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Conversion Factors, Vertical Datum, and Abbreviations

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 4,047 square meter (m?)
Volume
gallon (gal) 3.785 liter (L)
Flow rate
cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m?¥/s)
gallon per minute (gal/min) 0.06309 liter per second (L/s)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8
Vertical coordinate information is referenced to North American Vertical Datum of 1988 (NAVD 88)
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25°C).
Concentrations of constituents in water are given in milligrams per liter (mg/L) and micrograms per liter (ug/L).

Concentrations of constituents in soil or sediment are given in micrograms per kilogram (pg/kg) or milligrams per kilogram
(mg/kg).

Abbreviations

AOC’s — Areas of Concern

CaCo,— calcium carbonate

CAS — Chemical Abstract Services

CERCLA — Comprehensive Environmental Response, Compensation, and Liability Act of 1980
ESA — Environmental Site Assessment
MUTC — Muscatatuck Urban Training Center
PVC — polyvinyl chloride

RPD — relative percent difference

SVOC's — semivolatile organic compounds
USGS — U.S. Geological Survey

VOC’s — volatile organic compounds
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Environmental Assessment of the Muscatatuck
Urban Training Center near Butlerville, Indiana,
October and November 2005

By Martin R. Risch, Amanda L. Ulberg, and Bret A. Robinson

Abstract

An environmental assessment of the Muscatatuck
Urban Training Center near Butlerville in Jennings County,
Indiana, was completed during October and November
2005. As part of the Department of Defense Earth Science
Program, the U.S. Geological Survey collected informa-
tion about environmental conditions at the 825-acre former
State of Indiana mental health facility prior to its conver-
sion by the Indiana National Guard into an urban train-
ing center. The assessment was designed to investigate
the type and extent of potential contamination associated
with historical activities in selected areas of the facility.

Samples of surface water, ground water, surface soil,
and buried sediment were collected for the assessment in
seven geographic study areas. Surface-water samples were
collected from flowing and pooled surface water, as well as
seeps and springs where ground water discharged at the land
surface. Ground-water samples were collected from temporary
wells installed in boreholes drilled to bedrock. Surface-soil
samples were collected near sites of possible contamina-
tion. Buried-sediment samples were taken from core material
collected near the top of bedrock at depths of 6.4 to 26 feet.
For the assessment, 59 environmental, 22 quality-assur-
ance, and 46 laboratory-blank samples were analyzed for
as many as 65 volatile organic compounds, 62 semivolatile
organic compounds, 20 trace elements, 10 inorganic cations
and anions, 3 nutrients, and 4 water-quality characteristics.

Concentrations of constituents detected in these samples
were compared with regulatory standards (the Indiana Sur-
face-Water-Quality Standards and Indiana Ground-Water-
Quality Standards) and guidance criteria from the Indiana
Department of Environmental Management’s Risk Integrated
System of Closures for contaminated soil and ground water.
Standards or criteria were exceeded by 17 constituent con-
centrations in 11 environmental samples from 5 of the 7
geographic study areas. Standards or criteria were exceeded
for 10 constituents: ammonia, arsenic, benzo(a)pyrene, beryl-
lium, chloride, chloroform, copper, lead, sulfate, and zinc.

Introduction

The Muscatatuck Urban Training Center (MUTC)
includes the buildings and grounds of a former State
of Indiana mental health facility in southeastern Indi-
ana. The facility was closed and the property was trans-
ferred to the Indiana National Guard in July 2005, who
converted it into an urban warfare training center.

The Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980 (CERCLA), amended
by the Superfund Amendment Reauthorization Act of 1986,
established requirements for the cleanup of contaminated
sites (U.S. Code, 2006). To absolve responsibility for con-
tamination and cleanup, a landowner must perform “due
diligence” to investigate and document contamination at
the time of transfer of real estate. These requirements led
to the environmental assessment described in this report,
which was conducted by the U.S. Geological Survey
(USGS) in cooperation with the Indiana National Guard.

Purpose and Scope

This report describes an environmental assessment of
the MUTC from October 24 through November 19, 2005.
Background information about the facility history and envi-
ronmental conditions are included. Methods for collection and
analysis of surface-water, ground-water, surface-soil, buried-
sediment, and quality-assurance samples are discussed. Ana-
Iytical data for all these samples are presented. Concentrations
of constituents detected in these samples are discussed, orga-
nized by geographic location, sample matrix, and constituent
group. Concentrations of constituents are compared with regu-
latory standards and guidance criteria for the State of Indiana.

Previous Investigations

In 2003, the State of Indiana acted to have a Phase I Envi-
ronmental Site Assessment (ESA) completed for the MUTC,
following the American Society of Testing and Materials
(1998) standard E1527-05. The Phase I ESA was designed
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to determine the potential presence or absence of hazardous
substances with respect to the range of contaminants within
the scope of the CERCLA. It included historical information;
a review of local, State and Federal environmental regulatory
documents; and a report from a visual investigation of the
property (Indiana Department of Administration, 2003). The
Phase I ESA identified 25 areas of concern (AOCs) where
hazardous substances were likely to be present. In 2005,
Indiana National Guard personnel made a physical inspection
of the MUTC to update conditions identified in the Phase I
ESA (Walter Anderson, Indiana National Guard, written com-
mun., 2005). This inspection concluded that 12 AOCs should
receive further investigation in a Phase II ESA, which was
part of the USGS study during October and November 2005.
In 2005, a Source-Water Assessment for the MUTC
public-water supply was completed by the USGS as part of
a statewide program to evaluate each area that contributes
surface water used by individual public-water-supply systems
(D. Cohen, U.S. Geological Survey, written commun., 2006).
The source-water assessment identified pesticides associ-
ated with agricultural land use as potential contaminants
of concern within the emergency management zone of the
MUTC water supply, which is the area within ¥ mi from the
shoreline that drains into the Vernon Fork Muscatatuck River
within 1,000 ft upstream from the intake. None of the areas
of concern from the environmental assessment by the USGS
in October and November 2005 were addressed directly by
the Source-Water Assessment, although relevant background

information was identified for the MUTC public-water supply.

Description of the Muscatatuck Urban Training
Center

The study area is described with its history, physical
setting, and hydrology. The physical setting includes topog-
raphy, physiography, geology, soils, and climate. Data from
periodic testing of the public-water system at the MUTC
provides an indication of the historical quality of water in the
Vernon Fork Muscatatuck River at the property boundary.

History

The property and buildings of the MUTC were owned
by the State of Indiana and operated as the Muscatatuck State
Developmental Center from 1920 until 2005. The Center was
a residential mental-health facility that included a hospital,
school, laboratories, and residences. Historically self-suffi-
cient, it utilized onsite facilities for sanitary-waste treatment,
potable-water supply, solid-waste disposal, power generation,
maintenance, laundry, food service, and recreation (Indiana
Department of Administration, 2003). Facilities in use dur-
ing October and November 2005 included water treatment,
wastewater treatment, and coal-fired steam generation, along
with carpentry, plumbing, paint, lawn, and electrical shops.

Physical Setting

The MUTC property consists of approximately 825
acres within Jennings County in southeastern Indiana. It is
approximately 1 mi northwest of the town of Butlerville,

Ind. and % mile north of the Purdue University Southeast
Agricultural Research Center (fig. 1). Most of the build-
ings are located on approximately 200 acres in the central
part of the property on level ground at an altitude of 800 ft.
Land surface slopes away in all directions, to altitudes of
700 ft north and west along the Vernon Fork Muscatatuck
River, 715 ft east at Brush Creek Reservoir and 750 ft
south at Pleasant Run (U.S. Geological Survey, 1994).

The MUTC lies within the Muscatatuck Plateau,
described by Gray (2000) as till-covered uplands with
deeply entrenched streams, with the possibility of underlying
karst development. Underlying bedrock in the area con-
sists of Devonian Limestone and Dolomite (Gray, 1972).

The predominant soil association in the MUTC is Cin-
cinnati-Rossmoyne silt loams. These soils typically occur in
rolling areas in the eastern portion of the pre-Wisconsinan till
plain (U.S. Department of Agriculture, 1982). Parent mate-
rial includes Wisconsinan loess and pre-Wisconsinan till.
These soils are well drained to moderately well drained. The
Cincinnati-Rossmoyne silt loam covers most of the central
and western portions of the property. Other soil types pres-
ent on the site include Hickory loam and Grayford silt loam.
Hickory loams are deep, well-drained soils, found on hillsides
adjacent to natural drainageways. Hickory loams are pres-
ent in the northeastern portion of the MUTC, primarily on
slopes adjacent to Brush Creek Reservoir. Grayford silt loams
are found on undulating ridges and hillsides and are present
in the southeastern portion of the property (Nickell, 1976).

The climate of the study area is characteristic humid
continental with no dry season and long, hot summers (Lewis,
1961). Monthly average temperatures range from about 30°F
during January to 76°F during July, and the average annual
temperature is approximately 54°F (Indiana State Climate
Office, 2006). Summary data from a rain gauge in North Ver-
non, Ind., approximately 7 mi southwest of the MUTC, shows
average annual precipitation was 44.5 in. from 1971 through
2000 (Midwestern Regional Climate Center, 2006). Monthly
average precipitation ranged from a low in February of 2.7
in. to a high in May of 4.7 in. In general, average monthly
precipitation was highest in the spring and summer and lowest
in the fall and winter. Continuous precipitation data collected
since 1999 at the Purdue University Southeast Agricultural
Research Center (fig. 1) indicate that October 1 to November
14, 2005, was a period of below normal precipitation (Indiana
State Climate Office, 2006). When most of the environmental
samples were collected at the MUTC in October and Novem-
ber 2005, 1.82 in. of rain fell, compared with a normal of 5 in.
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Hydrology

The MUTC is in the East Fork White River Basin.
Depending upon topography, surface drainage is generally
to the west and northwest into the Vernon Fork Muscatatuck
River, north into Brush Creek, northeast into Brush Creek
Reservoir, or south to Pleasant Run (fig. 1). The USGS
streamflow-gaging station 03369000 on the Vernon Fork
Muscatatuck River near the western boundary of the MUTC
was in operation from 1942 through 2001. The 60 years of
streamflow record collected show that mean daily stream-
flow for the Vernon Fork Muscatatuck River ranged from
a low of 5.37 ft¥/s in the fall to a high of 318 ft¥/s in the
winter and spring (U.S. Geological Survey, 2006). Brush
Creek Reservoir was constructed in 1953 as a water-sup-
ply reservoir that provides recreational opportunities. At a
normal pool elevation, the surface area of the reservoir is
approximately 150 acres. The dam and most of the prop-
erty associated with the reservoir are owned by the State of
Indiana (Indiana Department of Natural Resources, 2006a).

