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Preface

A Resource Conservation and Recovery Act Facility Investigation Phase II
Soils Study was conducted at the McComish Gorge Site, Naval Surface War-
fare Center Crane (NSWCC), Indiana, by personnel of the Geotechnical Labo-
ratory (GL), U.S. Army Engineer Waterways Experiment Station (WES), and
Wilmington District (CESAW). The field work was done in October and
November 1990; the analytical work in October 1990 and March 1991; the
data reduction and draft report writing between March and August 1991; and
final revisions in June and July 1998.

The primary author of this report was Mr. John Stephen Nohrstedt. Con-
tributing authors were Messrs. Robert W. Magee and Eric M. Farr, CESAW,
and Mr. Paul Albertson and Dr. James H. May, GL, WES. Also contributing
to the final report were Mses. Benita Abraham and Evelyn Villanueva, and
Mr. Bennie Washington, GL, WES. Mr. Jeffry Ciocco provided oversight for
Naval Facilities Engineering Command, and Mr. James Hunsicker, Manager,
Environmental Protection Department NSWCC and Mr. Tom Brent, Project
Manager, managed the project. Mr. William Murphy was Principal Investi-
gator and Dr. James May was Program Manager for WES.

At the time the field work and draft report were completed, metric units
were not used. A conversion factors table for English and metric units is
included. f

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

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

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.
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Executive Summary

The Naval Surface Warfare Center Crane (NSWCC), Indiana, is a naval
facility located in southwestern Indiana. Its mission is to provide material,
technical, and logistic support to the Navy. One of its primary and most pro-
minent tasks is to serve as an inland ammunition production, storage and dis-
posal center.

In 1989 NWSCC was given a Final Resource Conservation and Recovery
Act (RCRA) Storage Permit. The permit contained Corrective Action Require-
ments (CAR). These requirements are being fulfilled through the Navy’s
Installation Restoration Program (IRP). The IRP conforms to the scope and
purpose of the National Oil and Hazardous Substances Pollution Contingency
Plan, March 1980. The requirements included the need for RCRA Facilities
Investigations (RFT) at its hazardous waste disposal units. These units are
called Solid Waste Management Units (SWMU). RFI have three phases,
Phase I Environmental Monitoring Report, Phase II Release Assessment and
Phase III Release Characterization Study. An RFI Phase II, soils investigation
was performed at the McComish Gorge (MG) dump site by U.S. Army Corps
of Engineers (USACE) personnel. This study is built from three work ele-
ments. The field work was done in October and November 1990; the analyti-
cal work between October 1990 and March 1991; the data reduction and draft
report writing between March and August 1991; and report revised in June
1998.

The MG dump site was used for an unknown period of time between 1942
and 1972. Records of its use are indefinite. Undefined amounts and types of
garbage and trash were buried at the site. This rubbish could include wood,
paper, construction material, plaster filled warheads, metal shavings, and
industrial wastes. Reportedly small arms ammunition was buried here. Today
the site is not used and it has revegetated.

The objectives of this study were to (a) describe the soil conditions around
the site, and (b) to identify and characterize the operation residuals. To accom-
plish those goals, 11 auger borings were drilled in 1990. Soil samples were
collected at discrete intervals. The physical character of the soils were
described. Soils were classified according to the Unified Soil Classification
System (USCS). Particle size gradation and natural water content were deter-
mined. To determine the chemical character of the soils and to test for the
presence of chemical waste residues, soil samples were taken at defined



intervals from the borings. The soil samples were analyzed for the presence of
volatile and semivolatile organic compounds; pesticides, herbicides, and PCBs;
and inorganic compounds. All analytical methods used were Environmental
Protection Agency (EPA) SW-846, with the exception of explosive analysis
and total phosphorous analysis. Standard U.S. Army analytical methods were
used to determine explosive and total phosphorous concentrations in the soils.
Soil samples taken from borings located away from the operational areas were
used to establish background conditions. The Quality Control (QC) level
selected for this study was a NEESA Level “C.”

The site hydrogeologic setting was investigated. Soil descriptions were
drawn from 11 auger borings drilled in 1990, 6 groundwater monitoring wells
drilled in 1981 and 1 replacement well in 1986, field observations, and physi-
cal soil test data. Differences between soil and unconsolidated earth materials
of Tertiary Age were not determined. All unconsolidated earth materials were
considered soils. Soils across the site ranged from O to over 60 ft in thickness.
Soil types included clays (CL), silts (ML and MH), and sands (SC, SM, and
SP). A unit of modified soil, soils containing plastic, rubber, metal and wood
wastes, was found in Borings 1, 2, 5, 6, 7, 8, 9, and 10. A linear, sandy zone
of soil was interpreted to represent a paleostream channel deposit. Tests to
measure permeabilities of the soil material were run on silty sand soil samples
from MG. Permeabilities on the order of 4 X 10 cm/sec were measured.
The permeabilities of the sandy zones within the described channel were not
tested. It is reasonable to presume that intervals within the paleochannel may
display permeabilities three to five orders of magnitude greater then those pre-
viously measured. In all of the 1990 borings, groundwater was encountered at
shallow depths (3-10 ft below the ground surface). Available evidence indi-
cates that groundwater moves by downward vertical infiltration through the
clays and silts of the site very slowly. When rock is encountered, groundwater
moves laterally along the soil/rock interface until it reaches fractured rock and
enters the rock aquifer system. In the paleochannel sand rich zones, ground-
water would preferentially move laterally through the sand body. Determining
the presence and orientation of this sand body is important to the understanding
the MG hydrogeologic environment.

The chemical character of the soils was determined using field monitored
parameters and laboratory analysis. All HNU readings, taken in the field and
used to detect volatile organics emanating from the soil boring holes, were
zero. Although the area was presumed to be contaminant free, the background
area was affected by the dumping operations at the site. -For statistical compar-
ative purposes, the background data derived from the Old Burn Pit (SWMU
No. 05/03) area was used as background data at this site. Analysis of inor-
ganic compounds indicated that releases of arsenic, beryllium, chromium, cop-
per, and iron may have occurred. The only volatile organic compounds
detected in the soil samples were determined to be laboratory contaminants.
The semivolatile organic compounds 2,4-dinitrotoluene, 2,6-dinitrotoluene,
n-nitrosodiphenylamine, and di-n-octylphthalate were detected in soils from the
MG. They may represent a release of semivolatile organic compounds. With
the exception of concentrations of 2,4,-dinitrotoluene in soils from Boring 1A,
all other semivolatile organic compounds were found in “J” level concentra-
tions. Explosive compounds 2,4-DNT and 2,6-DNT were detected in



Boring 1A. Some pesticides and herbicides were found in all soils, but were
found in “J” level concentrations. Diazinon was the only pesticide found in the
soil samples but not detected in the blank or rifise samples. The only herbicide
found in the soil samples but not detected in the blank or rinse samples was
2,4-D. No PCBs were detected in any of the MG soils. MG is not considered
to be contaminated with any of the following groups of compounds: volatile
organics, pesticides, herbicides, or PCBs. A release of inorganic, semivolatile
organic, and explosive wastes to the soils of the MG area is likely to have
occurred.

Based upon the results of this study, a Phase III soils study is recommended
for the following reasons:

a. Site specific background data are needed to determine the natural vari-
ability of the MG soils.

b. The boundaries of the MG site should be determined. Additional bor-
ings will be required to accurately delineate the area and depth of actual
contamination.

¢. Contamination detected in soil boring 04/02-1A-90 and 04/02-02-90
should be delimited.

Xi



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:

l Muktiply By To Obtain I‘
square meters

l acres 4,046.873
" feet . 0.3048 meters
feet per mile 0.1893935 meters per kilometer
inches 2.54 centimeters it

II miles (U.S. statute) 1.609347 kilometers . H




Chapter 1

1 Introduction

Background

Naval Surface Warfare Center, Crane (NSWCC) is a naval facility located
in southwestern Indiana. It is located 40 miles southwest of Bloomington, IN
and 74 miles south of Indianapolis, IN. The location of NSWCC is shown in
Figure 1. The facility covers approximately 62,463 acres in Davies, Greene,
and Martin Counties. It is located in a rural, sparsely populated area. The
acreage surrounding the base is either wooded or farmed land. The majority of
NSWCC is covered by forest. Its surface topography is that of a rugged
dissected plateau cut by well-defined stream valleys. The surface elevations
range from 470 ft in the valleys to 800 ft on the ridges.

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. In 1975, the
name was changed to Naval Weapons Support Center, Crane and in 1992, the
name was changed again to Naval Surface Warfare Center, Crane. Today the
Naval Surface Warfare Center Crane (NSWCC) mission is to “Provide quality
and responsive engineering, technical and materiel support to the Fleet for
combat subsystems, equipment and components, Microelectronic Technology,
Microwave Components, Electronic Warfare, Acoustic Sensors Tests, Engi-
neering, Pyrotechnics, Small Arms, Electronic Module Test and Systems Com-
mand.” 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 production; and the storage, shipment, demilitarization, and disposal of
conventional 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.

Introduction
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In 1989, the Navy was granted a Final RCRA Storage Permit for its hazard-
ous waste storage facility. As part of the conditions set forth in the Final Per-
mit, NSWCC was to conduct RCRA Facility Investigations (RFI) at 30 Solid
Waste Management Units (SWMU). The McComish Gorge is considered to be
a past operational SWMU (Figure 1). Surface and shallow subsurface soil
investigations are part of that RFI process. The U.S. Army Corps of Engi-
neers’ Waterways Experiment Station (USACEWES) conducted the study.

The field work was done in October 1990, analytical work was done between
October 1990 and January 1991, and the data reduction and report writing was
done between December 1990 and August 1991.

Site Setting

The MG dump site was used for an unknown period of time between 1942
and 1972. Records of its use are indefinite. Undefined amounts and types of
garbage and trash were buried at the site. This rubbish could include wood,
paper, construction material, plaster filled warheads, metal shavings, and
industrial wastes. Reportedly small arms ammunition was buried here. Today
the site is not used and the site has revegetated (Figure 2).

The MG Site occupies approximately 5 acres. MG is located in the north-
east one-fourth of Section 7, TSN, R4W (Figure 1). The disposal site is seen
in Figure 3. The area is approximately 500 ft south of the Crane Gate, Gate
No. 4.

