATION OF DRILL
FALING 1500

3. DRLLNG AGENCY
WATERWAYS EXPERIMENT STATION

TOIAL NO. OF OVER-
BURDEN

‘DISTURBED {UNDISTURBED
:1-Geotech. :2-Chemicot

b T ey O o drowiog e SAMPLES TAKEN
ParYT——— :03/10-38-63 4. TOTAL NUMBER CORE BOXES N/A
___ELASTIC BROWN/VON NIXON \5. ELEVATION GROUND WATER

6. DRECTION OF HOLE

X VERTCAR. [ NaameD DEG. FROM VERT.

STARTED {COMPLETED
DATE HOLE '8/23/93 18/23/93

17. ELEVATION TOP OF HOLE

~

. THCKNESS OF OVERBURDEN 4 0

18. TOTAL CORE RECOVERY FOR BORNG N/A B
8. OCPTH DRLLED NTO ROCK N/A 19. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF MOLE 4.0' LARRY BENJAMIN

FT
ELEVATION | DEPTH | LEGEND
. O» < s

CLASSIFICATION OF MATERIALS
tDuscription)

# CORE | BOX OR REMARKS
RECOV- | SAMPLE | . (Dritng flee, water ks, deth of
ERY . wecttoring. sfc, Y slonificont)

ML, Brown, cioyey silt,

-

3
NOTE: Sample w/3" dio.
3.0'long Shelby tube
HNU- O
. TIME 1317
NOTE:

1007 P"-30" Hole wos dry during drilling
ond ofter completion,

2
gtl.ltsted brown, sondy HNU- ©
TIME 1330
3
2
1007 BO"-4§"
Geotech. sample
30"-48"
4 ___REFUSAL © 4.0

NOTE: Soils field clossified

Soil Classification System.

IllIIlllllllllllllllIIlljllllllllllllLllllllIllllIlllllllll lllllllllllllllllllIllllllilltlllllllll

BOTTOM OF HOLE e 4.0

in occordance with the Unified

B-32
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Appendix C
Physical Analyses of Soils

Appendix C Physical Analyses of Soils

C1




[49)

S|i0S Jo sasAjeuy |edisAyq 9 xipusddy

US. STANDARD SIEVE OPENING N INCHES U.S. STANDARD SIEVE NUMBERS HYOROMETER
6 43 2 1 13 32 34 6 810 1620 30 40 50 70 100 140 200
100 TIT T 1T TTTTT T T T T T W10 Y
"N
90 b 10
\\\'
80 \\‘ 20
N
70 \e\\ 30
- ] 5
I 60 40 S
: g
& 50 . o 50 2
] A 7]
z 2
[Nl \ Q
5 40 60 ©
g \ 5
& N 8
& 30 Dy 70 &
B o
K
20 N 80 ||
[~
~e
10 90
0 , ‘ 100
500 100 50 10 I 05 01 005 001  D.00S 0.001
CGRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES OOARSE | FNE OOARSE | MEDIUM | FINE - SILT or CLAY
w PL Pl GS NAT W,% ORG,%
35 18 17 269 & 32 | PROJECT  CRANE, ABG SOLS, PART 2
CLASSFICATION
SANDY CLAY (CL), BROWN; WITH GRAVEL
BORING NO. 5 SAMPLE NO. 1115
DEPTH/ELEV 30-54" DATE 17 MAR 95
GRADATION CURVE I LABORATORY USAE WES — STF/GL :




SIEVE ANALYSIS

ROJECT: CRANE, ABG SOILS, PART 2

‘BORING: 5 - SAMPLE: 1115 DF: MD1495 .DAT

DEPTH: 30-54" DATE: 17 MAR 95
LL: 35 PL: 18 PI: 17 GS: 2.69 est weC: .000 OC: 3.20

CLASSIFICATION: 108
SANDY CLAY (CL), BROWN; WITH GRAVEL

TOTAL WEIGHT OF SAMPLE: 424.5 gms.
PARTIAL WEIGHT AFTER SPLIT: 56.8 gms.

WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT

gm. or NUMBER mm FINER COARSER
.0 3/4 in 19.100 100.0 .0
11.2 1/2 in 12.500 97.4 2.6
9.1 3/8 in 9.500 95.2 4.8
14.3 No 3 6.350 91.8 8.2
9.5 No 4 4.750 89.6 10.4 N
9.6 No 6 3.350 87.3 12.7
15.2 No 10 2.000 83.8 l16.2
2.4 No 16 1.180 80.2 19.8
3.8 No 20 .850 78.2 21.8
4.9 No 30 .600 76.5 23.5
5.9 No 40 .425 75.1 24.9
6.8 No 50 .300 73.7 26.3
8.2 No 70 .212 71.7 28.3
9.8 No 100 " .150 69.3 30.7
12.2 No 140 .106 65.8 34.2
14.0 No 200 .075 63.1 36.9
HYDROMETER:
RDGS TEMP .
21.5 22.5 .0466 50.5 49.5
21.1 22.5 .0331 49.5 50.5
19.8 22.5 .0237 46.5 53.5
15.0 22.5 .0128 35.2 64.8
12.9 23.0 .0091 30.5 69.5
10.8 23.0 .0066 25.6 74.4
9.3 23.0 .0047 22.1 77.9
8.0 23.0 .0034 19.0 81.0
. 6.0 22.0 .0014 13.9 86.1
PERCENT GRAVEL = 10.4
PERCENT SAND = 26.5
PERCENT FINES = 63.1

EDE
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12°)

S|10S 30 sasAjeuy |edisAyg O xipuaddy

US. STANDARD SIEVE OPENING N INCHES U, STANDARD SIEVE NUMBERS HYDROMETER
o 6 43 25141 332 34 6 810 1620 30 40 50 70 100 140 200
! T T T l\l f TTTTTT T 1 T T 1T 0
90 \\ 10
0\\
) N
80 Lo 20
\\
I ,\\’\ i
70 = 30
[
g 60 \\ 40 g
w N
= >
E [14]
50 50
: ;
z
Sl
5 B g
N 0
gso \\ 70 {&1‘
7 u\
20 o 80 1|
[~
o
10 ™ 9
0 100
500 100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES COARSE | FNE COARSE | MEOIUM { FINE ST or CLAY
I PL Pl GS NAT W,% ORG,%
40 18 2 283 & >8 | PROJECT  CRANE, ABG SOLS, PART 2
CLASSFICATION
GRAVELLY SANDY CLAY (CL), GRAY
BORING NO. 6 SAMPLE NO. 1030
DEPTH/ELEV  30-40" DATE 17 MAR 95

GRADATION CURVE

I LABORATORY USAE WES - STF/GL




SIEVE ANALYSIS

ZROJECT: CRANE, ABG SOILS, PART 2

BORING: 6 SAMPLE: 1030 DF: MD1495
DEPTH: 30-40" DATE: 17 MAR 95
LL: 40 PL: 18 PI: 22 GS: 2.69 est WwWC: .00
CLASSIFICATION: 108
GRAVELLY SANDY CLAY (CL), GRAY
TOTAL WEIGHT OF SAMPLE: 753.5 gms.
PARTIAL WEIGHT AFTER SPLIT: 52.1 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 1 in 25.000 100.0 .0
40.9 3/4 in 19.100 94.6 5.4
45.5 1/2 in 12.500 88.5 11.5
9.0 3/8 in 9.500 87.3 12.7
25.6 No 3 6.350 83.9 16.1
16.6 No 4 4,750 81.7 18.3
15.0 No 6 3.350 79.7 20.3
21.2 No 10 2.000 76.9 23.1
1.6 No 16 1.180 74.6 25.4
2-.5- No- 20 - .850 73.2 26.8
3.3 No 30 .600 72.1 27.9
4.2 No 40 .425 70.7 29.3
5.0 No 50 .300 69.6 30.4
6.4 No 70 .212 67.5 32.5
8.4 No 100 .150 64.5 35.5
12.4 No 140 .106 58.6 41.4
15.0 No 200 .075 54.8 45.2
HYDROMETER:
RDGS TEMP
19.0 22.5 .0478 44.7 55.3
17.4 22.5 .0344 40.9 59.1
15.2 22.5 .0248 35.7 64.3
11.3 22.5 .0133 26.6 73.4
9.8 22.5 .0095 23.0 77.0
8.1 b .0068 19.0 81.0
7.2 23.0 .0048 17.2 82.8
6.1 23.0 .0034 14.6 85.4
4.3 22.0 .0014 9.9 90.1
PERCENT GRAVEL = 18.3
PERCENT SAND = 27.0
PERCENT FINES = 54.8
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28 16 12 269 e 25 | PROVECT  CRANE, ABG SOLS, PART 2
CLASSFICATION
GRAVELLY SANDY CLAY (CL), BROWN; TRACE OF GRAVEL
BORING NO, 7 SAMPLE NO. 1445
DEPTH/ELEV  30-60" DATE 17 MAR 95
GRADATION CURVE | LABORATORY USAE WES - STF/GL :
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SIEVE ANALYSIS