The source of the public water supply for the MUTC is
the Vernon Fork Muscatatuck River (fig. 1) from an intake
constructed in 1956 near the north boundary. The location
of surface-water intakes are not identified by coordinates or
shown on maps in accordance with USGS policy and Indiana
Code IC 5-14-3-4(b)(19)(G) (Indiana Legislative Services
Agency, 2006). A capacity of 800 gal/min piped to a water-
treatment facility at the MUTC historically served a popula-
tion of 800 persons. According to the Source-Water Assess-
ment for the MUTC public-water supply (D. Cohen, written
commun., 2006), the northern part of the MUTC property
lies within the water-supply emergency-management zone
(the area of land within ¥4 mi from the shoreline that drains
into the stream within 1,000 ft upstream from the intake).

Public-water-supply operators are required to periodi-
cally test the water for contaminants. The results of the tests
for the Muscatatuck State Developmental Center represent
the quality of the treated water provided to the population
served. Although the water was treated’, these test results
may be an indication of the historical quality of water in the
Vernon Fork Muscatatuck River. These data for the period
January 1993 to November 2002 show that atrazine, cad-
mium, and thallium were contaminants detected once or
twice at concentrations equal to or greater than their respec-
tive state drinking-water standards. Atrazine was detected
at a concentration of 3.1 micrograms per liter (ug/L) on
July 28, 1997—the standard for atrazine is 3.0 ug/L. Cad-

! According to an interview with the water-system operator in June 2003
for the Source-Water Assessment, treatment may include aeration, floccula-
tion, settling, chlorination, and carbon filtration (K. Fowler, U.S. Geological
Survey, written, commun., 2006)

mium was detected at 5 ug/L, a concentration equal to its
standard, on February 16, 1994. Thallium was detected at
5 ug/L on July 25, 1995, and at concentrations equal to its
2 ug/L standard on April 1, 1993 and February 16, 1994.

Ground-water resources near the MUTC generally
are found in the bedrock. The Indiana Water Well Record
Database (Indiana Department of Natural Resources,
2006b) and the Hydrogeologic Atlas of Aquifers in Indi-
ana (Fenelon, Bobay, and others, 1994) indicate that most
domestic wells in the area draw ground water from a bed-
rock aquifer. Beneath the MUTC, the uppermost bedrock
is Devonian limestone under 8 to 40 ft of clay-rich till.

Study Methods

The methods for the environmental assessment
involved the designation of geographic study areas, loca-
tions of sampling sites, and types of samples. Other meth-
ods described include sample collection, sample analysis,
and quality assurance. In general, the methods used at
the MUTC followed the American Society for Testing
and Materials (1998) standard E1903-97 for a Phase 11
ESA and the USGS National Field Manual for the Collec-
tion of Water-Quality Data (Wilde and Radtke, 1998).

Assessment Design

The environmental assessment was designed to ap-
praise the nature and extent of potential contamination at
the MUTC that could be associated with the 12 AOC’s iden-
tified in the Phase I ESA that the Indiana National Guard had
determined required further investigation. (The AOC numbers
in this report correspond to the numbers in the Phase I ESA
[1-25].) These 12 AOC’s were grouped into seven geographic
study areas (table 1, figs. 2 and 3). The geographic study
areas designated where contaminants associated with activi-
ties at one or more AOC’s might be present. Within these
geographic study areas, 49 sampling sites were selected for
collection of surface-water, ground-water, surface-soil, or
buried-sediment samples. Sampling sites were designated
with letters and numbers: SW for surface water, B for bore-
hole (ground water and buried sediment were collected at
boreholes), and SOIL for surface soil. Characteristics of the
sampling sites are shown in appendix 1. The identification
of environmental samples is described later in this section.



Table 1. Geographic study areas and areas of concern at the
Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.

Geographic Area of
grap Area of Concern name Concern
study area

number

1 Former Stone Quarry 21

2 Vegetation Disposal Area 18

3 Lawn Shop 6

4 Laundry 5

5 Maintenance Utility Building #77 7

Maintenance Utility Building #78 8

Carpenter and Paint Shops 9

Electrical and Plumbing Shops 10

6 Existing Wastewater Treatment Plant 2

Former Wastewater Treatment Plant 13

7 Power House 3

Storeroom 4

*Area of Concern number from Indiana Department of Administration

(2003).

Surface-water samples were collected from all identified

surface water, including pools, natural and constructed chan-

nels, and seeps and springs where ground water discharged to

the land surface. Ground-water samples were collected from
boreholes that produced a quantity of water sufficient for

sampling. Surface-soil samples were collected where spills or
disposal of contaminants may have occurred. Buried-sediment

samples were collected from boreholes that were expected to
be downgradient from potential contaminant sources. Bur-

Study Methods 5

ied-sediment samples were analyzed to identify the pres-
ence of contaminants that were transported by ground water
and that had an affinity for organic material or sediments.
A hand-held global positioning system receiver was used to
record the geographic coordinates of the sampling locations.
A total of 59 environmental samples were collected by
the USGS from October 24 through November 19, 2005, at
the MUTC. These consisted of 12 surface-water samples, 8
ground-water samples, 20 surface-soil samples, and 19 buried-
sediment samples (figs. 2 and 3, table 2, and appendix 2.)
Environmental samples were identified with letters and num-
bers corresponding to the type of media collected at the sam-
pling sites: SW for surface water, GW for ground water, SOIL
for surface soil, and SED for buried sediment. In some cases,
more than one type of sample was collected at a sampling
site, such as ground-water, surface-soil, and buried-sediment
samples from the same borehole. When more than one type of
sample was collected at a sampling site, the sampling site was
added to the environmental sample identification (B for bore-
hole and SW for surface water). SOIL and SW have two mean-
ings as a sampling site or sample type. Some examples follow:

Sample ID Sample type site Sampling site
SW1 Surface water SW1
GW-B4 Ground water Borehole B4
SED-B4 Buried sediment Borehole B4
SOIL-B4 Surface soil Borehole B4
SOIL7 Surface soil SOIL7
SOIL-SW6 Surface soil SW6
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SwW Surface Water
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SED Buried Sediment
B Borehole
AOC Area of Concern
2 Existing Wastewater Plant
3 Power House
4 Storeroom
5 Laundry
6 Lawn Shop
7 Utility Maintenance Building 77
8 Utility Maintenance Building 78
9 Carpenter and Paint Shops
10 Electrical and Plumbing Shops
13 Former Wastewater Plant

Muscatatuck Urban
Training Center from figure 1
(shaded area shown

in above map)

Figure 3. Geographic study areas 3 through 7 and sampling sites at the Muscatatuck Urban Training Center near Butlerville, Indiana,

October and November 2005.
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Table 2. Environmental samples at the Muscatatuck Urban Training Center near Butlerville, Indiana, October and November 2005.

Geographic study area

Sample type and sample identification

Surface Ground Surface Buried
Number Name - -
water water soil sediment
1 Former Stone Quarry SW6 SOIL-SW6
SW7
SW8
SW12
2 Vegetation Disposal Area GW-B20 SOIL2 SED-B18
SOIL3 SED-B19
SED-B20
3 Lawn Shop SW5 SOIL6
SOIL7
SOIL8
4 Laundry GW-B6 SOIL1 SED-B6
GW-B8 SOIL18 SED-B7
SED-B8
5 Utility Buildings and Trades Shops SW11 SOIL12 SED-B12
SOIL13 SED-B13
SOIL14 SED-B14
6 Existing / Former Wastewater Treatment Plants SW1 GW-B1 SOIL-B3 SED-B1
SwW2 GW-B2 SOIL-B4 SED-B3
Sw4 GW-B3 SOIL15 SED-B4
SW9 GW-B4 SOIL16 SED-B5
GW-B17 SED-B10
SED-B11
SED-B16
SED-B17
7 Power House and Storeroom SW3 SOIL9 SED-B9
SW10 SOIL10 SED-B15
SOIL11
SOIL19
SOIL20

Sample Collection

Twenty boreholes were made with a truck-mounted,
direct-push drill rig (fig. 4). Nearly continuous cores were
collected in acrylic sample tubes as boreholes were advanced
to bedrock. Borehole depths ranged from 7.4 ft (at B3) to 26
ft (at B18) below land surface and a written description of the
sediment cores was completed by a USGS geologist (appen-
dix 3). In boreholes that had water, temporary wells with
1-in. diameter polyvinyl chloride (PVC) casing and 5-ft PVC

screens were placed immediately above bedrock (appendix 3).

Drilling and coring equipment was power-washed
between each borehole. Coring drive caps, points, and cut-
ting shoes were cleaned sequentially with a detergent wash,
scrubbing, and tap-water rinse. After ground-water samples
were collected, the temporary wells were removed and the
boreholes were filled to land surface with bentonite chips.

Surface- and ground-water samples were collected using
a peristaltic pump with Teflon intake and discharge tub-
ing pumping at a rate of approximately 0.2 gal/min. Sample
containers were obtained from the laboratory and contained
the required preservatives. Water from the discharge tub-
ing went directly into the sample containers, which were
not field rinsed. Water samples were not filtered. For sur-
face-water samples, the intake end of the tubing was placed
into the pooled or flowing water (fig. 5). For ground-water
samples, the intake end of the tubing was placed into the
screened interval of a temporary well. Ground-water-sample
containers were filled inside a processing chamber, con-
sisting of a plastic frame suspending a clear polyethylene
bag (fig. 6). Ground-water samples were collected from
boreholes that produced a total volume of at least 0.75 gal
of water. Wells were not developed or purged prior to sam-
pling because of the limited volume of water available.



Surface-soil samples were collected with a hand-oper-
ated soil auger; depths ranged from 6 to 18 in. Buried-sedi-
ment samples were obtained from core materials near the top
of the bedrock at depths from 6.4 to 26 ft. Sediment samples
were removed from cores collected in a new acrylic liner for
the coring tube that was advanced to bedrock by the drill rig.

Water, soil, and sediment-sampling equipment was
cleaned between samples with a sequential detergent wash,

Figure 4.
Indiana, October and November 2005.

Study Methods 9

tap-water rinse, deionized-water rinse, hydrochloric-acid
rinse (excluding metal components), methanol rinse, and
laboratory-grade blank-water rinse. Disposable nitrile gloves
were worn by field personnel during sampling and changed
between sites. Samples were kept in closed coolers in a
refrigerated room under custody control until they were

shipped by overnight freight to the analytical laboratory.

(A) Direct-push drill rig and (B) typical sediment cores collected at the Muscatatuck Urban Training Center near Butlerville,

Figure 5. Typical sampling
techniques for surface-water
samples collected at the
Muscatatuck Urban Training
Center near Butlerville,
Indiana, October and
November 2005.
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Figure 6. Typical sampling
techniques for ground-water
and field blank samples
collected at the Muscatatuck
Urban Training Center near
Butlerville, Indiana, October
and November 2005.