Project Objective

RFI Phase II studies are release assessment studies. Their purpose is to
determine if a chemical release has occurred and to characterize the host
medium. This study examined soil samples in two ways. The physical attri-
butes of the soil were characterized and the chemical contaminants in the soil
were identified.

The goals of this project were to quickly determine if any lasting effects of
the releases could be detected and to investigate the physical properties exhib-
ited by the surface and subsurface earth materials. This objective was reached
by concentrating the soil sample collection at probable sites of surface and sub-
surface contamination. Those samples were tested for the presence of contam-
ination. Conclusions concerning the presence or absence of contamination, the
risk posed by those contaminants and the possible future steps to be taken are
included.

The compound names and abbreviations are given in Appendix A, Boring
Logs in Appendix B, Physical Data in Appendix C, Chain of Custody and

Introduction
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Validation Report in Appendix D, and Monitoring Wells Sampling Results in
Appendix E.
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2 Previous Investigations

An Initial Assessment Study (IAS) was performed at NSWC, Crane, IN
during 27 April to 1 May 1981. The purpose of the IAS was to identify and
assess sites posing a potential threat to human health or the environment due to
contamination from past hazardous materials operations. The on-site survey
was performed by a team of specialists from Naval Energy and Environmental
Support Activity (NEESA), Ordnance Environmental Support Office (OESO),
and the U.S. Army Corps of Engineers (USACE). The team evaluated infor-
mation from historical records, aerial photographs, field inspections, and per-
sonnel interviews.

During the investigative interviews it was reported that ordnance and
nonordnance wastes were placed in MG. Specific quantities and types of
wastes were not verifiable. If hazardous wastes were disposed of at MG, then
the potential for ground water contamination could exist.

Based upon the findings and conclusions of the IAS the team recommended
a Confirmation Study to confirm or deny the presence of contaminants at the
MG Site. A list of compounds and abbreviations are listed in Appendix A.

USACE Waterways Experiment Station (WES) conducted a groundwater
and soils investigation at the MG Site during the latter part of 1981. Six moni-
toring wells were located along the perimeter of the disposal site (Figure 4).

The study initiated by USACEWES in 1981 indicated the following:

a. The MG is located on unconsolidated lacustrine deposits which primarily
consist of interbedded deposits of sand, silt and clay. The boring logs
are presented in Appendix B.

b. The groundwater contour map indicated that the ground water gradient
was eastward, toward Culpepper Branch (Figure 5).

¢. The depth to the ground water table ranged from approximately 15 ft

near the western margin of the site, to less than 5 ft near Culpepper
Branch.

Chapter 2 Previous Investigations
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10

d. Analysis of groundwater samples indicated metal contamination. The
most significant groundwater contaminants were mercury and chromium.
(WES 4-1-81 had 0.077 ppm mercury and WES 4-5-81 had 0.1 ppm
chromium.) A comparison of the groundwater samples to primary
drinking water standards indicated elevated concentrations for cadmium,
chromium, fluoride, iron, manganese, mercury, sodium, and sulfate.
Groundwater data from December 1981 to January 1985 are presented in
Appendix E.

e. It was not possible to determine the extent of groundwater contamination
because there were no monitoring wells downgradient of well WES 4-5-
81 (one of the wells that showed contamination).

Chapter 2 Previous Investigations



3 Procedures

Approach

The intent of a Phase II study is to evaluate the presence or absence of a
release and to characterize the hazardous waste and its constituents. Chemical
analysis was done using SW-846 analytical methods. The soil was physically
characterized using USACE’s geotechnical procedures. This release assess-
ment was accomplished by judiciously selecting sample locations, selecting the
appropriate analytes and using proper analytical methods. The study effort
focused on verifying the presence of contaminants in the soil column. In order
to determine background conditions for inorganic compounds which may be
natural constituents of earth materials, surface soil samples were taken in an
area of the site removed from the disposal activities.

Soil samples were taken in each boring and used to determine the physical
characteristics of the soil. When more than one soil horizon was detected,
each soil horizon was sampled.

Stratified samples were taken from vertical soil borings. Eleven borings
were drilled using a truck-mounted drilling rig. The boring locations are
shown on Figure 6. Those soil samples were used to identify contaminant
levels and soil characteristics. For testing of the physical properties of the
soils, at least one disturbed soil sample per boring was collected. Soil samples
for chemical analysis were taken from the 6 in. to 12 in. interval and from the
last 12 in. above the ground water table. Actual sample depths and their sam-
ple identification are shown on Figure 7. Sample identification numbers con-
sist of SWMU number, boring number, year sample was taken and sample
number. The boring locations were determined from the existing monitoring
wells by field personnel. The well and boring coordinates were converted
from known latitude and longitude to Indiana State grid coordinates.

Field Methods

Soil borings were placed using a Failing 1500 drilling rig equipped with a
hollow stem auger. Samples were taken at specified depths. All sample depths
were above the ground-water table and the top of rock. A Shelby tube sampler

Chapter 3 Procedures
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Depth of Soil Samples

o Sample Depth (ft below surface)

1 1A 2 3 4 5 6 7 8 L] 1C
Boring Number
McComish Gorge (SWMU# 04/02) - NSWC Crane, Indiana
Dates Samples Collected
Boring 1 23 OCT 90 Boring 4 06 NOV 90 Boring 8 01 NOV 90
Boring 1A 25 OCT 90 Boring 5 25 OCT 90 Boring 9 30 OCT 90
Boring 2 23 OCT 90 Boring 6 30 OCT 90 Boring 10 01 NOV S0
Boring 3 25 OCT 90 Boring 7 02 NOV SO

Figure 7. McComish Gorge - depth of soil samples and dates of collection.
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was advanced through a hollow stem auger, pressed to its full length, and then
extracted. At the surface the soil was extracted from the sampler, peeled, and
bottled in the shortest time possible. Peeling is the process that removes and
discards the portion of the sample which is in direct contact with the sampler.
Ends of the sample were not used. Samples were analyzed for the presence of
inorganics (SW-846 Methods 6010, 7471, 7060 and 7740) and organics
(SW-846 Methods 8240 and 8270). Samples for volatile analysis were taken,
bottled, and capped within 15 sec from the time the sampler was opened. All
other samples were extruded into wide-mouth glass jars or other containers
with minimal disturbance of the sample.

Soil samples were collected and placed into sterilized (ICHEM) sample jars,
bottles, and vials. Two 8-0z soil samples were collected for inorganics, explo-
sives, pesticides, herbicides, PCBs, and semivolatile compound testing. Two
40-mL samples were taken for volatile organic compound analysis. The sam-
ple jars or bottles were then sealed. The sealed containers were placed in
locked ice chests (coolers) for storage at a temperature of 4° Celsius. Chemi-
cal preservatives were not used. The coolers containing the samples with their
accompanying Chain of Custody forms were transported to the analytical lab
for analysis (Appendix D). Transport was by an overnight, air freight carrier
service. A seal was placed on each cooler to ensure that the samples had not
been disturbed during transport to the laboratory.

Following sample collection, the hole was backfilled using a cement bento-
nite grout. Cuttings, not removed from the hole for sampling, were contained
in drums. The drums were identified and left on the site. The identification
included information describing the contents of the drum and the boring from
which the cuttings were taken. NSWCC took custody of the drums and is
responsible for the disposal of their contents.

Chemical Testing

Analyte selection is based on the probability of a contaminant occurring at
the site. Rubbish, solid wastes, and possibly liquid wastes were buried.
Explosive wastes were reportedly also buried. The principal contaminants
could be organics and metal wastes. Groundwater monitoring has been per-
formed at the site and the detected contaminants were metals and organics.
The groundwater testing results from December 1981 to January 1985 for MG
wells are listed in the Hazardous Materials Technical Center (HMTC) Report
(1985). For this investigation, each soil boring had two sets of samples
planned. These sample sets consisted of one shallow subsurface sample and
one sample from an evident or suspected contaminated zone. When no con-
taminated zone was found, then the sampled horizon was the first horizon
which met one of the following conditions: (a) the base of the disturbed soil
zones, (b) the top of the groundwater table or (c) the top of bedrock. Soil
samples were taken to determine contaminants found in the soil. A full list of
analytical test parameters is shown in Table 1 and the method of analysis for
each analyte is shown in Tables 2 and 3. The list of analytical test parameters
shown in Table 1 was selected on the basis of the probability of the parameters
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List of Parameters

| Explosives | Inorganics Organics
HMX Aluminum Lead Volatiles

" TNT Antimony Magnesium 8270 Semivol
RDX Arsenic Manganese Organochioride
135 TNB Barium Mercury Pesticides & PCB
13 DNB Beryllium Nickel Organophos
246 TNT Cadmium Phosphorus Pesticides
24 DNT Calcium Selenium Chlorinated
26 DNT Chromium Silver Herbicides
NB Cobalt Sodium
2NT Copper Thallium
3NT lron Tin
4 NT Zinc
TETRYL .

occurring at the site. The 8240 and 8270 organics were selected because of
their common industrial usage. Explosives were selected because historical
information indicates they may have been placed here. Pesticides, PCBs, and
herbicides are used at NSWCC and they may have been buried at the site.
Metal contamination was detected during the sampling program and it is always
a possible pollutant at any dump site.

To ensure that the soil samples and their resultant chemical data were repre-
sentative of the site conditions, a quality control program was enforced. As
part of this quality control program, a sample tracking procedure was used.
This process started in the field with chain of custody procedures, sample isola-
tion, and preservation. The tracking procedures were continued in the labora-
tory. A complete laboratory quality assurance/quality control plan was
followed. Document management was started upon the receipt of the samples.
Log books, bench sheets, and reports were kept. All data were checked by the
analyst, the inorganic team leader or the organic team leader, and the labora-
tory Chief before the data were released. The data were checked for complete-
ness. The completeness check was to ensure that: (a) all samples and analyses
had been processed, (b) complete records including Chain of Custody for each
analysis and associated QC samples were used, (c) procedures specified in
project planning were followed, and (d) all calibrations were performed. The
following items are checked:

Chapter 3 Procedures
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Table 2
Summary of Methods for Determination of Inorganic Metallic

Analysis

Soils Methods from SW-846
Metal Analysis Technique’ Extraction? Analysis
[ Aluminum N ICP —3050 - 6010
Antimony ICP ) 3050 6010
Arsenic GF 3050 7060
Barium ICP 3050 6010
Beryllium ICP 3050 6010
Cadmium ICP 3050 6010
Calcium ICP 3050 6010
Chromium ICP . 3050 6010 I
[| covar IcP 3050 6010
II Copper ICP 3050 6010
" fron ICP 3050 6010
Lead IcP 3050 6010 i
Magnesium ICP 3050 6010 "
Manganese ICP 3050 6010 "
Mercury cv 7471 "
Nickel IcP 3050 6010
Phosphorus ICP 3050 6010
Selenium GF 3050 7740
Silver ICP 3050 6010
Sodium . ICP 3050 6010
Thallium ICP 3050 6010
Tin ICP 3050 6010
Zinc ICP 3050 6010
' Abbreviations: GF = Graphit; Furnace, CV = Cold Vapor, and ICP = Inductively Coupled
f IaESxTraa'ction process, when not noted, is included in tge analytical methc>d=.

