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EXECUTIVE SUMMARY

Tetra Tech NUS, Inc. (TtNUS) was tasked with performing a Basewide Background Soil Investigation for
Naval Surface Warfare Center Crane (NSWC Crane), Crane, Indiana by the U.S. Navy (Navy) Southern
Division, Naval Facilities Engineering Command (NAVFAC). NSWC Crane is located in the southern
portion of Indiana. This investigation establishes a background database for soil for the entire NSWC

Crane facility.

The results of this report are intended to support applicable Resource Conservation and Recovery Act
(RCRA) Corrective Action requirements and other related environmental investigations conducted at
NSWC Crane. One step typically taken when evaluating the risk of inorganic chemicals is a comparison
of the chemical concentrations measured in the soil under investigation to their background
concentrations. This comparison is made because many inorganic chemicals occur naturally in the
environment. Background concentrations are those concentrations that would be observed in the
absence of impact from facility operations. Thus, the background data contained herein can be used to
differentiate site-related environmental contamination [from known or suspected Solid Waste
Management Units (SWMUSs), Areas of Concern (AOCs), or other sites at NSWC Crane] from naturally

occurring and anthropogenic concentrations prior to U.S. Navy site operations.

The planning for this project conducted in early 1999 was followed by environmental sampling performed
in November 1999 and October 2000. Background samples were collected from three background areas
representing four different soil depositional environments (DEs). Each of these areas and specific
sampling locations within these areas met numerous criteria to ensure that background soil samples
represent “true background” areas or areas that have not been affected by past or present NSWC Crane
operations. Based upon a sampling strategy, 67 soil samples were collected and analyzed for 27

inorganic (metal) concentrations.

The following conclusions can be drawn from the background investigation field effort, data set, and

statistical analyses performed on the background data set:

e The data collected are of sufficient quality to be used for background comparisons of 27 metals in risk
assessments, RCRA Facility Investigations, and other environmental investigations conducted at
NSWC Crane. The background database should be valid for future comparisons for most soil
encountered on the NSWC Crane facility. If exceptions arise, they should be handled on a case-by-

case basis.

020019/P ES-1 CTO 0083
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» Sixteen distinct soil types were represented in the background data set. A sufficient number of
samples was collected to characterize background soil for 15 of the 16 soil types. The goal of
attaining at least 3 samples was achieved for each of these 15 soil types. This goal was not achieved

for the one remaining soil type.

» Statistical analyses supported by geological principles allowed the 16 soil types to be classified into 9
different soil groups. All soil types within each soil group have statistically similar metal
concentrations. The goal of attaining at least 5 samples for statistical analysis for each of these soil
groups was achieved, except for two soil groups. The goal of supporting a minimum detectable
difference between site data and background data was also achieved for all but the same two soil
groups. However, one of these two soil groups only marginally fails to meet the two-sigma project

objective.

* The background concentrations for several metals exceeded human health and ecological risk-based

target levels (SRBTLSs) used during planning for this project.

» Because of varying soil types at any given site at NSWC Crane, two to three background (soil group)
data sets will be needed for comparisons with site investigation data to determine whether site

concentrations exceed background concentrations.

« Inthe initial sampling effort, insufficient background data were obtained for two of nine soil groups. A
supplemental sampling effort seeking additional samples provided enough data to achieve project
objectives for one of those two soil groups. For the remaining soil group (Pennsylvania Subsurface
Sand, PBS), the background data set is still insufficient to support the intended statistical
comparisons with site investigation data. However, it was shown that additional data collection is not

warranted, given the infrequency with which that soil group was encountered during sampling.

The following items should be considered when using this data for comparisons with site investigation

data:

e This report outlines procedures to be followed when comparing site investigation data to the
background data sets (soil groups) presented in this report. Two types of comparisons may be
performed. One historic approach used, involves a direct comparison between the site data and the
background data’s descriptive statistics (minimum, maximum, and average values in a data set as

well as the upper tolerance limit [UTL] values). The information for this type of comparison is

020019/P ES-2 CTO 0083
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included in Tables 4-1 through 4-10. A second approach involves a more direct comparison of
background and site data distributions using a statistical comparison. The complete data sets used in
this type of comparison is held in a database currently managed by Tetra Tech NUS, Inc. See

Section 5 for more details on data comparisons.

« Because some metals exceed human health and ecological risk-based target levels and these target
levels are updated on a periodic basis, it is important that when the site investigation data are

evaluated with respect to background data the current target levels are also considered.

e There may be circumstances where it might be beneficial for SWMU specific background data to be
collected to supplement the basewide background soil database. These circumstances may include
SWMUs which are affected by contamination from other SWMUs, SWMUs which are believed to be
affected by small scale variations in local geology, where a SWMU’s metals of potential concern
differs from the background data sets, or when the PBS soil type is encountered and a comparison is

needed.

020019/P ES-3 CTO 0083
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1.0 INTRODUCTION

This report presents the results and conclusions of the Basewide Background Soil investigation at the
Naval Surface Warfare Center Crane (NSWC Crane), Crane, Indiana. This report has been prepared for
the U.S. Department of the Navy (Navy) by Tetra Tech NUS, Inc. (TtNUS) under the Southern Division,
Naval Facilities Engineering Command (NAVFAC) contract, Contract Number N62467-94-D-0888,
Contract Task Order (CTO) 0083. A copy of this report is maintained at the NSWC Crane Environmental

Division office.

This investigation supports applicable Resource Conservation and Recovery Act (RCRA) Corrective
Action requirements, including the need for RCRA Facility Investigations (RFIs) and other related
environmental investigations to be conducted at the NSWC Crane. The Work Plan (TtNUS, 1999a,
TtNUS, 2000b) for this investigation outlines the rationale and procedures for sample collection while the
Quality Assurance Project Plan (TtNUS, 1999b) outlines the procedures for collection, analysis, and

characterization of background data.

Based on the results of Solid Waste Management Unit (SWMU) investigations, decisions are made
concerning risks to humans and ecological receptors that could be exposed to potential contaminants.
The risk assessment decision process is performed in a step wise manner. The first step when
evaluating the risk of inorganic chemicals often is a comparison of the chemical concentrations measured
in site soil to their background concentrations. This comparison is made because many inorganic
chemicals occur naturally in the environment. Background concentrations are those concentrations that
would be observed in the absence of impact from site operations. In accordance with RCRA (EPA,
1989a) and risk assessment guidance (EPA, 1989b), if the measured site concentrations are not
significantly greater than the background concentrations, it may be inferred that an operationally related
release of those contaminants has not occurred, and the site investigation is often terminated at that
point. If measured concentrations exceed background concentrations, additional assessment may be

warranted.

Before comparisons to background concentrations can be performed, a suitable set of background data
must be available. The background data must be representative of the background chemical
concentrations. This means that samples collected for a background data set must be collected from
areas that have not been affected by chemical releases associated with site activities. The background

samples must also have similar geologic, chemical, and physical characteristics to those collected at the
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area(s) of investigation (i.e., SWMU) so that a meaningful comparison can be made (EPA, 1995). Sail

having these similar characteristics are referred to as soil types.

This report consists of six sections. Section 1.0 is this introduction. Section 2.0 provides a description of
the site characteristics and a brief summary of the SWMUs at the facility. Section 3.0 discusses the
methodology followed for this investigation. It includes a summary of the data quality objectives, sample
network design and rationale, and sampling procedures. Section 4.0 provides an evaluation of the
background data collected. Section 5.0 provides a proposed methodology for using the findings of this
report for data comparisons in future site investigations. Finally, Section 6.0 discusses the summary,
conclusions and recommendations of this report. It is noted that Section 5.0 and 6.0 should be reviewed,

at a minimum, when using the findings of this report for data comparisons.

11 PURPOSE OF THE BASEWIDE BACKGROUND SOIL INVESTIGATION

Background data sets presented in this report are intended to be the benchmarks to which current and
future NSWC Crane SWMU and non-SWMU investigation soil data will be compared. The purpose of
these comparisons is to differentiate site-related environmental contamination from naturally occurring
and anthropogenic (i.e., prior to U.S. Navy operations) background concentrations of inorganic (i.e.,
metals) constituents. Consequently, comparability of the soil metals background data to data from these
SWMU and non-SWMU investigations is crucial to the success of future projects. The background
analytes of interest, the soil types, analytical methods, future land use, risk-based cleanup levels likely to
be used in future investigations, methods of comparing data distributions, sampling schemes, and other
pertinent considerations have been examined in this investigation. Soil has been classified into soil types
with respect to physical characteristics that facilitate comparability among data sets. This critical aspect
of the Data Quality Objective (DQO) planning, with rationales for selecting particular soil types, is

summarized in Section 3.3.

In a meeting with the EPA Region 5, the Navy, based on input from TtNUS, recommended analyzing
background samples for polycyclic aromatic hydrocarbons and pesticides, and possibly volatile organic
compounds and polychlorinated biphenyls, to use as verification that samples were collected from
background populations. EPA Region 5 recommended, instead, that samples be analyzed for metals
only. Accordingly, analyses for the EPA Contract Laboratory Program (CLP) Target Analytic List (TAL)
metals, lithium, strontium, thorium, and tin were conducted in accordance with the standard EPA

analytical methods.
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1.2 OBJECTIVES OF THE BASEWIDE BACKGROUND SOIL INVESTIGATION

The primary objective of this investigation was to collect a sufficient number of soil samples to adequately
characterize, according to soil type, the background soil concentrations of a select number of metals at
NSWC Crane. The samples should be adequate to enable the detection of a two-sigma concentration
difference between data sets (see Section 3.3.3). The soil types for this investigation are derived by
various combinations of soil from different depositional environments (DE), grain size, and depth below
the ground surface. The following paragraph briefly describes how each of the soil types are derived from

the DEs, grain size, and depth while Sections 2.0 and 3.0 describe this in greater detail.

The parent material or the origin of the soil and the manner in which it was deposited largely determines
the chemical and mineralogical composition of that soil. The mechanism (e.g., water, wind, glaciers,
weathering) from which the soil was formed is referred to herein as the depositional environment (DE) of
the soil. Because the soil in each DE is derived from various types of parent material the resulting
chemical composition is believed to vary significantly between the soil in each DE. NSWC Crane has
been subdivided into four DE classifications: (1) alluvium (stream derived sediments); (2) loess (wind-
blown sediment)/glacial outwash (glacially derived sediments); (3) residual soil derived from
Pennsylvanian bedrock/colluvium; and (4) residual soils derived from Mississippian bedrock/colluvium.
Within each DE, surface soil and subsurface soil were targeted, because the surface soil's chemical
composition is believed to differ significantly from subsurface soil's chemical composition. This physical
classification is believed to affect the chemical composition of soil because the parent material of the
surface soil is believed, at least in part, to differ from the parent material from the subsurface material. It
is also believed that the soil grain size (e.g., clay, silt, and sand) also significantly affects the
concentration of inorganics in soil, providing another potential discriminating factor that is not necessarily
well correlated to depth. Therefore, grouping of soil grain sizes into gross grain size classifications (e.g.,
clay, silt, and sand) was necessary to test this expectation. Collectively, all of these physical
classifications of soil (i.e. DE, grain size, and depth) have been evaluated in this investigation to

determine appropriate soil types for meaningful comparison with site investigation data.

The secondary objective of this investigation was to prepare the background data so that an actual
minimum detectable concentration difference between SWMU and background data sets can be
computed. The minimum detectable difference was established for various conditions such as different
parametric data distributions, and was tailored to the actual data. Assumptions were made (e.g., the
number of samples which would be collected) concerning site investigation data sets to permit the
preparation of the data for computation of the minimum detectable difference. The comparison between

SWMU and background data sets will be completed in each site investigation.
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All reported metal concentrations are “total metal” concentrations (EPA, 1986b). The total metal
concentration is herein defined as the sum total of a specific metal that can be dissolved from the native
soil matrix by digesting the sample with a hot mineral acid in accordance with SW-836 Method 3050B.
Method 3050B is not actually a total digestion technique for most samples in that it will not result in
complete dissolution of the soil. Rather, it is a very strong acid digestion that will dissolve most chemical
elements that could become environmentally available (EPA, 1986b). Chemical elements bound in
silicate structures are not normally dissolved by this method because the acid used will not dissolved

silicates. This is acceptable because silicates are not usually mobile in the environment.

This investigation is designed for quantification of metal concentrations in background soils only. The
number of samples that might be collected in future investigations for comparison to background data
sets is unknown. This lack of information limited the ability to project the minimum number of samples
required for this investigation because data set comparisons are influenced by the number of samples in
each data set. Consequently, best professional judgment was used in establishing criteria for
determining whether enough data of the appropriate type and quality have been collected. Section 3.3

summarizes the rationale for selecting the number of samples for this background investigation.

The decision statement for this investigation is:

Determine if enough data points of adequate quality for each analyte in each soil type
have been collected. If enough data of adequate quality have been collected, no more
data will be collected; otherwise the need to collect additional data will be considered. If
no additional data will be collected, the smallest detectable difference between normally

distributed data sets of equal variance will be computed.
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2.0 BACKGROUND INFORMATION

This section provides a discussion of the background information and general site characteristics at the
NSWC Crane facility. It includes such topics as site location, physiography, topography, land use

classification, climatology/meteorology, hydrology, geology, hydrogeology, and site history.

21 SITE LOCATION AND DESCRIPTION

NSWC Crane is located in the southern portion of Indiana, approximately 75 miles southwest of
Indianapolis, 60 miles northwest of Louisville, Kentucky and immediately east of Burns City and Crane
Village, Indiana. NSWC Crane encompasses approximately 62,463 acres or approximately 98 square
miles of the northern portion of Martin County and smaller portions of Greene, Daviess, and Lawrence

Counties. A location map of the NSWC Crane facility is shown on Figure 2-1.

2.2 PHYSIOGRAPHY AND TOPOGRAPHY

NSWC Crane is in the unglaciated area of the Crawford Uplands Physiographic Province. This province
is a rugged, highly vegetated, dissected plateau bounded by the Mitchell Plain Physiographic Province to
the east and the Wabash Lowland Physiographic Province to the west (Murphy and Wade, 1995). The
Mitchell Plain is a low dissected limestone plateau characterized by sinkholes and karst topographic
features. The boundary between the Crawford Upland and the Mitchell Plain is marked by the highly
irregular, eastern facing Chester Escarpment. Springs, caverns, caves, and other solution weathering
features can be found along this escarpment which runs along the eastern edge of the NSWC Crane
facility. The boundary between the Crawford Upland and the Wabash Lowland near the western
boundary of NSWC Crane is gradual (Murphy and Wade, 1995).

The overall terrain at the facility is predominantly rolling with moderately incised stream valleys. Few
topographically flat areas are found at NSWC Crane. Most of the region is covered by deciduous trees and
shrubs. The elevations across Crane range from about 500 feet above mean sea level (AMSL) to about
850 feet AMSL. Man-made Lake Greenwood extends west to east across the northern part of the facility.
Topographic relief in the Crawford Upland ranges from 100 to 350 feet. Greater relief exists in the
eastern part of NSWC Crane near the Chester Escarpment (Murphy and Wade, 1995). A topographic
and surficial geology map of the entire facility has been compiled by Kvale (1992) and Blunck (1995) after
U.S. Geological Survey 7.5 minute quadrangle maps (Indian Springs, Scotland, Koleen, Owensburg,
Odon, Williams, Loogootee, and Shoals). Portions of this topographic and surficial geology map of the

facility can be found on Figures 3-2, 3-3, and 3-4.
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2.3 LAND USE CLASSIFICATION

NSWC Crane is situated in a rural area of south-central Indiana. The surrounding communities are in
transition from an economic base of agriculture, mining, and quarrying to an economy built on
manufacturing and service industries. The patterns of settlement, population statistics, and median
income are similar throughout the region (B&R Environmental, 1997). Because most of the region is

covered by vegetation, the area is classified as rural (B&R Environmental, 1997).

There is no state or local land use planning in the vicinity of NSWC Crane. The only zoning and land use
regulations are in the municipalities in the region. None of the municipalities are close enough to have an
impact on NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and zoning is not
anticipated in the near future. There are no known land use or community actions under consideration or

proposed at this time (B&R Environmental, 1997).