Sample Analysis

Surface-water, ground-water, surface-soil, buried-sedi-
ment, and quality-assurance samples were analyzed at a
laboratory for as many as 6 constituent groups (table 3)—

65 volatile organic chemicals (VOC’s), 62 semivolatile organic

chemicals (SVOC’s), 20 trace elements, and 6 inorganic
cations, along with (in water only) 4 inorganic anions and

3 nutrients. Analysis was completed by the USGS Depart-
ment of Defense Earth Science Program laboratory in
Denver, Colorado. Information for individual constituents
in each group (name, Chemical Abstract Services (CAS)
number, the long-term laboratory reporting limit, and ana-
lytical method) are shown in appendix 4. Four water-quality
characteristics—pH, specific conductance, dissolved oxy-
gen, and water temperature—were measured in surface- and
some ground-water samples. Measurements were made
with an electronic multimeter in a flow-through chamber
attached to the discharge line of the sampling pump. Val-
ues were recorded following collection of water samples.

Quality Assurance

Six field-duplicate samples were collected, including
two surface-water, two surface-soil, and two buried-sedi-
ment samples. Duplicate samples consisted of an environ-
mental sample and a quality-assurance sample. Duplicate
surface-water samples were collected sequentially. To collect
duplicate surface-soil and buried-sediment samples, material
from the soil auger or sediment core was split between the
environmental and duplicate-sample containers. Field-dupli-
cate samples were used to evaluate the natural variability of

constituent concentrations in water and soil/sediment and, to a
lesser degree, precision in the analysis of water and soil/sedi-
ment samples. Concentrations of constituents detected in the
field-duplicate samples (appendix 5) were evaluated with the
relative percent difference (RPD). RPD was computed as the
absolute value of the difference of the concentrations divided
by the average of the concentrations, expressed as a percent-
age. (For this comparison, the reporting limit was used if a
constituent was not detected in one of the two samples.)
Trace elements, inorganic cations, inorganic anions, and
nutrients were detected in the duplicate water samples. The
greatest variability (more than 50 RPD) was in concentra-
tions of lead and tin at SW8 and in concentrations of copper
and iron at SW12. The high RPD for these constituents could
be attributed to the estimated concentrations. Trace elements
and inorganic cations were detected in the duplicate surface-
soil and buried-sediment samples. In surface-soil, the great-
est variability (more than 50 RPD) was in concentrations of
beryllium, cobalt, manganese, and nickel at SOIL2 and in
concentrations of beryllium and strontium at SOIL20. The
high RPD for beryllium was computed for both duplicate soil
samples. In buried sediment, the greatest variability (more
than 50 RPD) was in concentrations of boron, cobalt, manga-
nese, nickel, aluminum, and sodium at B19. Duplicate samples
at B20 did not have concentrations with more than 50 RPD.
Two sets of water samples (one surface water—SW 1
and one ground water—GWB2) were collected as matrix
spike and matrix-spike duplicates. These samples were
prepared at the laboratory by spiking the water samples
with known amounts of selected VOC’s, SVOC'’s, and trace
elements. Matrix-spike samples were evaluated with the
percent recovery of the spiked constituents and matrix-spike
duplicates were evaluated with the RPD (appendix 6). This



evaluation did not indicate apparent interference from the
sample matrix on analysis of VOC’s and trace elements
in the water samples. The VOC’s had percent recoveries
of 60 to 114 and less than 8 RPD. The trace elements had
percent recoveries of 95 to 110 and less than 2 RPD. Some
SVOC’s had potential matrix interference—the percent
recoveries were 60 to 81; duplicates had less than 9 RPD.
Field blanks were prepared by pumping certified, labora-
tory-grade blank water from its original container through
clean sampling-pump tubing into a sample container (fig. 6).
Field blanks were used to evaluate the adequacy of cleaning
procedures and to detect possible artifacts introduced during
sample collection and processing. Field blanks were analyzed
for all constituent groups. Trip blanks for analysis of VOC’s
were supplied by the analytical laboratory and consisted of
sealed vials of certified, laboratory-grade blank water. Trip
blanks were used to detect possible artifacts introduced during
transport and storage of sample containers. In addition to the
field and trip blanks, 46 laboratory blanks were analyzed for
all constituent groups. These blanks were prepared in the labo-
ratory with certified blank water and were used to detect pos-
sible artifacts introduced during analysis of the samples. Con-
centrations of constituents detected in field blanks, trip blanks,
or laboratory blanks were used to qualify concentrations in

water samples collected for the environmental assessment.
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Concentrations of Constituents

Concentrations of constituents detected in the environ-
mental and blank samples are summarized in tables contained
in appendixes 7 through 10. The detections, along with the
type and source of the standards or criteria, are listed for
organic and inorganic constituent groups in surface water
(appendix 7), ground water (appendix 8), surface soil (appen-
dix 9), and buried sediment (appendix 10). For each sample
matrix (water, soil, sediment), the constituents are ordered by
geographic study area. The constituents that were not detected
in any sample from the MUTC are not included in appendixes
7 through 10, although a complete list of all the constitu-
ents analyzed, along with the reporting limits, is shown in
appendix 4. Complete analytical data for the samples at the
MUTC are archived in the USGS National Water Informa-
tion System (URL http://waterdata.usgs.gov/in/nwis/gw)
according to the station numbers listed in appendix 1.

Some constituents were detected in environmental
samples at concentrations less than the laboratory report-
ing limit and the concentrations are qualified as estimated.
Some constituents were detected in field-blank, trip-blank,
or laboratory-blank samples. The highest blank concentra-
tions and number of blank samples with detections are listed
for these constituents in appendixes 7 through 10. Consistent
with procedures used by the Indiana Department of Envi-
ronmental Management, the non-estimated concentrations
in environmental samples that were greater than five times
the highest concentration detected in the blank samples were

Table 3. Constituent groups and methods of laboratory analysis for environmental samples
collected at the Muscatatuck Urban Training Center near Butlerville, Indiana, October and

November 2005.

[USEPA, U.S. Environmental Protection Agency; GC, gas chromatography; MS, mass spectrometry; ICP, inductively

coupled plasma; IC, ion chromatography]

Constituent group® Matrix Type of method Ur::;‘(\;:::r;zfl
Volatile organic compounds water / solid GC/MS *8260B
Semivolatile organic compounds water / solid GC/ MS v8270C
Trace elements water ICP-MS °6020B
solid ICP-MS *6010B
Inorganic cations water ICP-MS *6010B
solid ICP-MS *6010B
Inorganic anions water IC °300.0A
Nutrients (ammonia, nitrate-nitrite, water colorimetric €350.1, €350.1, ¢365.3

total phosphorous)

“Individual constituents in each group are in appendix 4.
°U.S. Environmental Protection Agency, 1986.

U.S. Environmental Protection Agency, 1983.
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identified as valid for comparison with regulatory stan-
dards or guidance criteria. In the subsequent sections of the
report, the concentrations discussed will be those consid-
ered valid based on the above criteria. Concentrations that
are not valid will be noted as estimated concentrations,

Comparisons to Regulatory Standards and
Guidance Criteria

Concentrations of constituents detected in environmen-
tal samples were compared with State of Indiana regulatory
standards and guidance criteria to identify a level of contami-
nation. The standards and criteria that were compared to the
concentrations of constituents in surface-water, ground-water,
surface-soil, and buried-sediment samples are described below.

1. Surface-water concentrations were compared with the
regulatory Indiana Surface-Water-Quality standards from
Indiana Administrative Code (2006) title 327 article 2
(327 TAC 2). If more than one criteria concentration was
listed for aquatic life and human-health protection, the
lowest concentration was used for comparison.

2. Ground-water concentrations were compared with the
regulatory Indiana ground-water-quality standards from
327 IAC 2-1 If a regulatory standard was unavailable,
guidance criteria were used from the table of default
levels for residential closure in the Risk Integrated System
of Closure for sites in the Indiana voluntary remediation
and leaking underground storage tank programs, effective
July 2004 (Indiana Department of Environmental Man-
agement, 20006).

3. Surface-soil or buried-sediment concentrations were
compared with guidance criteria from the table of default
levels for industrial closure in the Risk Integrated System
of Closure for sites in the Indiana voluntary remediation
program and leaking underground storage tank programs,
effective July 2004 (Indiana Department of Environmental
Management, 2006). Indiana regulatory standards have
not been promulgated for surface soil or buried sediment.

Environmental Assessment

In the following discussion of the environmental assess-
ment, the constituent detections are ranked in two levels of
importance. First, the detections with the highest level of
importance are concentrations of constituents greater than the
regulatory standards or guidance criteria. Second, the detec-
tions of interest are the highest concentrations of a constituent
in water, soil, or sediment samples at the MUTC or multiple
constituent detections associated with a geographic study area.

The detections with the highest level of importance are
17 constituent concentrations greater than Indiana regulatory
standards or guidance criteria in 11 environmental samples
from 5 of the 7 geographic study areas, excluding study areas
2 and 5 (table 4, figs. 7 and 8). Standards or criteria were
exceeded for 10 constituents: ammonia nitrogen, arsenic,
benzo(a)pyrene, beryllium, chloride, chloroform, copper, lead,
sulfate, and zinc. The soil/sediment criteria for arsenic was
exceeded in four samples. The standard for lead was exceeded
in one surface-water sample and one ground-water sample.
The standard for ammonia nitrogen in surface water was
exceeded in two samples. Standards or criteria were exceeded
by seven other constituent concentrations in one sample each.

The following discussion summarizes the environ-
mental assessment by geographic study area. Data from
both levels of importance are described—the constituent
concentrations greater than standards or criteria and the
detections of interest that comprise the highest concen-
trations or multiple constituent detections in an area.

Geographic Study Area 1 (the former stone
quarry, AOC 21)

Four surface-water samples (appendix 7) and one sur-
face-soil sample (appendix 9) were collected at the former
stone quarry (fig. 2). Surface-water sample SW6 had the
largest concentrations of nine trace elements among all the
surface-water samples collected at the MUTC. These trace
elements are arsenic, barium, chromium, cobalt, lead, man-
ganese, nickel, vanadium, and zinc. The concentrations of
three of these trace elements were greater than a regulatory
standard: 24 ug/L arsenic, 15 ug/L lead, and 120 ug/L zinc.
The corresponding regulatory standards are 0.02 ug/L arsenic,
2.5 ug/L lead, and 100 pg/L zinc. Sample SW6 contained the
largest concentrations of aluminum, calcium, and iron among
all the surface-water samples collected at the MUTC. The
concentrations of aluminum (4,100 ug/L) and iron (28,000
ug/L) in this sample were nearly 20 times greater than the
next largest concentrations of these cations in surface-water
samples collected at the MUTC. Sample SW6 had 0.16 mg/L
ammonia-nitrogen, a concentration greater than the 0.06
mg/L computed regulatory standard. This sample also con-
tained one concentration of a VOC, 1.8 ug/L ethylbenzene,
which was less than the 1,400 pg/L regulatory standard.