Chapter 3 Procedures



" Table 3

Summary of Methods for Determination of Organic Compound
Analysis
Soils Methods from SW-846 I

" Organic Analysis Technique Extraction Analysis I
. Volatiles GC/MS INC.! 8240 .

Semivolatiles GC/MS 3540/3550 8270

Organochloride Pesticides & PCBs GC/MS 3540/3550 8080

Organophosphorus Pesticides GC/MS 3540/3550 8140

Chlorinated Herbicides GC/MS INC.! 8150

|| ' INC. = extraction procedure included in method procedure. “

a. Completeness.

b. Duplicate values for precision.

c. Recovery of spikes for accuracy.

d. Method blanks for contamination.

e. Surrogate recoveries for organic analysis.

f. Data for QA check samples.

g. Reasonableness and trends.

If data fell outside of acceptable limits as described in the analytical meth-
od’s procedures, the sample was rerun if the required amount of sample was
available. If the rerun results continued to fall outside acceptable limits and the
Quality Assurance (QA) check sample data were good, then data were reported
with qualifying explanations. Acceptable data were usually defined by the spe-
cific procedural method (i.e., SW-846).

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

a. Detection limits.

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

¢. Data control within control limits and corrective actions.

d. Flagging of consistently out of control data.

Chapter 3 Procedures
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A validation report was prepared as a final step in the data preparation process
(Appendix D).

Physical Parameter Analysis

Soil samples were characterized using standard U.S. Army Corps of Engi-
neers geotechnical methods. These methods are found in Corps of Engineer
manual EM 1110-2-1906, Laboratory Soils Testing (Headquarters, Department
of the Army (HQDOA) 1970). The soil samples were described and classified
in the field by the field crew and in the laboratory by the analyst. The lab clas-
sification consisted of a visual classification, a sieve and hydrometer analysis,
determination of natural water content, Unified Soil Classification System
(USCS) classification, and organic content. The sieve analysis determined the
gradation of grain sizes ranging from the number 4 sieve to the number
200 sieve. To determine the percentage of silt and clay in the fine fraction of
the sample, hydrometer analytical methods were used.
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4 Site Characterization

Geologic Setting

The McComish Gorge is located on the Crawford Upland, a rugged, dis-
sected plateau formed by differential erosion of Pennsylvanian and Mississip-
pian Age sedimentary rocks. The rock units underlying the MG and forming
the surrounding hills consist of Mansfield Formation shales and sandstones of
the Pennsylvanian Age Raccoon Creek Group. Most of the MG is situated in
the dissected alluvial valley of Culpepper Branch. The unconsolidated sedi-
ments of the MG site were formed by several processes. During the Pleisto-
cene, the MG was filled with lacustrine (lake) deposits and alluvial (outwash)
deposits which are facies included in the Atherton Formation (Grey, Wayne,
and Wier 1970). The facies relationships of the Atherton Formation are shown
on Figure 8. (Wayne 1963). Colluvium derived from the hillslopes and soil
reworked by man in association with the disposal activity also compose the
site.

Study Approach

The geology of the McComish Gorge site was characterized with 6 ground-
water monitoring well borings (Dunbar 1982), the 11 auger soil borings
described in paragraph “Field Methods,” field observations and physical soil
test data. The locations of the borings and geologic sections are presented on
Figure 9. Geologic Sections A-A’, B-B’, C-C’ D-D’, E-E’, F-F’, and G-G’
(Figures 10, 11, 12, 13, 14, 15, and 16, respectively) present the 1981 ground
water monitoring well boring logs and the 1990 soil auger boring logs. The
detailed individual soil auger boring logs are presented in Appendix B. Geo-
logic Section D-D’, (Figure 13) is modified from Dunbar 1982. Descriptions
of the section and the drilling logs were presented in the Dunbar (1982) report.
The geologic sections are self explanatory and collectively portray the relation-
ships of the soil types at the MG site.

Chapter 4 Site Characterization
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Block diagram depicting the facies of the Atherton formation
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Site Soil Characterization

The soil samples from the auger borings were classified in the field accord-
ing to the USCS. Selected soil samples were analyzed later in the laboratory.
Soil is defined as unconsolidated material. The soil types which compose the
MG site are clay (CL), silt (ML and MH), and sand (SC, SM, and SP).

The soil thickness of the MG site ranges from O to 65 ft. The total soil
thickness was not characterized because none of the borings penetrated the total
soil sequence. Therefore, an undifferentiated soil thickness map was not con-
structed for this report. The soil data did not generate isochore (equal soil-type
thickness) maps based on soil sample thickness penetrated by borings samples.
The contouring utilized a minimum curvature algorithm which produced a
linear trend reflecting the alluvial deposition. A surface clay and silt map was
prepared by contouring known clay and silt thickness determined by the bor-
ings. The clay and silt map was used for preliminary comparison and is not
presented in this report. A net sand map (Figure 17) was prepared to display
the thickness of total known sand encountered by the borings. Each isochore
map is limited by incomplete soil data. Nevertheless, the predominant soil type
and depositional environment are suggested. For example, the thinner sands
(thicker clay and silt) reflect areas where the lacustrine deposits were pene-
trated by the borings. The predominant portion of the clays and silts was
formed as lacustrine deposits. The thickest sand shown in Figure 18 corre-
sponds to an interpreted alluvial outwash channel. These sands (SM, SC, and
SP) are interpreted as alluvial (outwash) sands on geologic sections (Fig-
ures 10, 11, 12, 13, 14, 15, and 16).

An anthropogenic soil unit is depicted on the geologic cross sections as
“modified.” Anthropogenic refers to soils which have been modified by
human activity associated with, in this case, disposal activity. The modified
soil consists of lacustrine deposits and alluvium containing cultural debris.
Examination of Boring Logs 04/02-1, -2, -5, -6, -7, -8, -9, and -10 (Appen-
dix B) shows soil containing debris such as plastic, rubber, metal, and wood.
In addition, the above mentioned boring logs make note of black seams, white
seams and rust stains. A preliminary examination shown in Figure 18 presents
a depth of modified soil containing debris and/or stains. The contouring uti-
lizes the inverse distance algorithm which tends to cluster and close the data
contours. The closure of data realistically represents the deposition of debris in
episodes of dumping. The above physical evidence should be correlated with
the chemical analysis to describe the area of potential contamination. An initial
review of the chemical data reveals high concentrations of barium in samples
from Borings 04/02-1A-90 and 04/02-02-90. Boring 04/02-1A-90 also con-
tained 133 ppm lead and 71 ppm 24DNT. Correlation of the modified soil
(Figure 18) with high concentrations of barium (Ba), lead (Pb), and 24DNT is
restricted to only one pocket of thick (4 ft) modified soil. The 1990 physical
and chemical data expand the limits of debris disposal estimated by Dunbar
(1982). Review of the site’s history indicates that the modified soil is
reworked to a depth of 3 to 4 ft. The modified soil is shown on the cross sec-
tions as a continuous unit with dashed lines denoting uncertain limits. The area
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and depth of actual contamination will require additional borings for accurate
delineation.

Soil Hydrology

The soil auger borings were left open prior to grouting to measure water
levels. Groundwater was encountered at shallow depths (3 to 10 ft) during
drilling. The groundwater during the drilling in October 1990 ranged from
elevation 592 to 577 ft, msl. Previous investigations (Dunbar 1982) found the
groundwater elevations ranged from 573 to 563 ft, msl. Dunbar 1982 presents
laboratory permeabilities of the order of 4 X 107 cm/sec for a silty sand (SM)
sample. During periods of infiltration, the soil acts as a slow conduit for
groundwater and any contaminants. Figure 17 indicates the areas of thin sand
(thick clay and silts) which would tend to prevent contamination seeping into
the groundwater regime. Inversely, the area of thickest sands shown on Fig-
ure 17 would act as a conduit for groundwater flow. The SP and SW sands
which form the paleochannel (Figure 13) probably have permeabilities of the
order of 2 X 10% to 5 X 10? cm/sec (Freeze and Cherry 1979).

Therefore, based on the available evidence, groundwater moves through the
clays and silts very slowly by downward vertical infiltration, then laterally
along the soil/rock interface until it reaches fractured rock and enters the rock
aquifer system. However, in the paleochannel sand area groundwater moves
laterally through the sand body. Understanding the presence and orientation of
this sand body is important in monitoring the MG site.
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5 Chemical Analytibal Results

Introduction

The objective of the soils sampling program was to determine if contami-

" nants associated with waste disposal activities were released to soils within the
boundaries of the MG. A release is defined as any spilling, leaking, pumping,
pouring, emitting, emptying, discharging, injecting, escaping, leaching, dump-
ing, or disposing into the environment (definition set forth in 40 CFR 302.3).

Soil samples were taken at the MG site between 22 October and 6 Novem-
ber 1990. Figure 6 shows the location of the borings. The depth from which
each soil sample was taken is indicated in Figure 7. Soil sample locations were
selected on the basis of site features and the results of previous investigations
(See paragraph “Previous Investigations”). Soil sample locations were selected
with a bias toward areas having the greatest probability of contamination result-
ing from waste disposal activities at the MG site. Borings 1, 1A, 2, and 3
were selected to be “background” borings. These borings were located several
hundred feet to the south of the debris disposal area and up-slope from the
waste disposal facilities. Soils from Borings 1, 1A, 2, and 3 were sampled to
identify characteristics of soils in the vicinity of the disposal area as if no waste
disposal activities had occurred at those facilities, but all other influences on
soil characteristics had taken place. Borings 4 through 10 were taken from
within the debris disposal area. These samples were taken to provide charac-
teristics of the residues left by the waste disposal. Statistical analysis of the
two areas (background and dump) showed that the area thought to be the back-

. ground area was in fact a dump area also. Therefore, another background area
was selected. The area selected was the Old Burn Pit (OBP) (SWMU 05/03)
Borings 1, 2, and 3. The OBP background was then used to test against all
borings at MG. Groundwater data from monitoring wells (Figure 6) located
around the perimeter of the disposal area should show if contaminants are
being released from the solid waste management unit.