-ROJECT: CRANE, ABG SOILS, PART 2

BORING: 7
DEPTH: 30-60"

LL: 28 PL: 16 PI: 12
CLASSIFICATION: 108

SAMPLE: 1445
DATE: 17 MAR 95

GS: 2.69 est

we:

DF: MD1495

.00

.DAT

ocC:

GRAVELLY SANDY CLAY (CL), BROWN; TRACE OF GRAVEL

TOTAL WEIGHT OF SAMPLE:

PARTIAL WEIGHT AFTER SPLIT:

WEIGHTS SIEVE SIZE O
gm. or NUMBER
.0 3/4 in
2.9 1/2 in
4.6 3/8 in
5.2 No 3
7.7 No 4
4.8 No 6
6.2 No 10
.6 No 16
.8 No 20
1.0 No 30
1.2 No 40
1.3 No 50
1.8 No 70
3.3 No 100
12.4 No 140
21.3 No 200
HYDROMETER :
RDGS _TEMP
19.0 22.5
17.8 22.5
16.2 22.5
11.1 22.5
8.7 22.5
7.0 23.0
6.0 23.0
5.0 23.0
3.8 22.0
PERCENT GRAVEL = 3.5
PERCENT SAND = 36.9
PERCENT FINES = 59.5

AppendixVC Physical Analyses of Soils

578.1 gms.
57.5 gms.
PENING PERCENT
mm FINER
19.100 100.0
12.500 99.5
9.500 98.7
6.350 97.8
4.750 96.5
3.350 95.6
2.000 94.6
1.180 93.6
.850 93.3
.600 92.9
.425 92.6
.300 92.4
.212 91.6
.150 89.1
.106 74.2
.075 59.5
.0478  49.7
.0342  46.6
.0246  42.4
.0133  29.1
.0096 22.8
.0068  18.6
.0049  16.0
.0035  13.4
.0014 9.7

PERCENT
COARSER
.0

[ W S
e,

LY

OO VNN
.
U100 WO 0OV N

FINE™

50.3
53.4
57.6
70.9
77.2
8l.4
84.0
86.6
90.3
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HYDROMETER

GRADATION CURVE

|  LABORATORY USAE WES - STF/GL
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_ GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES COARSE G CORSE_ | VEOIUM I FINE SILT or CLAY
w PL P GS NAT W% ORG.%
37 17 20 269 e >7 | PROJECT  CRANE, ABG SOLLS, PART 2
CLASSFICATION
GRAVELLY SANDY CLAY (CL), BROWN
BORING NO. 8 SAMPLE NO. 0910
DEPTH/ELEV 24-30" DATE 17 MAR 95




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 8
DEPTH: 24-30"

LL: 37 : PL: 17 P
CLASSIFICATION: 108

I:

2

0

GRAVELLY SANDY CLAY (CL), BROWN

TOTAL WEIGHT OF SAMPLE:

PARTIAL WEIGHT AFTER SPLIT:

WEIGHTS SIEVE SIZE OPENING

gm. or NUMBER
.0 1 in
14.5 3/4 in
19.8 1/2 in
11.2 3/8 in
18.7 No 3
9.9 No 4
12.4 No 6
14.0 No 10
3.1 No 16
4.3 No 20
5.2 No 30
6.1 No 40
6.8 No 650
8.0 No 70
10.1 No 100
13.2 No 140
15.6 No 200
HYDROMETER:
RDGS TEMP
22.2 22.5
21.2 22.5
20.0 22.5
14.9 22.5
13.0 23.0
11.1 23.0
9.5 23.0
8.4 23.0
6.2 22.0

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

i
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(& NV
0 OV

SAMPLE: 0910 DF: MD1495
DATE: 17 MAR 95
GS: 2.69 est WC: .00
501.6 gms.
58.2 gms.

PERCENT PERCENT

mm FINER COARSER
25.000 100.0 .0
19.100 97.1 2.9
12.500 93.2 6.8
9.500 90.9 9.1
6.350 87.2 12.8
4.750 85.2 14.8
3.350 82.8 17.2
2.000 80.0 20.0
1.180 75.7 24.3
.850 74.1 25.9
.600 72.8 27.2
.425 71.6 28.4
.300 70.6 29.4
.212 69:0 31.0
.150 66.1 33.9
.106 61.8 38.2
.075 58.5 41.5
.0462 48.6 51.4
.0330 46.4 53.6
.0237 43.7 56.3
.0129 32.6 67.4
.0091 28.6 71.4
. 0066 24.5 75.5
.0047 21.0 79.0
.0034 18.6 81.4
.0014 13.3 86.7
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES ONSE | e CoRsE | VEDIUM I FINE SILT or CLAY
LL PL P GS NAT W,% ORG,%
29 17 12 269 e 2 | PROJECT  CRANE, ABG SOLS, PART 2
QLASSFICATION
SANDY CLAYEY GRAVEL (GP-GC), GRAY
BORING NO. -~ 10 SAMPLE NO. 1530
- DEPTH/ELEV 28-48" DATE 17 MAR 95
GRADATION CURVE l LABORATORY USAE WES — STF/GL :




SIEVE ANALYSIS

¢ROJECT: CRANE, ABG SOILS, PART 2

BORING: 10 SAMPLE: 1530 DF: MD1495
DEPTH: 28-48" DATE: 17 MAR 95
LL: 29 PL: 17 PI: 12 GS: 2.69 est WC: .00
CLASSIFICATION: 108
SANDY CLAYEY GRAVEL (GP-GC), GRAY
TOTAL WEIGHT OF SAMPLE: 785.9 gms.
PARTIAL WEIGHT AFTER SPLIT: 51.0 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 1.5 in 37.500 100.0 - .0
22.8 1 in 25.000 97.1 2.9
48.6 3/4 in 19.100 90.9 9.1
50.1 1/2 in 12.500 84.5 15.5
51.9 3/8 in 9.500 77.9 22.1
120.4 No 3 6.350 62.6 37.4
82.9 No 4 4.750 52.1 47.9
77.0 No 6 3.350 42.3 57.7
101.4 No 10 2.000 29.4 70.6
14.8 No 16 1.180 20.8 79.2
20.9 No 20 .850 17.3 82.7
24.9 No 30 .600 15.0 85.0
27.7 No 40 .425 13.4 86.6
29.1 No 50 .300 12.6 87.4
30.9 No 70 .212 11.6 88.4
33.0 No 100 .150 10.4 89.6
36.1 No 140 .106 8.6 91.4
38.3 No 200 .075 7.3 92.7
~ HYDROMETER:
RDGS TEMP
6.6 22.5 .0536 6.0 94.0
6.0 22.5 .0381 5.5 94.5
5.3 22.5 .0271 4.9 95.1
4.0 22.5 .0141 3.7 96.3
3.7 23.0 .0099 3.5 96.5
3.0 23.0 .0070 2.8 97.2
2.2 23.0 .0050 2.1 97.9
1.6 23.0 .0036 1.6 98.4
1.3 22.0 .0015 1.1 98.9