2.4 ECOLOGICAL COMMUNITIES AND HABITAT

A biological characterization of NSWC Crane, including a list of plants and animals found at the facility, is
presented in the Installation Assessment (IA; Army, 1978) and the Initial Assessment Study (IAS; NEESA,
1983) and is summarized in the Environmental Monitoring Reports (EMR; Halliburton NUS, 1992a and
1992b). A list of species which may inhabit NSWC Crane and are protected under the U.S. Endangered
Species Act, Indiana Department of Natural Resources Heritage Data Center, or the U.S. Fish and
Wildlife Service is summarized in the RCRA Facility Permits (EPA, 1995). Other information on the

subject is available from the Indiana Department of Natural Resources (1987, 1988).

25 CLIMATOLOGY AND METEOROLOGY

NSWC Crane is located in a warm temperate climatic zone. In general, the summers are warm and
humid, and winters are mild with occasional short cold periods. The temperature ranges from an average
maximum July temperature of 89°F to an average minimum January temperature of 26°F. Precipitation is
fairly evenly distributed throughout the year, with the maximum precipitation occurring during the spring
and early summer. The average annual precipitation at the facility is 44 inches, consisting of 42 inches of
rain and 15 inches of snow. The average humidity ranges from 40 to 90 percent in summer and 60 to 90

percent in winter.

Although the NSWC Crane Open Burning (OB) and Open Detonation (OD) treatment units (e.g.,

Ammunition Burning Grounds and Demolition Range) have onsite meteorological monitoring stations,
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data are collected for wind speed and wind direction only prior to and during treatment events. Therefore,
insufficient data are available at the site to generate a climatological summary for the area. As a result,
climatological data collected at the Indianapolis International Airport, approximately 65 miles northeast of
Crane, were selected to describe the general climatology of the area occupied by the NSWC Crane.
Indianapolis was chosen because it is the closest and most representative National Weather Service
reporting station (B&R Environmental, 1997a). The wind direction is summarized below, if additional

information is needed please refer to the RCRA Air Quality Assessment (B&R Environmental, 1997a).

Long-term climatological records (NOAA, 1988) for the area indicate that the monthly prevailing wind
direction is from the southwest quadrant (meaning it predominantly blows to the northeast) from April
through December, then shifts to the northwest during January through March. The annual prevailing wind
direction for the region is from the southwest quadrant. The annual average wind speed for the area is
about 9.6 miles per hour. Figure 2-2 is a wind rose illustrating the wind direction and mean wind speed
distribution for the Indianapolis International Airport over the 5-year period, 1985-1989. The least
predominant wind directions are from the northeastern and southeastern quadrants. More specifically,
Figure 2-2 shows that the wind blew from the southwest quadrant (from due west to due south)
approximately 43%, from the northwest quadrant (due north to due west) approximately 31.5%, from the
northeast quadrant (due north to due east) approximately 23.5%, from the southeast quadrant (due south
to due east) approximately 27%, and was calm approximately 3.5% during this 5 year period. It is noted
that the total flow percentage is greater than 100% because the N, S, E, and W "pole" directions each fit

into two quadrants.

2.6 HYDROLOGY

The surface drainage at NSWC Crane has formed a dense, dendritic pattern that flows throughout the
installation in a general southward or southwestward direction. Seven primary creeks in five drainage
basins carry surface water off the installation which eventually drains into the East Fork of the White River
and then to the Wabash River to the southwest. Figure 2-3 shows the basins and drainages of NSWC

Crane.

Drainage Basin IV consists of Boggs and Turkey Creeks, which are the primary drainageways for the
installation and drain the majority of the area. The northern and northwestern sections (Basin ) are drained
by Furst Creek, the eastern portion (Basin Ill) is drained by the Sulphur Creek complex, the extreme eastern
portion (Basin Il) is drained by Indiana Creek (not shown on Figure 2-3), and the southwestern section
(Basin V) is drained by Seed Tick Creek. Also located within the installation are several small ponds and

Lake Greenwood, an 800-acre lake in the northwestern portion of the installation.
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2.7 GEOLOGY

2.7.1 General Geology and Stratigraphy

The geology at NSWC Crane is generally characterized by thin overburden deposits overlying bedrock.
The overburden deposits generally range in depth from the surface down to 65 feet (Nohrstedt, et al.,
1998a) below ground surface. These deposits generally consist of two types: Quaternary-age
unconsolidated deposits and unconsolidated residual soil derived from the underlying bedrock. Bedrock
underlying the Crane facility consists of sedimentary rocks from the Lower Pennsylvanian-age Raccoon
Creek Group and the Upper Mississippian-age Stephensport and West Baden Groups. The following
subsections describe the unconsolidated deposits and bedrock at NSWC Crane in greater detail.

2.7.2 Unconsolidated Deposits

The Quaternary-age unconsolidated deposits consist of alluvial (stream-derived sediments), colluvial
(sediments at the foot of a slope via gravity), and glacial outwash deposits (derived from glaciers)
consisting of clay, silt, sand, and gravel; lacustrine deposits (derived from lakes) consisting of clay, silt,

and sand; and loess (wind blown deposits) deposits consisting of clay and silt.

Unconsolidated residual soil at NSWC Crane were derived from the underlying sedimentary rocks of the
Lower Pennsylvanian Raccoon Creek Group and the Upper Mississippian Stephensport and West Baden
Groups. These soils consist of clay, silt, sand, and fragmented and/or partially weathered bedrock. The
residual soil derived from Pennsylvanian bedrock/colluvium is referred to hereafter as Pennsylvanian soil.
The residual soil derived from Mississipian bedrock/colluvium is referred to hereafter as Mississippian

soil.

Using the United States Department of Agriculture (USDA)/ Soil Conservation Service (SCS) soil
classification system (McElrath, 1988), the soil at NSWC Crane has been classified into 23 soil series.
More specifically, the soil at the 33 Solid Waste Management Units (SWMUSs) at the facility has been
classified into 15 soil series. Each of these soil series are defined by various soil characteristics (e.g.,
grain size, erosion, slope, drainage, parent material or depositional source, etc.) specific to the series.
Within these soil series various sub-classes or soil map units have been defined. Table 2-1 lists the soil
series and map units present throughout the facility and indicates the number of facility SWMUs where
these soil series are present. USDA/SCS soil maps for NSWC Crane have been included in Appendix D
of the Work Plan (TtNUS, October 1999a).
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For the purposes of this study, the USDA/SCS soil classifications at NSWC Crane have been categorized
according to their DE. The DE refers to the mechanism and parent material from which a soil was
formed. Thus, the DE (more specifically the parent material) determines the chemical and mineralogical
composition of the soil (McElrath, 1988). Other factors such as grain size also affect the chemical and
mineralogical make-up of a particular soil. The soil at the facility has been subdivided into four DE
classifications: (1) alluvium; (2) loess/glacial outwash; (3) residual soils derived from Pennsylvanian
bedrock/colluvium; and (4) residual soils derived from Mississippian bedrock/colluvium. The following
sections describe each of these DEs and the USDA soil series which are classified within each DE.

Table 2-1 illustrates this soil classification.

2721 Alluvial Deposits

Alluvial deposits (or alluvium) are defined as material that has been deposited by streams or running
water. The Quaternary sequences of alluvium generally correspond to the Bartle, Birds, Bonnie,
Burnside, Haymond, Pekin, Wakeland, and Wilbur USDA soil series (McElrath, 1988). Alluvium was
mapped by Kvale (1992) where it was found greater than 7 feet thick. These deposits generally were
found in major river valleys in the area. Kvale's (1992) classification of alluvium generally corresponds to

the Haymond or Wakeland silt loam soil series.

Based upon the background samples collected in alluvial deposits from the investigation, this soil is
predominantly silt and sand with some gravel and traces of clay. Most borings encountered refusal
before 6 feet indicating that gravel may be more predominant at depth or bedrock may be very shallow in
these areas. In one boring (BG3SBAO5; see Appendix B), naturally occurring red staining (likely from iron

nodules) was evident in the soil samples.

2.7.2.2 Loess/Glacial Deposits

The glacial outwash in Martin County is typically composed of stratified gravel, sand, and silt formed by
running water from melting glaciers during the lllinoian Period (McElrath, 1988). The glacial deposits have
been classified by McElrath (1988) as Negley, Parke, and Pike USDA soil series. Kvale (1992) however
eliminated some Negley soils as glacial deposits. Glacial outwash deposits are found locally only in the

northwest corner of the Crane facility.
As the lllinoian glacial ice receded, temporary glacial lakes formed. The fine-grained material deposited

in these glacial lakes was carried by wind out of the White River valley and deposited in the adjacent

uplands. These thin, uniform silt deposits are referred to as loess deposits. During the late Wisconsinan
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time, a thin mantle of these loess deposits (ranging from a few inches to several feet thick) were
deposited throughout Martin County (McElrath, 1988) and the NSWC Crane facility. Loess deposits are
typically fine-grained material, dominated by silt-sized particles. Hosmer soil are examples of relatively
thick loess deposits primarily found on ridgetops (Kvale, 1992), where as Zanesville soil are examples

where only a thin layer of loess has formed on the surface (McElrath, 1988).

Based upon the background samples collected in this investigation, the loess deposits at NSWC Crane
are predominantly clay and silt with traces of fine sand. All borings were able to penetrate to the specified
depth of 6 feet below ground surface indicating that bedrock is greater than 6 feet in depth in these areas.
In one boring (BG1SBLO3; Appendix B) naturally occurring red iron nodules were evident in the soil
samples. Incidentally, in this same boring the highest photoionization detector (PID) readings (i.e.,
551 ppm) were detected. The cause of these anomously high readings is unknown, although these PID

readings could be the result of decomposing organic matter.

As is typical of most glacially derived sediment, glacial deposits at NSWC Crane consist of a wide range
of grain sizes (e.g., clay, silt, sand, and gravel). These sorted and unsorted, glacially derived sediments
are commonly referred to as glacial outwash and till, respectively, and are found in the northwestern
portion of the facility. Most of the borings penetrated to the specified depth of 6 feet bgs. Those that hit

refusal at less than 6 feet were likely a result of gravel or boulders.

2.7.2.3 Residual Soil from Bedrock/Colluvium

Most of the soil in Martin County was developed from bedrock residuum (McElrath, 1988). As mentioned
in Section 2.7.2 these residual soils developed from the underlying sedimentary rocks of the Lower
Pennsylvanian and Upper Mississippian formations. Because the make-up and characteristics of these
two bedrock types are significantly different, the residual soils developed are expected to be different. As
discussed in Section 2.7.3, the Pennsylvanian bedrock contains black shales, carbonaceous shales, and
coal which are expected to have a higher metals content than the “cleaner” shale and limestone
encountered in the Mississippian bedrock (Rupp, 1999). Colluvial deposits, which are soil and bedrock
fragments that have been moved by gravity and deposited at the base of steep slopes, have been
classified with the residual soil because they are expected to have similar characteristics. For the
purposes of this investigation, the Pennsylvanian and Mississippian residual soil DEs were not
differentiated to their stratigraphic map units (i.e., formations). For example, the Raccoon Creek
Formation and the undifferentiated portion of the lower Pennsylvanian were not addressed separately and

formations in the Mississippian DE were not addressed separately when evaluating a DE. However,
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Mississippian formations were considered in sample selection from the Mississippian residual soil DE

(see Section 3.0).

Based upon the background samples collected residual soil predominantly consisted of silty clay and silt
with traces of sand. Most borings were able to penetrate to the specified depth of 6 feet bgs indicating
that bedrock is deeper than 6 feet in most areas. However in some areas bedrock was encountered with
3 feet of ground surface. One boring in the Pennsylvanian (BG1SBP01) and four borings in the
Mississippian residual soil (BG3SBMO01, 02, 03, 05; Appendix B) encountered what appeared to be

naturally occurring red iron nodules and iron staining.

2.7.3 Bedrock

Bedrock underlying the Crane facility consists of sedimentary rocks from the Lower Pennsylvanian-age
and the Upper Mississippian-age bedrock. The Lower Pennsylvanian bedrock (Raccoon Creek Group) at
the facility primarily consists of interbedded sandstone, siltstone, shale, and coal with a total thickness
varying from 0 to more than 300 feet (Fisher, 1996). The underlying Missisippian-age bedrock consists
of limestone, shale and sandstone (Murphy and Wade, 1995 and Palmer, 1969). An unconformity
separates the Pennsylvanian from the Mississippian rock units at Crane. The relief of the unconformity
between the Pennsylvanian and Mississippian bedrock has been measured to be as much as 100 feet
(Kvale, 1992).

Pennsylvanian bedrock are absent in the deepest present day drainage channels (e.g., Sulphur Creek,
Turkey Creek) primarily due to erosion. In these locations the Mississippian-age bedrock is exposed. A
large number of SWMUs are located on ridges or other topographically high areas, primarily on top of
Pennsylvanian bedrock. One exception to this generalization is the Ammunition Burning Ground (ABG)
which is located over Mississippian bedrock (Fisher, 1996). The surficial geology of the mappable
geologic units at NSWC Crane is shown on Figure 2-4. An outline of the of SWMUs is included as an

illustration of the type of surface bedrock material underlying these SWMUs.

The following paragraphs provide a brief description of the geologic formations as described by Palmer
(1969), Murphy and Wade (1998) and Kvale (1992). They are presented from youngest (first) to the
oldest units. These geologic units are also illustrated on the stratigraphic column illustrated on Figure
2-5.
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a. Mansfield Formation and Undifferentiated Lower Pennsylvanian (Pennsylvanian Raccoon Creek

Group). This unit consists of alternating beds of shales (e.g., black shale and carbonaceous

shale), sandstone, mudstone, siltstone, and thin discontinuous coal units.

b. Glen Dean Limestone, Hardinsburg Formation, Golconda/Haney Limestone, Indian Springs

Member, undifferentiated (Mississippian Stephensport Group). This unit consists of limestone

(Glen Dean Formation), soft shale and cross-bedded sandstone (Hardinsburg Formation), shaley
limestone and limey shales (Golconda/Haney Formation), and dark gray shale (Indian Springs
Formation). Thickness of the unit ranges from 60-70 feet. This group is referred to as M6
(Kvale, 1992).

C. Big Clifty Sandstone member, Big Clifty Formation (Mississippian Stephensport Group). The Big

Clifty sandstone is a tan to green-gray, massive to thick-bedded, rippled, fine- to very fine-
grained, well sorted, rounded, friable sandstone with occasional shaly partings. Thickness of this

unit ranges from 30 to 40 feet. This group is referred to as M5 (Kvale, 1992).

d. Beech Creek Limestone Formation (Mississippian Stephensport Group). The Beech Creek

Limestone consisted of fossiliferous, hard limestone. Joints in the limestone were sparse to
numerous in cores recovered from the 18 well borings penetrating the Beech Creek Formation.
The Beech Creek formation displayed moderate to extensive solution-enlarged jointing at another
site within NSWC Crane (Hunt, 1988). Thickness of this unit ranges from 20 to 25 feet. This
group is referred to as M4 (Kvale, 1992).

e. Elwren Formation, Reelsville Limestone, Upper Sample Formation, undifferentiated

(Mississippian West Baden Group). This unit consists of fine-grained interbedded sandstone and
mudstone (Elwren Formation), a thin discontinuous limestone (Reelsville Limestone), and fine-
grained sandstone (Upper Sample Formation). Thickness of this unit ranges from 65 to 75 feet.

This group is referred to as M3 (Kvale, 1992).

e. Lower Sample Formation, Beaver Bend Limestone, Bethel Formation, undifferentiated

(Mississippian West Baden Group). This unit consists of dark greenish gray shale (Lower
Sample Formation), fossiliferous limestone (Beaver Bend Limestone), and a calcareous
sandstone and shale (Bethel Formation). Thickness of this unit ranges from 50 to 60 feet. This

group is referred to as M2 (Kvale, 1992).
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f. Paoli Limestone, Ste. Genevieve, undifferentiated (Mississippian Blue River). This unit consists

of oolitic limestone and undifferentiated limestone. Thickness of this unit is at least 35 feet (based
upon exposure in Boone Hollow, northeastern corner of the facility). This group is referred to as
M1 (Kvale, 1992).