To assist in data interpretation and determine sources of error, the results of
the analyses of method blanks and equipment rinses are given. Method blanks
are determined by following the analytical procedure step by step including all
of the reagents and solvents, in the quantity required by the analytical method.
Method blanks are a measure of cumulative interferences from the laboratory
or the analytical method. Equipment rinses are samples obtained by running
analyte-free water over/through sample equipment after it has been cleaned.
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Analyses of equipment rinses are used to evaluate equipment cleaning proce-
dures and determine if sampling equipment contributed to cross contamination
of field samples. -

To ensure validity of the chemical data obtained, a chemical data quality
control program was followed during the MG soil sampling and subsequent
laboratory analyses. Quality Control Level “C” as explained in the Naval
Energy Environmental Support Activity (NEESA) guidance 20.2-047b
“Sampling and Chemical Analysis Quality Assurance Requirements for the
Navy Installation Restoration Program”™ was followed. In summary, the
NEESA Quality Control Level C Plan requires the use of U.S. Environmental
Protection Agency (EPA) approved methods when available, a duplication of at
least 10 percent of the samples, the collection and analysis of equipment rinse
blanks (samples of final equipment rinses) on a daily basis, the collection and
analysis of field blanks (samples of water used in decontamination and steam
cleaning), and the use of trip blanks with all samples specified for volatile
organic analyses. The intent of the plan is to ensure that sources of extraneous
contamination can be determined and that decisions made using the data are
meaningful and supported. The Chemical Analytical Data Validation Report,
which summarizes the chemical data quality control program results, is
included in Appendix D.

Because inorganic analytes are naturally occurring crustal elements, the
identification of soil contaminants which are also naturally occurring soil con-
stituents required statistical comparisons between background or “uncontami-
nated” soil concentrations and those of the test soil. The use of whole boring
or soil column mean constituent concentrations provided a method, using avail-
able data, to identify constituent concentrations which may represent possible
soil contamination. The statistical comparisons required the computation of a
mean and variance. In order to have a sufficient number of samples for these
computations (n > 3), all samples from a particular boring were used. As
only one sample was taken from each specified elevation within the boring, sta-
tistical comparisons of mean constituent concentrations between specific soil
boring sample elevations were not possible. Mean concentrations of inorganic
constituents from test borings were compared to those of background borings
using a one tailed t-test with p = 0.05. Means were computed from all sam-
ples from a specific boring; however, background means were computed using
all samples taken from the Old Burn Pit (OBP), Borings 1, 2, and 3. Assump-
tions were made that both means were obtained from random samples and that
both means were obtained from normal populations. The first hypothesis tested
with an F test was if the variance of the two means being compared were equal
or alternately not equal. Based on the results of the first tests of hypotheses, a
common population variance was or was not computed and appropriate degrees
of freedom computed. Subsequently, a second hypothesis tested with a t test,
was if the test and background mean constituent concentrations were equal or
alternately if the test mean was greater than the background mean.

The specific information obtained from each sample is presented and quali-
tative observations are made from that data. Statistical comparisons of constit-
uent concentrations between specific soil boring elevations or between samples
in the same boring were not possible because only one sample was taken from
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each specified elevation. While the specific soil samples were taken from the
same elevation in the boring, that elevation. may not correspond to the same
soil strata from one boring location to the next. Thus comparison of a specific
sample from boring to boring may not be relevant.

Discussion

Metals

The results of selected metals analyses of MG soils sampled by boring are
given in F1 and F2 (Appendix F). Analyte concentrations in the soils are given
as mg/kg (ppm) on a dry weight basis. The contract required detection limit is
provided (following the < symbol) where specific metals in the soils were not
detected. These results are used to derive the statistical parameters shown on
F3 through F5 (Appendix F).

The results for specific inorganic constituents are also given graphically in
G1 through G8 (Appendix G). These bar charts provide constituent concentra-
tions for each sample taken from a boring. The bars are oriented from shal-
lowest sample in the boring, on the left, to deepest sample in the boring, on the
right. Graphs are not provided for those analytes whose concentrations were
below the Analytical Detection Limit.

Statistical analysis was used to determine three separate situations: can the
MG data be divided into two populations of results; is the OBP background
data a distinct data set; what inorganic parameters constitute soil contamination
resulting from the MG operatlons To assist in determining the characteristics
of the MG data, the borings were divided into two sets 1, 1A, 2, and 3, the
background set, and Borings 4 through 10, the dump area set. The resultant
statistical parameters (mean, standard deviation, maximum, minimum, and
population size) are shown in F3 and F4 (Appendix F). In F5 (Appendix F),
those previously described sets of statistical parameters simplified by deriving
the averaged analyte concentrations by considering all soil samples from all
borings in that set as one population. Comparisons of the resultant less
restricted data with comparable data from the OBP area is shown in F6 and F7
Appendix F.

As stated previously, surface soil samples from an area to the south of the
MG dump site were selected to be “background” samples. They were located
along a jeep trail approximately 150 ft outside of the dump site. The area was
perceived to be outside of the operational area of the dump, and the topography
of the background site indicated that these boring locations likely did not
receive surface water discharges from the MG dump area. This presumption
proved to be incorrect. As indicated in F3 throuh F5 (Appendix F), the mean
analyte concentrations for soil boring samples from the areas selected as back-
ground areas exhibited metal concentration determined to be the maximum con-
centration levels tested at the site. It was determined that the sites selected as
background sites were affected by the dumping operations and not good candi-
dates for consideration as background samples.
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All statistical comparative studies completed using the MG inorganic ana-
lytical data used the background data from the OBP (SWMU 05/03) as the
comparative data baseline concentrations. The OBP site data were used as a
substitute background data set for the following reasons: the site is located
near the MG site; the soil materials at both sites were derived from common
source materials; the sites have a comparable geologic history; and because
both sites are located in the same vicinity it is proper to assume that the natural
forces affecting the soils at one site have affected the soils at the other site in a
relatively similar way. The inorganic concentration means for the OBP back-
ground borings were, with the exception of aluminum, cobalt, lead, and mag-
nesium means, less than any of the mean concentrations found at the MG site.
All of the concentration means determined for the OBP background samples
were less than the concentrations determined for the MG background soils.
The assumption was made that OBP background area soils are characteristic of
soils in the vicinity of MG as if no waste disposal activities had occurred at this
facility, but all other influences on soil characteristics had taken place.

Comparison of the metals analyses from MG subsurface soils indicate that
with the exception of aluminum, antimony, arsenic, and barium (4 of a possible
13) the maximum metals concentrations were found in the deeper interval soil
samples. Additionally, with the exceptions of antimony, arsenic, beryllium,
chromium, lead, sodium, selenium, and thallium, the maximum metals concen-
trations were found in soil samples from Borings 1 through 3. Specifically for
Borings 1 through 3, the mean concentrations for the analytes arsenic, copper,
and iron were significantly greater than the mean concentrations for the corre-
sponding analytes at the OBP. The same was true for Borings 4 through 10 for
the analytes arsenic, beryllium, and chromium. At the MG site, assumptions
concerning the dump area as the only source for metal contamination and the
area to the south of the dump site, the jeep trail, being free of wastes were not
supported by the inorganic analytical data.

As stated above, the results of the chemical analysis would seem to indicate
the possibility that the area selected to be the “background” area may at some
time in past years have been a disposal area also.

G8 through G19 (Appendix G) illustrate bar graph comparisons of metals
for the Background Data Set mean (Borings 1, 2, and 3 OBP) and all borings at
MG showing both samples. G20 through G35 (Appendix G) show the back-
ground data set mean and the mean of the MG individual borings with the
average of Samples 1 and 2.

In summary, comparisons of metal constituent concentrations in background
soils and sampled subsurface soils (test borings) indicated that releases of
arsenic, beryllium, chromium, copper, and iron may have occurred.

All the tested metal analytes occur naturally in soils. Another possible
explanation of the differences in inorganic chemical characteristics between
background and test soils could be due to natural variability in the soils and not
a function of anthropogenic activities. Additional data are required to deter-
mine the validity of the background site data and assess the natural variability
of the MG soils.
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Method blanks. The results of analysis of method blanks used in associ-
ation with the metals analyses of MG soils are provided in F8 (Appendix F).
The concentration of constituents in the meth6d blanks were always more than
100 times less than the concentrations determined for the soil samples. These
method blank analyses do not change the interpretation of inorganic constituent
data previously presented.

Equipment rinses. Metal analytes were found in all equipment rinses
analyzed (F9, Appendix F). However, the concentrations of inorganic con-
stituents in the rinses were not great enough to change the interpretation of data
as previously discussed. :

Volatile organics (EPA Method 8240)

The results of analyses of MG soils for volatile organic compounds (EPA
Method 8240 in Test Methods for Evaluating Organic and Inorganic Waste,
Physical/Chemical Methods SW-846, Third Edition) are given in F10 and F11
(Appendix F). Methylene chloride and acetone were found in all soil samples
and all of the rinse samples taken. These constituents were also found in the
associated method blanks F12 (Appendix F). The reported concentrations of
Acetone in all but four of the samples, were “J” values detected by the analyti-
cal instrumentation but not in sufficient amounts to statistically quantify. These
concentrations are estimated. The only volatile organic compounds detected in
the soil samples from the MG were determined to be laboratory contaminants.

Method blanks. Acetone and methylene chloride were reported in the
method blanks for the volatile organic analyses F12 (Appendix F) and indicate
a laboratory contamination source for these constituents. The volatile organic
compounds 1,1,2,2-tetrachloroéthane was alsé found in some method blanks.
1,1,2,2-tetrachloroethane was not found in any of the soil samples. These
method blank analysis results were considered in the interpretation of the vola-
tile organic soils analyses.