Sample SW6 was collected from a shallow pool on the
floor of the former stone quarry downstream from a large
pile of construction debris and trash along the south wall of
the quarry. A surface-soil sample collected near this pool
(SOIL-SW6) did not represent the same level of constitu-
ent concentrations and detections as sample SW6. Sample
SOIL-SW6 had concentrations of trace elements that were
among the lowest detected in surface-soil samples at the
MUTC. If water in the multiple pools on the floor of the



former stone quarry (represented by water samples SW6,
SW7, and SW8) moved horizontally, a potential area for the
water to appear as seep springs would be along the stone

outcrops of the Brush Creek stream bank north of the quarry.

The only seep spring identified during October and Novem-
ber 2005 was sampled at SW12. Concentrations of VOC'’s,
trace elements, cations, and nutrients were substantially less
than those in SW6 and similar to those in SW7 and SWS.

Geographic Study Area 2 (the vegetation
disposal area, AOC 18)

The vegetation disposal area (fig. 2) did not have a
constituent concentration greater than a regulatory standard
or guidance criteria. Ground-water sample GW-B20 (appen-
dix 8), surface-soil samples SOIL2 and SOIL3 (appendix
9), and buried-sediment samples SED-B18, SED-B19,
and SED-B20 (appendix 10) were collected. Concentra-
tions of trace elements in the soil and buried-sediment
samples were similar to other samples at the MUTC. Esti-
mated concentrations of tetrachloroethene were reported
in SOIL2 (0.52 pg/L) and SED-B20 (0.23 pg/L).
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Geographic Study Area 3 (including the lawn
shop, AOC 6)

One surface-water sample (appendix 7) and three surface-
soil samples (appendix 9) were collected near the lawn shop
(fig. 3). Surface-soil sample SOIL7 had a concentration of
arsenic of 24 mg/kg, which exceeded the 20 mg/kg guidance
criteria. Sample SOIL7 also had a detection of a non-target
volatile organic compound that was identified as P,p’-DDE, a
chlorinated pesticide, at an estimated concentration of 1,200
ng/kg. Pesticides were not among the list of target constitu-
ents for the assessment. Sample SOIL7 had 10 unknown
SVOC’s with an estimated concentration sum of 14,240
ug/kg. Unknown SVOC’s were detected in the other two
surface-soil samples in study area 3—18 in SOIL6 (estimated
concentration sum 13,170 ug/kg) and 6 in SOIL8 (estimated
concentration sum 10,040 pg/kg). Data were unavailable
to determine if any of the unknown SVOC’s detected in
the three surface-soil samples near the lawn shop included
pesticides. Also in geographic area 3, surface-soil sample
SOILS contained a concentration of lead of 220 mg/kg, which
was nearly equal to the guidance criteria of 230 mg/kg.

Table 4. Concentrations of constituents detected in environmental samples collected at the Muscatatuck Urban Training Center in
October and November 2005, that were greater than Indiana regulatory standards or guidance criteria.

[ug/L, microgram per liter; mg/L, milligram per liter; ISWQS, Indiana Surface-Water-Quality Standard; mg/kg, milligram per kilogram; RISC, Risk Integrated

System of Closure; IGWQS, Indiana Ground-Water-Quality Standard]

Geographic Sample

Standard or

study area Sample type identification Constituent Concentration criteria Units Source
1 Surface water SW6 Arsenic 24 0.02 ug/L ISWQS
Surface water SW6 Lead 15 22.5 ug/L ISWQS
Surface water SW6 Zinc 120 100? ug/L ISWQS
Surface water SW6 Ammonia nitrogen .16 .06 ug/L ISWQS®
3 Surface soil SOIL7 Arsenic 24 20 mg/kg RISC
4 Surface soil SOIL1 Arsenic 36 20 mg/kg RISC
Buried sediment SED-B7 Arsenic 22 20 mg/kg RISC
6 Surface water SW1 Chloroform 2.0 1.9 ug/L ISWQS
Surface water SW1 Chloride 270 230 mg/L ISWQS
Ground water GW-B2 Sulfate 320 250 mg/L IGWQS
Ground water GW-B17 Beryllium 4.6 4.0 ug/L IGWQS
Ground water GW-B17 Lead 97 15 ug/L IGWQS
7 Surface soil SOIL9 Benzo(a)pyrene 3,500 1,500 ug/kg RISC
Surface soil SOIL11 Lead 620 230 mg/kg RISC
Surface soil SOIL20 Arsenic 30 20 mg/kg RISC
Surface water SW10 Copper 18 211 neg/L ISWQS
Surface water SW10 Ammonia nitrogen 1.5 .04 mg/L ISWQS*

“ISWQS chronic aquatic criteria based on a table of values with water hardness assumed to be 100 mg/L.

"ISWQS concentrations for ammonia (un-ionized ammonia as nitrogen) vary, based on water temperature and pH, as described in Indiana Administrative
Code (2006). Water temperature and pH measured during sample collection were used to find the ISWQS ammonia value in a table. If the sample water tem-
perature was between two values in the table, the average of corresponding ammonia standards was applied.



14

Environmental Assessment of the Muscatuck Urban Training Center, Indiana, October and November 2005

39003'15" N

39003'00" N

Figure 7.

Zinc, Ammonia

85031'45" W 85031'30" W
| |
@ Former Stone Quarry

o (AOC 21) Brush
| &, Creek
! \ s O Dam Brush

_ I ' s Creek —
I | N~ Reservoir
‘e | SW6

N —_— —

Arsenic, Lead,

Base from 2003 National
Agricultural Imagery Program,
County Tiles for Indiana,
Jennings County. Universal
Transverse Mercator projection,
Zone 16, NAD 83

|
-—

N

®©

@ Vegetation Disposal Area

(AOC 18)

1/|4 Miles

T T
1/8

EXPLANATION

Building

Reservoir

Stream
Road
Streamflow Direction

Sampling Site with Identification

1/4  Kilometers

Geographic Study Area Name
and Identification Number and
Area of Concern (AOC) Number

_@_

o Sample Identification
SW Surface Water
GW Ground Water
SOIL Surface Soll
SED Buried Sediment
and B Borehole

Constituents with Concentrations greater

than Standard or Criteria

Locations of environmental samples with concentrations of constituents greater than an
Indiana regulatory standard or guidance critieria in geographic study areas 1 and 2 at the Muscatatuck
Urban Training Center near Butlerville, Indiana, October and November 2005.



39003'00" N

39002'45"N

Figure 8.

2005.

Environmental Assessment 15

EXPLANATION

Sampling Site with
Identification and
Constituent(s) with
Concentration(s) greater
than Standard or Criteria

Building
Road
Perennial Stream

Intermittent Stream
Underground Stream Reach

Streamflow Direction

Geographic Study Area Name
and Identification Number

85032'15" W 85032'00" W
| |
_@ Lawn Shop
/ =<
[ ]
/ \
I e~y !
/
soi7 | S
Arsenic| \ AOC 6
~ — -
Power House
and Storeroom
Utility Buildings
_@ and Trades Shops
$ e T~
L)
Q \ SOIL9 ~ = _
- & Ve ~— \ |Benzo(a)pyrene
@7 \ \
“SGa p 7 \ o
?0(\4 Cswm © O AOC7 :
“ opper.
qe‘“o‘\ A\ Amonia [ Aocs :
AOC
. . . |
7 |
; \ ° AOC10
Co T aocs 1Y A0CS
N )
SOILN k
: GWB2 Lead g S~
X ° Sulfate| \\®_ _ -~ > N
~T—_ [ ]
\ @AO(H AS(J|L20 e \
SWi1 rsenic
Chioroform | GWB17 AOC 2
Chloride ° ° Beryllium
\ ° Lead |
\ . .® ]
\ N _
~ - // - <

Wastewater Plants  ~ ~

-~ _ - -
/ (]
O I‘ —

|
@\ SEDB7
Laundry \ Arsenic
AN

=
AOC5 =
Ny O
~ L J
SOILT -~ m
Arsenic
| |
Base from 2003 National 0 1716 18 174 Mile
Agricultural Imagery Program, | 1 1
County Tiles for Indiana, [ I I |
Jennings County. Universal 0 1/16 1/8 1/4  Kilometer

Transverse Mercator projection,
Zone 16, NAD 83

o Sample Identification
SwW Surface Water
GW Ground Water
SOIL Surface Soil
SED Buried Sediment
B Borehole
AOC Area of Concern
2 Existing Wastewater Plant
3 Power House
4 Storeroom
5 Laundry
6 Lawn Shop
) Utility Maintenance Building 77
8 Utility Maintenance Building 78
9 Carpenter and Paint Shops
10 Electrical and Plumbing Shops
13 Former Wastewater Plant

Muscatatuck Urban
Training Center from figure 1
(shaded area shown

in above map)

Locations of environmental samples with concentrations of constituents greater than an Indiana regulatory standard or guidance
critieria in geographic study areas 3 through 7 at the Muscatatuck Urban Training Center near Butlerville, Indiana, October and November



16 Environmental Assessment of the Muscatuck Urban Training Center, Indiana, October and November 2005

Geographic Study Area 4 (including the laundry,
AOC5)

Two ground-water samples (appendix 8), two surface-
soil samples (appendix 9), and three buried-sediment samples
(appendix 10) were collected near the laundry (fig. 3). The
concentration of arsenic in a surface-soil sample (SOIL1, 36
mg/kg) and a buried-sediment sample (SED-B7, 22 mg/kg)
exceeded the 20 mg/kg guidance criteria. Sample SOILI,
collected in the drainage swale downstream of the laundry,
also contained 420 pg/kg of the SVOC benzo(b)fluoranthene
and the largest concentrations of manganese (3,500 mg/kg)
and molybdenum (3.9 mg/kg) detected in surface soil at
the MUTC. The guidance criteria for benzo(b)fluoranthene
(15,000 ug/kg) was not exceeded; guidance criteria for
manganese and molybdenum in soil are not available.

Geographic Study Area 5 (including utility
buildings, AOC’s 7 and 8, and trades shops,
AO0C's 9 and 10)

One surface-water sample (appendix 7), three surface-
soil samples (appendix 9), and three buried-sediment samples
(appendix 10) were collected near the utility buildings and
trades shops (fig. 3). This area did not have a constituent
concentration greater than a regulatory standard or guid-
ance criteria. The concentration of copper (260 mg/kg) in
surface-soil sample SOIL12, collected outside the electrical
and plumbing shop (AOC 10), was more than 7 times greater
than any other concentration of copper reported in surface
soil at the MUTC, but less than the 2,700 mg/kg guidance
criteria. Soil sample SOIL14, collected outside the carpenter
and paint shops (AOC 9) had 440 ug/kg benzo(b)fluoranthene,
which was less than the 15,000 ug/kg guidance criteria.