Structurally, NSWC Crane is located on the eastern edge of the lllinois Structural Basin, where the
Pennsylvanian and Mississippian age bedrock dips to the west-southwest and southwest at
approximately 30 to 35 feet per mile (Dunbar, 1982, p. 10 and Kvale, 1992). Locally, however the dip of
the Mississippian bedrock can range from 0 to 15 feet per mile to as much as 100 feet per mile (Sulphur
Creek; Kvale, 1992).

2.8 HYDROGEOLOGY

In general, groundwater in the unglaciated portion of southwestern Indiana is present in surficial
unconsolidated aquifer(s) and underlying bedrock aquifers consisting of primarily sandstone and
limestone. Bedrock aquifers are generally isolated from one another vertically by less permeable shale
units. Groundwater enters the aquifers through outcrops and infiltration, and flows by gravity down the

dip of the strata or locally in directions controlled by the potentiometric gradient.

Regionally, groundwater flow is expected to conform to the southwestward-dipping bedrock with a
gradient approaching the dip. Locally, water-level measurements from wells generally show that
groundwater flow direction agreed with local surface drainage. Seasonal fluctuations in the water table
are expected to be slight because precipitation is well distributed throughout the year (Murphy, 1994;
Murphy and Wade, 1995).

29 FACILITY HISTORY

This section contains a brief summary of the general history of NSWC Crane and the Solid Waste

Management Units (SWMUSs) present at the facility.

2.9.1 General History

The facility was commissioned in 1941 as the Naval Ammunition Depot (NAD) Burns City, to serve as an
inland munitions production and storage center for the US Navy. The name of the facility was changed in
1943 to NAD Crane, in 1975 to the Naval Weapons Support Center, and in 1992 to NSWC Crane. The
facility was constructed on land publicly acquired under the White River Land Utilization Project

(35,000 acres) and land purchased from private ownership (26,830 acres) beginning in 1934. Prior to its
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acquisition by the Navy, the land was largely used for timber and agriculture (Poynter, 1999). The
Department of Defense (DOD) ammunition procurement responsibility was transferred to the Army in
1977. The Army assumed ordnance production, storage, and related responsibilities under the single
service management directive. All environmental activities on the installation remain the responsibility of

the Navy.

2.9.2 Past Data Collection Activities

This section includes a brief description of the historic data collection activities conducted at NSWC
Crane. The following summary has been generated using reports and supporting documents (submitted

by other contractors) provided by NSWC Crane.

The first investigations performed at the NSWC Crane were the IA (Army, 1978) and the IAS (NEESA,
1983). Performed in 1977, the IA consisted of an extensive records search and interviews with former
and present employees at NSWC Crane. The purpose of the |A was to investigate potential contaminant
releases to the environment from past operations and to determine the potential of these releases to
migrate beyond the facility boundaries. The IAS began in April 1981 in response to the Navy Assessment
and Control of Installation Pollutants (NACIP) Program and was completed in May 1983 by the Naval
Energy and Environmental Support Agency (NEESA) with assistance from the Ordnance Environmental
Support Agency and the United States Army Corps of Engineers (USACE) Waterways Experiment Station
(WES). The intent of the IAS was to identify and assess sites posing a potential threat to human health
and the environment from past hazardous materials operations. Although none of the sites investigated
were determined to represent immediate human health or environmental threats, 14 sites were

recommended for further study to evaluate potential long-term impacts.

Based on these investigations and others (submitted by other contractors), 33 SWMUs have been
identified at NSWC Crane (EPA, 1995). Table 2-2 lists each SWMU and briefly summarizes the Solid
Waste Management Area (SWMA) classification, processes, and presumed metals (only) of potential
concern at each of these SWMUs. Figure 2-4 illustrates the location and identification of each of these
SWMUs.

29.21 Air Quality Assessment

Based on the predominant wind direction at NSWC Crane (Section 2.5) the southwest quadrant of the
facility is less likely to have received fallout from airborne contaminant releases from the OB/OD (e.g.,

Ammunition Burning Grounds, Old Rifle Range, and Demolition Range) operations. Based on the
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predominant wind direction this area also is less likely to experience any potential contaminants from the
Field Testing Ranges (Pyrotechnic Test Area, Annex, and Rocket Range [SWMU 19/00]) which are

located to the east.

The RCRA Air Quality Assessment Report (B&R Environmental, 1997a) assessed the effects of airborne
particulates from OB/OD (e.g., Ammunition Burning Grounds, Old Rifle Range, and Demolition Range)
activities on the surrounding areas. This report however did not determine the maximum distance of
impact on the surrounding areas from particulates released from OB/OD activities. Areas at the greatest
distance downgradient (downwind) from these areas are least likely to be affected by any airborne

releases.

The OIld Open Burn Pit (SWMU 05/03) may have released particulates during the daily open burning of
refuse. Activities at this site were discontinued in 1972. Based on the prevailing wind direction (Section
2.5), areas to the west of the Old Burn Pit are less likely to have been affected by airborne particulates

released from this area than are areas to the east.

The Crane Army Ammunition Activity (CAAA) QA/QC Test Area (SWMU 20/00), which is located in the
center of the NSWC Facility (see Figure 2-4) also may be a source for airborne particulates. At this site,
flare testing was conducted which produced a lot of smoke (there are even signs in the area of operation
which warn that the visibility on the road may be obscured by smoke; Brent, 1999). Although no longer in
operation, the Building 146 incinerator (SWMU 16/16) was also a source for airborne emissions. This site

is located in the north-central portion of the NSWC facility (Figure 2-4).
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TABLE 2-1

USDA/SCS SOIL CLASSIFICATIONS PRESENT AT NSWC CRANE"
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
PAGE 1 OF 2

Soil Classification”

Soil Classification®™

rresent
Depositional Soil | at# ot Subsurface Surface Subsurface Type of Deposition
Environment . | Soil Series | Type |SWMUs| Surface Soil¥ soil® Soil Soil® Description Location (McElrath, 1988)
silt loam to silty . 0 to 2 percent slopes, gently sloping, deep, poorly
Alluvium Bartle Ba 0 silt loam clay loam CL,CL-ML | CL,CL-ML |drained lowlands Lake plains & stream terraces
frequently flooded, nearly level, deep, poorly Alluvium derived from loess
Birds Bk 2 silt loam silt loam CL CL drained; on broad bottom land. lowlands uplands
c 0 to 2 percent slopes, gently sloping, deep, poorly Alluvium derived from loess
Bonnie Bo 0 silt loam silt loam CL CL drained lowlands uplands
loam to channery| ML, CL, ML- | ML-CL, SC, |occassionally flooded, nearly level, deep, well Aliyvium derived from sandstone,
Burnside Bu 4 loam loam CL GC, SM, GM |drained; on flood plains flood plains siltstone, and shale
frequently flooded, nearly level, deep, well drained;
Haymond Hd 3 silt loam silt loam ML ML, SM__ jon bottom land lowtands Siity alluvium
silt loam to silty
Pekin PeB 0 silt loam clay loam CL-ML CL-ML 2 to 6 percent slopes, deep, well drained outwash terraces [Loess and underlying alluvium
frequently flooded, nearly level, deep, somewhat Silty alluvium derived from loess
Wakeland Wa 4 silt loam silt lcam ML ML poorly drained fiood plains uplands
Aliuvium derived from loess
Wilbur Wr 0 silt loam silt loam ML, CL-ML | ML, CL-ML [0 to 2 percent slopes, deep, poorly drained lowlands uplahds
’ uplands &
ridgetops and on
siitloam to silty | ML, ML-CL, | ML, ML-CL, |2 to 6 degree slopes, gently sloping, deep, welt loess-capped lake
Hosmer HoB 2 silt loam clay loam CL CL drained plains. Loess
silt loam,clay ML, CL, SM, Loess and underlying outwash
Loess/” Camden CaB 0 silt loam loam, sandy loam| CL, ML-CL SC 1 10 5 percent slopes, deep, weli drained siream terraces material
loam, clay loam, | ML, ML-CL, 8 to 35 percent slopes, moderately steep to steep, Loess capped and underlying:
Glacial Outwash Negley NeE 2 silt loam to loam gravely loam CL SM, ML |deep, well drained loess and outwash joutwash material
silty clay loam to uplands & Loess capped and underlying
Parke PaC2 1 silt loam sandy clay loam CL-ML SC,CL _ |81t0 18 percent slopes sideslopes outwash material
silt loam to silty : Loess capped and underlying
Pike Pk 0 silt loam clay loam CL CL, SC__ |2 to 6 percent slopes, deep, well drained outwash terraces |outwash material
silty clay loam, sil1
Residual Soil from toam, to sandy ML, CL, SM, Loess and material weathered
Bedrock Johnsburg Jo 0 silt loam loam CL, ML-CL SC 0 to 2 percent slopes, deep, poorly drained uplands from SS, siltstone, shale.
(both shaly silty clay { CL-ML, CL, | CL-ML, CL, (6 to 14 percent slopes, moderately steep to steep, Excavated areas formerly used
Pennsylvanian & Udorthents uhD 1 ‘|shaly silty clay loam loam ML ML moderately deep to deep, well drained uplands as landfills
Mississippian)/ Udorthents-Pits |Material left from sandstone
Coiluvium complex Up 1 graveilly sand gravel GM GM NA uplands quarries and sand pits
silt loam, silty clay]
loam, o channery CL-ML, CL, |2 to 6 percent slopes, gently sloping, deep, well Loess and material weathered
Wellston WeB 1 silt loam loam ML SC, SM-SC |drained ridgetops - from S8, siltstone, shale.
silt loam, silty clay] ridgetops and
loam, to channery CL-ML, CL, |6 to 12 percent slopes, eroded, moderately sloping, [sideslopes in Loess and material weathered
WeC2 5 silt loam loam ML SC, SM-SC |deep, well drained uplands from SS, siltstone, shale.
o
2
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TABLE 2-1

USDA/SCS SOM. CLASSIFICATIONS PRESENT AT NSWC CRANE"
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
PAGE 2 OF 2

Soil Classification®

Soil Classification®™

rresent
Depositional Soil | at # of Subsurface Surface | Subsurface Type of Deposition
Environment Soil Series | Type |SWMUs| Surface Soil™® Sail® Soit! Soil® Description Location (McElrath, 1988)
silt foam, silty clay] -
Residual Soil from loam, to channery CL-ML, CL, |12 to 18 percent slopes, eroded, steeply sloping, sideslopes in Loess and material weathered
Bedrock WeD2 8 sift loam loam ML SC, SM-SC |deep, well drained uplands from S, siltstone, shale.
sift loam, silty cla .
{both loam; to channery CL-ML, CL, {1210 18 percent slopes, severly eroded, steeply sideslopes in Loess and material weathered
Pennsylvanian & WeD3 3 silt loam loam ML SC, SM-SC |sloping, deep, well drained uplands from SS, silistone, shale.
silt loam, silty clay] CL-ML, CL, Loess, colluvium, and material
Mississippian)/ loam, to SC, SM-SC, sideslopes in weathered from SS, siltstone,
Colluvium Weliston-Ebal | WID 0 silt ioam channery loam ML CH, GC |10 to 18 percent slopes, deep, well drained uplands shale.
silt loam, silty clay] ML, CL, CL- : .
Wellston-Berks- silt loam to loam, to ML, SC, GM, | CL-ML, CL, |18 to 70 percent slopes, moderately to very steep, |sidestopes in Loess and materiat weathered
Gilpin complex | WgG 5 channery silt loam | channery loam GC SC, SM-SC |deep, well drained uplands from S8, siltstone, shale.
silt foam, silty clay] ML, CL, CL- .
Wellston-Gilpin silt loam to loam, to ML, SC, GM,] CL-ML, CL, |12 to 30 percent slopes, strongly sloping t sideslopes in Loess and material weathered
complex WnE 16 channery silt loam | channery loam GC SC, SM-SC_|moderately deep uplands from S§, siltstone, shale.
Wellston- )
Udorthents silt loam to silty clay! silt clay foam to | ML, CL, CL- | CL-ML, CL, |12 to 18 percent slopes, strongly sloping, very sideslopes in Loess and material weathered
complex wpD®i 8 loam channery loam ML SC, SM-SC [shallow to deep uplands from S8, siltstone, shale.
CL-ML, CL,
silt loam to silty clay; silty loam, to CL-ML, CL, | ML, SC, SM. |2 to 6 percent slopes, gently sloping, deep, ridgetops in Loess and material weathered
Zanesvilie ZaB 6 loam sandy clay loam ML GM moderately to well drained uplands irom S8, siltstone, shale.
CL-ML, CL, . ridgetops and "
silt loam to silty clay| silty loam, to CL-ML, CL, | ML, SC, SM, |6 to 12 percent slopes, eroded, moderately sloping, {sideslopes in toess and material weathered
ZaC2 7 loam sandy clay loam ML GM deep, moderately to well drained uplands from SS, siltstone, shale.
CL-ML, CL, |6 to 12 percent slopes, severally eroded, ridgetops and
silt loam to silty clay| silty loam, to CL-ML, CL, | ML, SC, SM, [moderately sioping, deep, moderately 1o well sideslopes in Loess and material weathered
2aC3 2 loam sandy clay loam ML GM drained uplands from S5, siltstone, shale.
Zanesville- CL-ML, CL,
Udorthenis silt loam to silty clay|silt loam, silty clay] CL-ML, CL, { ML, SC, SM, |2 to 6 percent slopes, gently sloping, moderately to [ridgetops in Loess and material weathered
complex znB® | 13 ioam loam to loam ML GM well drained uplands from S8, silistone, shale.
CL-ML, CL,
. silt loam to silty clay|silt loam, silty clay] CL-ML, CL, | ML, SC, SM, |6 to 12 percent slopes, gently stoping, moderately to|ridgetops in Loess and material weathered
ZnG'"® 17 loam Joam to loam ML GM well drained uplands from SS, siltstone, shale.
Notes:

USDA United States Department of Agriculture
SCS Soil Conservation Service
1 Information taken from McElrath (1988).
2 United States Department of Agriculture (USDA) classification system
3 Unified Soil Classification System (USCS), abbreviations are as follows
CL - Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays, lean clays
ML - Inorganic silts and very fine sands, rock flour, silty or clayey fine sands with slight plasticity
SC - Clayey sands, poorly graded sand-clay mixtures ’

SS - Sandstone
NA - Not available

SWMU - solid waste management units

5 Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock based upon classification by McElrath (1988).
6  Soil at areas at the NSWC where a significant amount of coristruction and earth moving has removed most of the original soil, which has been deposited as fill on building sites.