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

D60 = '5.95
D30 = 2.07
D10 .= .14
CU = 42.22
CC = 5.09
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GRAN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES COARSE I FNE COARSE | MEOIUM I FINE SILT or CLAY
L PL ] GS NAT v),z ORG,%
27 17 10 269 & 33 | PROJECT  CRANE, ABG SOLLS, PART 2
CLASSFICATION
GRAVELLY CLAYEY SAND (SC), GRAY
BORING NO. 11 SAMPLE NO. 1430
— DEPTH/ELEV 30-62" DATE 17 MAR 95
GRADATION CURVE | LABORATORY USAE WES - STF/GL :




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 11 SAMPLE: 1430 DF: MD1495
"DEPTH: 30-62" DATE: 17 MAR 95
CLL: 27 PL: 17 PI: 10 GS: 2.69 est WC: .00
CLASSIFICATION: 108
GRAVELLY CLAYEY SAND (SC), GRAY
TOTAL WEIGHT OF SAMPLE: 811.9 gms.
PARTIAL WEIGHT AFTER SPLIT: 50.2 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 1 in 25.000 100.0 .0
10.7 3/4 in 19.100 98.7 1.3
62.3 1/2 in 12.500 91.0 9.0
45.0 3/8 in 9.500 85.5 14.5
61.1 No 3 6.350 77.9 22.1
38.1 No 4 4.750 73.2 26.8
29.1 No 6 - 3.350 69.7 30.3
38.1 No 10 2.000 65.0 35.0
2.9 No 16 1.180 - 61.2 38.8
4.1 No 20 . .850 59.7 40.3
5.0 No 30 .600 58.5 41.5
5.9 No 40 .425 57.3 42.7
6.7 No 50 .300 56.3 43.7
8.2 No 70 .212 54.4° 45.6
10.9 No 100 .150 50.9 49.1
16.6 No 140 .106 43.5 56.5
. . 21.4 No 200 .075 37.3 62.7
HYDROMETER:
RDGS - TEMP
15.0 22.5 . 0497 30.9 69.1
14.2 22.5 .0354 29.3 70.7
12.3 22.5 .0255 25.3 74.7
8.6 22.5 .0136 17.7 82.3
7.1 23.0 .0096 14.8 85.2
6.1 23.0 .0069 12.8 87.2
5.2 23.0 . 0049 10.9 89.1
4.3 .23.0 .0035 9.1 90.9
3.1 22.5 .0015 6.4 93.6
PERCENT GRAVEL = 26.8
PERCENT SAND = 36.0
PERCENT FINES = 37.3
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GRAVEL SAND
COBBLES DOARSE | FNE COARSE | MEDIUM | FINE SILT or CLAY
W PL Pl S NAT W72 ORG.X
27 17 10 269 & 23 | PROVECT  CRANE, ABG SOLS, PART 2
CLASSFICATION
GRAVELLY SANDY CLAY (CL), BROWN
. BORING NO. 12 SAMPLE NO. 1040

DEPTH/ELEV  30-60" DATE 17 MAR 95

GRADATION CURVE l LABORATORY USAE WES — STF/GL
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SIEVE ANALYSIS

PROJECT: CRANE, ABG SOTLS, PART 2

BORING: 12
DEPTH: 30-60"

LL:: 27 PL: 17 PI:

CLASSIFICATION: 108

10

SAMPLE: 1040

DATE: 17 MAR 95

GS: 2.69 est

GRAVELLY SANDY CLAY (CL), BROWN

TOTAL WEIGHT OF SAMPLE:

"PARTIAL WEIGHT AFTER SPLIT:

- WEIGHTS SIEVE SIZE OPENING

gm. or NUMBER
.0 3/4 in
30.3 1/2 in
20.7 3/8 in
30.9 No 3
15.1 No 4
17.6 No 6
23.9 No 10
1.8 No 16
2.7 No 20
3.4 No 30
4.0 No 40
4.5 No 50
5.7 No 70
7.5 No 100
9.9 No 140
12.6 No 200
HYDROMETER:
RDGS TEMP
21.0 22.5
20.1 22.5
17.4 22.5
12.7 22.5
10.0 23.0
8.5 23.0
7.3 23.0
6.2 23.0
4.9 22.5

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

nn
N
(<3 S|
= Vo
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646.1 gms.
53.7 gms.
PERCENT
mm FINER
19.100 100.0
12.500 95.3
9.500 92.1
6.350 87.3
4.750 85.0
3.350 82.3
2.000 78.6
1.180 75.9
.850 74.6
. 600 73.6
.425 72.7
.300 72.0
.212 70.2
.150 67.6
.106 64.1
. 075 60.1
.0468 48.9
.0334 46.8
.0243 40.5
.0131 29.6
.0094 23.5
.0067 20.0
.0048 17.2 .
.0034 14.7
.0014 11.4

we:

DF: MD1495

.00

PERCENT

COARSER
.0
4.7
7.9
12.7
15.0
17.7
21.4

24.1
25.4
26.4
27.3
28.0
29.8
32.4
35.9
39.9

51.1
53.2
59.5
70.4
76.5
80.0
82.8
85.3
88.6
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CGRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES RSt | FINE CONRE | VEDIUM [ FINE SLT or CLAY
LL AL Pl GS NAT W% ORG,%
24 16 8 269 25 I PROUECT  CRANE, ABG SOLLS, PART 2
CLASSFICATION
SANDY CLAYEY GRAVEL (GC), BROWN
BORING NO. 14 SAMPLE NO. 0925
DERPTH/ELEVY 30-45" DATE 17 MAR 95
GRADATION CURVE l LABORATORY USAE WES - STF/GL




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 14 SAMPLE: 0925 DF: MD1495 .DAT
DEPTH: 30-45" DATE: 17 MAR 95
LL: 24 PL: 16 PI: 8 GS: 2.69 est WC: .00 oC: 2.50

CLASSIFICATION: 108
SANDY CLAYEY GRAVEL (GC), BROWN

TOTAL WEIGHT OF SAMPLE: 475.2 gms.
PARTIAL WEIGHT AFTER SPLIT: - 56.8 gms.

WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT

gm. or NUMBER mm FINER COARSER
.0 1.5 in 37.500 100.0 .0
119.2 1 in 25.000 74.9 25.1
40.0 3/4 in 19.100 66.5 33.5
30.5 1/2 in 12.500 60.1 39.9 -
15.0 3/8 in 9.500 56.9 43.1
31.9 No 3 6.350 50.2 49.8
16.1 No 4 4.750 46.8 53.2
11.8 No 6 3.350 44.3 55.7
14.2 No 10 2.000 41.4 58.6
2.5 No 16 1.180 39.5 60.5
3.6 No 20 .850 38.7 . 61.3
4.4 No 30 .600 38.1 61.9
5.3 No 40 .425 37.5 62.5
5.9 No 50 .300 37.1 62.9
8.0 No 70 .212 35.5 64.5
11.5 No 100 .150 33.0 67.0
16.9 No 140 .106 29.0 71.0
22.3 No 200 .075 25.1 74.9
HYDROMETER: .
RDGS TEMP
16.2 22.5 . 0492 18.8 81.2
14.8 22.5 .0352 17.2 82.8
12.6 22.5 .0254 14.6 85.4
8.5 22.5 .0136 9.8 90.2
6.6 23.0 .0097 7.8 92.2
5.5 23.0 .0069 6.5 93.5
4.3 23.0 .0049 5.1 94.9
3.9 23.0 .0035 4.6 95.4
3.1 22.0 .0015 3.5 96.5
PERCENT GRAVEL = 53.2
PERCENT SAND = 21.7
= 25.1

PERCENT FINES
- ’ EDE

Appendix C Physical Analyses of Soils C17
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COBBLES COARSE. | FNE COARSE | VEDIUM | FINE SILT or CLAY
m AL ) oS NAT W% oRoR ,
34 2 13 269 et 21 | PROVECT.  CRANE, ABG SOLS, PART 2
CLASSFICATION
GRAVELLY CLAYEY SAND (SC), GRAY
BORING NO. 17 SAMPLE NO. 1145
v DEPTH/ELEV  30-60" DATE 17 MAR 95
GRADATION CURVE . ] LABORATORY USAE WES - STF/GL .