Equipment rinses. Acetone and methylene chloride were reported in most
of the sampling equipment rinses F13 (Appendix F). As acetone and methy-
lene chloride were detected in the method blank associated with the analyses of
these rinses, these constituents are believed to be laboratory contaminants.
Chloroform was detected in a few equipment rinses. This volatile organic
compound may have been derived from the initial washing with potable water.
Chloroform was not detected in any of the MG soil samples. In addition to
chloroform, 2-butanone and 2 hexanone were found in equipment rinses but at
concentrations which were below quantitation limits (“J” values). With the
exception of methylene chloride and acetone, the organic volatile compounds
detected in the rinse samples were not found in the soil samples. The results of
analyses of equipment rinses for volatile organic compounds 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 MG soils for semivola-
tile organic compounds.
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Semivolatile organics (EPA Method 8270)

The results of analyses of MG soils for semivolatile organic compounds
(EPA Method 8270 in Test Methods for Evaluating Organic and Inorganic
Waste, Physical/Chemical Methods SW-846, Third Edition) are given in F14
through F17 (Appendix F) and summarized in F18 (Appendix F). Dibutyph-
thalate, diethyl phthalate and bis(2-ethylhexyl)phthalate were found in most of
the soil samples taken. The results also indicate that these constituents were
frequently found in the associated method blanks as well as the sample F19 and
F20 (Appendix F). Thus, dibutyphthalate, diethyl phthalate and bis(2-
ethylhexyl)phthalate are likely sample contaminants from the laboratory envi-
ronment rather than contaminants associated with the waste disposal activities.

Di-n-octylphthalate was detected in soil samples from several borings
(Borings 3, 6, 7, and 9), a method blank, and two rinse samples (rinse samples
6, 7,9, 10) and (5,7)). The concentrations detected in the soil samples were
higher than the concentrations of the same compound found in the method
blanks and rinse samples. The evidence is not conclusive but it indicates that a
release of di-n-octylphthalate to the soils has occurred.

In addition to the phthalates, soil sample 1A contained semivolitile com-
pounds 2,6-dinitrotoluene, 2,4-dinitrotoluene, and n-nitrosodiphenylamine. The
concentrations of 2,6-dinitrotoluene and n-nitrosodiphenylamine were estimated
values below the instrument detection limits. (“J” values). A significant
amount 2,4-DNT was found.

In summary, a release of semivolatile organic compounds produced by
waste disposal activities at the MG site is evident (2,4-dinitrotoluene, 2,6-
dinitrotoluene, n-nitrosodiphenylamine, and di-n-octylphthalate was detected in
soils from the MG site and they may represent a release of semivolatile organic
compounds). With the exception of concentrations of 2,4-dinitrotoluene in
soils from Boring 1A, all other semivolatile organic compounds were found in
concentrations that were detected by the analytical instrumentation but not in
sufficient amounts to statistically quantify.

F18 provides a list of tentatively identified semivolatile organic compounds
detected in MG soil samples. A release of tentatively identified semivolatile
organic compounds may have occurred at the MG site.

Method blanks. As discussed previously, method blanks analyzed for
semivolatile organic compounds contained dibutylphthalate and bis(2-
ethylhexyl) phthalate at estimated concentrations below the instrument detection
limits (“J” Values) F19 and F20 (Appendix F). Other phthalates were found in
method blanks associated with analyses of soils from Borings 1A, 2, and 3.
These method blank analysis results were considered in the interpretation of the
semivolatile organic soils analyses.

Equipment rinses. Analyses of equipment rinses for semivolatile organics
detected several phathalates including dibutylphthalate, bis(2-ethylhexyl)
phthalate, and di-n-octylphthalate F21 and F22 (Appendix F). Also, 1,4-
dichlorobenzene was found in rinses for Borings 1 and 2. The concentrations
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of these analytes found were in amounts that were detected by the analytical
instrumentation but not in sufficient amounts to statistically quantify.

The results of analyses of equipment rinses for semivolatile organic com-
pounds indicate that cross contamination of samples or equipment contamina-
tion did not occur and was not a factor in the results obtained from the analyses
of MG soils for semivolatile organic compounds.

Explosives

The results of High Pressure Liquid Chromatography (HPLC) analyses of
MG soils for selected explosive compounds are given in F23 (Appendix F).
The only detectable amount of explosive compound found in soil samples from
the MG site were from Boring 1A. An amount of 2,4-dinitrotoluene that was
below the quantitation limit was detected. Soil samples taken from borings in
the test area were free from detectable amounts of explosive compounds.

The results of the HPLC method analysis for explosive compounds con-
flicted with analytical results derived from the EPA 8270 GC method analysis.
The GC results are reported on F14 through F18 and discussed in paragraph
“Semivolatile Organics” (EPA Method 8270). This discrepancy is fully exam-
ined and explained in the corrective actions report (Figure 19) which is associ-
ated with the sample 04/02-1A-90-2. The discrepancy occurred when the
sample taken for the GC analysis was taken from a separate soil sample than
was the soil sample used for the HPLC analysis. The soil samples were taken
from the same stratigraphic horizon and represent the same soil zone, however,
these soils are not completely homogeneous. The variation in the soil's homo-
geneity resulted in the analytical discrepancy. The corrective action required
that the analysis be repeated. The sample from which the semivolatile soil
sample was taken contained a metal fragment. The soil sample used in the
analysis was preferentially selected from soil in contact with that fragment.
The soil analysis confirmed the presence of explosive compound residues.
2,4-DNT, and 2,6-DNT were found in the soils taken from the boring
04/02-1A-90.

Method blanks. No explosive compounds tested were detected in the
method blanks analyzed in association with the MG soils analyses F24 (Appen-
dix F). These method blanks analyses do not change the interpretation of
explosive compound data previously presented.

Equipment rinses. No explosive compounds tested were detected in equip-
ment rinses F24 (Appendix F). Therefore contamination of field samples by
the sample equipment is not evident.
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Pesticides, herbicides, and PCB (EPA Methods 8080, 8140, and
8150)

The results of analyses of the MG soils for selected pesticide, herbicide, and
PCB compounds are given in F25 and F26 (Appendix F). Some pesticides and
herbicides were found in all soils, but were found in concentrations that were
detected by the analytical instrumentation but not in sufficient amounts to statis-
tically quantify. Diazinon was the only pesticide found in the soil samples but
not detected in the blank or rinse samples. 2,4-D was the only herbicide found
in the soil samples but not detected in the blank or rinse samples. Diazinon
and 2,4-D were found in only one boring, Boring 5 Sample 2 and Boring 6
Sample 2 respectively. No PCBs were detected in any of the MG soils.

Method blanks. Method blanks analyzed for pesticides, herbicides and
PCBs contained heptachlor, endosulfan sulfate, B-BHC, D-BHC, methoxy-
chlor, PPDDT, PPDDD, PPDDE, a-chlordane, g-chlordane, endrin aldehyde
and endrin at estimated concentrations below the instrument detection limits
(below quantitation limits- “J” values) F27 (Appendix F). These method blank
analysis results were considered in the interpretation of the soils analyses for
pesticides, herbicides, and PCB.

Equipment rinses. Equipment rinses made after sampling at borings were
analyzed for pesticides, herbicides, and PCB and the results are given in F28
through 29 (Appendix F). Dieldrin, a-Chlordane, Heptachlor, A-Endosulfan
and PPDDT were detected in low concentrations (below quantitation limits -
“J” values) in the rinses. However, these analytes were also found in associ-
ated method blanks. Therefore, they are believed to be laboratory artifacts and
not rinse contaminants.

Summary

Metals and inorganics. The soils analyses conducted indicate that waste
disposal activities at McComish Gorge have released residues of arsenic, beryl-
lium, chromium, copper and iron to soils at MG. However further study is
needed due the situation with the MG “background” borings showing that in
fact, this area may at one time have been a dump area also.

Volatile organics. Several volatile organic compounds (as determined by
EPA Method 8240) were found in the MG soils sampled. The concentrations
found were generally just above detection limits or estimated concentrations
that were below the quantitation limits for the analyses. A clear pattern of con-
tamination (release) of MG soils with volatile organic compounds, which can
be attributed to waste disposal activities in that area, is not evident.

Semivolatile organics. Soil samples from borings taken at the site con-
tained semivolatile organic compounds. Therefore, a release of semivolatile
organic compounds at the MG is evident. With the exception of concentrations
of 2,4,-dinitrotoluene in soils from Boring 1A No. 2, all other semivolatile
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organic compounds were found in concentrations that were detected by the
analytical instrumentation but not in sufficient amounts to statistically quantify.

Explosive compounds. A release of explosive residue compounds has
occurred as a result of the waste disposal activities. The full extent of the con-
tamination can not be determined from the data. One soil sample taken from
Boring 1A contained detectable amounts of explosive reside compounds. This
soil sample was taken from an interval of modified soil which was described as
having layers of black sand seams. No concentrations of explosive residue
compounds.was determined in any other soil sample.

Pesticides, herbicides, and PCB. Pesticides and herbicides were found in
concentrations that were detected by the analytical instrumentation but not in
sufficient amounts to statistically quantify. No PCB were detected in any of
the MG soils. Based on the soil analyses performed, no releases of pesticides
and herbicides have occurred in the MG area.
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6 Conclusions

The MG dump site was used for an unknown period of time between 1942
to 1972. Records of its use are indefinite. Undefined amounts and types of
garbage and trash were buried at the site. This rubbish may include wood,
paper, construction material, plaster filled warheads, metal shavings, and
industrial wastes. Reportedly small arms ammunition was buried here. Today
the site is not used and it has revegetated.

The objectives of this study were to (a) describe the soil conditions around
the site, and (b) to identify and characterize the operation residuals. To accom-
plish those goals, 11 auger borings were drilled in 1990. Soil samples were
collected at discrete intervals: The physical character of the soils was
described. Soils were classified according to the USCS. Particle size grada-
tion and natural water content were determined. To determine the chemical
character of the soils and to test for the presence of chemical waste residues,
soil samples were taken at defined intervals from the borings. The soil samples
were analyzed for the presence of volatiles, semivolatiles, pesticides, herbi-
cides, PCBs, and inorganic compounds. All analytical methods used were
EPA SW-846 analytical methods, with the exception of explosive analysis and
total phosphorous analysis. Standard U.S. Army analytical methods were used
to determine explosive and total phosphorous concentrations in the soils. Soil
samples taken from borings located away from the operational areas were used’
to establish background conditions. The QC level selected for this study was a
NEESA QC Level “C.”