®

SM - Silty sands, poorly graded sand-silt mixtures

GM - Silty gravels , poorly graded gravel-sand-silt mixtures
GC - Clayey gravels, poorly graded gravel-sand-clay mixtures.
.4 Surface soil is from 0 to 12 inches below ground surtace (bgs) based upon classification by McElrath (1988).
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TABLE 2-2

SUMMARY SOLID WASTE MANAGEMENT UNITS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 1 OF 2
Presumed Contaminants of
SWMU Abbreviated| Solid Waste Management Area (SWMA) Potential Concern'®
No. SWMU Name Name Classification’ Process (metals only) Source
Mustard Gas Burial burial of mustard agent, pyrotechnic
01/12 Grounds MGBG Burial Area mixtures containing radioactive thorium Strontium and Thorium Army, 1978 TtNUS, 2000a
disposal of military smoke dyes (open and
02/11 Dye Burial Grounds DBG Burial Area closed containers) in trenches NA? Ariny, 1978
destruction of unwanted materials '
contaminated with explosives, bare aluminum, barium, lead,
Ammunition Burning Explosive Type Waste (open explosives, rocket motors, candles, flares, manganese, copper, silver, | B&R Environmental, 1997a,
03/10  |Grounds/Old Jeep Trail ABG/OJT _ buming/open detonation) solvents, detonators, and fuse materials. zinc 1997b
undefined garbage and trash burial antimony, arsenic, barium,
(consisting of wood, paper, construction beryllium, cadmium, chromium,
) material, plaster filled warheads, metal cobait, copper, iron, lead, Nohrstedt, J.S., et. al,
Q4/02 McComish Gorge McCG Solid Waste/Debris Landfill Unit shavings and industrial wastes). selenium, thallium, and zinc 1998a°
- antimony, arsenic, barium,
. beryHium, cadmium, chromium,
open burning of solid and liquid wastes; cobalt, copper, iron, tead,
ash/material from burning pushed into gully | mercury, nickel, selenium,
05/03 Old Burn Pit OBP Solid Waste/Debris Landfill Unit north of pit silver, thallium, and zinc Albertson et. al, 1998°
arsenic, aluminum, beryllium,
copper, lead, manganese, B&R Environmental, 1997a,
06/09 Demolition Range DEMO Explosive Type Waste open burning/open detonation nickel, vanadium, zinc 1997b
: arsenic, aluminum, barium,
open burning/flashing of explosives, thermal beryllium, manganese, iead,
07/09 Old Rifle Range ORR Explosive Type Waste/Contamination destruction of explosive waste and zinc B&R Environmental, 1997b
unlined surface impoundment from
Load & Fill Area, Bldg 106 Unique Explosive, Dye Type wastewater generated from Buildings 106 | mercury, chromium, zinc, lead,
08/17 Pond 106P Waste/Contamination and 107 cadium, Halliburton NUS, 1992
' arsenic, barium, cadmium,
Pesticide Control Area/ R- pesticide rinsing and container storage; chromium, lead, mercury, Nohrstedt, J.S., et. al,
09/03 150-Tank PCA Organic Type Waste/Contamination solvents underground storage tanks nickel, selenium, and zinc 1998b*
antimony, arsenic, barium,
press-loading operation for projectiles and { beryllium, cadmium, chromium,
_ case-filling operation to produce cluster cobalt, copper, iron, lead,
10/15 Rockeye RKT Explosive Type Waste/Contamination bombs nickel, tin, and zinc. USACE, 1992°
Unique Explosive, Dye Type
11/00 Old Storage, B-255 B225 Waste/Contamination NA NA NA
manufactured mines; depth charges, rocket
12/14 Mine Fill A MEA Explosive Type Waste/Contamination heads, aerial bombs, and projectiles aluminum Halliburton NUS, 1992
manufactured mines, depth charges, rocket
heads, aerial bombs, and projectiles -
currently the site is used for renovation and
113/14 Mine Fill B MFB Explosive Type Waste/Contamination rework of munition items none Halliburton NUS, 1992
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TABLE 2-2

SUMMARY SOLID WASTE MANAGEMENT UNITS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
PAGE 2 OF 2

Presumed Contaminants of
)

swmu Abbreviated| Solid Waste Management Area (SWMA) Potential Concern
No. SWMU Name Name Classification’ Process (metals only) Source
receives trash and garbage from production
operations and residential and food
Sanitary Landfill/Lithium preparation areas; also the burial of
14/00  [Battery SLF&LB Burial Area neutralized lithium batteries barium, magnesium, lithium Halliburton NUS, 1992
barium, chromium, lead,
asphalt production, steam generation, and arsenic, barium, cadium,
15/06 Roads and Grounds Area |R&GA Solid Waste/Debris Landfill Unit inert storage mercury, selenium, silver Halliburton NUS, 1992
oil-fed rotary kiln incinerators; currently
Cast High Explosive Fill/ used for renovation and breakdown of . barium, cadmium, chromium,
16/16 Incinerator Bldg 146 B146 Explosive Type Waste/Contamination munitions lead, mercury Halliburton NUS, 1992
17/04 PCB Burial/Pole Yard PCB Burial Area NA NA NA
Unigue Explosive, Dye Type loading of ammunition, storage of paints,
18/13 Load & Fill Area Buildings [L&FAB Waste/Contamination solvents, dyes, inks, wood perservatives, mercury, chromium, cadmium | Army, 1978; NEESA 1983
Pyrotechnic Test Area/ lead, aluminum, magnesium,
Annex/ Rocket Range/ functional tests on flares, signals, other manganese, barium,
19/00 impact Area PTA Explosive Type Waste/Contamination marking devices, and Rockeye bomblets chromium, copper, iron, zinc Halliburton NUS, 1992
20/00  |[CAAA QA/QC Test Area  |CAAA Explosive Type Waste/Contamination Flare Testing chromium and Lead Army 1978
21/00 DRMO Storage Lot DRMO Heavy Metal Type Waste/Contamination NA NA NA
22/00 Lead Azide PbA Heavy Metal Type Waste/Contamination NA lead NEESA, 1983
arsenic, beryllium, cobalt and
23/00 Battery Shop BS Solid Waste/Debris Landfill Unit NA lead Morrison Knudsen, 1996
24/00 | Sludge Drying Beds A SDBA Heavy Metal Type Waste/Contamination NA NA NA
24/00 _ {Sludge Drying Beds B SDBB Heavy Metal Type Waste/Contamination NA NA NA
25/07 D _[Highway 58 Dump Site A [H58DSA Solid Waste/Debris Landfill Unit NA arsenic, beryllium, cobalt Morrison Knudsen, 1999
arsenic, barium, beryllium,
26/08 D_|Highway 58 Dump Site B |H58DSB Solid Waste/Debris Landfill Unit NA cobalt, and lead Morrison Knudsen, 1997
27/00 lluminant Building 1B Heavy Metal Type Wasle/Contamination NA NA NA
28/00  |Maintenance Shop, B-1820|MS Organic Type Waste/Contamination NA NA NA
29/07 __|PCP Dip Tank PCP Organic Type Waste/Contamination NA NA NA
Landfarm (Sludge sludge application from waste water
30/00 Application Area) LF Heavy Metal Type Waste/Contamination treatment piant barium, cadmium, chromium USACE, 1995
Compressed Gas Cylinder
31/00 Site CGC Removal of Materials Completed No Further Action Hejgired' -- USEPA, 1995
32/00 Tank Farm TF Organic Type Waste/Contamination NA NA NA
Composting Unit
33/00 (Bioremediation Facility) COMP Explosive Type Waste/Contamination remediation facility NA NA
Notes:
- Not applicable
NA Not Available
1 RCRA Permit, USEPA, July, 1995
2 Soil analyses not conducted at site. RCRA cap prevents exposure to contaminated soil.
3 Contaminants of potential concern identified based on comparison of historical data to human health and ecological risk-based criteria.
4 Metais iisted are based upon anaiyticai data; also see nole 3 where applicable.
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Background Area 1

Background Area 2

NSWC CRANE FACILITY BOUNDARY

Background Area 3

SWMU SWMU Name Abbreviated
Number Name
01/12 Mustard Gas Burial Grounds MGBG
02/11 Dye Burial Grounds DBG
03/10 Ammunition Burning Grounds/Old Jeep Trail ABG/OJT
............ 04/02 McComish Gorge McCG
""""" IR 05/03 Old Burn Pit OBP
06/09 Demolition Range DEMO
07/09 Old Rifle Range ORR
. ) ) 08/17 Load & Fill Area, Bldg 106 Pond 106P
Inferred Depositional Environment Explanation of Geology 09/03 Pesticide Control Area/ R-150-Tank PCA
) 10/15 Rockeye RKT
Alluvium [ - Alluvium 11/00 Old Storage, B-255 B225
B al Loess 12/14 Mine Fill A MFA
Loess/Glacial Outwash 1314 Mine Fill B MFB
Qo Glacial Outwash 14/00 Sanitary Landfill/Lithium Battery SLF&LB
S — 15/06 Roads and Grounds Area R&GA
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Residual soil derived from 23/00 Battery Shop BS
Mississippian bedrock/colluvium Elwren Fm, Reelsville Ls, upper Sample Fm, 24/00 Sludge Drying Beds A SDBA
and undifferentiated 24/00 Sludge Drying Beds B SDBB
Lower part of Sample Fm, Beaver Bend Ls, 25/07 D Highway 58 Dump Site A H58DSA
Bethel Fm, and undifferentiated 26/06 D Highway 58 Dump Site B H58DSB
B Paoli Ls, Ste Genevieve Ls, and undifferentiated 27/00 llluminant Building IB
28/00 Maintenance Shop, B-1820 MS
Seloct Soiid Waste M Unit 29/07 PCP Dip Tank PCP
elect Solid Waste Management Units 30/00 Landf LF
U (SWMUs; Refer to Table 2-2 for a description 31/00 Can arm d Gas Cvlinder Sit CGC
of each SWMU) ompresse as Cylinaer oite
_ 32/00 Tank Farm TF
/\/ Outline of Background Areas 33/00 Composting Unit (Bioremediation Facility) COMP
DRAWN BY DATE CONTRACT NO. OWNER NO.
J. LAMEY 6/16/00 0087 0083
CHECKED BY DATE
o B @ SURFICIAL GEOLOGY, DEPOSITIONAL ENVIRONMENTS, APPROVED BY DATE
AND SOLID WASTE MANAGEMENT UNIT LOCATION MAP K. HENN 6/16/00
APPROVED BY DATE
COST/SCHEDULEAREA Tet ra Tec h N U S In C NAVAL SURFACE WARFARE CENTER
! ! ’ CRANE, INDIANA — —
SCALE DRAWING NO. REV.
AS NOTED FIGURE 2-4 2

PAGIS\INSWC_CRANEW087.APR SURFICIAL GEOLOGY-C SIZE 6/16/00 JAL




NSWC Crane

Final Basewide Background Soil Investigation Report

Hewvision: 1
Date” January 2001
Section: 2

THICKNESS '
PERIOD | EPOCH | (rEET) LITHOLOGY FORMATION GROUP
Pé—Nﬁw—-ﬂ-"—“—-—'-"-'——-—',——‘—'—--—-———--n-—-—-—
SYL- POTTS- 1 00 MANSFIELD FM. *RACCOON
VILLE 50-3 CREEK®
VANIAN
20-30° GLEN DEAN LS
30-40 HARDINSBURG  SS.
c STEPHENS-
y 40-50 GOLCONDA LS. PORT
€
s 25-40 BIG CUFTY FM.
T
E 15-25 BEECH CREEK LS.
R 20-40 ELWREN FM.
. 0-5 REELSVILLE LS.
| 20-40 SAMPLE FM EST
S . BADEN
s | 10-20 BEAVER BEND LS.
| 12-30 BETHEL FM.
S
s 15-20 PAOL) LS.
|
P 1 1 _1 ) 4 1
p X O S ]
| 100-120 (LIS STE. GENEVIEVE LS.
e e —— :
A j:_l 1 - ) 4 1 - 1
N M } il S Wi Jl BLUE
E e RIVER
R Y bR TS e O
A 1 ) S {
M 100-120 [Tor—tey—ipaied ST. LOUIS LS.
€ s
c T
Bl
80-100 1 I I SALEM LS.
] I
e SANDERS
I 1
50-80 [ST=T—T—=T] HARRODSBURG LS.
OSAGE | 2P~
600-800 [t T} MULDRAUGH FM. BORDEN
SO S I 0L P

Source: Palmer, 1969; Cited in Draft Report, RCRA Facility investigation Phase It Groundwater Release Assessment,
SWMU 06/08 Demolition Area and Phase Ill Release Characterization SWMU 07/09 Old Rifile Range November 1995-
Figure 13 by William L. Murphy and Roy Wade

Page 23 of 23

DRAWN BY DATE CONTRACT NUMBER QOWNER NO.
J LAMEY 41889 @ Tetra Tech NUS, Inc. 0087 0083
CHEGKED BY DATE APPROVED DATE
STRATIGRAPHIC COLUMN FOR ROCK UNITS ENCOUNTERED 7’%/ /ﬂ{“» Frow &
pr———— AT THE NAVAL SURFACE WARFARE CENTER APPROVED BY DATE
1 i ) NAVAL SURFACE WARFARE CENTER _
SCALE CRANE, INDIANA DRAWING NO, REV
AS NOTED FIGURE 25 o
PAGISINSWC_CRANEIO0S7.APR 3/8/00 JAL STRATIGRAPHIC COLUMN LAYOUT
2-23 CTO 0083

020019/P



NSWC Crane

Final Basewide Background Soil Investigation Report
Revision: 1

Date: January 2001

Section: 3

Page 1 of 47

3.0 METHODOLOGY

3.1 INTRODUCTION

This section presents a discussion of the historical background sample evaluation, the sampling network
rationale, sampling operations, and methods used in the statistical evaluation of the collected background
data. All activities were conducted to meet the requirements of the Work Plan and Field Sampling Plan
(TtNUS, 1999a) and the Quality Assurance Project Plan (TtNUS, 1999b).

3.2 SUMMARY OF HISTORICAL BACKGROUND EVALUATION

The purpose of this section is to summarize background soil samples collected in previous investigations
at the NSWC Crane and establish their value for use in determining basewide background concentrations
for metals. A qualitative evaluation of this data was performed in the Work Plan (TtNUS, 1999a). Table

3-1 provides a list of these SWMUs and summarizes details and results of the background evaluation.

None of the historical background data were judged to be useful in the basewide background database.
This judgement is based primarily on rejection of some of the data by the EPA (1997), uncertainties
regarding data quality, and the concern that some data may have been impacted by site operations,
thereby affecting their value to the basewide background database. Although these data are not being
used in the basewide database, at a minimum, these data may provide some value as a point of

reference at each of the respective SWMU investigations.

3.3 SAMPLE NETWORK DESIGN AND RATIONALE

The sample network design and rationale is briefly summarized in the following section. The EPA DQO
(EPA, 1994) process was followed to establish the sample network design. For a detailed discussion of
the planning process, refer to Section 4.0 of the Work Plan (TtNUS, 1999a), Work Plan and Field
Sampling Plan Addendum (TtNUS, 2000b), and Sections 1.1.1 and 1.4 of the QAPP (TtNUS, 1999b).

3.3.1 Determination of Background Areas

The background areas and specific sampling locations for background sample collection were selected to
meet five criteria. Close adherence to these criteria was essential to ensure that the data collected

represents “true background” information. The criteria, followed by a brief description are listed below:
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Background areas must be within the NSWC Crane property boundary.

The background areas and the specific sampling locations within a background area must have a
soil composition similar to the soil encountered in the presently defined SWMUs and across the
entire NSWC Crane facility. The soil composition in the background areas must have similar
geological, chemical, and physical characteristics as the soil encountered in the SWMUs and
across the facility to ensure a high degree of data comparability. To achieve this the background
areas and specific background sample locations were determined using the classification of soil
according to their depositional environment (DE), grain size, and depth. Classification of soil
according to its depositional environment was defined in Section 2.7.2. Classification of soil

according to its depth and grain size is presented below.

Soil depth was classified as surface or subsurface soil, with surface soil ranging from 0 to 1 foot
and subsurface soil ranging from 2 to 6 feet in depth. A surface soil interval of 0to 1 foot was
determined as a compromise between several risk-based conventions that range from 0 to
0.5 feet and 0 to 2 feet bgs. However, it was assumed that background samples from 0 to 1 foot

collected in this study will be used when comparing SWMU data within the 0 to 2 foot interval.

Because the location of soil of a specified grain size was not known in advance of sampling, a
specific sampling strategy was developed to aid in characterizing grain size in background soil. It
was assumed that the surface soils do not differ significantly according to grain size. This
assumption was based upon the findings of McElrath (1988) who stated that a thin mantle of
loess has been deposited throughout the NSWC Crane facility. Furthermore, the surface soil at
the site is predominantly a silt loam (McElrath, 1988). Thus, surface soil samples were not
collected according to grain size. The grain size of subsurface soil, however, was collected
according to three gross soil grain size classifications: clay, silt, or sand, based upon visual
classification in the field by a field geologist using the Unified Soil Classification System (USCS).

Background areas must be known or have evidence to suggest that they are unaffected by past
or present Navy site activities. To determine this, background areas and specific sample
locations were identified using facility operation maps (NAVFAC, 1993 and Explosive Safety
Officer, 1997), historic aerial photographs, and interviews with site personnel (Brent, 1999 and
Poynter, 1999). These historic aerial photographs were compiled from 1935, 1953, 1958, 1966,
1984, 1998 (Natural Resources Office, 1999) and from 1975-1976 (McElrath, 1988).

To locate specific sampling areas within a given background area an attempt was made to stay:
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» Approximately 400 feet from any primary or secondary roads to minimize effects from vehicle

emissions.