Geographic Study Area 6 (including the existing
wastewater-treatment plant, AOC 2, and the
former wastewater-treatment plant, AOC 13)

A total of 21 surface-water, ground-water, surface-soil,
and buried-sediment samples (appendixes 7 through 10)
were collected in the largest geographic study area that
includes the existing and former wastewater-treatment plants
(fig. 3). This area had detections of VOC’s, SVOC'’s, trace
elements, and ammonia in ground-water and buried-sediment
samples. In the area near the existing wastewater-treatment
plant (AOC 2), buried-sediment sample SED-B17 had 25,000
pg/kg of an unknown SVOC and some of the largest concen-
trations of 12 trace elements, including arsenic equal to the
guidance-criteria concentration of 20 mg/kg. Ground-water
sample GW-B17, collected from the temporary well in the
same borehole as SED-B17, contained estimated concentra-
tions of the VOC’s commonly associated with petroleum
fuels—benzene, toluene, ethylbenzene, and xylenes. Sample

GW-B17 also contained the largest concentrations of 14 trace
elements detected in any ground-water sample at the MUTC,
including two concentrations greater than regulatory stan-
dards—4.6 ug/L beryllium and 97 pg/L lead. The correspond-
ing regulatory standards are 4.0 ug/L beryllium and 15 ug/L
lead. The concentration of lead in sample GW-B3 from this
study area was equal to the 15 pg/L regulatory standard. Also
near the existing wastewater-treatment plant, buried-sedi-
ment sample SED-B16 contained estimated concentrations
of 5 VOC'’s not detected in a blank, including (like GW-B17)
benzene, toluene, ethylbenzene, and xylenes, and 5 unknown
VOC’s with an estimated concentration sum of 104 ug/kg.

In the area near the former wastewater-treatment plant
(AOC 13) in geographic study area 6, ground-water sample
GW-B1 contained 2.1 ug/L chlorobenzene and the larg-
est concentration of ammonia nitrogen detected in ground
water at the MUTC. The 48 mg/L ammonia nitrogen in
GW-B1 was considerably greater than the 0.03 mg/L com-
puted regulatory standard for surface water in Indiana that
was used for comparison. Concentrations of ammonia
nitrogen in two other ground-water samples near the for-
mer wastewater-treatment plant also were considerably
greater than the 0.03 mg/L standard—9.2 mg/L in GW-B2
and 15 mg/L in GW-B3. In addition to ammonia nitrogen,
the concentration of sulfate in sample GW-B2 was greater
than the 250 mg/L regulatory standard for ground water.

Buried-sediment sample SED-B3 had detections
of 5 VOC’s not detected in a blank, including the larg-
est concentration of acetone detected in buried sediment at
the MUTC (35 ug/kg). In sample GW-B3, from the same
borehole as SED-B3, 1.8 ug/L ethylbenzene was detected
along with estimated concentrations of 4 other VOC’s.
Similar compounds, chlorobenzene and 1,4-dichloroben-
zene were detected in GW-B3 while 1,4-dichlorobenzene
and 1,2,4-trimethylbenzene were detected in SED-B3.
Surface-water sample SW1 was collected from the
flow downstream of AOC 13 and presumably contained
treated effluent. The sample had 2.0 pg/L chloroform, which
exceeded the 1.9 pg/L regulatory standard, and 270 mg/L
chloride, which exceeded the 230 mg/L regulatory standard.
Surface-water sample SW4, from a seep spring flowing into
the stream represented by sample SW1, had 1.2 pg/L trichloro-
ethene; the regulatory standard for trichloroethene is 27 ug/L.

Geographic Study Area 7 (including the power
house, AOC 3, and store room, AOC 4)

Two surface-water samples (appendix 7), five surface-
soil samples (appendix 9), and two buried-sediment samples
(appendix 10) were collected near the power house and
store room (fig. 3). This area had two surface-soil samples
with the largest numbers of SVOC’s detected in any of the
surface-soil samples at the MUTC. Sample SOIL9, collected
east of the gas pump by the storeroom (AOC 4), contained
13 concentrations of SVOC’s, including the largest concentra-



tions of any of these compounds detected at the MUTC.
The concentration of one of the compounds detected in
SOILY9, 3,500 ug/kg benzo(a)pyrene, was greater than the
guidance criteria of 1,500 ug/kg. This surface-soil sample
also had detections of 28 unknown SVOC’s with an esti-
mated concentration sum of 20,860 ng/kg. Similarly, SOIL11
contained 9 concentrations of SVOC’s and 19 unknown
SVOC’s with an estimated concentration sum of 17,510
ug/kg. Surface-soil sample SOIL11 contained concentra-
tions of 4.6 mg/kg cadmium, 620 mg/kg lead, and 350 mg/kg
zinc, which were the largest concentrations of these trace
elements detected in any surface-soil sample at the MUTC.
The concentration of lead in SOIL11 was greater than the
230 mg/kg guidance criteria. Sample SOIL11 was collected
near a diesel-fuel pump south of the MUTC power house
(AOC 3). Surface-soil sample SOIL20, south of the coal stor-
age area, had a concentration of arsenic of 30 mg/kg, which
exceeded the 20 mg/kg guidance criteria. Sample SOIL19,
northwest of the coal storage area, had 15 mg/kg arsenic.
Also in geographic study area 7, surface-water
sample SW10 contained the largest concentrations of cop-
per (18 ug/L) and ammonia-nitrogen (1.5 mg/L) detected
in surface-water samples at the MUTC. This concentra-
tion of copper was greater than the 11 ug/L regulatory
standard, and the concentration of ammonia-nitrogen was
greater than the computed regulatory standard. In addi-
tion, sample SW10 had 3 unknown SVOC’s detected with
an estimated concentration sum of 489.9 ug/L, which was
10 times larger than the next largest estimated concentra-
tion of unknown SVOC’s in any surface-water sample at
the MUTC. Water from SW10 emerged from a pipe that
had an unknown origin, assumed to be in study area 7.

Summary

The Muscatatuck Urban Training Center (MUTC)
includes the buildings and grounds of a former 825-acre State
of Indiana mental-health facility in Jennings County near
Butlerville in southeastern Indiana. The facility was closed,
and the property was transferred to the Indiana National Guard
in July 2005, then converted into an urban warfare training
center. The U.S. Geological Survey, in cooperation with the
Indiana National Guard, completed the environmental assess-
ment of the MUTC during October and November 2005.

The MUTC was investigated as 7 geographic study areas
in which 59 environmental samples were collected—

12 surface-water, 8 ground-water, 20 surface-soil, and 19
buried-sediment samples. Twenty boreholes were made with a
truck-mounted, direct-push drill rig. Nearly continuous sedi-
ment cores were collected as boreholes were drilled to bedrock
at depths that ranged from 7.4 to 26 feet below land surface.

Surface-water samples were collected from all identi-
fied surface water, including pools, natural and constructed
channels, and seeps and springs where ground water dis-
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charged to the land surface. Ground-water samples were
collected from temporary wells in boreholes that produced
a quantity of water sufficient for sampling. Surface-soil
samples were collected where spills or disposal of potential
contaminants may have occurred. Buried-sediment samples
were collected from boreholes to identify the presence of
contaminants that were transported by ground water and
that had an affinity for organic material or sediments.

Surface-water, ground-water, surface-soil, buried-
sediment, and quality-assurance samples were analyzed
for 65 volatile organic chemicals, 62 semivolatile organic
chemicals, 20 trace elements, and 6 inorganic cations.
Water samples also were analyzed for 4 inorganic anions,

3 nutrients, and 4 water-quality characteristics. Quality-
assurance samples included duplicates, matrix spike and
matrix-spike duplicates, field blanks, trip blanks, and labo-
ratory blanks. Field duplicate samples were used to evalu-
ate the variability of constituent concentrations. Analysis
of the spiked samples helped evaluate possible interference
from the sample matrix on constituent concentrations.

Some constituents were detected in environmental
samples at concentrations less than the laboratory reporting
limit, and the concentrations were qualified as estimated.
Some constituents were detected in field-blank, trip-blank, or
laboratory-blank samples. Consistent with procedures used
by the Indiana Department of Environmental Management,
the non-estimated concentrations in environmental samples
that were greater than five times the highest concentration
detected in the blank samples were identified as valid for
comparison with regulatory standards or guidance criteria.

For this environmental assessment, the constituent
detections were ranked in two levels of importance. First, the
detections with the highest level of importance are constitu-
ent concentrations greater than the regulatory standards or
guidance criteria. Second, the detections of interest are
the highest concentrations of a constituent in water, soil,
or sediment samples at the MUTC or multiple constitu-
ent detections associated with a geographic study area.

A total of 17 valid constituent concentrations in 11
environmental samples from 5 of the 7 geographic study
areas were greater than State of Indiana regulatory standards
or guidance criteria. Standards or criteria were exceeded for
10 constituents: ammonia, arsenic, benzo(a)pyrene, beryl-
lium, chloride, chloroform, copper, lead, sulfate, and zinc.

Detections of interest were identified in three geo-
graphic study areas that also had constituent concentra-
tions which exceeded Indiana standards or criteria.

* A water sample from a pool in the former stone quarry
in the northeastern MUTC contained the largest con-
centrations of nine trace elements detected in any water
sample, including arsenic, lead, and zinc concentra-
tions that exceeded the Indiana standard.

* Two soil samples near the power house in the north-
western MUTC contained concentrations of at least
nine SVOC’s that were among the largest detected in
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any soil samples, including a benzo(a)pyrene concen-
tration that exceeded Indiana guidance criteria.

¢ In the area near the existing wastewater-treatment plant
in the eastern MUTC, a buried-sediment sample had
a large concentration of an unknown SVOC and some
of the largest concentrations of 12 trace elements,
including arsenic, equal to the guidance-criteria con-
centration. A ground-water sample, collected from the
temporary well in the same borehole as this buried-sed-
iment sample, contained estimated concentrations of
the four VOC’s commonly associated with petroleum
fuels. This ground-water sample also contained the
largest concentrations of 14 trace elements detected in
any ground-water sample, including beryllium and lead
concentrations that exceeded the Indiana standards.

¢ In the area near the former wastewater-treatment plant
in the eastern MUTC, a ground-water sample con-
tained the largest concentration of ammonia nitrogen
detected in any ground-water sample; the concentration
was considerably greater than the computed regula-
tory standard for surface water used for comparison.
Concentrations of ammonia nitrogen in two other
ground-water samples in this area also were consider-
ably greater than the standard.