The site hydrogeologic setting was investigated. Soil descriptions were
drawn from 11 auger borings drilled in 1990, 6 groundwater monitoring wells
drilled in 1981 and a replacement well in 1986, field observations, and physical
soil test data. Differences between soil and unconsolidated earth materials of
Tertiary Age were not made. All unconsolidated earth materials were consid-
ered soils. Soils across the site ranged from 0 to over 60 in. thickness. Soil
types included clays (CL), silts (ML and MH), and sands (SC, SM, and SP).
A unit of modified soil, soils containing plastic, rubber, metal and wood
wastes, was found in Borings 1, 2, 5, 6, 7, 8,9, and 10. A linear, sandy zone
of soil was interpreted to represent a paleostream channel deposit. Tests to
measure permeabilities of the soil material were run on silty sand soil samples
from the MG site. Permeabilities on the order of 4 X 10 ° cm/sec were
measured. The permeabilities of the sandy zones within the described channel
were not tested. It is reasonable to presume that intervals within the
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paleochannel may display permeabilities 3 to 5 orders of magnitude greater
then those previously measured. In all of the 1990 borings, groundwater was
encountered at shallow depths (3 to 10 ft below the:ground surface). Available
evidence indicates that groundwater moves by downward vertical infiltration
through the clays and silts of the site very slowly. When rock is encountered,
groundwater would then move laterally along the soil/rock interface until it
reaches fractured rock and enters the rock aquifer system. In the paleochannel
sand rich zones, groundwater would preferentially move laterally through the
sand body. Determining the presence and orientation of this sand body is
important to the understanding the MG hydrogeologic environment.

The chemical character of the soils was determined using field monitored
parameters and laboratory analysis. All HNU readings, taken in the field and
used to detect volatile organics emanating from the soil boring holes, were
zero. The area presumed to be contaminant free, the background area, was
found to have been affected by the dumping operations at the site. For statisti-
cal comparative purposes, the background data derived from the OBP (SWMU
No. 05/03) area were used as background data at this site. Analysis of inor-
ganic compounds indicated that releases of arsenic, beryllium, chromium, cop-
per, and iron may have occurred. The only volatile organic compounds
detected in the soil samples were determined to be laboratory contaminants.
The semivolatile organic compounds 2,4-dinitrotoluene, 2,6-dinitrotoluene,
n-nitrosodiphenylamine, and di-n-octylphthalate were detected in soils from the
MG. They may represent a release of semivolatile organic compounds. With
the exception of concentrations of 2,4,-dinitrotoluene in soils from Boring 1A,
all other semivolatile organic compounds were found in “J” level concentra-
tions. Explosive compounds 2,4-DNT and 2,6-DNT were detected in Bor-
ing 1A. Some pesticides and herbicides were found in all soils, but were found
in “J” level concentrations. Diazinon was the only pesticide found in the soil
samples but not detected in the blank or rinse samples. The only herbicide
found in the soil samples but not detected in the blank or rinse samples was
2,4-D. No PCB were detected in any of the MG soils.

In summary, McComish Gorge is not considered to be contaminated with
volatile organics, pesticide, herbicide, or PCB. A release of inorganics,
semivolatile organics, and explosive wastes to the soils of the MG area is likely
to have occurred.
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7 Recommendations

Based upon the results of the RFI Phase II soils study, a Phase III soils
study is recommended.

a. Site specific background data are needed to determine the natural vari-
ability of the MG soils.

b. The boundaries of the MG site should be determined. Additional
borings will be required to accurately delineate the area and depth of
actual contamination.

¢. Contamination detected in soil Boring 04/02-1A-90 and 04/02-02-90
should be delimited.
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" 7able A-1. EPA method 8240, Volatile compounds. (Test Methods for Evaluating Organic and Inorganic Wastes. Physical/Chemical
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Methods, SW846, Third Edition, November 1986. with Uecember 1988 revisions). Abbreviations used in report tabies along with full

analyte names.

CIMETH - Chloromethane
RrMETH - Bromomethane
vn1€) - Vinyl Chloride
C1ETHA - Chloroethane
MeC) - Methylene Chloride
110C1ETE - 1,1-Dichloroethene
11DCI1ETA - 1,1-Dichloroethane
t-DCIETE - Trans-1,2-Dichloroethene
c-DCIETE - cis-1,2- Dich]oroethene
CHC13 - Chloroform
12DCIETA - 1,2-Dichloroethane
1117CA - 1.1.)-1richloroethane
CC14 - Carbon Tetrachioride
BrDCIMe - Bromodichloromethane
120C1PR - 1,2-Dichloropropane
t13CIPRE - Trans-1,3-Dichloropropene
TCE - Trichloroethene
DBrCIMe - Dibromochloromethane
¢13CIPRE - Cis-1,3-Dichloropropene
112TCA - 1,1,2-Trichloroethane
BENZENE - Benzene
CHBR3 - Bromoform
1122TCHA - 1.1.2,2,-Tetrachloroethane
TECIETE - Tetrachloroethene
TOLUENE - Toluene

C1BEN - Chlorobenzene

ETBEN - Ethylbenzene

ACETONE - Acetone

BUTANO - 2-Butanone

€S2 - Carbondisulfide

2HEXANO - 2-Hexanong

4Me2Pt - 4-Methyl-2-Pentanont
STYRENL - Styrent

VnACLTA - Vinyl Acetate
T-XYLENE - T-Xylene
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Table A-2. EPA method 8270 semivolatile compounds, (Test Methods for Evaluating Organic and Inorganic Hastes.'Physica1/Chem1ca1
Methods, SW846, Third Edition, November 1986. with December 1988 revisions).

analyte names.

- PHENOL - Phenol

2C1PHEN . 2-Chinrophenni

2NIPHE - 2-Nitrophenol

24DMePHt - 2,4-Dimethylphenol
24DCIPHE - 2.4-Dichloropheno)
4C13MePH - 4-Chloro-3-Methylphenol
246TCIPH - 2,4,6-Trichloropheno)
24DNPH - 2.4-Dinitrophenol

4ANPHE - 4-Nitrophenol

ZMA6DNPH - 2-Methyl-4,6-Dinotrophenol
PCIPHE - Pentachlorophenol

BENZOAC - Benzoic Acid

2MEPHE - 2-Methylphenol

4MEPHE - 4-Methylphenol

- 245TCIPH - 2.4,5-Trichlorophenol

BZLAL - Benzyl Alcohol

NNOMEAM - N-Nitrosodimethylamine
BC1IPrE - Bis(2-Chloroisopropyl)Ether
NNDNPAM - N-Nitroso-Di-N-Propylamine

“ NITROBEN - Nitrobenzene

1SOPHOR - Isophorone

BC1EtoME - Bis(2-Chloroethoxy)Methane
26DNTOL - 2,6-Dinitrotoluene

240NTOL - 2.4-Dinitrotoluene

12DPHYD - 1,2-Diphenylhydrazine
BENZID] - Benzidine

33DCIBEZ - 3.3'Dichlorobenzidine
BCI1EtE - Bis({2-Chlaroethyl)Ether
130C1B - 1,.3-Dichlorobenzene
140CLB - 1,4-Dichiorobenzene
12DC18 - 1,2-Dichlorobenzene
HCIETA - Hexachloroethane

1247C1B - 1,2,4-Trichlorobenzene
NAPHTH - Naphthalene

HC1BU - Hexachlorobutadiene
HC1CYPD - Hexachlorocyclopentadiene
2CINAPH - 2-Chloronaphthalene
ACENAY . Acenaphthylene

OMePHTH - Dimethyl Phthalate
ACENAP' - Acenaphthene

FLUORE "- Fluorene

DEtPHTH - Diethyl Phthalate
4C1PHPHE - 4-Chloropheny) Phenyl Ether
NNDPHAM - N-Nitrosodiphenyl Amine
4BrPHET - 4-Bromophenyl Ether
HCIBEN- - Hexachlorobenzene

PHENAN - Phenanthrene

ANTRAC - Anthracene

DBUPHTH - Dibutylphthalate
FLANTHE - Fluoranthene

PYRENE - Pyrene

BuBePHTH - Butylbenzylphthalate

1

Abbreviations used in report tables along with <ull

CHRYSE - Chrysene

BAANTHR - Benzo(a)Anthracene
BZ2EHPH - Bis(2-Ethylhexyl)Phthalale
DNOCPHT - Di-N-Octylphthalate
BBFLANT - Benzo(b)Fluoranthene
BKFLANT - Benzo(k)Fluoranthene
BAPYRE - Benzo{a)Pyrene

1123PYR - Indeno(1,2,3-C,D)Pyrene
B-GHI-PY - Benzo(G.H,]1)Perylene
ANILINE - Aniline

4CIANIL - 4-Chloroaniline
DBENZOFU - Dibenzofuran

2MeNAPH - 2.Methyinaphthalene
ZNANTL - 2-Nitroaniline

NANIL - 3-Nitroaniline

ANANIL - 4-Nitroaniline
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Table A-3. EPA method 8330, Nitroaromatics and Nitramines by High Performance Liquid Chromatography (HPLC), (Test methods for Evaluating Organic and

Inorganic Wastes. Physical/Chemical Methods,
along with full analyte names.

Abbrev

HMX
RDX
TNB
DNB
Tetryl
NB
TNT
24DNT
26DNT
2NT
3NT
4NT

SW846, Third Edition, November 1986, with Decem

Compound

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
Hexahydro-1,3,5-trinitro-1,3,5-triazine
1,3,5-Trinitrobenzene
1,3-Dinftrobenzene
Methyl-2,4,6-trinitrophenylnitramine
Nitrobenzene

2,4,6,-Trinitrotoluene
2,4-Dinitrotoluene

2,6-Dinftrotoluene

o-Nitrotoluene

m-Nitrotoluene

p-Nitrotoluene

ber 1988 revisfons).