« Approximately 400 feet from any developed areas related to Navy operations (e.g., buildings,
storage facilities), past or present, to minimize impact from Navy operations. Because the
potential impact from these areas is unknown, a distance of 400 feet was selected to allow a

"buffer zone" between the background sample location and these features.

4. Background areas must be upwind from any sites releasing airborne emissions to minimize
impact from airborne contamination. The predominant upgradient wind direction was determined
from the monthly prevailing wind directions determined for the facility according to the RCRA Air
Quality Assessment (B&R Environmental, 1997a) as discussed in Sections 2.5 and 2.9.2.1.
Areas with known or suspected contamination from airborne emissions include the Ammunition
Burning Grounds (ABG), Old Rifle Range (ORR), Demolition Range (DEMO), Pyrotechnic Test
Areas (PTA), Old Burn Pit (OBP) CAAA QA/QC Test Area, and Building 146 (B146) Incinerator.

5. Background sample locations must not be downslope from any SWMUs to eliminate
contamination from surface runoff. To determine if each background area and specific sampling
locations met this criteria, surface drainage patterns were analyzed using regional and local

surface water maps and a topographic map of the facility (Kvale, 1992 and Blunck, 1995).

3.3.2 Description of Background Areas

Three general areas were identified that meet the criteria discussed above. Each of these areas is
described in the following sections. Figure 3-1 illustrates the location and the extent of these potential

background areas. More detailed maps of each area can be found on Figures 3-2, 3-3, and 3-4.

3.3.2.1 Background Area 1

Background Area 1 (BA1) is in the southwest quadrant of the NSWC Crane facility (Figures 3-1 and 3-2).
The north boundary of BAL is to the south of the Sanitary Waste Landfill (SWMU 14/00) and the
Landfarm (LF; SWMU 30/00). The western and southern boundaries of BA1 are the western and
southern NSWC Crane boundaries, respectively. The eastern boundary of BA1 is an arbitrary north-
south line to the west of the Pyrotechnic Test Area, Annex, and Rocket Range (PTA; SWMU 19/00). The

eastern boundary was located to minimize any airborne contamination from the PTA.
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The soil DEs in this background area are classified as loess, alluvium, and residual soil derived from
Pennsylvanian bedrock/colluvium. Additional information regarding the soil characterized from this
background area can be found in Section 2.7.

3.3.2.2 Background Area 2

Background Area 2 (BA2) is in the northwest corner of the NSWC Crane facility. It has soil from the
glacial outwash DE which is localized in the northwest corner of the facility. BA2 is very localized and is
limited to non-impacted areas in this portion of the NSWC Crane facility. The extent of BA2 is defined by
the boundaries of the glacial deposits as mapped by McElrath (1988) and Kvale (1992) and the proximity
of two SWMUs. Due to the historic and on-going activities in the vicinity of BA2 and the interpretations of
the spatial distribution of glacial outwash deposits in this area (McElrath, 1988 and Kvale, 1992), BA2 is
divided into two subsections, BA2a and BA2b.

Background Area 2a

BA2a is south of Highway 5 on the elevated area to the southwest of the Sludge Drying Beds B (SWMU
24/00) and Culpepper Branch (Figures 3-1 and 3-3). Culpepper Branch separates SWMU 24/00 from
BA2a. The boundaries of BA2a (Figure 3-3) are defined by the boundaries of the glacial outwash deposits
as mapped by McElrath (1988; Parke Soil Series) and Kvale (1992). Refer to Section 2.7.2.2 for a more
thorough description of the glacial outwash at NSWC Crane. BA2a does not include the soil deposits
outside of the specified boundary shown on Figure 3-3 because of potential impacts identified by

hummocky terrain and evidence of logging noted during site reconnaissance.

Background Area 2b

BA2b is in the glacial deposits north of Highway 5 and west of the NSWC Crane security fence (Figures
3-1 and 3-3). Although a portion of BA2b is outside the security fence (Figure 3-3) this area is still on
Navy property. The boundaries of BA2b are defined by the boundaries of the Negley Soil Series as
mapped by McElrath (1988). It is noted that the spatial distribution of glacial outwash as mapped by
McElrath (1988) is not shown on Figure 3-3. Refer to Section 2.7.2.2 for a more thorough description of
the glacial outwash at NSWC Crane. The southern boundary of BA2b is approximately 200 feet north of
Highway 5 and the western boundary is the unnamed stream channel along the western edge of the

Negley soil unit. The northern and eastern boundaries are the NSWC Crane security fence.
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3.3.2.3 Background Area 3

Background Area 3 (BA3) is in the northeast corner of the NSWC Crane facility (Figures 3-1 and 3-4).
This background area has the soil in the alluvium DE and residual soil derived from Pennsylvanian and
Mississippian bedrock/colluvium DEs. This area was selected to characterize these soil types
(particularly the residual soil from Mississippian bedrock) because, within the facility boundaries, it is the
area least likely to receive airborne emissions from the open burning/open detonation areas (OB/OD;
e.g., ABG). Sections 2.5 and 2.9.2.1 provide greater detail on the predominant wind direction and

airborne releases at the NSWC Crane facility.

The extent of BA3 is defined by the boundaries of the Mississippian bedrock in this area as mapped by
Kvale (1992), the facility boundaries, and the area least likely affected by airborne emissions as described
above. The southern boundary of BA3 is to the south of Highway 162 (on the western portion), and
approximately north of Highway 169 (in the central portion), and of the northwest-southeast trending
Boone Hollow (on the eastern portion). This boundary is between 3.5 and 4.25 miles north and northwest
of the ABG. The northern and eastern extent is NSWC Crane's northern and eastern boundaries,
respectively. The western boundary is defined by the surface exposure of Mississippian bedrock (Kvale,
1992). Rockeye (SWMU 10/15) is located approximately 1.2 miles to the west of the BA3 western

boundary. However, Rockeye has no known airborne releases of metals.

3.3.3 Determination of Minimum Number of Background Samples

This section summarizes the statistical considerations incorporated into calculating the required number
of samples collected for this background investigation. A more thorough explanation of this subject is
available in the Work Plan (TtNUS, 1999a).

Data sets appearing most like background would exhibit statistical population characteristics similar to the
background data. Normally distributed data sets (not necessarily a reality) would exhibit similar means
and standard deviations. rMore disparate data sets would exhibit more disparate means and/or standard
deviations. Increased disparity in data set means would translate to easier discrimination between data

set means, all else being equal.

The desired minimum detectable difference between sample means for background and site data was set
equal to two standard deviations. Some assumptions were made: (1) normally distributed data sets, (2)
equal variances for the data sets being compared, (3) a 5% chance of thinking that site data do not

exceed background concentrations when in fact they do exceed background concentrations, (4) a 30%
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chance that site data exceed background concentrations when in fact they do not. Evaluation of

background data distributions and statistical assumptions are available in Section 4.0.

The two decision error tolerances (assumptions 3 and 4 above) were accounted for in a single
computation to yield the number of samples required to achieve the desired level of decision

performance:

2
(Zlfu + ZlfB) pA

2
m=n-= +—
2

-a

4

where m and n are the numbers of samples in the two data sets being compared, and the z's represent

statistical z-scores.

With O = 5%, it was calculated that collecting three to five samples from each population would limit the
tolerance for the more egregious decision error (assumption 3, above) to 5%. The chance of committing
the less egregious error (assumption 4 above) would range from 10% (5 samples) to 30% (3 samples)
under the same conditions. To protect against loss of samples and the potential of having invalid
assumptions, a target of five samples for each soil type would be collected for chemical analysis. With
five background samples, five SWMU investigation samples would yield a discriminatory power of 1.18s if

the assumptions were valid. This would be well within the original goal of detecting a 2s difference.

3.34 Field Events and Specific Background Sample Locations

Two field events were conducted to complete this scope of work. The majority of the sample collection
took place during the first field event in November 1999. A supplemental field event in October 2000 was
performed to collect additional data for soil types that were encountered infrequently during the first field

event. The following two sections (3.3.4.1 and 3.3.4.2) outline the samples collected during each event.

The criteria listed in Section 3.3.1 and below were used to select specific background sample locations in
both events. Ideally, samples would have been collected at randomly selected locations but
consideration was given to the reality that not all future sampling schemes are likely to follow a simple
random sampling design and that irregular topography and operation areas could prevent the
implementation of such a sampling design. Sampling locations were selected to provide good spatial
coverage of each DE while considering access to the sampling locations. No attempts were made to bias
sampling locations for any reason. When selecting the background sampling locations within each DE,

an attempt was made to select a representative number of soil classifications as defined by the
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USDA/SCS (see Table 2-1) and at various topographic locations (i.e., lowlands, valleys, sideslopes, and

ridgetops).

An attempt was made for the sampling locations to be within a 30 foot radius of the designated location in
the Work Plan (TtNUS, 1999a, 2000b; see Section 3.4.1 for additional details). This range is reasonable

considering the extent of the USDA soil series according to soil maps of the site (McElrath, 1988).

3.34.1 First Field Event

According to the Work Plan (TtNUS, 1999a) samples were taken from ten boreholes within each DE in
the first field event. At each of these sample locations surface and subsurface soil samples were taken.
Because the alluvium and the loess/glacial outwash DE span two background areas (BG1 and BG3, and

BG1 and BG2, respectively) the number of sample locations in each background area was as follows:

« BG Area 1. 20 sampling locations (Figure 3-2, Table 3-2)
 BG Area 2: 5 sampling locations (Figure 3-3, Table 3-3)
 BG Area 3: 15 sampling locations (Figure 3-4, Table 3-4)

3.3.4.2 Supplemental Field Event

Based on evaluations of samples collected during the first field event, it was determined that an
insufficient number of samples was collected of two soil types (Pennsylvanian Subsurface Sand, PBS and
Alluvial Subsurface Clay, ABC; see Section 4.0). An attempt was made in the supplemental field event to

obtain at least four more PBS samples and at least two more ABC samples to meet project goals.

The infrequent occurrence of these soil types in the first event indicated that there was a low probability of
finding more of these soil types. Thus, a plan was outlined (TtNUS, 2000b) that ensured that a
reasonable minimum effort was expended before concluding that additional sampling was no longer cost
effective. The plan was designed such that boreholes were installed the cost of collecting four more PBS
or ABC soil samples was periodically re-evaluated by updating the probabilities of finding the desired
samples. Thus, sample collection would be terminated when the appropriate number of samples was
collected or when collecting the desired nhumber of samples projected was cost prohibitive. The details of
how this approach was implemented are described in Appendix D. Please refer to the Work Plan
Addendum (TtNUS, 2000) for details on the sampling strategy and rationale. Section 4 discusses the

results of the data collected during the supplemental field event.
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In summary, a total of three boring sets (PS1, PS2, and PS3) and one boring set (AB1) was completed
for the PBS and ABC soil types, respectively in the supplemental field event. Note that there are 5
borings in each boring set so a total of 20 borings were completed for this event. Borings were located in

two background areas (BG1 and BG3) as listed below:

« BG Area 1. 16 sampling locations (Figure 3-2, Table 3-2)
* BG Area 3: 4 sampling locations (Figure 3-4, Table 3-4)

3.35 Selection of Background Samples for Chemical Analysis

A total of 67 total samples were collected for analytical analysis between the two field events. The

following section describes the sample collection procedure.

Tables 3-5, 3-6, and 3-7 tabulate the samples selected for chemical analysis from the BG1, BG2, and
BG3, respectively. Table 3-8 tabulates a summary of the total number of samples selected for a given
soil type. Table C-1 (Appendix C-1) summarizes all of the samples collected in the field for this
background soil investigation. This table presents the depth at which each sample was collected, the
gross grain size classification of each sample, and whether the sample was selected for chemical
analysis. A review of this table illustrates that the procedures performed in the field followed exactly as
discussed above and as outlined in the Work Plan (TtNUS, 1999a).

3.35.1 First Field Event

Theoretically, the total number of samples collected in the first field event would have been 200. That is,
1 surface soil sample and 4 subsurface soil samples at a total of 40 soil boring locations. From this pool
of samples a maximum of 80 samples could have been sent for chemical analysis. This selection
process for chemical analysis can be explained using a schematic diagram (Figure 3-5). The circle
represents a given DE from which samples will be collected. Within the DE, five surface samples were
collected (regardless of soil grain size), as represented by the top rectangle. Within the same DE, as
many as five samples were collected for each gross soil grain size classification (e.g., clay, silt, and sand)
from the subsurface, represented by the remaining rectangles. This leads to a possible maximum of 20
samples within each DE, assuming that all grain sizes are encountered in the subsurface in each of the
10 boreholes in a DE. In order to eliminate biasing the number of samples for a given grain size at a

specific location, only one subsurface soil sample per grain size per sample location was selected.
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Because of the field conditions encountered (boring, refusal, etc.), only 154 samples were collected.
From this pool of 154 samples, 65 soil samples (not including quality control/quality assurance samples)
were submitted for chemical analysis. The fact that fewer than 200 samples were collected is attributed
to two primary factors: (1) In some cases fewer than four subsurface samples of a given grain size were
encountered in a given DE, thus fewer than five samples of that grain size were collected.
(2) Advancement refusal was met in some boreholes, thus limiting the number of samples collected.

These two factors are discussed further in Section 3.4.2.1.

3.3.5.2 Supplemental Field Event

Ideally, at least four more PBS samples and at least two more ABC samples were to be collected in the
supplemental field event. However, the infrequent occurrence of these soil types in the field event

resulted in the collection of only 2 soil samples representing the ABC soil type and no PBS samples.

As a result, both field events yielded the collection of a minimum of three samples for each soil type with
the exception of the PBS. For the PBS soil type only one sample was collected. As a result, the target
number of samples (three) was not achieved for the PBS soil type. An evaluation of the impact of this on
attaining project objectives is presented in Section 4.0. In summary, the target number of samples was

achieved for 15 of 16 soil types.

3.4 SOIL SAMPLING, ANALYSIS AND FIELD OPERATIONS

The planning and rationale for this project was conducted from January through October 1999. The field
effort involving background sample collection was performed from November 1 through
November 9, 1999. The following section describes the field activities which took place during this field

effort.

34.1 Background Sampling Locations

The general locations of each of the three background areas are shown on Figure 3-1. Figures 3-2, 3-3,
and 3-4 illustrate the location of the sampling points for BG1, BG2, and BG3, respectively. Because of
the remote nature of the sampling locations a hand held global positioning system (GPS) was used to
navigate to the proposed sampling point locations. The proposed northing and easting coordinates listed
in the Work Plan (TtNUS, 1999a, 2000b) were used as a basis for navigation. The actual sampling points
in the field were selected within a 30-foot radius of the proposed location. The sample location(s) were
moved within this range at the discretion of the TtNUS Field Operations Leader (FOL) if undesirable

features were encountered at the proposed sampling point (e.g., bedrock exposed on the surface, surface
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drainage patterns, etc.). Only two sampling locations (BG2SBGO05 and BG3SBMO03) were moved beyond
the 30-foot radius of the proposed locations. Both locations were moved approximately 300 feet north

from the originally proposed sampling point as a result of GPS navigation.

3.4.2 Sampling and Analysis Procedures

This section discusses the soil sampling methodology used for the basewide background investigation at
NSWC Crane.

34.2.1 Borehole Advancement

Soil borings were advanced using a hand auger. The hand auger consists of a stainless steel auger
bucket and steel rods (each typically 3 feet in length). Commonly referred to as an lwan sampler, the
auger is advanced by turning a “T” handle in a clockwise motion. Samples were taken continuously from
the ground surface to a maximum depth of 6 feet below ground surface or until one of the following

conditions were met:

1. saturated zone was encountered;
2. bedrock or weathered bedrock was encountered; or,
3. advancement refusal was met by the hand auger.

Condition 1 was not met in any of the boreholes advanced for this project. It is important to note that it
was difficult to determine if condition 2 was encountered using the hand auger. If bedrock was
encountered advancement refusal usually results. As expected, condition 3 was encountered in many
boreholes (see Appendix B). In this circumstance as many as four additional attempts were made at a
nearby location at the discretion of the FOL. Samples were extracted from the auger bucket using a
disposable polyethelyene trowel and a stainless-steel mixing bowl. Once the borings were advanced to
the desired depth and sufficient sample volume was collected, the boreholes were abandoned by
backfilling the hole with remaining soil cuttings. Standard operating procedure (SOP) CT0O83-1 (TtNUS,
Work Plan, 1999a, Appendix B) was followed for the borehole advancement and sample collection

process.