A surface-soil sample collected near the lawn shop in
the northern MUTC had a detection of a chlorinated
pesticide, although pesticides were not among the list
of target constituents for the assessment. This sample
and two other surface-soil samples in this area con-
tained as many as 18 unknown SVOC’s with substan-
tial estimated concentrations.
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Appendix 1. Characteristics of Sampling Sites at the Muscatatuck Urban
Training Center near Butlerville, Indiana, October and November 2005.

[NWIS, National Water Information System; MUTC, Muscatatuck Urban Training Center]

NWIS station

Site name Location Description
number
SW1 390300085321901 Gravel road near west property line; upstream of ~ Combines treated wastewater treatment plant
culvert; upstream of flow from spring SW4 effluent and spring at property line.
SwW2 390258085321201 Road by lift station; pool in ditch above waste- Minimal flow velocity.
water treatment plant outfall
SW3 390304085321501 In ravine north of northern pond below coal pile;  Pond outfall was reported to flow into the ravine
pool at base of spring at times.
SwW4 390300085322001 Gravel road near western property line; upstream  Perennial spring was reported to never dry up;
of culvert; large wet area from perennial does not include effluent.
spring
SW5 390317085320101 Old spring house, east of stairs leading to river Water flows from pipe in old spring house;
from water plant standing water in pool.
SW6 390323085314201 Pool and wetland on quarry floor Bear to the right after entering gated road.
SW7 390323085314201 Pool at west quarry wall Dripping spring fills pool at base of wall.
SW8 390322085314301 Pool near south end of quarry Pool at base of debris dumped over wall; water
discolored and has odor.
SW9 390255085320701 Ditch southwest of wastewater treatment plant Pooled water with no visible flow velocity; near
wastewater plant.
SW10 390306085321201 Water from unknown source, starting at a 10- Water from northwest part of MUTC, located
inch iron pipe, above Vernon Fork northwest of the power house.
SW11 390309085320801 Series of seep springs flowing in bedrock chan- Water from northwestern part of MUTC.
nel, tributary to Vernon Fork
SW12 390325085314201 Seep spring along Brush Creek below former Receives water from former stone quarry.
stone quarry
Bl 390257085321501 Near south edge of old anaerobic digester; north ~ Edge of filled area.
of dirt lane to land application site; west of
lone tree
B2 390259085321601 Southwest of old final clarifiers; near current Filled area, but outside concrete pits.
tree line; north of buried effluent drain
B3 390257085321502 Northernmost old wastewater lagoon; south of Not a filled area; should be possible to sample
dirt lane to land application site near old sludge.
B4 390256085321501 Southernmost old wastewater lagoon; south of Not a filled area; should be possible to sample
dirt lane to land application site near old sludge.
B5 390258085321501 Northwest of old final clarifiers; near current Filled area, but outside concrete pits.
tree line; south of buried effluent drain
B6 390253085321001 Northwest corner of former electric shop Transformers stacked on south side of building.
B7 390250085321001 Southwest of laundry and south of former elec- Appears to be downgradient of laundry and
tric shop; low area many of the MUTC buildings.
B8 390254085320901 West edge of gravel road below new wastewater ~ Should represent area that includes sewer lines
plant from main part of MUTC and laundry.
B9 390303085321501 North of wall, north of north pond at power plant ~ Should be downgradient from power plant coal
pile.
B10 390302085321801 West of north pond, west of power plant; near Should be downgradient from power plant coal
tree line at former home site pile.
B11 390300085321701 Southwest of south pond, west of power plant; Should be downgradient from power plant coal
near tree line pile.
B12 390306085320401 In grass north of east-west lane, north of plumb-  Should be downgradient from trade shops.

ing and electrical buildings
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Appendix 1. Characteristics of Sampling Sites at the Muscatatuck Urban
Training Center near Butlerville, Indiana, October and November 2005.—
Continued

[NWIS, National Water Information System; MUTC, Muscatatuck Urban Training Center]

NWIS station

Site name Location Description
number
B13 390304085320501 Northwest of plumbing shop; northeast of power  Should be downgradient from trade shops.
plant
B14 390303085320701 North of gas pumps near power plant; in grass Should be downgradient of underground tanks.
north of east-west lane
B15 390306085321001 North of store room loading docks; in grass Should be downgradient from power plant.
north of east-west lane
B16 390259085320601 Low grassy area north of clarifiers at new waste- ~ May represent leaks from new wastewater plant.
water plant
B17 390256085320701 W of road to new wastewater plant; low grassy May represent leaks from new wastewater plant.
area southwest of clarifiers
B18 390309085313301 East edge of vegetation dump Should represent ground water beneath vegeta-
tion dump.
B19 390311085313701 Northwest corner of vegetation disposal area Should represent ground water beneath vegeta-
tion dump.
B20 390308085313601 West edge of vegetation disposal area Should represent ground water beneath vegeta-
tion dump.
SOIL1 390250085320901 West of road, west of laundry; catch basin below  Downstream of main campus and laundry.
culvert
SOIL2 390309085313101 Patch of wet soils at northeast edge of vegetation ~ Should represent surface runoff from vegetation
disposal area dump.
SOIL3 390310085313101 Shallow swale at northeast edge of vegetation Should represent surface runoff from vegetation
disposal area dump.
SOIL6 390314085315801 Southeast corner of lawn shop Should represent activity at lawn shop.
SOIL7 390315085315901 NW corner of Lawn Shop, 25 west of building Should represent activity at lawn shop.
SOILS 390316085315901 Swale 30 feet north of lawn shop parking lot Should represent activity at lawn shop.
SOIL9 390305085320701 17 feet east of gas pump, east of Building 17
store room
SOIL10 390306085320901 Northwest of loading docks at Building 17 store  Should represent surface activity near loading
room docks at Building 17.
SOIL11 390301085320901 South of power house, 50 feet south of diesel Should represent surface activity near diesel fuel
fuel pump, under lone Sycamore pump at the power house.
SOIL12 390303085320201 Electrical shop back door (north side, lower Should represent surface activity at electrical
level) shop.
SOIL13 390302085320301 Plumbing shop front door (west side, lower Should represent surface activity at plumbing
level) shop.
SOIL14 390301085320301 Paint shop side yard (southwest of front door) Should represent surface activity at paint shop.
SOIL15 390300085320601 Swale northwest of clarifiers at new wastewater Should catch surface runoff from wastewater
plant plant.
SOIL16 390256085320801 Swale southwest of clarifiers at new wastewater ~ Should catch surface runoff from wastewater
plant plant.
SOIL18 390251085320801 Laundry back door, west side Should represent surface activity at laundry.
SOIL19 390304085321401 Northeast of final lagoon, northwest of coal pile ~ Should represent coal runoff that is bypassing
the lagoon system.
SOIL20 390300085321201 Rush-grass wetland southwest of coal pile Should represent coal-pile runoff.
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Appendix 2. Characteristics of Samples Collected from the
Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.

[Identification code: GW, ground water; SW, surface water; SOIL, surface soil; SED, buried sediment; B, borehole; MS, matrix spike;
MSD, matrix spike duplicate; REP, replicate; FB, field blank. Borehole depth is in feet below land surface.]

idefl?ilf]i]([:)::ion Sample site Sample type® Matrix Sample date S?inl:ltle
SW1 SW1 Environmental Water 10/27/2005 1145
Sw2 Sw2 Environmental Water 10/27/2005 1450
SW3 SW3 Environmental Water 10/27/2005 1400
Sw4 Sw4 Environmental Water 10/27/2005 1230
SW5 SW5 Environmental Water 10/27/2005 0905
SWo6 SW6 Environmental Water 10/277/2005 0815
SW7 SW7 Environmental Water 10/26/2005 1550
SW8 SW8 Environmental Water 10/26/2005 1630
SW9 SW9 Environmental Water 10/27/2005 1650
SW10 SW10 Environmental Water 10/28/2005 0915
SWI11 SWI11 Environmental Water 10/27/2005 0950
SWi12 SW12 Environmental Water 11/9/2005 0955
GW-B1 B1 Environmental Water 10/26/2005 1145
GW-B2 B2 Environmental Water 11/9/2005 1300
GW-B3 B3 Environmental Water 10/28/2005 1055
GW-B4 B4 Environmental® Water 10/28/2005 1130
GW-B6 B6 Environmental® Water 10/28/2005 0820
GW-B8 B8 Environmental® Water 10/26/2005 1315
GW-B17 B17 Environmental® Water 11/18/2005 1700
GW-B20 B20 Environmental® Water 11/9/2005 1145
SED-B1 B1 Environmental Sediment 10/25/2005 1425
SED-B3 B3 Environmental Sediment 10/26/2005 1440
SED-B4 B4 Environmental Sediment 10/26/2005 1250
SED-B5 B5 Environmental Sediment 10/25/2005 1550
SED-B6 B6 Environmental Sediment 10/25/2005 0900
SED-B7 B7 Environmental Sediment 11/19/2005 0800
SED-B8 B8 Environmental Sediment 10/24/2005 0940
SED-B9 B9 Environmental Sediment 10/24/2005 1150
SED-B10 B10 Environmental Sediment 10/24/2005 1300
SED-B11 B11 Environmental Sediment 10/26/2005 1110
SED-B12 B12 Environmental Sediment 10/25/2005 1100
SED-B13 B13 Environmental Sediment 10/25/2005 1250
SED-B14 B14 Environmental Sediment 10/24/2005 1730
SED-B15 B15 Environmental Sediment 10/24/2005 1445
SED-B16 B16 Environmental Sediment 11/18/2005 1600
SED-B17 B17 Environmental Sediment 11/18/2005 1450
SED-B18 B18 Environmental Sediment 11/19/2005 1600
SED-B19 B19 Environmental Sediment 11/19/2005 1055

SED-B20 B20 Environmental Sediment 11/7/2005 1345
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Appendix 2. Characteristics of Samples Collected from the
Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

[Identification code: GW, ground water; SW, surface water; SOIL, surface soil; SED, buried sediment; B, borehole; MS, matrix spike;
MSD, matrix spike duplicate; REP, replicate; FB, field blank. Borehole depth is in feet below land surface.]