Abbreviations used in report tables
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194

s6o Buuog g xipuaddy

BORING LOG
FIELD DATA
Project ___ NWSC Groundwater Study Site Crane, IN Date__9 Sept. 1981
Location __McComish Gorge Job No.441-G150,11GR21/22
Orill Rig __Failing Inspector __J. Dunbar Operator _C. Drake Surface E1 603.49 _ Boring No, WES=4-1-81 .
‘ TRATUM RIV SAMPLE
sampLe | DATE | ! ORIYE STYPE OF  [Hyd, CLASSIFICATION AND REMARKS
NUMBER | TAKEN | erom | 1o | FRoM | To | FROM | TO AMPLER  lpresdCont
T Shelb
9 Sepy 0.0 0.0] 0.5| 0.0 [2.08 | > Tube”) 0| ST | Silt (ML): brown in color, slightlly
1A 0.5 1.01 2,08(2.23 0} Jar| moist, little cohesion, slight
1.0 1.5 0 gritty feal, and contains organic_
1.5 2.0 20 matter, :
2,00 2.5 120f - | Sample length; 2.23 ft
5,0 0.0] 5.0 7' Folding Auger —=} Cleanout
2~ |9 sepd 5.0 5.0|_5.5]5.0 16,55 |*3"Fixed Pid- 0| ST | Silty sand (SM): reddish hrown in,
. ton Sampler
M 5.5 6.0] 6.5516.75 0] Jar| color, very uniform, fine~prained,|
- 6.0 . 0 1ittle cohesion, and dry. 5
6.5 7.0 20
_ 1.0 7.4 80 |- Sample lenpths 1.75 ft
:R T . . T Hollow-.
N 1. 5.0170.0 stem Auger Cleanout
- - \\ .
WES ;Aoa:":. B19  eoiTion OF NOV 1971 MAY BE USED *3" Fixed Piston Sampler = 3" F.P,S, Sheet 1 of 5 Sheets

#7" flollow Stem Auger = 7" il.§, Auger !
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1,

BORING LOG
p FIELD DATA
Project Site Date
L.ocation : Job No.
Drill Rig Inspector Operator Surface El Boring No. _WES-4-1-81
STRATUM DRIVE SAMPLE
SAMPLE | DATE o e oF Hyd. CLASSIFICATION AND REMARKS
HUNBER | TAKEN | epom | to | Frow | 10 oM | TO MPLER  lpresdcont
319 Sep _ 10.0]_10.5]10.0 |10.3 |3" F,P,S. 0| ST |_Silty sand (SM): reddish brown in
3A__ —- 10.5§ 11.0(10.3 [10.6 20| Jar| color, uniform, fine-grained (pre-
- 11.0} 11.5 40 dominately quartz), little cohesio
L - 11.5] 12.0 50 and dry, =
12.0} 12.5 700 Sample length: 0.6 ft- Sample fell
back into hole,
14.01 70.0[ 15.0|———1—[7" H.S. Augdr —|_Cleanout; assumed stratum chan_gg-.”=
& 9 Sepy 14,0 15.0| 15.5{15.0 |16.97{3" F,P.S. 0| ST | Gravelly sand (SP): reddish brown
A 15.51 16.0116.97{17.20 20| Jar| in color, fine to coarse-grained .
_ 16.0| 16.5 80 sand, very fine gravel, slightly
o 16,51 17.0 120 moist, and no cohesion,
N 17.0] 17.5 140 Sample length: 2.2 ft
_______ 19.0]15.01 20.0 7" H.S. Augdqr Cleanout; assumed stratum change,

WES 5. 819

EDITION OF NOV 1971 MAY BE USED

Sheet 2 of 5 Sheets




sboq Buuog g xipuaddy

vZa

rle

BORING LOG
FIELD DATA
Projec( S“e Dat&
Location . Job No.
Drill Rig Inspector Operator Surface EI ___ Boring No, WES=4-1-81
B ' STRATUM DRIVE SAMPLE
SAMPLE | DATE Tire OF Hyd. CLASSIFICATION AND REMARKS
(NUMUER | TAKEN | From | to | FROoM | TO | FROM | TO SAMPLER  |p e gdCont ,
5 9 Sepd 19.0 20.0| 20.5/20.0 22.0513" F.P.S 0| ST | Sand (SP): brown in color, fine -
SA 20.51 21.0(22.05{22.3 10} Jar; to medium grained, slight moisture|
21,00 21.5 30 very little cohesion, and 80-90%
21.5] 22.0 60 | _quartz sand, '
22.0( 22.5 90 Sample lenpth: 2.3 ft
‘-4.‘__...._ - o —— " ' N
1 24.0 1 20.0] 25,0 {———f———I7" 1,5} Augdr | Cleanout; assumed stratum change
_6__ 19 sepd 24.0 25.0) 25.5125,0 |27,08/3" F,P,S, 0| ST | Silty sand (SM); brown in color,
L 25.5| 26.0[27.08]27.3 50| Jar| fine-grained, slight moisture, lit
26,01 26.5 100 cohesion, and contains 30% silt.
S 26.5] 27.0 160
272.01.272.5 180 Sample length: 2.3 ft
30.04.25.0f 3Q,0|———t—|7" H.S, Augdr i——| Cleanout; assumed stratum change

WES ;0.5 819
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BORING LOG
FIELD DATA
Project Site Date
Lotation Job No.
Drill Rigy Inspector Operator Surface Ef ____ Boring No, _WES~4-1-81
. . STRATUM DRIVE SAMPLE
SAMPLE | DATE e oF Hyd. CLASSIFICATION AND REMARKS
NUMBER Tf;i‘ FROM | 1O | FROM | TO | FROM | TO PresgCont :
CJA_ 19 Sepy 30,0 30,01 30,5( 30,0130,3 13" F.,P,S, | 0| Jar| Recovered 0.3 ft of very moist
B 30.5] 31.0 ‘10 sand/silty; brown in color, very
31.01 31.5 20 fine-grained, and slight cohesion.
o dsas] 32,0 50 Will attempt again at *32.5 ft.
________ 32.0|_32.5 80 | '
N 30,04 32.5|—— 7" H.S. Augdr | Cleanout
8 |9 sepd 32.5| 33.0 32.5{33.3 [3" F.P.5, of st | s11t (ML): very moist, brown in
BA . 33.01 33.5} 33.3]33.6" 20} Jar| color, moderately cohesive, and
33.5] 34.0 30 contains 1-2% very fine gravel.
34.0| 34.5 40 Sample length: 1,1 fc
34.5] 35.0 80 Lost 1,4 ft
. 37.5132.5] 37.5 7" H.S. Augqr Cleanout

WES ;.05 819

EDITION OF NOV 1971 MAY BE USED
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BORING LOG
FIELD DATA
Project Site Date
L.ocatlon Job No.
Drill Riy Inspector Operator Surface EI _____ Boring No, _WES=4-1-81
STRATUM ORIVE SAMPLE
;‘l\)':‘géi &AKTEEN - STAYM”:LE’; tyd. CLASSIFICATION AND REMARKS
1981 | FROM| 10 | FROM | TO | FROM | TO PresdCont
9|9 Sepy 32.5 37.5)38.0_}37.5 139.55(3" F.P.S. 0 Clay silt: grey in color, moist |. '
_9A | 38.0138.5 [39.55(39.8 40 and moderately cohesive.
38.5(39.0 | 190
39.0/39.5 230 Sample lenpth: 2.3 f¢t
39.5139.85 300
37.5 [40.0 7" .S, Augdr — Cleanout " e
10 -110Sepy 40.3 140.8 40.3 [42.48 (3" F,P,S, 0} ST [ Clay silt: same moist
10A 40.8 141.3 [42.48142.63 0] Jar
I 41.3 [41.8 0
o 41.8 142.3 10 _Sample lengths: 2.33 ft
o 42.7 [ 42.3 42,7 20 S
108ept Pulled auger and installed well
~ screen, '

WES J3.5. 819

EDITION OF NOV 1971 MAY BE USEOD
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8 BORING L.OG
& FIELD DATA
@ :
® Project ____NWSC Groundwater Study Site Crane, IN Date 10 Sept. 1981
= Location __McComish Gorge Job No. 441-G150,11GR21/22
:,i Deill Rig _._Falling  Inspector _J. Dunbar _ _ QOperator __C. Drake Surface EI __5835,69  Boring No. —__WES-4-2-81
‘Q - .
7] -
STRATUM DRIVE SAMPLE T
SAMPLE | DATE : SUMPE OF | Hyd. CLASSIFICATION AND REMARKS
NUMBER | TRREY | From | 10 [ FRom | 7o [ Frow | 1o AMPLER b esslcont
1 |wosepd] 0.0] [ 0.,0] 0.5]0.0 1.27 [ 3"Shelby 280 ST| Gravelly sand (SP): brown in
A 0.5| 1.0]1.27]1.,47| Tube 240 Jay _ color, dry, fine to coarse
_ 1.0 1.5 300 grained with 207 fine to medium_
R . | 1.5 2.0 339 gravel, and .no cohesion, i
2,0 2.5 350 Sample length: 1,47 fr
o 0.0] 5.0 7" Folding [Auge Cleanout
2 110Sept *5.0) 5,5]5.0 5.9 i*3"Fixed Pig- O ST Gravelly sand (SP): brown<in
ton Sampler
R 9.5} 6.015,9 | 6.1 20 | Jar color, dry, fine to medium
I 6,0 6.5 40 grained with 10% fine gravel and
o 6.5] 7.0 60 | little cohesion,
L Sample length: 1.1 ft-.suspect
loss ‘
L 8.0 5,0]10.0 *7"lollow Stlem Cleanout
L;; ' Auger

WES o5, 819

L2q

EOITION OF NOV 1971 MAY BE USED

*3" Fixed Piston Sampler = 3" F,P,S,
*7'" Hollow Stem Auger = 7" H,S, Auger
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BORING LOG
FIELD DATA
Project Site Date
Location Job No.
Dritl Rig Inspector Operator Surface El . Boring No. WES-4-~2-81
STRATUM DRIVE SAMPLE
SAMPLE | DATE - Len Hyd. CLASSIFICATION AND REMARKS
NUMBER | TAKEN| from | 1o | FROM | TO | FROM | TO Pressont
3 hosept|_ 8.0 10.0 {10.5 10.0 (11,97 | 3" F.P,S. 12} ST Silty sand (SM): brown in color
A 10.5 [ 11.0 h1.97 {12,23 201 Jar slight moisture, and slight
: 11.0 11,5 30 cohesion,
11.5(12,0 90 Last foot is fine-grained,
12.0112.5 150 Sample length: 2,23 ft
o 70.0]15.0 ———|_7"_H.S. Augpr —1___Cleanout
4 . |LlSept 15.0.115.0115.515.0 ]16.60| 3" F,P.S. 0 |ST Clay silt (ML); brown in color,
Y. P 15.0 15.5)16.0116.60(16,85 20 | Jar moderately cohesive, and slight
L 16.01 16,5 40 moisture. Lost last 0,4 ft ;
16.5(17.0 100 Sample length: 1.85 ft :
. 17.0}17.5 180 ' :
i 15.0 | 20.0 7" H.S. Auglr Cleanout ?