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 17
DEPTH: 30-60"

LL: 34 PL: 21 P
" CLASSIFICATION: 108

I:

13

GRAVELLY CLAYEY SAND (SC), GRAY

TOTAL WEIGHT OF SAMPLE:

PARTIAL WEIGHT AFTER SPLIT:

WEIGHTS SIEVE SIZE OPENING

gm. or NUMBER
.0 1 in
39.1 3/4 in
36.9 1/2 in
23.6 3/8 in
56.2 No 3
24.7 No 4
24.7 No 6
36.3 No 10
4.2 No 16
6.7 No 20
9.1 No 30
11.5 No 40
13.5 No 50
15.9 No 70
18.5 No 100
21.9 No 140
24.6 No 200
HYDROMETER:
RDGS TEMP
13.3 23.0
12.0 23.0
10.5 23.0
6.4 23.0
5.0 23.0
4.0 23.0
3.2 23.0
2.4 23.0
1.1 22.5

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

Appendix'C Physical Analyses of Soils

nmwn
wwn
VIV RN

SAMPLE: 1145 DF: MD1495
DATE: 17 MAR 95
GS: 2.69 est WC: .00
650.4 gms.
50.6 gms.

PERCENT PERCENT

mm FINER COARSER
25.000 100.0 .0
19.100 94.0 6.0
12.500 88.3 11.7
9.500 84.7 15.3
6.350 76.0 24.0
4.750 72.2 27.8
3.350 68.5 31.5
2.000 62.9 . 37.1
1.180 " 57.7 42.3
.850 54.5 45.5
.600 51.6 48.4
.425 48.6 51.4
.300 46.1 53.9
.212 43.1 56.9
.150 '39.9 60.1
.106 35.7 64.3
.075 32.3 67.7
.0499 26.5 73.5
.0357 23.9 76.1
.0256 21.0 79.0
.0137 12.9 87.1
.0098 10.1 89.9
.0070 8.1 91.9
.0050 6.5 93.5
.0035 4.9 95.1
.0015 2.2 97.8
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GRAVELLY SANDY CLAY (CL), BROWN
BORING NO. 19 SAMPLE NO. 0935
DEPTH/ELEV  30-60" DATE 17 MAR 95
CGRADATION CURVE I LABORATORY USAE WES — STF/GL
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SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 19 SAMPLE: 0935 DF: MD1495 .DAT
DEPTH: 30-60" DATE: 17 MAR 95
LL: 31 PL: 17 PI: 14 GS: 2.69 est WC: .00 ocC: 1.50

CLASSIFICATION: 108
GRAVELLY SANDY CLAY (CL), BROWN

TOTAL WEIGHT OF SAMPLE: 723.5 gms.
PARTIAL WEIGHT AFTER SPLIT: 52.4 gms.

WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT

gm. or NUMBER mm FINER COARSER
.0 1 in 25.000 100.0 .0
32.0 3/4 in 19.100 95.6 4.4
29.8 1/2 in 12.500 91.5 8.5
39.0 3/8 in 9.500 86.1 13.9 i
36.1 No 3 6.350 81.1 18.9
20.9 No 4 4.750 78.2 21.8
20.8 No 6 3.350 75.3 24.7
30.7 No 10 2.000 71.1 28.9
1.9 No 16 1.180 68.5 31.5
2.7 No 20 .850 67.4 32.6
3.3 No 30 .600 66.6 33.4
3.9 No 40 .425 65.8 34.2
4.4 No 50 .300 65.1 34.9
5.2 No 70 .212 64.0 36.0
7.1 No 100 .150 61.4 38.6
10.1 No 140 .106 57.4 42.6
12.1 . No 200 . .075 54.7 45.3
HYDROMETER:
RDGS TEMP )
22.3 22.5 .0462 48.1- 51.9
20.4 22.5 .0333 44.0 56.0
18.2 22.5 .0241 39.3 60.7
13.6 - 22.5 .0130 29.4 70.6
11.6 22.5 .0094 25.0 75.0
10.2 23.0 . 0066 22.2 77.8
9.0 23.0 .0047 19.6 80.4
7.2 23.0 .0034 15.8 84.2
6.1 23.0 .0014 13.4 86.6
PERCENT GRAVEL = 21.8
PERCENT SAND = 23.5
PERCENT FINES = 54.7
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34 18 18 260 e >0 | pROJECT  CRANE, ABG SOLS, PART 2
CLASSFICATION
SANDY CLAYEY GRAVEL (GC), BROWN
BORING NO. 21 SAMPLE NO. 1845
- DEPTH/ELEV 30-60" DATE 17 MAR 95
GRADATION CURVE I LABORATORY USAE WES ~ STF/GL
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SIEVE ANALYSIS -

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 21
DEPTH: 30-60"

LL: 34 PL: 16 P
CLASSIFICATION: 108

SANDY CLAYEY GRAVEL (GC),

I: 18

TOTAL WEIGHT OF SAMPLE:
PARTIAL WEIGHT AFTER SPLIT: 51

WEIGHTS SIEVE SIZE OPENING

gm. or NU
.0 1.5
61.0 113
14.1 3/4
23.3 1/2
6.7 3/8
13.1 No
8.6 No
9.9 No
13.8 No
2.6 No
4.0 No
5.0 No
5.8 No
6.4 No
7.4 No
9.1 No 1
13.5 No 1
17.1 No 2
HYDROMETER:
RDGS TEM
17.9 22.
16.0 22.
14.9 22.
10.1 22.
9.1 22.
7.9 23.
6.8 23.
5.3 22.
4.1 23.
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PERCENT SAND
PERCENT FINES

i

MBER
in
n
in
in
in

3

4

6
10

16
20
30
40
50
70
00
40
00

P
5
5
5
5
5
0
0
5
0

nnt
AW
oow

Appendix-C Physical Analyses of Soils

SAMPLE: 1645 DF: MD1495
DATE: 17 MAR 95
GS: 2.69 est WC: .00
BROWN
379.1 gms.
.1 gms.
PERCENT PERCENT
mm FINER COARSER
37.500 100.0 .0
25.000 83.9 16.1
19.100 80.2 19.8
12.500 74.0 26.0
9.500 72.3 27.7
6.350 68.8 31.2
4.750 66.6 33.4
3.350 63.9 36.1
2.000 60.3 39.7
1.180 57.2 42.8
.850 55.6 44.4
.600 54.4 - 45.6
.425 53.5 46.5
.300 52.7 47.3
.212 51.6 48.4
.150 49.6 50.4
.106 44.4 55.6
.075 40.1 59.9
.0483 33.6 66.4
.0348 30.1 69.9
.0249 28.0 72.0
.0134 19.0 81.0
.0096  17.1 82.9
.0068 15.0 85.0
.0048 13.0 87.0
.0035 10.0 90.0
.0014 7.9 92.1°
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: GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES COARSE | FNE COARSE | MEDIUM ] FINE SLT or CLAY
L PL Pl GS NAT W,72 ORG.% A
52 19 3 269 et 30 | PROUECT  CRANE, ABG SOLLS, PART 2
QLASSFICATION
SANDY CLAY (CH), BROWN A o
BORING NO. 22 _ SAMPLE NO. 1115
— DEPTH/ELEV ~ 30-60" DATE 17 MAR 95
GRADATION CURVE | LABORATORY USAE WES - STF/ GL :