i dei?ilf?g::ion Sample site Sample type? Matrix Sample date Sat1i|:1n|;Ie
SOIL1 SOIL1 Environmental Soil 10/26/2005 1640
SOIL2 SOIL2 Environmental Soil 11/7/2005 0910
SOIL3 SOIL3 Environmental Soil 10/26/2005 1600
SOIL-B3 B3 Environmental Soil 10/26/2005 1430
SOIL-B4 B4 Environmental Soil 10/26/2005 1310
SOIL6 SOIL6 Environmental Soil 10/27/2005 0810
SOIL7 SOIL7 Environmental Soil 10/27/2005 0825
SOILS SOILS Environmental Soil 10/27/2005 0835
SOIL9 SOIL9 Environmental Soil 10/27/2005 0935
SOIL10 SOIL10 Environmental Soil 10/27/2005 0955
SOIL11 SOIL11 Environmental Soil 10/27/2005 1155
SOIL12 SOIL12 Environmental Soil 10/27/2005 1225
SOIL13 SOIL13 Environmental Soil 10/27/2005 1250
SOIL14 SOIL14 Environmental Soil 10/27/2005 1320
SOIL15 SOIL15 Environmental Soil 10/27/2005 1400
SOIL16 SOIL16 Environmental Soil 10/27/2005 1420
SOIL-SW6 SW6 Environmental Soil 10/27/2005 1510
SOIL18 SOIL18 Environmental Soil 10/27/2005 1605
SOIL19 SOIL19 Environmental Soil 10/27/2005 1635
SOIL20 SOIL20 Environmental Soil 11/7/2005 0935
FBSW10 SW10 Field blank Water 10/28/2005 0840
FBGW-B1 B1 Field blank Water 10/26/2005 1100
FBSW12 SW12 Field blank Water 11/9/2005 0950
FBSED-B2 B2 Equipment blank Water 10/26/2005 1015
MSDSW1 SW1 Matrix-spike duplicate Water 10/27/2005 1155
MSSW1 SW1 Matrix spike Water 10/27/2005 1150
MSGW-B2 B2 Matrix spike Water 11/9/2005 1305
MSDGW-B2 B2 Matrix-spike duplicate Water 11/9/2005 1310
REPSWS SW8 Duplicate Water 10/26/2005 1645
REPSW12 SW12 Duplicate Water 11/9/2005 1000
REPSOIL2 SOIL2 Duplicate Soil 11/7/2005 0915
REPSOIL20 SOIL20 Duplicate Soil 11/7/2005 0940
REPSED-B19 B19 Duplicate Sediment 11/19/2005 1100
REPSED-B20 B20 Duplicate Sediment 11/7/2005 1350

* Eight trip blanks are not included. Trip blanks were prepared by the laboratory and transported with empty and filled sample bottles.
Trip blanks were included with each sample shipment to the laboratory and analyzed by the laboratory for volatile organic compounds.

® Partial sample set collected due to limited volume of water available in temporary well.



26 Environmental Assessment of the Muscatuck Urban Training Center, Indiana, October and November 2005

Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.

Borehole B1 (Sampling site for SEDB1 and GWBH1, figure 3)

Located at southeast corner of the former wastewater-treatment plant, west of existing wastewater-treatment
plant. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, RIE, Sect 16,
SW1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where approximate).
Gray-shaded box identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well
installation were completed October 25, 2005.

Screened
) interval of
Buried- temporary
Feet bel sediment well
(Feet below sampling (Feet below
land surface) .. . . R
0 Description of geologic materials interval land sudface)
Fill
3

Limestone-gravel road at 3 feet

35 - - 33
(Well-preserved 6-inch A-horizon)

Dark brown clay-rich till with some limestone gravel

s

6.5 Orange and brown, wet, dense, fine to medium, well-sorted sand
(SEDB1 sample collected from 7.5-8.5 feet)
85 Bedrock and refusal at 8.5 feet 83

Total drill depth 8.5 feet

Temporary wells were constructed
with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B2 (Sampling site for GWB2, figure 3)

Located at northwest corner of the former wastewater treatment plant, west of existing wastewater treatment
plant. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, RIE, Sect 16,
SWH1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where approximate).
Drilling and well installation activities were completed October 26, 2005.

Screened
interval of
temporary
well
(Feet below
land surface) .. . . (Feet below
0 Description of geologic materials land suéface)
Fill including broken concrete
1.7—
(These was no laboratory analysis of buried-sediments for —
this borehole) —
103 — : . —
¥ Dark brown, organic rich, with some vegetation strands (grass/vines). —]
Gravel fill including glazed tile drain (staturated with —
nearly black organic-rich water) —
12.7 v
155 b — — — — —— e — e —— e ——
Unknown 15.5-16.2 feet
162 Bedrock and refusal at 16.2 feet

Total drill depth 16.2 feet
Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B3 (Sampling site for SEDB3, SOILB3, and GWBS3, figure 3)

Located south of the former wastewater treatment plant, at the approximate location of the former settling
lagoons. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16,
SW1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where approximate).
Gray-shaded box identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well installation
were completed October 26, 2005.

Screened
interval of
Buried- temporary
Feet bel sediment well
I( eet below sampling (Feet below
and surface) . . . .
0 Description of geologic materials interval land suorface)
Modern soil and fill
2.2 |—
3 . — —
Medium gray, moist, firm, very well sorted clay —]
5 . . . —
Medium gray, wet, firm, sandy clay with rare gravel —
(SEDB3 sample collected from 6.4-7.2 feet) g
12
74 Bedrock and refusal at 7.4 feet = v

Total drill depth 7.4 feet
Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B4 (Sampling site for SEDB4, SOILB4, and GWB4, figure 3)

Located south of the former wastewater treatment plant, at the approximate location of the former settling
lagoons. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16,
SW1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where approximate).
Gray-shaded box identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well

installation were completed October 26, 2005. Screened
interval of
Buried- temporary
(Feet below sediment well
land surface) . . . sampling (Feet below
0 Description of geologic materials interval land surface)
Modern soil, dark brown with abundant rootlets
1.5 , . ——
Dark gray with red/brown mottling, moist, firm, silty clay
B3P — - —
(No sample recovery 2.8-4.7 feet) 31 —
P ) | =
Light gray, moist, stiff, very well sorted clay —
(appears to be a lacustrine deposit) —
7.9 _ —
Orange/brown, wet, dense, very well sorted, fine sand — —
(SEDB4 sample collected from 8.1-8.8 feet) 87 —
89 Bedrock and refusal at 8.9 feet || ' v

Total drill depth 8.9 feet
Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B5 (Sampling site for SEDBS5, figure 3)

Located at the southwest corner of the former wastewater treatment plant, west of the existing wastewater
treatment plant. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E,
Sect 16, SW1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where

approximate). Gray-shaded box identifies the buried-sediment sampling interval. Drilling, sediment sampling,
and well installation were completed October 25, 2005.

Screened
interval of
Buried- temporary
sediment well
(Feet below .
land surface) o ) ] sampling (Feet below
0 Description of geologic materials interval land suaface)
Red/brown fill with limestone gravel common
6 . . —
Light yellow to orange/brown, moist, dense, very well sorted, —
fine sand —
(SEDB5 sample collected from 6.9-8.2 feet) g
L 8.2
g4 L_Bedrockand refusal at 8.4 feet \

Total drill depth 8.4 feet Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B6 (Sampling site for SEDB6 and GWBS, figure 3)

Located near the northwest corner of the former carpentry shop and northwest of the laundry. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, SW1/4. Unit contacts and
screened intervals are shown in feet below land surface (dashed where approximate). Gray-shaded box
identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well installation were
completed October 25, 2005.

Screened
interval of
Buried- temporary
Fect bel sediment well
I( eet below sampling (Feet below
and surface) .. . . X
Description of geologic materials interval land surface)
0 - . 0
(Preprobe without coring 0-9 feet)
7.8—
3 ["Brown with abundant gray mottling, moist, very Siff sity clay with | | —
abundant organics and few chert gravel —
(SEDB6 sample collected from 12.2-12.9 feet) g
13 Bedrock at 12.9 feet o 12.8v

Total drill depth 13 feet
Temporary wells were constructed
with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B7 (Sampling site for SEDB7, figure 3)

Located south of the former carpentry building and west of the laundry. U.S. Geological Survey (1994) 7.5-minute
topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, SW1/4. Unit contacts and screened intervals are
shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the buried-sediment
sampling interval. Drilling and sediment sampling were completed November 19, 2005.

Buried-
(Feet belo sediment
land surface] o _ _ sampling  No well installed
0 Description of geologic materials interval at this location.
Brown and gray, moist, stiff, sandy silty clay with some gravel
(SEDB7 sample collected from 6.7-7.3 feet)
1.3
785 Weathered limestone bedrock from 7.3-7.6 feet, refusal at 7.6 feet

Total drill depth 7.6 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B8 (Sampling site for SEDB8 and GWBS, figure 3)

Located north of the former carpentry shop, northwest of the laundry and southwest of the existing wastewater-
treatment plant. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E,
Sect 16, SW1/4. Unit contacts and screened intervals are shown in feet below land surface (dashed where
approximate). Gray-shaded box identifies the buried-sediment sampling interval. Drilling, sediment sampling,
and well installation were completed October 24, 2005.

Screened
interval of
Buried- temporary
(Feet below sediment well
land surface) L. . . s_ampling (Feet below
0 Description of geologic materials interval land slbrface)
Light gray/tan to brown, dry, firm, silty clay
6.8—
8 Brown, slightly moist, hard, fill with abundant angular gravel —
" Bedrock at 12 feet N 11.86

Total drill depth 12 feet
Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B9 (Sampling site for SEDBY, figure 3)

Located at the northwest corner of the northernmost settling pond west of the Power House. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, RIE, Sect 16, SW1/4. Unit contacts are
shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the buried-sediment
sampling interval. Drilling and sediment sampling were completed October 24, 2005.

Buried-
(Feet bel sediment
eet below . .
land surface) .. . . sampling No wellinstalled
0 Description of geologic materials interval at this location.
Red/brown, moist, very stiff, silty clay with some limestone gravel
5 - .
Orange/brown, moist, loose, very well sorted, fine sand
(SEDB9 sample collected from 6.4-7.2 feet) i
91 Bedrock and refusal at 9.4 feet

Total drill depth 9.4 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B10 (Sampling site for SEDB10, figure 3)

Located northwest of the northernmost settling pond west of the Power House, in the vicinity of an old
house foundation. U.S. Geological Survey (1994) 7.5-minute topographic map, Butlerville quadrangle,

T7N, R9E, Sect 17, SE1/4. Unit contacts are shown in feet below land surface (dashed where approximate).
Gray-shaded box identifies the buried-sediment sampling interval. Drilling and sediment sampling were
completed October 24, 2005.

Buried-
(Feet bel sediment
eet below . .
land surface) . . . sampling No well installed
0 Description of geologic materials interval at this location.
Medium brown with some dark grey, moist, stiff, silty clay
6.2

Red/brown, dry, loose, silty sand with some tubular concretions
(bioturbation?)

(SEDB10 sample collected from 10-11 feet)
Bedrock and refusal at 11 feet
Total drill depth 11 feet

1
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B11 (Sampling site for SEDB11, figure 3)

Located west of the settling ponds and the Power House, adjacent to the treeline. U.S. Geological Survey
(1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 17, SE1/4. Unit contacts are shown
in feet below land surface (dashed where approximate). Gray-shaded box identifies the buried-sediment
sampling interval. Drilling and sediment sampling were completed October 26, 2005.