3.4.2.2 Surface Sampling

Surface soil samples were collected from the ground surface to a maximum depth of 2 feet (i.e., 0 to
2 feet) during advancement of soil borings. Upon retrieval, all samples obtained were monitored for

volatile organic compounds (VOCs) with a photo-ionization detector (PID) and then collected for visual
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lithologic classification. The 0 to 1 foot depth interval was collected and placed in sample bottles as
defined on Tables 3-5, 3-6, and 3-7. Soil from the 1 to 2 foot depth interval was discarded after visual
lithologic classification. All samples were placed in a cooler of ice immediately after collection. SOPs
CTO83-2 and CTO83-3 (TtNUS, Work Plan, Appendix B, 1999a) were followed for the proper sample
selection and soil handling procedures, respectively. All pertinent field data were recorded in the field

logbook and on the soil sample log sheet (included in Appendix A).

3.4.2.3 Subsurface Sampling

Subsurface soil samples were collected in one foot intervals from a depth of 2 feet to a maximum depth of
6 feet below ground surface (e.g., 2-3, 3-4, 4-5, and 5-6). Upon retrieval, all samples were monitored for
VOCs with a PID and then collected for visual classification of the lithology. Sample intervals are defined
in Tables 3-5, 3-6, and 3-7. All samples were placed in a cooler of ice immediately after collection. SOPs
CTO83-2 and CTO83-3 (TtNUS, Work Plan, Appendix B, 1999a) were followed for the proper sample
selection and soil handling procedures, respectively. All pertinent field data were recorded in the field

logbook and on the soil sample log sheet (included in Appendix A).

343 Borehole and Sample Logging

A lithologic description of each soil sample and a complete log of each boring was maintained by the
TtNUS geologist in accordance with CTO83-4 (TtNUS, 1999a, Appendix B). The pertinent field
information and data were recorded on the boring log form, the soil sample logsheet and, where

applicable, the field logbook. These completed forms are included in Appendices A and B.

3.4.4 Sample Identification System

This section contains a brief summary of the sample identification system as designated in the Work Plan
(TtNUS, 1999a). Refer to the Work Plan for additional details.

Each sample collected was assigned a unique four-segment, alpha-numeric sample tracking number. An
example of a soil identification number for a soil sample collected from 0 to 1 foot at sampling location
P04 in background area 1 was designated as BG1SBP0401; or a soil sample collected from the 4 to

5 foot interval at sampling location M10 in background area 3 was designated as BG3SBM1005.
Field quality assurance/ quality control (QA/QC) samples were designated with a different coding system.

The QC code consists of a two-segment, alpha-numeric code that identifies the sample medium (for

duplicates only), QC type, and date. An example for a field duplicate duplicate is as follows: a duplicate of
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sample BG1SBL0401 obtained on October 3, 1999 would be designated as: BGFD-100399. This allowed
duplicates to be submitted as "blind" samples to the analytical laboratory. Chain of custody forms, not

received by the analytical laboratory, were used to document duplicate sample locations.

Matrix spike and laboratory duplicate samples were designated on the field documentation forms and

sample labels.

3.4.5 Sample Preservation, Shipping, and Handling

Soil samples are subject to physical and chemical changes during storage and therefore require
preservation to prevent changes in either the concentration or the physical condition of the constituent(s)
requiring analysis. Sample handling includes the field-related considerations connected with the selection
of sample containers, preservatives, allowable holding times, and analyses requested. SOP CTO83-3
(TtNUS, 1999a, Appendix B), provides a detailed description of sample handling, packaging, and shipping
procedures and requirements required for this sampling plan. This SOP and the procedures in the Work

Plan (TtNUS, 1999a) were followed for this investigation.

3.4.6 Chain-of-Custody/Documentation

Sample custody procedures are designed to provide documentation of preparation, handling, storage,
and shipping of all samples collected. Integrity of the samples collected during the investigation was the
responsibility of identified persons from the time they were collected until they, or their derived data, were
incorporated into the final report. Stringent chain-of-custody (COC) procedures described in the Work
Plan and SOP CTO83-5 (TtNUS, 1999a, Appendix B) were followed to document sample possession.

The completed chain of custody and other field documents have been included in Appendices A and B).

3.4.6.1 Calibration Procedures and Frequency

The PID was the only instrument used in the field. It was calibrated each day before use according to the
procedures described in the applicable SOPs. Calibration was documented on an Equipment Calibration
Log (Appendix A). During calibration, an appropriate maintenance check was performed on the PID. No
damaged or defective parts were identified during the maintenance checks and the PID worked properly

throughout the field effort.
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3.4.7 Decontamination of Field Sampling Equipment

All nondedicated reusable sampling equipment used for collecting samples was decontaminated both
prior to field sampling and between samples. This equipment included stainless-steel hand augers and
mixing bowls. The following decontamination steps taken in accordance to SOP CTO83-6 (TtNUS,

1999a, Appendix B) were as follows:

» Potable water rinse

e Liquinox detergent wash
» Potable water rinse

» Deionized water rinse

e Airdry

e Wrap in aluminum foil (if not to be used immediately)

3.4.8 Investigation-Derived Waste Management

Two types of investigation-derived wastes (IDW) were generated during the field investigation: personal
protective equipment (PPE) and decontamination water. Excess soil cuttings were returned to the
borehole and/or scattered near the borehole. Based on the fact that this is a background investigation
and rigorous investigation took place to ensure that these are “clean” areas none of these residues are
expected to represent a significant risk to human health or the environment if properly managed.

Management of each of these residues is provided below:

PPE - All PPE was contained in single plastic garbage bags and then placed in trash receptacles at the

facility.

Decontamination Water — Because the background areas were not expected to have any contamination

and were not located near any SWMUSs the containerized decontamination fluids were discharged directly

to a sanitary sewer at NSWC Crane.

3.5 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES AND DETECTION LIMITS

The purpose of this section is to address the DQOs of field quality, quality assurance/control (QA/QC)
samples such as field blanks, field duplicates, rinsate blanks, trip blanks, ambient blanks, and matrix
spikes and laboratory duplicates. The QA/QC samples taken are listed on the COC forms and the field

logbook (Appendix A) for this investigation. The following sections summarize the purpose and a
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description of each of the quality control samples selected. Section 8.0 of the QAPP (TtNUS, 1999b)

provides additional information regarding QA/QC samples and analyses.

351 Source Water Blanks

One source water blank was obtained by sampling the analyte-free water used for decontaminating
sampling equipment. Source water blanks were used to determine whether the analyte-free water used

for sampling equipment decontamination procedures could have contributed to sample contamination.

3.5.2 Field Duplicates

Soil field duplicates were collected by splitting single samples into two portions collected in the same
order as the procedure outlined in SOP CTO83-1 (TtNUS, 1999a). Field duplicates were obtained during
a single act of sampling and were used to assess the overall precision of the sampling and analysis
methods employed. Both samples of a duplicate pair were collected at a minimum frequency of 1 per
every 10 samples. Field duplicates were analyzed for the same parameters in the laboratory and were

labeled in order to make the identity of the duplicate sample unknown to the laboratory.

353 Rinsate Blanks

Equipment rinsate blanks were obtained under representative field conditions by running analyte-free
water through sample collection equipment (e.g., hand auger, etc.) after decontamination and then
placing it in the appropriate sample containers for analysis. Equipment rinsate blanks were used to
assess the effectiveness of decontamination procedures. Equipment rinsate blanks were collected at a
frequency of 1 per every 10 samples, with a minimum of 1 per day of sampling, per sampling
device/instrument. For pre-cleaned, dedicated, and/or disposable equipment (i.e., disposable plastic
trowels, etc.), one rinsate blank was collected and analyzed at a frequency of one per lot or “batch blank”
for a specific equipment type. In this case, equipment rinsate blanks were used to assess the cleanliness

of pre-cleaned, dedicated, and/or disposable equipment.

3.5.4 Trip Blanks

Trip blanks are organic free water blanks used to detect cross-contamination of samples by VOCs during
sample shipment/storage. Because only inorganics (i.e., no VOCs) were analyzed in this investigation,

the collection of trip blanks was not performed.
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355 Ambient Condition Blanks

Ambient condition blank samples, consisting of deionized water, are collected in the field to provide a
means to assess the quality of the data resulting from field conditions. Ambient blanks are analyzed to
check for interfering contaminants that potentially could be present in ambient air at the sampling site
(e.g., particulates). Ambient condition blanks were not collected because site conditions did not appear to

have any effect on the integrity of the samples collected for this investigation.

3.5.6 Matrix Spikes/Laboratory Duplicates

Matrix spikes (MS) are investigative samples analyzed to provide information about the effect of the
sample matrix on the digestion and measurement methodology. Laboratory duplicates are two portions
of a sample that are removed from the same sample bottle after mixing the sample. These samples
provide information on the analyte concentration variability attributable to the combined effects of sample
heterogeneity after mixing, preparation of the sample for analysis, sample storage, and the actual sample
analysis. Matrix spike and duplicate samples were collected at a frequency of 1 per 20 samples. No

additional sample volume was required for analysis of the matrix spike/lab duplicate.

3.6 SURVEYING

The horizontal locations of all background samples locations were surveyed. A Solo (by Tripod Data
Systems, Inc.) global positioning system (GPS) unit was used to identify horizontal locations of each of
the background samples. The horizontal locations were surveyed to the Indiana State Plane Coordinates
(Indiana West) and referenced to the 1983 North American Datum (NAD83). The Work Plan (TtNUS,
1999a) stated that the sample locations would be surveyed to within the nearest 0.10 foot. Based upon
the accuracy limitation of the surveying equipment used, the sample locations were surveyed within

+1 meter (3.28 feet). Surveying the vertical locations of the background samples was not performed.

3.7 DATA QUALITY AND VALIDATION

All background analytical data were subjected to data validation and an evaluation for data bias and
precision. Data validation is an objective systematic process in which analytical data are reviewed to
ascertain the validity of the reported results and to identify for the data user some possible limitations of
these results. This section summarizes the data validation process and a summary of the bias and

precision of the analytical process.

020019/P 3-15 CTO 0083



NSWC Crane

Final Basewide Background Soil Investigation Report
Revision: 1

Date: January 2001

Section: 3

Page 16 of 47

3.7.1 General Data Validation Procedures

Validation of data generated for samples collected at NSWC Crane in support of the background
investigation was completed in accordance with the procedures for data validation as outlined in Navy
guidance (Navy Installation Restoration Laboratory Quality Assurance Guide, NFESC February 1996).
Data validation was performed for all samples analyzed via SW-846 Methods 6010B and 6020. Such
data were validated in accordance with the EPA's CLP Functional Guidelines for Inorganic Data Review,
as amended for use in EPA Region 5 (EPA, 1993a, 1993b).

The validation process included consideration of the following: compliance to procedural methods, data
completeness, holding time compliance, calibrations, field QC and laboratory-generated blanks, blank
spikes, matrix spikes, field duplicate precision, lab duplicate precision, ICP serial dilution results, chemical

interferences, analyte quantitation, detection limits, and system performance.

Evaluation of laboratory blank analyses aided in the elimination of false positive results that were
identified as laboratory artifacts. The overall determination of data utility or reliability was based upon
laboratory compliance with specified methods and adherence to QC requirements. According to the
validation protocol, significant noncompliances observed during the validation process resulted in a
qualification of analytical data. Qualifier flags, which are letters indicating the potential effect of quality
control noncompliances on data usability, alert the data user to potentially imprecise or inaccurate results.
If noncompliances are serious enough, data are qualified as rejected (“UR” qualifier). No identified
gualifications were serious enough to result in rejection of any of these data. However, some
noncompliances were identified that resulted in the qualification of some data as estimated (“J” qualifier

flag). Qualifier flags are described in more detail in the next section.

The net results of the validation process were summarized in sample delivery group-specific technical
reports consisting of a memorandum, a section of qualified analytical results, results as reported by the
laboratory, and a supporting documentation section that provided the rationale for changes to and/or
qualification of the data. These memoranda provided a detailed explanation of the results of the data

validation review. All data validation documentation is currently retained on file by TtNUS.

3.7.2 Data Validation Qualifiers

The qualification of analytical data used during the validation process (i.e., application of U, J, UJ, and UR

qualifiers) was conducted as required by the EPA CLP Functional Guidelines. The attachment of the data
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qualifiers to analytical results signifies the occurrence of QC noncompliances that have been noted during

the course of data validation for this project. The various data qualifiers are defined as follows:

U - Indicates that the chemical was not detected at the numerical detection limit noted. Nondetected
results from the laboratory are reported in this manner. This qualifier is added to a positive result if the
detected concentration is determined to be attributable to contamination introduced during field sampling

or laboratory analysis.

UJ - Indicates that the chemical was not detected. However, the detection limit is considered estimated
based on problems encountered during laboratory analysis. The associated numerical detection limit is

regarded as inaccurate or imprecise.

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise
representation of the amount that is actually present in the sample. The reported quantity is considered
to be an estimate. This qualifier is added in place of the laboratory “B” qualifier as a matter of routine to
all results between the soil-adjusted IDL and the laboratory reporting limit. This qualifier is added to
lithium, strontium, and thorium results that were analyzed a few days after the 180 day holding times

expired (see Section 3.7.3 for additional details).

UR - Indicates that the chemical may or may not be present. The nondetected analytical result reported
by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross
technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, or severe

calibration noncompliance, and/or extremely low QC recoveries).

The preceding data qualifiers may be categorized as indicative of major problems and minor problems.
Major problems are defined as issues that result in the rejection of data, qualified with UR data validation
qualifiers. These data are considered invalid and are not used for risk assessment or other decision
making. Minor problems are defined as issues resulting in the estimation of data, qualified with the U, J,
and UJ data validation qualifiers. A “U” qualifier flag can also mean that no quality control deficiencies
have been noted but the analyte concentrations are less than the detection limit. Non-detected analytical
results (“U” qualifier flag) and estimated analytical results (“J” qualifier flag) are considered to be suitable

for risk assessment and decision making purposes.
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3.7.3 Bias (Accuracy) Evaluation

Each of five soil matrix spike samples was analyzed for 21 metals, yielding 105 metal recovery values.
The six macronutrient metals are not spiked. Acceptance limits for the spike recoveries are 75% to
125%. Of the 105 analyte recovery values, each of the following percent recoveries was outside of
acceptance limits one time (please refer to Appendix C-2 for a description of the sample delivery groups
[SDGs)):

» Soil SDG C8301: Cadmium (36%),

» Soil SDG C8308: Lithium (68.5%)

« Soil SDG C8301: Manganese (62.9%),
* Soil SDG C8303: Zinc (74.1%),

* Soil SDG C8304: Vanadium (74.5%)

Manganese and chromium spike values fell outside the recovery limits two times each. The deviant Soil
Manganese recoveries were 62.9% (SDG C8301) and 73.1% (SDG C8311). The deviant chromium
recoveries were 67.5% chromium (SDG C8305), and 135.2% (SDG C8311). Significant recovery deficit
was limited to cadmium (36% recovery in SDG C8301). The other soil matrix spike samples exhibited
cadmium recoveries of 92.1% (SDG C8303), 94.1% (SDG C8304), 82.3% (SDG C8305) and 96.6% (SDG
C8311). The cadmium concentrations in the SDG C8301 soil samples do not appear to be biased low
relative to the cadmium concentrations in the other soil samples. Instead, the poor recovery in this one
matrix spike appears to be an artifact of two factors. One factor is the imprecision observed for cadmium
(average RPD = 21%, maximum RPD = 40%). The other factor is the spiking level relative to the native
analyte concentration. The spiking level only increased the analyte concentration in the soil matrix by a
factor of two. The opportunity for obtaining a poor recovery as a result of random fluctuations in the
measured chemical concentration under these conditions is significant. On this basis, no corrective

action is warranted for the observed 36% cadmium recovery.