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 22 SAMPLE: 11

LL: 52 PL: 19 PI: 33 GS: 2.6
CLASSIFICATION: 108
SANDY CLAY (CH), BROWN

TOTAL WEIGHT OF SAMPLE: 274.3
PARTIAL WEIGHT AFTER SPLIT: 56.9
WEIGHTS SIEVE SIZE OPENING
gn. or NUMBER mm
.0 3/8 in 9.500
1.5 No 3 6.350
.8 No 4 4.750
1.7 No 6 3.350
2.7 No 10 2.000
.4 No 16 1.180
.5 No 20 .850
.6 No 30 .600
.7 No 40 . .425
.8 No 50 .300
1.3 No 70 .212
2.7 No 100 .150
8.3 No 140 .106
13.5 No 200 .075
HYDROMETER:
RDGS TEMP ~
22.0 22.5 - .0463
21.0 22.5 .0331
19.1 22.5 .02329
16.4 ,  22.5 .0127
15.0 ~  22.5 .0091°
13.5 23.0 .0064
12.2 23.0 .0046
11.2 22.5 .0033
10.3 23.0 .0014
PERCENT GRAVEL = .8
PERCENT SAND = 24.8
PERCENT FINES = 74.4

Appendix C Physical Analyses of Soils

15 DF: MD1495R .DAT
DEPTH: 30-60" DATE: 17 MAR 95

9 est

gns.
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COBBLES oOMSE | FhE CORRE | VDM T FNE SILT or CLAY
LL PL Pl GS NAT W,%2 ORG,Z
54 20 34 269 & 33 | PROJECT  ORANE, ABG SOLS, PART 2
CLASSFICATION
QLAY (CH), GRAY; WITH SAND; TRACE OF GRAVEL
BORING NO. 23 SAMPLE NO. 1050
DEPTH/ELEV  30-60" DATE 17 MAR 95 -
GRADATION CURVE I LABORATORY USAE WES — STF/GL .




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 23 SAMPLE: 1050 DF: MD1495R .DAT
DEPTH: 30-60" DATE: 17 MAR 95
LL: 54 PL: PI: 34 GS: 2.69 est .00
CLASSIFICATION: 108
CLAY (CH), GRAY; WITH SAND; TRACE OF GRAVEL
TOTAL WEIGHT OF SAMPLE: 433.8 gms.
PARTIAL WEIGHT AFTER SPLIT: 58.7 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 3/4 in 19.100 100.0 .0
3.6 1/2 in 12.500 99.2 .8
.0 3/8 in 9.500 99.2 .8
6.6 No 3 6.350 97.6 2.4
4.6 No 4 4.750 96.6 3.4
3.7 No 6 3.350 95.7 4.3
4.2 No 10 2.000 94.8 5.2
.8 No 16 1.180 93.5 6.5
1.3 No 20 .850 92.7 7.3
1.7 No 30 .600 92.0 8.0
2.1 No 40 .425 91.4 8.6
2.4 ‘No 50 .300 90.9 9.1
2.8 No 70 .212 90.2 9.8
3.6 No 100 .150 89.0 11.0
5.0 No 140 .106 86.7 13.3
. .2 No 200 .075 84.8 15.2
HYDROMETER:
RDGS TEMP
28.0 22.5 .0432 72.0 28.0
27.0 22.5 .0309 69.4 30.6
25.1 22.5 .0224 64.5 35.5
22.3 22.5 . .0119 57.3 42.7
20.9 22.5 .0086 53.7 46.3
19.1 23.0 . 0061 49.3 50.7
17.1 23.0 .0044 44.2 55.8
15.3 22.5 .0032 39.3 60.7
11.3 23.0 .0013 29.3 70.7

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

Appendix C Physical Analyses of Soils
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BORING NO. 25
DEPTH/ELEV 30-36"

SAMPLE NO.
17 MAR 95
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SIEVE ANALYSIS

~<ROJECT: CRANE, ABG SOILS, PART 2

BORING: 25 SAMPLE: 1130 DF: MD149%5
DEPTH: 30-36" DATE: 17 MAR 95
LL: 43 PL: 19 PI: 24 GS: 2.69 est WC: .00
CLASSIFICATION: 108
GRAVELLY SANDY CLAY (CL), GRAY
. TOTAL WEIGHT OF SAMPLE: 496.7 gms.
PARTIAL WEIGHT AFTER SPLIT: 54.0 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 3/4 in 19.100 100.0 .0
26.3 1/2 in 12.500 94.7 5.3
27.3 3/8 in 9.500 89.2 10.8
22.3 No 3 6.350 84.7 15.3
18.2 No 4 4.750 81.1 18.9
‘12.8 No 6 3.350 78.5 21.5
18.0 No 10 2.000 74.9 25.1
1.8 No 16 1.180 72.4 27.6
2.7 No 20 .850 71.1 28.9
3.3 No 30 .600 70.3 29.7
3.9 . No 40 .425 " 69.4 30.6
4.5 No 50 .300 68.6 31.4
5.6 No 70 .212 67.1 32.9
7.4 No 100 .150 64.6 35.4
11.7 No 140 .106 58.6 41.4
15.9 No 200 .075 52.8 47.2
HYDROMETER:
RDGS TEMP
18.1 22.5 .0482 39.9 60.1
17.0 22.5 .0345 37.5 62.5
15.5 22.5 .0247 34.2 65.8
12.4 22.5 .0132 27.4 72.6
11.2 22.5 .0094 24.7 75.3
10.0 23.0 .0066 22.3 77.7
9.0 23.0 .0047 20.1 79.9
8.0 22.5 .0034 17.7 82.3
6.0 23.0 .0014 13.5 86.5
PERCENT GRAVEL = 18.9
PERCENT SAND = 28.2
PERCENT FINES = 52.8
Appendix C Physical Analyses of Soils
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3 16 17 269 et 28 | PROVECT  CRANE, ABG SOLS, PART 2
QLASSFICANON A
GRAVELLY SANDY CLAY (CL), BROWN
BORING NO. 28 SAMPLE NO. 1445
- DEPTH/ELEV J0-60" DATE 17 MAR 95
GRADATION CURVE ] LABORATORY USAE WES — STF/GL




SIEVE ANALYSIS

© JROJECT: CRANE, ABG SOILS, PART 2

BORING: 28 SAMPLE: 1445 DF: MD1495
DEPTH: 30-60" DATE: 17 MAR 95
LL: 33 PL: 16 PI: 17 GS: 2.69 est WwC: .00
CLASSIFICATION: 108
GRAVELLY SANDY CILAY (CL), BROWN
TOTAL WEIGHT OF SAMPLE: 541.7 gms.
PARTIAL WEIGHT AFTER SPLIT: 55.1 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 1 in 25.000 100.0 .0
33.3 3/4 in 19.100 93.9 6.1
28.6 1/2 in 12.500 88.6 11.4
9.7 3/8 in 9.500 86.8 13.2
10.7 No 3 6.350 84.8 15.2
9.0 No 4 4.750 83.1 16.9
7.0 No 6 3.350 81.9 18.1
16.8 No 10 2.000 78.8 21.2
.8 No 16 1.180 77.6 22.4
1.1 No 20 .850 77.2 22.8
1.5 No 30 .600 76.6 23.4
1.8 No 40 .425 76.2 23.8
2.1 No 50 .300 75.8 24.2
3.3 No 70 .212 74.0 26.0
5.8 No 100 .150 70.5 29.5
10.6 No 140 .106 63.6 36.4
15.3 No 200 .075 56.9 43.1
HYDROMETER: )
RDGS TEMP ]
20.0 22.5 .0473 45.5 54.5
18.2 22.5 .0341 41.4 58.6
15.1 22.5 .0248 34.4 65.6
11.9 22.5 .0132 27.1 72.9
10.3 22.5 .0095 23.4 76.6
9.1 23.0 .0067 20.9 79.1
8.1 23.0 .0048 18.7 81.3
7.3 22.5 .0034 16.6 83.4
5.9 23.0 .0014 13.6 86.4
PERCENT GRAVEL = 16.9
PERCENT SAND = 26.3
PERCENT FINES = 56.9