Buried-
(Feet bel sediment
Ianedesur?‘aocv:) o . ) sampling No well installed
0 Description of geologic materials interval at this location.
Dark brown silty clay
4.8

Orange/brown, slightly moist, dense, very well sorted, fine sand

(SEDB11 sample collected from 9.2-10.2 feet)

102 Bedrock and refusal at 10.2 feet
' Total drill depth 10.2 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B12 (Sampling site for SEDB12, figure 3)

Located northeast of utility buildings 77 and 78. U.S. Geological Survey (1994) 7.5-minute topographic map,
Butlerville quadrangle, T7N, R9E, Sect 16, NW1/4. Unit contacts are shown in feet below land surface
(dashed where approximate). Gray-shaded box identifies the buried-sediment sampling interval. Drilling and
sediment sampling were completed October 25, 2005.

Buried-
(Feet bel sediment
eet below . .
land surface) . . ) sampling No well installed
0 Description of geologic materials interval at this location.

(Preprobed without coring from land surface to 8 feet.)

8 - —— ] -
Brown, slightly moist, sandy silty clay (very poor recovery)
(SEDB12 sample collected from 9.5-10.4 feet)

10.4 Bedrock and refusal at 10.4 feet

Total drill depth 10.4 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B13 (Sampling site for SEDB13, figure 3)

Located south of utility buildings 77 and 78 and northwest of the plumbing/electric shop. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, SW1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed October 25, 2005.

Buried-
(Feet bel sediment
W = .
|an%esu§aoce) o ) ) sampling  No well installed
0 Description of geologic materials interval at this location.
(Preprobed without coring from land surface to 7 feet.)
7 Y= . . - - T /= = A 1
Brown, slightly moist, firm, clayey silt with rare gravel
85 Brown, moist, stiff, silty clay (B- and C-horizon soil structure)
(SEDB13 sample collected from 10.3-11 feet)
1 Bedrock and refusal at 11 feet

Total drill depth 11 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B14 (Sampling site for SEDB14, figure 3)

Located north of utility buildings 77 and 78, on northside of the adjacent roadway. U.S. Geological

Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, NW1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed October 24, 2005.

Buried-
(Fest bel sediment
land suface) o _ _ sampling  No well installed
0 Description of geologic materials interval at this location.
(Preprobed without coring from land surface to 10.5 feet.)
105 ™ Brown, slightly moist, very Stiff, weathered fil and soil mixture | |
12 -
Tan/brown, dry, loose, silty sand
(SEDB14 sample collected from 13.5-13.9 feet) u
13.9 Bedrock and refusal at 13.9 feet

Total drill depth 13.9 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B15 (Sampling site for SEDB15, figure 3)

Located north of Storeroom (building 17), on northside of the adjacent roadway. U.S. Geological

Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, NW1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed October 24, 2005.

Buried-
(Feet bel sediment
w = .
Ianiiesure]}‘aoce) o ) ) sampling  No well installed
0 Description of geologic materials interval at this location.
Brown, moist, very stiff, sandy silty clay (undisturbed soil horizons)
6 e —— ———— — — — — — — — — — — — — ] -

8 __________________ |
Red/brown, moist, very stiff to hard, gravelly silty clay
14.5 - —
Orange/brown, very moist, loose, very well sorted, silty fine sand
(SEDB15 sample collected from 15-16 feet)
165 Bedrock and refusal at 16.5 feet

Total drill depth 16.5 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B16 (Sampling site for SEDB16, figure 3)

Located north of existing wastewater-treatment plant and southwest of paint shop. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, SW1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed November 18, 2005.

Buried-
(Fost bel sediment
land surface) sampling  No well installed
0 Description of geologic materials interval at this location.
Brown with abundant gray mottling, moist, stiff, sandy silty clay
(weathered till)
10 Medium gray, wet, dense, sand with angular gravel
(SEDB16 sample collected from 10-10.8 feet)
10.8 Bedrock and refusal at 10.8 feet

Total drill depth 10.8 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B17 (Sampling site for SEDB17 and GWB17, figure 3)

Located southwest of the existing wastewater-treatment plant and north of the laundry. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, SW1/4. Unit contacts
and screened intervals are shown in feet below land surface (dashed where approximate). Gray-shaded box
identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well installation were
completed November 18, 2005.

Screened
interval of
Buried- temporary
Feet bel sediment well
I;nedezur?‘aoc\l:) sampling (Feet below
0 Description of geologic materials interval land su(r)face)
Medium brown, very moist, stiff, gravel-rich silty clay
with abundant black organic material
= 71
(SEDB17 sample collected from 7 - 7.7 feet) \%
71 Light gray, weathered limestone with large calcite cyrstals
(7.9-8 feet: chalky gray very fine sand; 8-8.6 feet: wet, gray, weathered
8.6 limestone; bedrock and refusal at 8.6 feet)

Total drill depth 8.6 feet
Temporary wells were constructed
with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B18 (Sampling site for SEDB18, figure 2)

Located at the eastern edge of the vegetation disposal area, next to the treeline. U.S. Geological

Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, NE1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed November 19, 2005.

Buried-
(Feet bel sediment
eet below . .
land surface) . . . sampling No well installed
0 Description of geologic materials interval at this location.

Brown with slight gray mottling, moist, hard, sandy silty clay (Till)

10 (Dark brown till at 10 feet)

12 (Till expanded greatly in sampling tubes; hammering for 3 feet of
advancement produced 4 feet of hard material in sampling tube)

22 (Dark brown till at 22 feet)

24 (Dark brown till at 24 feet)
(SEDB18 sample collected from 25.2-26 feet)
2% Bedrock and refusal at 26 feet

Total drill depth 26 feet

43
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B19 (Sampling site for SEDB19, figure 2)

Located near the northwestern corner of the vegetation disposal area, next to the treeline. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, NE1/4. Unit contacts
are shown in feet below land surface (dashed where approximate). Gray-shaded box identifies the
buried-sediment sampling interval. Drilling and sediment sampling were completed November 19, 2005.

Buried-
(Feet bel sediment
eet below . .
land surface) . . . sampling No well installed
0 Description of geologic materials interval at this location.

Gray and brown mix, slightly moist, hard, sandy silty clay
(looks like a till/fill mix; natural material that has been disturbed)

6.5 (SEDB19 sample collected from 6.5-7.4 feet; this was the most sand-
74 | rich layer seen in this borehole) B
8
(From 8-12 feet: very hard material stuck in sampling tube)
12

(In the process of drilling this borehole, the hard till locked in three
of the core tubes.)

185 Refusal at 18.5 feet
' Total drill depth 18.5 feet
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Appendix 3. Descriptions of Boreholes and Buried-Sediment Cores Collected
from the Muscatatuck Urban Training Center near Butlerville, Indiana,
October and November 2005.—Continued

Borehole B20 (Sampling site for SEDB20 and GWB20, figure 2)

Located near the southwestern corner of the vegetation disposal area, next to the treeline. U.S. Geological
Survey (1994) 7.5-minute topographic map, Butlerville quadrangle, T7N, R9E, Sect 16, NE1/4. Unit contacts
and screened intervals are shown in feet below land surface (dashed where approximate). Gray-shaded
box identifies the buried-sediment sampling interval. Drilling, sediment sampling, and well installation were
completed November 7, 2005.

Screened
) interval of
Buried- temporary
sediment well
(Feet below sampling (Feet below
land surface) . . . .
Description of geologic materials interval land surface)
0 , - — 0
Medium brown, moist, very stiff, silty clay
(appears to be modern soil and the landfill's clay cap)
55— — — — .
(No sample recovered from 2.5-4 feet)
4 - - 3. - - g ., — /7 7
Orange/brown, moist, very stiff, sandy clay
8.6 —
95 — . —
Orange, brown, and gray mix, moist, very stiff, gravelly sandy clay —]
1 (all gray by 11 feet) —
122 Brown, dry to slightly moist, firm, gravel- and sand-rich silty clay —
with some poorly sorted, dirty sand stringers —
(SEDB20 sample collected from 12.2-13.8 feet) —
13.8 Refusal at 13.8 feet 136 v

Total drill depth 13.8 feet
Temporary wells were constructed

with 1.0-inch diameter polyvinyl
chloride (PVC) casing and a 5-foot
long 0.10-inch slot-size PVC screen.
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Appendix 4. Characteristics of Analytical Constituents for Samples
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Appendix 5. Field-Duplicate Sample Data
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Appendix 5. Field-Duplicate Sample Data
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Appendix 6. Matrix-Spike Sample Data
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Appendix 7. Concentrations of Constituents Detected in Surface-Water Samples and Selected Quality-Assurance Samples
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Appendix 7. Concentrations of Constituents Detected in Surface-Water Samples and Selected Quality-Assurance Samples
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Appendix 8. Concentrations of Constituents Detected in Ground-Water Samples and Selected Quality-Assurance Samples
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Appendix 9. Concentrations of Constituents Detected in Surface-Soil Samples
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Appendix 9. Concentrations of Constituents Detected in Surface-Soil Samples
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Appendix 9. Concentrations of Constituents Detected in Surface-Soil Samples
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Appendix 10. Cocentrations of Constituents Detected in Buried-Sediment Samples
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Appendix 10. Concentrations of Constituents Detected
in Buried-Sediment Samples from the Muscatatuck
Urban Training Center near Butlerville, Indiana, October
and November 2005.—Continued

[ug/kg, microgram per kilogram; E, estimated concentration less than reporting limit; SVOC’s, semivolatile
organic compounds; ND, not detected; conc., concentration; —, no data; NA, not available; criteria are for soil
for industrial closure in the Risk Integrated System of Closure (Indiana Department of Environmental Manage-
ment, 2006)]

Semivolatile organic compounds

Geographic bis(2-Ethylhexyl) Number of Sum" of
study area Sample ID phthalate (pg/kg) unknov’vn unlfnown
SVOC's SVOC's (pg/kg)

2 SED-B18 ND 1 16,000

SED-B19 ND 1 17,000

SED-B20 ND 4 10,600

4 SED-B6 ND 2 14,270

SED-B7 ND 1 13,000

SED-BS 110E 3 9,950

5 SED-B12 ND 1 8,600

SED-B13 ND 4 11,980

SED-B14 ND 2 8,370

6 SED-B1 ND 2 8,490

SED-B3 ND 5 13,980

SED-B4 ND 2 7,000

SED-B5 ND 2 9,050

SED-B10 ND 2 9,120

SED-B11 ND 4 10,700

SED-B16 ND 1 12,000

SED-B17 ND 1 25,000

7 SED-B9 ND 2 9,440

SED-B15 ND 1 7,300

Reporting limit conc. 330 — NA

Laboratory blank conc. 52 — 9,300
Detections in lab blanks l1of5 — —

5 times blank conc. 260 — 46,500

Criteria concentration 980,000 NA NA

dEstimated concentrations.
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Appendix 10. Cocentrations of Constituents Detected in Buried-Sediment Samples
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