WES To, 819
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BORING LOG
FIELD DATA
Projec Site Date
Locatinn Job No.
Orill Rig —— Inspector Operator Surface E! Boring No, ___ WES=4-2-81
- STRATUM DRIVE SAMPLE
SAMPLE | DATE STAYMPPEL"; Hyd. CLASSIFICATION AND REMARKS
NUMBER | TAKEN | erom | to | FROM | 10 | FROM | 10 ER  Dresstont .
___|M1lsept ) 20.0 1 20.5 | See Helow | 3" F,P,S, 20 Lost sample,
_ 20.5 | 21.0 20
_ 21,021,5 50
R 21.5 | 22.0 70
. _ 22.0122.5 130
SA  [l11Sept 20.0 ] 21.5 20.0 {21.5 | Standard Jar Pughed splitspoon-clay silt. (ML)'E
S LInep) = 8511t 5poon , :
I . brown in color, moderately -
o _ cohesive, and moist. Water was:|
R - . visible in bottom of hole,
_ _ 22.0120.0125.0 7" H,.S. Augpr Cleanout: stratum change assumed
_____ 6 (L1sept]| 22.0 20.0 | 25.5 25.0 [27.05| 3" F,P.S. 0| st Silty sand (SM): grey in color,
_6A | 25.5 1 26.0 /.05 [27.35 10 | Jar very fine-grained sand, uniform,
o 26,01 26.5 50 moderately cohesive, and moist.
26.5127.0 100 Sample length: 2,35 f¢t
WES ;0% 819 eoition of nov 1971 MaY 8E useD Sheet__ 3 of 4 Sheets
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BORING LOG
FIELD DATA
. Project Site Date
' Location Job No, :
Drill Rig Inspector Operator Surface EI Boring No, _WES-~4-2-81
Wﬁl E | DATE STRATM DRIVE SANFLE TYPE OF | Hyd. CLASSIFICATION AND REMARKS
NUTBER | TAKEN| From | o | FrRoM | 710 [ FROM | 7O SAMPLER  bresspont .
) 27.0 | 27.4 160
25.0130.0 7" H.S, Aughr Cleanout
1 11Sept 30.0 | 30.5p0.0 32,05 3" F,P,S. 10 | ST Siley sand (SM): brown in_color
7A 30,5 1.31.0 B2.05 [32.35 20 | Jar very fine~grained, moderate
31.0 1 31,5 80 cohesion, and moist,
31.5 1 32.0 120 Sample length: 2.35 ft
B 32.4 [32.0 | 32,4 170

Left hole'open overnight to

monitor water level. Water on

12 Sept. 81, was at 19.9“ft.

Installed well through aiger.

WES o 819

COITION OF HOV 1921 MAY DBE USELD
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BORING LOG

FIELD DATA
Projsct __NWSC Groundwater Study Site __Crane, 1IN Date. 12 Sept, 1981
Location _McComish Corge Job No.441-G150,11GR21/22
Orifl Rig _Faudling Inspector.d. Dunbar Operator _C. Drake Surface EI _566.22__ Boring No, . WES-4-3-81
TRATUM ORIV SAMPLE
SAMPLL | DATE s N € Jyee g; Hyd. CLASSIFICATION AND REMARKS
NUMBER | TAXEN| From | 10 | FrROM [ 1O | FROM | ToO L PresyCont
We. :
! 1 12S5epe] 0.0 0.0 0.5 |0.0 2.08 |3" Shelby Kelly ST Silty sand (SM): brown in color,
1A° 0.5 1.0 2)08 2.28 Tube 0] Jar damp, fine-grained,.and moderate
r 1.0 1.5 20 cohesion, Sand equals 60 to 70%
1.5 | 2.0 60 and _silt equals 30 to 40%,
2,0 | 2.5 | - 120 Sample length: 2,28 fr
4.5 0.0 | 5.0 7" Folding Auger Cleanout
2 |12Sept] 4.5 S5,0 | 5.5 [5.00 |7.13 |*3"Fixed Pid- 0] ST Silty sand (SM): grey in cdlor,
- ton Sampler .
QA G 5.5 | 6,0 [7.13 |7.38 P 10| Jar| damp to moist, fine-grained; and. ]
6.0 {6,5 20 moderate cohesion, Sand equals .
6.5 17.0 20 60%-70% and silt equals 30%-40%,.
) 7.0 | 7.5 20 Believe water starts at 5.5 ft. .
Sample length: 238 ft- |
5,0 ho.o *7" Hollow Stem [™| Cleanout
* Auger

WES

san e 819

EDITION OF NOV 197t MAY BE USED

*3" Fixed Piston Sampler = 3" F.P.S,
*7'" lollow Stem Auger = 7" W.S, Auger
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BORING LOG
FIELD DATA
Projest Site Date
Location Job No. -
Drill Rig __—________ Inspector Operator Surface El Boring No. __ WES-4-3-8]
SAMPLL | DATE STRATUM DRIVE ekl TYpe OF  HHyd. CLASSIFICATION AND REMARKS
NUMBER | TAKEN | rpom | 10 | FRow | 10 | FROM | TO SAMPLER  1presdcont A
125ep 10.0]10.5 [10.0 f12.3 {3'" F.P,S 0} 8T Silty sand (SM): same as in no.Z
10.5]11.0 |11.83(12.13 10[ Jar| except for more moisture, ]
11.0011.5 50
11.5{12.0 120 Sample lenpgthy 2,28 ft
\ 12.0]12.4 160 B |
15.0] 10.0[15.0 [—————|7" H.s, Augdr |——| Cleanout .
When pulling weight out of hollow
stem auger, acted as piston and
sucked sand in behind. Cleaned
out several times with same resylk
Used splitspoon to pet sample of .
| material and confirm if sample
| ; was wet |
LA 12Septj15.00| 17.0{15.0|17.0 [15.0 |17.0 [*Splitspoon Silty sand (SM): grey in color,
saturated, and fine-grained,

WES Joi5. 819

EDITION OF NOV 1971 MAY BE USED

*Splitspoon = 1-7/8" 1.D. x 2 1/2" ©,D. gpee 2

of 3 _ Sheets
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BORING LOG" j
FIELD DATA

Project 4'_.' Site Date

Location . Job No.

Orilt Rig o ... .. Inspector Operator Surface Ef _____ Boring No. WES-4-3-81

STRATUM ORIVE SAMPLE
SAMPYLE DATE TYPE OF
nusiER | TAKEN [Taom T 7o o To | rrom | 1o SAMPLER CLASSIFICATION AND REMARKS

Installed well through auger.

FORM )
cure 819 EoiTion of nov 1971 MAY BE UsED

Sheet ___ 3 of __3 Sheets
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*7" llollow Stem Auger = 70

H.S. Auger

BORING LOG
FIELD DATA
?rdect NWSC Groundwater Study Site Crane, IN Date 28 Sept, 1981
Location _McComish Gorge Job No. 441-G150,11GR21/22
Drill Rig __Failing_ Inspector J. Dunbar Operator __C._Drake Surface €1__593.14  Boring No. ___WES-4-~4-81
. STRATUM DRIVE SAMPLE
SAMPLE | DATE STYPPELOE Hyd. CLASSIFICATION AND REMARKS
MUMBER | THRSNT from | 10 | From | 10 | FrRom | 1o AMPLE PressCont.
1 |288ept] 0.0 0.0 0.5 | 0.0 |2.26] 3" Shelby 0 [ST Clay (CL): brown in color, dry, |
A 0.5 1.0 |2.26} 2,45 Tube 0l Jar uniform, slightly sciff, with
. 1.0 1,5 0 slight to moderate cohesion,
- 1.5 | 2.0 0 Sample length: ‘2,45 ftc
2.0 |2.5 10 ‘ ‘
L 0.0 |5.0 7'"Folding Aiger Cleanout
_____ 2 |28Sept 5.0 15,5 |50 |6,64*3"Fixed Pisk 0| sT Clay (CL): same as_above. -y
N 5,5 6.0 [6.64]6.82] 0" SamPler) 50 | 5oy
B 6.0 |6.5 90 Sample length: 1.82 ft
U I 6.5 7.0 130
_ 1.0 172,35 200 .
10.0 |5.0 110.00 *7"Hollow Stpm Cleanout: stratum change assumed
Auger
WES " 19 *3" Fixed Piston Sampler = 3" F.P.S. Sheet ___ 1 of' 4
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S BORING LOG
FIELD DATA

Project Site Date

Locatjon Job No.

Drilt Rig'_—._ Inspector Operator Surface El Boring No. . WES-4-4-81

‘ STRATUN ORIVE SAMPLE

SAMPLE | DATE JUPE OF | Hvd. CLASSIFICATION AND REMARKS
NUMGER | TAKEN| Frow | f0 | FROM | TO | FROM | TO MPLER b egslont.

3_ 28Seprl_10.00_ . 10.0]10.5}10.0 ) 12.19 3" F.P.S 0|ST S1lt (ML): brown, uniform, dry,|

A - 10.5]11.0012.19] 12,36 0 |Jar| and slight cohesion,

L 11.0 |11.5 140 Sample length: 2,36 ft

- _lnm.s|a2.0 1160

12.01]12.34 210
o] 13.5{10.0115.0 I - 7" 1,8, Auger Cleanout

4 |28sept|_13.5 15.0 | 15.5[15.0] 16.7 | 3" F,p,S. 0lSsT Sand (SP): reddish brown ‘in
o ' L t5.5116.0]16.7] 17.0 10 | Jar coloxr, dry, fine-grained, and
i 16.0 ] 16.5 20 no_cohesion.

o . 16.5117.0 60 Sample lenpgth: 2,00 ft
L - ..:n-.- _l]4l 17.5 ___9_0_‘ )

) 15.0 | 20.0 7" .S\ Augpr Cleanout

!
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BORING LOG
FIELD DATA

Project Site Date

Location Job No.

Orilt Rig — . Inspector Operator Surface El_________ Boring No. WES-4-4-81
- STRATUM DRIVE SAMPLE

SAMPLE | DATE JYPEOF | Hyd. CLASSIFICATION AND REMARKS

NUMBER | TAXEN | From | 1o | FROM | TO | FROM | TO PressCont.|-

.3 J2BSept 20.0120.5 20,0 22,08 | 3" F,P,S, | OJST | Sand (SP): brown 