Only 21 of the 105 soil matrix spike metal recoveries exceeded 100.0%. This indicates a general
negative bias in metal recoveries in the soil analyses. A similar effect was observed for soil laboratory
control samples for which only 36 of 105 metal recoveries exhibited a value greater than 100.0%. The
apparent bias is within normal bounds (75% to 125%) and does not indicate any problems with the data.
The mean matrix spike recovery across all soil sample metals is 89.6% with a standard deviation of 14%
(after eliminating a single value of —11.8% for sample BG1SBL0504S). The —11.8% recovery (for
manganese in SDG C8305) was eliminated from these computations because the manganese spike

increased the native manganese concentration in the sample by less than 25% in that sample. Thus, the
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spike amount was overwhelmed by normal analytical uncertainty and invalidates the manganese spike as

a control parameter in that sample.

Two aqueous spiked samples were analyzed to yield 54 metal spike recoveries. The recoveries ranged
from 94.8% to 111.4% and are well within the 80% to 120% acceptance range. The average percent
recovery across all metals is 109%. All but four of the metal recoveries were greater than 100%,
indicating a potential overall slight positive bias. A similar effect was observed for the aqueous laboratory
control sample. The recoveries across metals for that sample ranged from 88.5% to 117% with an
average recovery of 106% and only 4 of 54 metals exhibiting a recovery less than 100%. Cadmium
recovery, which was poor (36%) in one soil sample, was 106.1% and 93.8% in the two water sample

matrix spikes and was 108% and 102.5% in the aqueous LCSs.

Results for lithium, strontium, and thorium are qualified as estimated in all but the three samples collected
most recently because the samples were analyzed for those metals less than 5 days after the holding
time had expired. This qualification is required by the data validation rules. However, the qualification is
more of a formality to let the data user know that the holding time was expired rather than an indicator of
a technical deficiency in the data. One reason for this is that the holding time exceedance (a few days) is
small relative to the holding time itself (180 days). Furthermore, chemical and physical properties such as
low vapor pressures at sample storage temperatures and a lack of biodegradability indicate that none of

the three affected metals would be expected to change concentration, even after decades of storage.
Overall, the percent recovery data for matrix spikes and laboratory control samples was acceptable and
well within performance criteria. Furthermore, holding time exceedances (lithium, strontium and thorium

only) are not expected to result in any biases.

3.7.4 Precision Evaluation

Precision was measured in terms of relative percent difference (RPD) for field and laboratory duplicate
soil samples. The observed RPDs are summarized in Table 3-9. Despite the natural heterogeneity of
soil, the observed RPDs are relatively small with a few exceptions. The RPDs for field duplicates range
from 0.67% to 80.00% and for laboratory duplicates the RPDs range from 0.0% to 161.28%

A single field duplicate pair for cadmium had a RPD equal to 80.0%. Another duplicate pair, for silver,
had a RPD equal to 66.7%. Both of these high RPD values are associated with results near detection
limits. The next highest RPD for field duplicates was 36.4%. Most (82%) of field duplicates had RPD

values less than 15% across all duplicate samples and all metals, indicating good sampling precision.
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A single laboratory duplicate pair for cadmium had a RPD equal to 161%. Another laboratory duplicate
pair, for manganese, had a RPD equal to 70.0%The next highest laboratory RPD was 45.8% (arsenic)
and a seven other RPD values ranged from 31% to 38% for various metals. The 161% RPD values is
associated with a duplicate pair for which the results are near the cadmium detection limit. Eight of these
10 RPD results are associated with the same duplicate sample, indicating either that the selected sample
was relatively heterogeneous or that the analytical performance was slightly worse for that sample than
other duplicate samples. However, 26 of the 27 metal RPD values are within the 50% acceptance
window for that sample. Moreover, most (74%) of the laboratory RPD values across all duplicate samples
and all metals are less than 15%. That the RPD values are this small is evidence of good analytical

measurement precision.

The overall high degree of precision might be an indication that the soil samples were nearly completely
dissolved during sample preparation. This is consistent with relatively high calcium carbonate content
that is expected to be found in limestone, the parent material encountered in the residual soil from the

Mississippian bedrock/colluvium depositional environment at NSWC Crane.

Soil RPD values for field duplicates and laboratory duplicates were compared by computing the ratios of
their respective RPD values. RPD can only be computed if both samples in a duplicate pair yield
detectable concentrations of analyte. Therefore, only duplicate sample pairs were compared for which
both samples from each pair yielded detectable concentrations. The RPD ratios are summarized in
Table 3-9.

The RPD values for field duplicates generally fall within a factor of two of laboratory duplicate RPD
values, indicating comparable precision. This is supported in the data for this project in that most of the
average Laboratory Duplicate/Field Duplicate ratios are between 0.5 and 2.0 in Table 3-9. For one metal,
silver, the average laboratory RPD value is zero, which causes the laboratory to field duplicate ratio to be
equal to zero. This is a chance occurrence and does not indicate poor agreement between field and
laboratory duplicate precision. Precision values across all metals and all soil samples are generally within
expectations and compared well between laboratory and field duplicates. When outside of expectations,
individual RPD values can be attributed either to metal concentrations approximating detection limits
(where increased measurement uncertainty is normal), or they appear to be spurious results that occur no

more frequently than might be expected, given the number of data points.
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3.75 Attainment of Detection Limits

For each of the following 19 metals, all soil sample results were classified as “detects,” with reported
concentration values exceeding the detection limits. This includes 67 soil sample results for all metals
except lithium, strontium and thorium. Sample BG1SBA0101 was lost at the analytical laboratory before
the analyses were completed for the three latter metals, so only 66 soil sample results are available for

each of those metals.

e Aluminum

* Arsenic
e Barium
e Calcium

e Chromium

+ Cobalt
e Copper
* lron

* Lead

*  Lithium

* Magnesium
¢ Manganese
* Nickel

* Potassium

+  Strontium

e Thallium

e Thorium

*  Vanadium

e Zinc

The other eight metals (shown in Table 3-10) each exhibited at least one “non-detect.”

For most metals in most soil samples, the planned detection limits (Table 1-1 of the QAPP; TtNUS,
1999b) were achieved. Exceptions are identified in Table 3-10 with an asterisk in the “MINIMUM
REPORTED DETECTION LIMIT” column. To achieve the planned limits, some samples originally
analyzed using the ICP/AES technique were re-analyzed using the more sensitive ICP/MS technique.
This was done according to the plan outlined in the QAPP (TtNUS, 1999b).
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For the metals in Table 3-10, the detection limit values are compared for the 67 original samples with the
exception of lithium, strontium and thorium in sample BG1SBA0101l. Duplicate samples were not
included in this tally. Table 3-10 depicts a range of detection limits for each of the eight metals. Most of
the minimum reported detection limits approximate the planned detection limits, indicating a good effort
by Laucks Laboratory to meet the unusually low limits requested. Several maximum and average
detection limits (for antimony, beryllium, selenium, silver, sodium and tin) are significantly greater than the
requested limits. As a result, several samples had elevated detection limits for each of those metals. The
cause of the elevated detection limits is generally attributed to low levels of laboratory contamination,
which was detected in analytical method blanks or calibration blanks. This is not necessarily a surprise,
given that the planned limits are less than what are usually reported by the laboratory. Because this is a
background investigation, the lower limits were requested in an effort to obtain measurable values for as
many metals as reasonably achievable. This indicates that the planned limits have stretched the
capabilities of Laucks Laboratory and may not be consistently achievable on a routine basis for the
affected metals. This is not viewed as a laboratory deficiency, but as a natural limitation of current

analytical technology.

Elevated detection limits for sodium are not viewed as problematic because sodium is not typically a
metal of concern in environmental investigations. With the exception of the two soil samples in SDG
C8311, silver detection limits in some samples barely exceeded the requested 0.05 mg/kg limit, so those
values are also not viewed as problematic. In SDG C8311, the silver detection limits were reported as
0.23 mg/kg, and 0.22 mg/kg and the two soil results were “non-detects.” Qualifying the affected silver
results as “non-detects” is consistent with data validation guidelines and with the silver concentrations
observed across all samples in this project. Elevated detection limits for antimony, beryllium, selenium,
and tin are more of an issue because those metals are common target parameters of environmental
concern. However, given the apparent technological limitations associated with achieving the planned
detection limits for antimony, beryllium, selenium, and tin, there is no plan for attempting to achieve lower

detection limits for those metals.

3.7.6 Field Blank Evaluations

In Section 3.7.5, elevated concentrations of metals in method blanks and calibration blanks were
discussed. Some source water blanks and equipment rinsate blanks also exhibited detectable
concentrations of several metals. The observed concentrations were on the order of the analytical
detection limits. The equipment rinsate blanks generally exhibited concentrations similar to the source

water blanks, indicating that the equipment decontamination process was not deficient. Those levels of
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contamination present in source water and equipment rinsate blanks are orders of magnitude less than
any levels that could be responsible for detectable levels of contamination in the soil samples. The
potential for cross-contaminating samples is thus negligible at the observed blank concentrations and is
not addressed further here. The data validation summaries (Appendix C-2) provide additional detail on

this matter, including the observed blank concentrations.
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TABLE 3-1

SUMMARY OF HISTORICAL SOIL BACKGROUND DATA FOR METALS

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

PAGE 1 OF 3
Validity of
SWMU Abbreviated | Soil Background Background
No. SWMU Name Name Data Available Background Sample Identifiers Samples”® Source Remarks
01/12 Mustard Gas Burial MGBG no 1 no data/reports
Grounds
02/11 Dye Burial Grounds DBG no 5
Ammunition Burning . . .
03/10 Grounds/Old Jeep Trail ABG/OJT yes invalid for RA 4,12 Data rejected by USEPA, 1997
no valid samples for McComish G.;
04/02 McCormish Gorge McCG no invalid for RA 6 bgnd samples from OBP used at both
sites
3 samples are located very close to
05/03 Old Burn Pit OBP yes 05/03-01-90, 05/03-02-90, 05/03-03-90 invalid for RA 7 each other; treat as one datum. Data
rejected by USEPA, 1997.
Data questionable due to proximity to
CR95-0655-A0L01; CRe506SS-A0L0LAVG)| 0L BT efoctd b USEPA. 1667, 1095 data
06/09 Demolition Range DEMO yes CR95-06SS-A01-01-D; CR95-06SS-A02-01; 4 J Y S
) background is suspect because soil may have
CR95-06SS-A03-01; . - b I,
investigation been impacted by deposition from
DR, and ORR
1990 and 1993 data rejected by
invalid for the USEPA, 1997. 1995 data
. CR95-07SS-A01-01; CR95-07SS-A02-01; basewide questionable due to historical land
07/09 Old Rifle Range ORR yes CR95-07SS-A03-01; background 4 use (Pistol Range) and possibility that
investigation soil had been impacted by deposition
from the DR, and ORR
08/17 Load & Fill Area, Bldg 106 106P no 2 source is most repent available for
Pond site
- ) samples analyzed using an ASTM
09/03 Eggfl_l(_:;inekControl Area/ R PCA yes invalid for RA 8,9 method (not an EPA method SW-
846). Data rejected by USEPA, 1997
no accurate sample location; only
10/15 Rockeye RKT yes BN#1(90), BN#2(90), and BN#3 (90) invalid for RA 10 BN#2 analyzed for metals. Data
rejected by USEPA, 1997.
11/00 Old Storage, B-255 B225 no 1 no data/reports
12/14 Mine Fill A MFA no 2 no data
13/14 Mine Fill B MFB no 2 no data
questionable
14/00 Sanitary Landfill/Lithium SLF&LB ves NSWC-14/00-002 due to 3 validation status uncertain; incomplete

Battery

uncertainty in
data quality

target analyte list
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NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

PAGE 2 OF 3
Validity of
SWMU Abbreviated | Soil Background Background
No. SWMU Name Name Data Available Background Sample Identifiers Samples”® Source Remarks
15/06 Roads and Grounds Area R&GA no 3 source Is most rseitceent available for
B-146-BG1a-03140 thru B-146-BG1d-03140; B- uncertain if dry or wet weight analysis
16/16 Cast High Explosive Fill/ B146 ves 146-BG2a-03140 thru B-146-BG2d-03140; B- | questionable 3 was reported: uncertainty in data
Incinerator Bldg 146 146-BG3a-03140 thru B-146-BG4d-03140; B- | due to reporting -
146-BG4a-03140 thru B-146-BG4d-03140; quality
17/04 PCB Burial/Pole Yard PCB no 1 no data/reports
18/13 Load & Fill Area Buildings L&FAB no 1 no data/reports
Pyrotechnic Test Area/ source is most recent available for
19/00 Annex/ Rocket Range/ OTA or PTA no 2 site
Impact Area
20/00 CAAA QA/QC Test Area CAAA no 1 no data/reports
21/00 DRMO Storage Lot DRMO no 1 no data/reports
22/00 Lead Aside PbA no 1 no data/reports
23/00 Battery Shop BS no 1 no data/reports
24/00 Sludge Drying Beds A SDBA no 1 no data/reports
24/00 Sludge Drying Beds B SDBB no 1 no data/reports
25/07 D |Highway 58 Dump Site A H58DSA no 1 no data/reports
26/06 D |Highway 58 Dump Site B H58DSB no 1 no data/reports
27/00 llluminant Building 1B no 1 no data/reports
28/00 Maintenance Shop MS no 1 no data/reports
29/07 PCP Dip Tank PCP no 1 no data/reports
30/00 Landfarm LF no 1 groundwater issue only
31/00 gi(tJ?pressed Gas Cylinder CGC no 1 no data/reports
32/00 Tank Farm TF no 1 no data/reports
Compositing Unit dg:etzt;)g:sti)ltie Samples were not intended as
33/00 ; o - COMP yes BIOF001 through BIOF014 - 1 background and may have been
(Bioremediation Facility) site . ) . L
o impacted by previous site activities
contamination
questionable Seyeral locations; U.ncertainty in
Borrow Pit BP ves BP/BF-001 through BP/BF-004, due to poor data quality of Qata; gnalytlcal problgms;
02/11BP1 and 02/11BP2 quality possibility of impact due to site

activities




TABLE 3-1

SUMMARY OF HISTORICAL SOIL BACKGROUND DATA FOR METALS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 3 OF 3
Validity of
SWMU Abbreviated | Soil Background Background
No. SWMU Name Name Data Available Background Sample Identifiers Samples”® Source Remarks

Notes:
A - Although this data is not used in the base-wide database, at a minimum, this data may provide some value as a point of reference at each of the respective SWMU investigations.

Sources:

1 Tom Brent, personal communication, December, 1998

2 HNUS, August 1992, RFI Phase |, Environmental Montoring Report, SWMUs 19/00, 08/17. 12/14, 13/14, NorthDiv, CTO 15

3 HNUS, November 1992, RFI Phase |, Environmental Montoring Report, SWMUs 15/06, 14/10, 16/16, NorthDiv, CTO 15

4 TtNUS 1999, Final Current Contamination Conditions Risk Assessment, SWMUs 03/10, 07/09, 06/09

5 Murphy and Wade, 1998, RCRA FI Phase Ill Groundwater Release Char., SWMU 02/11, Dye Burial Grounds, NSWC Crane, Final Report, USACE Waterways Experimental Station.
6 Nohrstedt, J.S., etal., 1998, RCRA Facility Investigation Phase Il Soils Release Characterization, SWMU 04/02, McCormish Gorge, NSWC Crane, Final Report, USACE WES.

7 Albertson et al., September 1998, RCRA Facility Investigation Phase Il Soils, SWMU 05/03, Old Burn Pit, NSWC Crane, Final Report, USACE Waterways Experimental Station

8 USACE Waterways Experimental Station, Feburary 1992, RCRA Facility Investigation Phase Il and Phase Il Soils, SWMU 09/05, Pest Control Area/ R150 Tank Site, NSWC Crane
9 Analytical Data, SWMU 09/05, Pest Control Area/ R150 Tank Site, NSWC Crane

10 Nohrstedt, J.S., et al., September 1998c, RCRA Facility Investigation Plahse Il Soil Release Characterizatin, NSWC Crane

11 Nohrstedt, J.S., et al., September 1998, RCRA Facility Investigation Phase Il Soils Release Characterization, SWMU 10/15, Rockeye Munitions Facility, Final Report, USACE WES

12 Rust E&I, July 1997, Environmental Data Assessment Memorandum, SWMUs 03/10, 06/09, and 07/09, NSWC Crane, Draft Report.