Appendix C Physical Analyses of Soils
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46 21 25 269 e 41 | PROJECT  CRANE, ABG SOLLS, PART 2
CLASSFICATION
SANDY CLAY (CL), GRAY; TRACE OF GRAVEL
BORING NO. 29 SAMPLE NO. 1400
DEPTH/ELEV 30-54" DATE 17 MAR 95
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SIEVE ANALYSIS —

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 29 SAMPLE: 1400 DF: MD1495R .DAT

DEPTH: 30-54" DATE: 17 MAR 95
LL: 46 PL: 21 PI: 25 ~GS: 2.69 est WC: .00 oC: 4.10

CLASSIFICATION: 108
SANDY CLAY (CL), GRAY; TRACE OF GRAVEL

TOTAL WEIGHT OF SAMPLE: 613.7 gms.
PARTIAL WEIGHT AFTER SPLIT: 57.1 gms.

WEIGHTS SIEVE SIZE OPENING PERCENT - PERCENT

gm. or NUMBER mm FINER . COARSER
.0 3/4 in 18.100 100.0 .0
6.9 1/2 in 12.500 98.9 1.1
3.5 3/8 in 9.500 98.3 1.7
4.2 No 3 6.350 97.6 2.4
4.6 No 4 4.750 96.9 3.1 -
3.6 No 6 3.350 96.3 3.7
6.4 No 10 2.000 95.2 4.8
.5 No 16 1.180 94.4 5.6
.7 No 20 .850 94.1 5.9
1.0 No 30 .600 93.6 6.4
1.5 ~No 40 .425° 92.7 7.3
2.0 No 50 .300 91.9 8.1
3.0 No 70 .212 90.2 9.8
4.4 No 100 .150 87.9 12.1
6.7 No 140 .106 84.1 15.9
8.6 No 200 .075 80.9 19.1
HYDROMETER:
RDGS TEMP .
23.2 22.5 .0457 61.6 38.4 4
22.1 22.5 .0327 58.7 41.3
20.0 22.5 : .0237 53.1 46.9
17.0 22.5 .0126 45.1 54.9
15.4 22.5 .0090 40.9 59.1
14.1 23.0 .0064 37.7 62.3
12.3 23.0 . .0046 32.9 67.1
11.1 22.5 .0033 29.5 70.5

7.2 23.0 .0014 19.4 80.6

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES
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CLASSFICATION
SANDY GRAVELLY CLAY (CL), BROWN
: BORING NO. 34 SAMPLE NO. 1415
DEPTH/ELEV  30-60" DATE 17 MAR 95
GRADATION CURVE I LABORATORY USAE WES — STF/GL ‘




SIEVE ANALYSIS

ZROJECT: CRANE, ABG SOILS, PART 2

BORING: 34

LL:

DEPTH: 30-60"

31 PL: 19 PI:
CLASSIFICATION: 108
SANDY GRAVELLY CIAY (CL), BROWN

12

TOTAL WEIGHT OF SAMPLE:

PARTIAL WEIGHT AFTER SPLIT:

WEIGHTS SIEVE SIZE OPENING

gm. or NUMBER
.0 1.5 in
79.2 1 in
23.4 3/4 in
8.3 1/2 in
13.8 3/8 in
18.3 No 3
11.1 No 4
13.7 No 6
17.1 No 10
2.3 No 16
3.3 No 20
4.2 No 30
4.8 No 40
5.4 No S0
6.6 No 70
8.4 No 100
10.8 . No 140
12.3 No 200
HYDROMETER:
RDGS TEMP
21.4 22.5
20.3 22.5
18.0 22.5
12.1 - 22.5
9.4 22.5
8.0 23.0
6.7 23.0 .
5.3 22.5
3.5 23.0

Appendix C

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES
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Physical Analyses of Soils
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SAMPLE: 1415 DF: MD1495
DATE: 17 MAR 95
GS: 2.69 est  WC: .00
577.2 gms.
52.3 gms.

PERCENT PERCENT

mm FINER COARSER
37.500 100.0 -0
25.000 86.3 13.7
19.100 82.2 17.8
12.500 80.8 19.2
9.500 78.4 21.6
6.350 75.2 24.8
4.750 73.3 26.7
3.350 70.9 29.1
2.000 68.0 32.0
1.180 65.0 35.0
.850 63.7 36.3
.600 62.5 37.5
.425 61.7 38.3
.300 60.9 39.1
.212 59.4 40.6
.150 57.0 43.0
.106 53.9 46.1
.075 52.0 48.0
. 0466 44.3 55.7
.0333 42.0 58.0
.0241 37.2 62.8
.0132 25.0 75.0
.0096 19.4 80.6
.0068 16.8 83.2
.0048 14.1 85.9
.003s 11.0 89.0
.0014 7.4 92.6

.
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9€d

S[10S 40 sasAjeuy |edIsAyd O xipuaddy

US. STANDARD SIEVE OPENING N INCHES ’ U.S. STANDARD SIEVE NUMBERS

' i + s HYDROMETER
100 6 43 21 1% 7 5 34 6810 1620 30 40 50 70 100 140 200
‘ | T P T[T T T T 0
20 \ 10
80 20
‘ \
" \\ 30
[y
& 60 40 g
= 5
>
@ 50 1y 50 E
@ .
] N
é \
& 40 A\ 60 8
I} \ E
5 N
a 30 \\ 70 §
20 \ ’ .
80 1.
IS |
0 i 0
1 9
.‘_‘.k"O\ .
e
0 [ J100
500 100 50 10 1 05 01 005 001 0.005 0.001
CGRAIN SIZE IN MILLIMETERS .
GRAVEL SAND
COBBLES OOARSE } FNE COARSE | MEOIUM | FINE SILT or CLAY
LL PL Pl GS NAT W,% ORG, %
29 17 12 268 >1 | Provect.  crane, ABG sois, parT 2
CLASSFICATION
SANDY CLAYEY GRAVEL {GP—-GC), BROWN
BORING NO. 35 SAMPLE NO. 1420
. DEPTH/ELEV  30-50" DATE 17 MAR 95
GRADATION CURVE I LABORATORY USAE WES - STF/GL : .




SIEVE ANALYSIS

fROJECT: CRANE, ABG SOILS, PART 2

BORING: 35 SAMPLE: 1420 DF: MD1495
DEPTH: 30-50"% DATE: 17 MAR 95
LL: 29 PL: 17 PI: 12 GS: 2.69 est WC: .00
CLASSIFICATION: 108
SANDY CLAYEY GRAVEL (GP-GC), BROWN
TOTAL WEIGHT OF SAMPLE: 1285.2 gms.
PARTIAL WEIGHT AFTER SPLIT: 52.4 gms.
WEIGHTS SIEVE SIZE OPENING PERCENT PERCENT
gm. or NUMBER mm FINER COARSER
.0 1.5 in 37.500 100.0 .0
18.7 1 in 25.000 98.5 1.5
198.7 3/4 in 19.100 83.1 16.9
193.1 1/2 in 12.500 68.1 31.9
113.8 3/8 in 9.500 59.2 40.8
140.3 No 3 6.350 48.3 51.7
82.0 No 4 4.750 41.9 58.1
70.5 No 6 3.350 36.4 63.6
108.3 No 10 2.000 28.0 72.0
9.5 No 16 1.180 22.9 77.1
13.3 No 20 .850 20.9 79.1
15.9 No 30 .600 19.5 80.5
18.1 No 40 .425 18.3 81.7
19.7 No 50 .300 17.5 82.5
22.2 No 70 .212 16.1 83.9
25.2 No 100 .150 14.5 85.5
29.3 No 140 .106 12.3 87.7
32.0 No 200 .075 10.9 89.1
HYDROMETER:
RDGS TEMP
10.5 22.0 .0518 8.8 91.2
9.9 22.0 .0368 8.3 91.7
8.9 22.0 .0263 7.5 92.5
7.1 22.0 .0138 6.0 94.0
6.3 22.0 .0098 5.3 94.7
5.2 22.5 .0070 4.4 95.6
5.0 22.5 .0050 4.3 95.7
4.5 23.0 .0035 3.9 96.1
2.9 23.0 .0014 2.6 97.4
PERCENT GRAVEL = 58.1
PERCENT SAND = 31.0
PERCENT FINES = 10.9
D60 = 9.77
D30 = 2.32
D10 = .06 )
CU =175.46
cC = 9.90

Appendix C Physical Analyses of Soils
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SI10S 0 sasAjeuy [edisAyg D xipuaddy

US. STANDARD SIEVE OPENING N INCHES US. STANDARD SIEVE NUMEERS HYDROMETER
'10\ 6 43 213 13 33 34 6810 1620 30 40 50 70 100 140 200
0 T T 7T T I T T T T T 0
90 \ 10
. \ e~ 1 | |
80 R 20
\\‘
N
70 %
[
5 60 40 §
w =
= &
&
50 50
i N B
Y %
- 8
g ;
& 30 N 70 i
. /
20 80
|
3NN |
T
10 90
0 , 100
500 100 50 10 1 05 01 005 001 0.005 0.001
: CRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES oRE | PNE CORRSE | VEDUN T FINE SILT or CLAY
m PL PI GS NAT W,% ORG.A
32 22 10 269 32 | PROVECT  CRANE, ABG SOLLS, PART 2
CLASSFICATION :
GRAVELLY SILTY CLAY (CL), BROWN; WITH SAND
BORING NO. 38 . SAMPLE NO. 1335
DEPTH/ELEV 30-48" DATE 17 MAR 95
GRADATION CURVE I LABORATORY USAE WES — STF / GL )




SIEVE ANALYSIS

PROJECT: CRANE, ABG SOILS, PART 2

BORING: 38
DEPTH: 30-4

LL: 32 PL: 22
CLASSIFICATION:

8"

PI:
108

10

SAMPLE:
DATE:

1335
17 MAR 95

GS: 2.69 est

- DF: MD1495R .DAT

.00

GRAVELLY SILTY CLAY (CL), BROWN; WITH SAND

-:TOTAL WEIGHT OF SAMPLE:

PARTIAL WEIGHT AFTER SPLIT:

WEIGHTS SIEVE SIZE OPENING

gm. or NUMBER
.0 2 in
79.9 1.5 in
.0 1 in
.0 3/4 in
2.3 1/2 in
.6 3/8 in
3.6 No 3
2.2 No 4
1.6 No 6
3.4 No 10
.5 No 16
.7 No 20
.9 No 30
1.1 No 40
1.2 No 50
1.6 No 70
2.4 No 100
4.0 No 140
6.0 No 200
HYDROMETER:
RDGS TEMP
25.1 22.0
22.0 22.0
20.0 22.0
13.7 22.0
10.9 22.0
8.7 22.5
7.2 22.5
6.1 23.0
4.1 23.0

PERCENT GRAVEL
PERCENT SAND

PERCENT FI

Appendix C Physical Analyses of Soils

mna

~

NES

[

O 0
~ o ;

477.7 gms.
55.4 gms.
PERCENT

mm FINER
50.000 100.0
37.500 83.3
25.000 83.3
19.100 83.3
12.500 82.8
9.500 82.7
6.350 81.9
4.750 81.5
3.350 81.1
2.000 80.4
1.180 79.7
.850 79.4
.600 79.1
.425 78.8
.300 78.7
.212 78.1
.150 - 76.9
.106 74.6
.075 71.7
.0447 57.8
.0327 50.6
.0237 46.0
.0130 31.4
.0094 24.9
.0068 20.1
.0049 16.6
.0034 14.3
.0014 9.7

PERCENT

COARSER
.0
16.7
16.7
16.7
17.2
17.3
18.1
18.5
18.9
19.6

20.3
20.6
20.9
21.2
21.3
21.9
23.1
25.4
28.3

42.2
49.4
54.0
68.6
75.1
79.9
83.4
85.7
90.3

EDE

C39




Appendix D
Chain of Custody Forms

Appendix'D Chain of Custody Forms

D1




cda

swiog Apoisng jo utey) @ xipuaddy

w_“ UOME YWAICHYYAI O Ay I-Illl.vlhlvl TR TER RS
ol ) CHAIN OF CUS™ DY RECORD
PROJECT NAME -
ABG- Crone  SWMU R oD /lo 0
4
SAMPLERS: (Signature) _ . | 5z o [«
' \’\"\A-I/ o 2 AN -~ £
AR gE YA REMARKS
: . 4 s = {J ALl iy 2
! o </ VX .
DATE TIME SAMPLE 1D CNATTA 5
21023 1 VM5 |oB/le — 271 —a23-) | & [v[v[V ]2
£.19-13 | 4% oA fly = Ho —an- || ® Ly (]2 chemieal onalns’s «} Soi
£.10.13 \Soo e WA 4 —ga -y | w [ W R Sawp\%, O\C-':mc)\n'W-d o
£.10 13 | 1530 QB fle o U6 -3 -1 ST 1) [} 19 ABG .- P9 RET Phase L
N 95 A 30 08 fle = EH -a3-| | 5 12 Sals . Wk, Plow
& 11D lo-ve Loy 1s Ja =93-3 [ S vyl 12 '
L LA B lodS” o/ = 7] —93-1 |5 iy iy |2
B:W . 47 10 AS lomylo = €4 —=943-) | 5 J|[V]\]2 :
@—va3 Feitr—Blomhe At - A R¥ | No Tap Blowk -
t . «
- Ll {
L
bHo |&|®| ®IC
Relinquished by: (Signature) Date /Time Recelved by: (Signature) Relinquished by: {Slgnature) Date /Time Recelved by: (Signature)
. . o .
'\P\Y‘\fiﬁ__/ LALA3 ‘200
Relinquished by: (Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signature) Date /Time Recelved by: (Signature)
Relinquished by: (Signature) Date /Time Received by: (Signature) Date /Time Remarks
WES o 2196 PREVIOUS EDITIONS OBSOLETE

R Nov &9




swio4 Apoisnd jo uieyd Qg xipuaddy

€a

WAl YWVAITLIIYYAITY LAl LIVIRISE Wiy

Cofley # - CHAIN OF CUS DY RECORD
PROJECT NAME
L ARG -Ciane sWwMud-o3/)o "
© ¢
(2
SAMPLERS: (Signature) ., . on . 58 N
‘-\‘\\A\ix/—/ - o-g (58 4(?% \31\ k? REMARKS
. =2 8 é‘ \0} ;Q \0
DATE TIME _ SAMPLE 1D \YAVIVAS
T W3 \S\S |o3/jg — €D —A3-1\ = vy V[
2. W-AD | V\TAT loB)lo — 68 — AS-)\ N R
N 12 6 \S 03/lo — 594 —A3-1 STty (9o
2 N4 WGAS {03 /1o — 853 —43-) s byl bt
9.12:13 445 oA/l =54 —93=-1] S 11111112
'g.V\243) Vo WG loB/le — €V —943=V] 57 [V 111 1{2
RA\L-13 qns lo3/le —Dupl —An-\1 5" 1) 1\ [} 12
—oTite Y e e e e
|U 7
N - \
T 1 7
Relinquished by: (Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signature) Date /Time Recelved by: (Signature)
A= |23 | WS
Relinquished by: (Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signature) Date /Time Recelved by: (Slgnature)
Relinquished by: (Signature) Date /Time Recelved by: (Signature) Date /Time Remarks
WES Form 2196 PREVIOUS EDITIONS OBSOLETE

R Nov %



swiod Apoisn) jo uieyy @ xipuaddy

va

UDAE YWAIERYWATD CAFENMIMEIN) Qi

Colvov RS CHAIN OF CUS™ DY RECORD
PROJECT NAME~ C
ABG -Crane. SWMY ko3 /\o P 27
SAMPLERS: (Signature) . \q0" 6% YA/
. '\N\\:\/ O'E l‘j L(?u) Ry REMARKS
L 2 o/ &
DATE TIME SAMPLE 1D © < T/l AO
%423 VD36 |oB/lo — S5C-3 - | s Wiyl ) , e
2 A2 \2AST |am/yy - Se 931 | s |\ [\ [\ |2 Ao/l M
Ro1Z A% VH NS |oR )10 = 7 92| =N A A /V. . IPF'C’
F-A2 D \/y Do | 93/10 = F) —9473~| 9 vy it \ o @SJWV
8163 &.45 |o3/10- S5 -3~ | & |41 1]o \ Ge~ e
Re1¢.43] 900 lo3fto = go-az-1 ] & [\ [ {1]g \ @ ° '
21013 A3 fem/ia= 47931 [ 5 IO [ 1)
8-\6-‘\3 o ) I WAV 'DLQ)'Z.—O‘3-| S 11 \ 112 3M!—>\fu’\f€. Sﬂw!ﬂ& ‘:m Q.

R |' S
Resomfifle all doeoltons .
joswrce. of ome, Jom \ufe,
oyl ot :ﬁ(m A Leale |
Ect. wny wesfued e ed Wi
Yo & love . AL
See G B\E %

Relinquished by: .(Slgnature) Date /Time Recelved by: (Slgnature) Relinquished by: (Signaturs) Date /Time Recelved by: (Signature)
N\ QKD -1c3 W30

Relinquished by: (Signature) Date /Time | Recelved by: (Slgnature) | Relinquished by: (Signature) Date /Time Recelved by: (Signature)

Relinquished by: (Signature) Date /Time Recelved by: (Signature) Date /Time Remerks
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WES 2196
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-
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o w V) _ USAE WATERWAYS EXPERIMENT STATION

\ 1 ‘
el CHAIN OF CU' )DY RECORD
PROJECT NAME i
- ABG-Crome SWMUK 03/jo | "
' @
SAMPLERS: (Signeture) <\  .\AOA_ - - ¢ [ /&
- Nk o'§ o 5"’ & @‘” 3 REMARKS
i 2 YA
8 /Y /RS [
DATE . TIME SAMPLE ID ° | JRSENG /X /)
8.16.93 \A\S” 03 [lo - A9 -3 -\ }=) VIV V]2 b
81643 V330 | o3 /lo — A4 -Ad-\ | S Iy VvV L
B-16.43 \2\5 [03/j0o— Dup3-a3-y [ Vo [2]2(214 Iuplicale Jor S A]QC
< -\1-4943 430 03/lo — T8 —A3—| 5 jVv Vv
20142 ANT [eB/lo = T2 -43-\ F [\[\][1]2 e
2 \1.93 \o\S |03/l - H4A —-43-1] 5 11\ [\ |2 k
g11.43]| \e3o |od/le = As-A3-V| 5 V[V {2 s
_BV]3 : Tm\‘;« B\aﬁ\k -1 2. -|-i{-1-12 !
|U . -.?\\“\ “ \‘ . .
IS ‘ TN ™, ' N |l o
Relinquished by: (Signature) Date /Time Received by: (Signature) Relinquished by: {Signature) D.ate /Time Recelved by: (Signature)
N\ 21793 [In30 1 '
Relinquished by: (Signature) Date /Time Received by: (Signature) Relinquished by: (Signature) | Date /Time Recelved by: {Signature)
Relinquished by: {Signature) Date /Time Recelved by: (Slgnature) Date /Time Remarks
WES For 096 PREVIOUS EDITIONS OBSOLETE
A Nov 80
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i
i
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ABG-Crane SWMU F 03 /10

SAMPLERS: (Signature) “-g J & 5
H R QLA oZ - g
N SE G o ;: () REMARKS
'~ 0
DATE TIME SAMPLE ID L/d/ =
£.17-43 1% 20 oRflo = AB-A3-| | & [\f1]} |9
2:17.13 \345 o3/l = 44 -3-\ 1 |41y [y 19
811713 {40 0A/lag — G5 -4~ | o T bR
gALAd | VWS Jom/lp — G2-93-4 | S [y} 1)1
21713 | 1430 03/l = 7 =A3-115 111412
5:.18-713 BUS™ loB /1o — € —AB=\ | S |V [y ) |9
218 13 i Blank -2 2 d-l-|-]-]2
o
a H—

Relinquished by: {Slgnature) Date /Time Recslved by: (Signature) Relinquished by: (Signature) Date /Time Recelved by: (Slgnature)
o= 2843 [F45

Relinquished by: (Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signature) Date /Time Received by: (Signature)

Relinquished by: (Signature) Date /Time Recalved by: (Signature) Date /Time Remarks

wes "™ 2196

A Nov &0
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| 7.22-93 (645 | o3/o-2-F5- 2 g b f=
$.22-93 /780 63/,0 -2/-63 -3 S i =
B8-22-53 | /50P | 03/s0 —2¢ -§3-/ S [ =
B -22-93 1345 03/10 - 34~93-1 5 [l 1]z
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS
3905 HALLS FERRY ROAD
VICKSBURG. MISSISSIPPY 301680-6199

CEWES-EE-C 24 May 1995

MEMORANDUM FOR US ARMY ENGINEER DISTRICT, WILMINGTON, 69
DARLINGTON AVENUE, WILMINGTON, NC 28403 (ATTN: MR. KIDWAI)

SUBJECT: Data validation for samples colleéted 10 August 1993 -
25 August 1993 - Crane ABG SWMU #3/10 .

1. Completeness check

a. All samples and analyses were processed except for one
set of samples that was received late due to missed
Federal Express delivery. At the instructions of Mr.
Steve Norstead, these samples were not analyzed and a
second set was collected.

b. Data reported included copies of all chain-of-custody
records received from the field. QC results for
blanks, spikes, duplicates and standard reference
materials were included in the data report.

c. Procedures specified in the project planning docunment
were followed for all analyses with the exception of
tin that was analyzed by plasma emission spectrometer.

d A review of the raw data sheets shows that all
: calibrations were performed in accordance with SW-846
procedures.

2. All data were reported at or below project required
detection limits.

3. Data were evaluated with respect to control limits for
duplicates, spikes, blanks and surrogates. The
following problems were noted and corrective actions
taken where appropriate.

a. Duplicate results for a few of the metals samples had
RPDs greater than desirable, however all other QC data were
in control. No corrective action was regquired.

b. Volatile organic analysis had low levels of methylene
chloride and acetone in both samples and lab blanks. These
. concentrations were below levels requiring corrective
action. Acetone levels were above the high end of the
calibration range for sample # 37072; this was attributed to
the acetone/hexane mix being used by the drill crew to rinse
-the equipment (value was flagged with an "E%), Sample #
37234 showed cis-1,2-dichloroethene at levels above the
calibration range. A smaller cne-gram aliquot was analyzed

HYDRAULICS GEOTECHNICAL STRUCTURES ENVIRONMENTAL COASTAL ENGINEERING INFORMATION
LABORATORY LABORATORY LABORATOAY LABORATORY RESEARCH CENTER TECHNOLOGY (AGORATORY
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with a value still above the calibration range. An attempt
to extract with methanol was not very successful due to the
poor quality of HPLC grade methanol. This data was flagged
with an “"E". )

4. All samples were analyzed withih acceptable holding times.

5. Data for QA samples were withiﬂ_acceptable limits.

; o m———e
B.  STRONG 0\7

Chief, Environmental Chemistry Branch
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