TABLE 3-2

BACKGROUND SOIL SAMPLE LOCATIONS

BACKGROUND AREA 1
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 1 OF 2
Crane Soil Survey Present Soil Classification®?
Depositional Sample Tracking Develop- of Martin Soil Map at # of
Environment Number Source of Deposition“’ Topographic Location General Location ment Map # County‘z’ Map #| Soil Series™® | Units®® SWMU | Surface Soil® | subsurface Soil®
FIRST FIELD EVENT
silt loam to silty clay
Loess/ BG1SBLO1 Loess deposits uplands & ridgetops west-southwest of Landfill 28 12 Hosmer HoB 2 silt loam loam
silt loam to silty clay
Glacial Outwash [BG1SBL02 Loess deposits uplands & ridgetops south of Landfill 28 12 Hosmer HoB 2 silt loam loam
silt loam to silty clay
BG1SBL03 Loess deposits uplands & ridgetops southwest corner of base 28 20 Hosmer HoB 2 silt loam loam
silt loam to silty clay
BG1SBL04 Loess deposits uplands & ridgetops southwest corner of base 12 20 Hosmer HoB 2 silt loam loam
silt loam to silty clay
BG1SBL05 Loess deposits uplands & ridgetops south of Landfarm 28 12 Hosmer HoB 2 silt loam loam
southwest of Pyrotechnic
Alluvium BG1SBA01 Alluvium lowlands Test Areal 34 17 Haymond Hd 3 silt loam silt loam
southwest of Pyrotechnic
BG1SBA02 Alluvium floodplains & lowlands Test Areal 34 17 Wilbur Wr 0 silt loam silt loam
Alluvium derived from
sandstone, siltstone, and loam to channery
BG1SBA03 shale floodplains & lowlands south of Landfill 33 16 Burnside Bu 4 loam loam
Silty alluvium derived from
BG1SBA04 loess uplands floodplains & lowlands south of Landfill 37 16 Wakeland Wa 4 silt loam silt loam
BG1SBA05 Alluvium lowlands West of Rocket Range 34 17 Wakeland Wa 4 silt loam silt loam
silt loam to silt loam, silty clay
material weathered from SS, Wellston-Gilpin channery silt | loam, to channery
Residual Soil from|BG1SBP01 siltstone, shale. sideslopes south of Landfill 28 12 complex WnE 16 loam loam
Pennsylvanian Loess and material
Bedrock/ weathered from SS, silt loam to silty | silty loam, to sandy
Colluvium BG1SBP02 siltstone, shale. ridgetop in uplands East of Landfill 29 13 Zanesville ZaB 6 clay loam clay loam
silt loam, silty clay
material weathered from loam, to channery
BG1SBP03 SSs, siltstone, shale. toe of slope east of Landfill 29 13 Wellston WeD2 8 silt loam loam
Loess and material silt loam, silty clay
weathered from SS, loam, to channery
BG1SBP04 siltstone, shale. sideslope in uplands southeast of Landfill 29 13 Wellston WeD2 8 silt loam loam
Loess and material
weathered from SS, silt loam to silty | silty loam, to sandy
BG1SBP05 siltstone, shale. ridgetop in uplands southeast of Landfill 33 17 Zanesville ZaB 6 clay loam clay loam
Loess and material Zanesville-
weathered from SS, Udorthents silt loam to silty | silt loam, silty clay
BG1SBP06 siltstone, shale. ridgetop in uplands south of Landfill 33 16 complex ZnC 17 clay loam loam to loam
silt loam to silt loam, silty clay
material weathered from SS, Wellston-Gilpin channery silt | loam, to channery
BG1SBP07 siltstone, shale. sideslope southwest of Annex 34 17 complex WnE 16 loam loam
silt loam, silty clay
material weathered from SS, loam, to channery
BG1SBP08 siltstone, shale. sideslope near ridgetop | Northwest of Rocket Range 34 16 Wellston WeC2 5 silt loam loam
silt loam to silt loam, silty clay
material weathered from SS, Wellston-Gilpin channery silt | loam, to channery
BG1SBP09 siltstone, shale. toe of slope West of Rocket Range 37 20 complex WnE 16 loam loam
material weathered from SS, silt loam to silty | silty loam, to sandy
BG1SBP10 siltstone, shale. toe of slope West of Rocket Range 37 20 Zanesville ZaC2 7 clay loam clay loam




TABLE 3-2

BACKGROUND SOIL SAMPLE LOCATIONS
BACKGROUND AREA 1
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 2 OF 2
Crane Soil Survey Present Soil Classification®?
Depositional Sample Tracking Develop- of Martin Soil Map at # of
Environment Number Source of Deposition“’ Topographic Location General Location ment Map # County‘z’ Map #| Soil Series™® | Units®® SWMU | Surface Soil® | subsurface Soil®
SUPPLEMENTAL FIELD EVENT
Silty alluvium derived from App. 2500 feet southeast of
Alluvium BG1SBA25° loess uplands floodplains & lowlands storage bunker 1360 37 20 Wakeland Wa 4 silt loam silt loam
Loess and underlying App. 2500 feet southeast of silt loam to silty clay
BG1SBA28° alluvium outwash terraces the Rocket Range 38 21 Pekin PeB NP silt loam loam
Alluvium derived from loess App. 1000 feet north of
BG1SBA29° uplands floodplains & lowlands storage bunker 1289 34 17 Wilbur Wr NP silt loam silt loam
Alluvium derived from loess App. 5500 feet north of the
BG1SBA38° uplands floodplains & lowlands Rocket Range 34 17 Wilbur Wr NP silt loam silt loam
silt loam, silty clay
material weathered from ss, loam, to channery
Residual Soil from|BG1SBP11° siltstone, shale. top of slope West of Pyrotechnic Area 28 13 Wellston WeD2 8 silt loam loam
Pennsylvanian silt loam, silty clay
Bedrock/ material weathered from ss, Northwest of Pyrotechnic loam, to channery
Colluvium BG1SBP13° siltstone, shale. sideslope Area 29 13 Wellston WeD2 8 silt loam loam
silt loam to silt loam, silty clay
material weathered from ss, Wellston-Gilpin channery silt | loam, to channery
BG1SBP16° siltstone, shale. sideslope Northwest of Rocket Range 34 17 complex WnE 16 loam loam
loess and material
weathered from ss, siltstone, silt loam to silty | silty loam, to sandy
BG1SBP22° shale. sideslope of ridge West of Rocket Range 37 16 Zanesville ZaB 6 clay loam clay loam
silt loam, silty clay
material weathered from ss, loam, to channery
BG1SBP37° siltstone, shale. ridgetop Northwest of Rocket Range 34 17 Wellston WeC2 5 silt loam loam
silt loam to silt loam, silty clay
material weathered from ss, Wellston-Gilpin channery silt | loam, to channery
BG1SBP39’ siltstone, shale. sideslope near ridgetop | Northwest of Rocket Range 33 16 complex WnE 16 loam loam
silt loam to silt loam, silty clay
material weathered from ss, Wellston-Gilpin channery silt | loam, to channery
BG1SBP40° siltstone, shale. sideslope near ridgetop South of Landfill 28 12 complex WnE 16 loam loam
material weathered from ss, silt loam to silty | silty loam, to sandy
BG1SBP42’ siltstone, shale. sideslope West of Pyrotechnic Area 29 13 Zanesville ZaC2 7 clay loam clay loam
silt loam, silty clay
material weathered from ss, loam, to channery
BG1SBP43® siltstone, shale. ridgetop Southeast of Landfill 34 13 Wellston WeD2 8 silt loam loam
silt loam, silty clay
material weathered from ss, Southwest of Pyrotechnic loam, to channery
BG1SBP44° siltstone, shale. ridgetop Area 34 13 Wellston WeC2 5 silt loam loam
silt loam, silty clay
material weathered from ss, Northwest of Pyrotechnic loam, to channery
BG1SBP45’ siltstone, shale. ridgetop Area 29 13 Wellston WeC2 5 silt loam loam
loess and material
weathered from ss, siltstone, Northwest of Pyrotechnic silt loam to silty | silty loam, to sandy
BG1SBP50° shale. sideslope of ridge Area 29 13 Zanesville ZaB 6 clay loam clay loam
Notes:

SS - sandstone

1 Information taken from McElrath (1988).

2 No depth specified for surface soil samples

3 United States Department of Agriculture (USDA) classification system
4 Surface soil is from 0 to 12 inches below ground surface (bgs) based upon classification by McElrath (1988).

© oo~NOoO O,

Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock McElrath (1988).
Boring Set AB1 (see TtNUS, 2000b for more details).
Boring Set PS1 (see TtNUS, 2000b for more details).
Boring Set PS2 (see TtNUS, 2000b for more details).
Boring Set PS3 (see TtNUS, 2000b for more details).




TABLE 3-3

BACKGROUND SOIL SAMPLE LOCATIONS
BACKGROUND AREA 2

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Soil Survey Soil Classification™?
Crane of Martin
Depositional Sample Tracking Source of Topo-graphic General Development County(z) Map Present at # of Subsurface
Environment Number Deposition” Location Location Map # # Soil Series®™® | Soil Map Units®*® SWMUs Surface Soil® Soil®
Background Area 2a
silty clay loam
Loess/ Glacial Glacial outwash south of Hwy to sandy clay
Outwash BG2SBG1 deposits sideslopes 5, West Gate 8 4 Parke PaC2 1 silt loam loam
silty clay loam
Glacial outwash south of Hwy to sandy clay
BG2SBG2 deposits sideslopes 5, West Gate 8 4 Parke PaC2 2 silt loam loam
silty clay loam
Glacial outwash south of Hwy to sandy clay
BG2SBG3 deposits sideslopes 5, West Gate 8 4 Parke PaC2 3 silt loam loam
Background Area 2b
loam, clay
Loess/ Glacial Glacial outwash north of Hwy 5, loam, gravely
Outwash BG2SBG4 deposits sideslopes West Gate 8 4 Negley NeE 2 silt loam to loam loam
loam, clay
Glacial outwash north of Hwy 5, loam, gravely
BG2SBG5 deposits sideslopes West Gate 8 4 Negley NeE 2 silt loam to loam loam
Notes:
1 Information taken from McElrath (1988).
2 No depth specified for surface soil samples
3 United States Department of Agriculture (USDA) classification system
4  Surface soil is from 0 to 12 inches below ground surface (bgs) based upon classification by McElrath (1988).
5 Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock based upon classification by McElrath (1988).




TABLE 3-4

BACKGROUND SOIL SAMPLE LOCATIONS
BACKGROUND AREA 3

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

PAGE 1 OF 2
Crane Soil Survey Present Soil Classification®?
Depositional Sample Tracking Topo-graphic Develop- of Martin Soil Soil Map at#of | Surface Subsurface
Environment Number Source of Deposition“’ Location General Location ment Map # County‘z’ Map # Series®? Units*® SWMU Soil® Soil®
FIRST FIELD EVENT
Upper Sulphur Creek;
Alluvium derived from SS, |floodplain & northwest of intersection loam to channery
Alluvium BG3SBAO1 siltstone, and shale lowlands btwn JT-9 & H-162 12 3 Burnside Bu 4 loam loam
Upper Sulphur Creek;
Alluvium derived from SS, |floodplain & northwest of intersection loam to channery
BG3SBA02 siltstone, and shale lowlands btwn JT-9 & H-163 12 3 Burnside Bu 4 loam loam
Alluvium derived from SS, |floodplain & loam to channery
BG3SBA03 siltstone, and shale lowlands southwest of PT-9 6 3 Burnside Bu 4 loam loam
Alluvium derived from SS, |floodplain & Boone Hollow; west of PT- loam to channery
BG3SBA04 siltstone, and shale lowlands 10A 14 3 Burnside Bu 4 loam loam
Alluvium derived from SS, |floodplain & Boone Hollow; west of PT- loam to channery
BG3SBA05 siltstone, and shale lowlands 10A 14 3 Burnside Bu 4 loam loam
silt loam, silty
material weathered from East of Roberts Cemetary, Wellston- clay loam, to
Residual Soil from |BG3SBMO1 (M6) SS, siltstone, shale. |sideslope along PT-8 5 3 Ebal WID NP silt loam | channery loam
Mississippian silt loam to
Bedrock/ material weathered from East of Roberts Cemetary, silty clay silty loam, to
Colluvium BG3SBM02 (M6) SS, siltstone, shale. |sideslope along PT-8 5 3 Zanesville ZaC3 2 loam sandy clay loam
Wellston- silt loam to| silt loam, silty
material weathered from West of JT-9; Northeast of Berks-Gilpin channery | clay loam, to
BG3SBMO03 (M5) SS, siltstone, shale. |sideslope Bunker #1583 13 3 complex WgG 6 silt loam | channery loam
silt loam to
material weathered from N.east of JT-10 & JT-10A silty clay silty loam, to
BG3SBM04 (M5) SS, siltstone, shale. |sideslope intersection 6 3 Zanesville ZaC2 7 loam sandy clay loam
silty clay loam,
material weathered from silt loam, to
BG3SBMO05 (M5) SS, siltstone, shale. [ridgetop North of JT-10A 14 3 Johnsburg Jo NP silt loam sandy loam
East of JT-9; north of Wellston- silt loam to| silt loam, silty
material weathered from sideslope/lowlan |intersection btwn JT-9 & H Berks-Gilpin channery | clay loam, to
BG3SBMO06 (M4) SS, siltstone, shale. |d 162 13 3 complex WgG 5 silt loam | channery loam
silt loam to
material weathered from silty clay silty loam, to
BG3SBMO7 (M5) SS, siltstone, shale. [ridgetop South of JT-10A 14 3 Zanesville ZaB 6 loam sandy clay loam
silt loam, silty
material weathered from sideslope/lowlan Wellston- clay loam, to
BG3SBM08 (M3) SS, siltstone, shale. |d 400 feet south of PT-9 6 3 Ebal WID NP silt loam | channery loam
Wellston- silt loam to| silt loam, silty
material weathered from Berks-Gilpin channery | clay loam, to
BG3SBM09 (M3) SS, siltstone, shale. |sideslope 800 feet South of JT-10A 13 3 complex WgG 5 silt loam | channery loam
Wellston- silt loam to| silt loam, silty
material weathered from sideslope/lowlan Berks-Gilpin channery | clay loam, to
BG3SBM10 (M2) SS, siltstone, shale. |d 400 feet West of PT-10A 14 3 complex WgG 5 silt loam | channery loam




TABLE 3-4

BACKGROUND AREA 3

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

BACKGROUND SOIL SAMPLE LOCATIONS

PAGE 2 OF 2
Crane Soil Survey Present Soil Classification®?
Depositional Sample Tracking Topo-graphic Develop- of Martin Soil Soil Map at#of | Surface Subsurface
Environment Number Source of Deposition“’ Location General Location ment Map # County‘z’ Map # Series®? Units*® SWMU Soil® Soil®
SUPPLEMENTAL FIELD EVENT
Alluviuim derived from Upper Suilfur Creek:
Alluvium sandstone, siltstone, and fllodplain and northwest intersection loam to channery
BG3SBA07° |shale lowlands btwn JT-9 & H-162 12 3 Burnside Bu 4 loam loam
Loess and material silt loam to
weathered from ss, East of JT-10 and JT-10A silty clay silty loam to
Residual Soil from BG3SBP01’ [siltstone, shale ridgetop intersection 6 3 Zanesville ZaC2 7 loam sandy clay loam
Pennsylvanian
Bedrock/ Loess and material Wellston- silt loam to| silt loam,silty
Colluvium weathered from ss, App. 1600 feet southest of Berks-Gilpin channery clay loam to
BG3SBP08® |siltstone, shale sideslope JT-9 and PT-8 intersection 13 3 Complex WgG 5 silt loam | channery loam
Loess, colluvium, and silt loam,silty
material weathered from ss, App. 1600 feet west of JT- clay loam to
BG3SBP09’ _|siltstone, shale sideslope 9 and PT-8 intersection 5 3 \Wellston-Ebal WID NP silt loam | channery loam
Notes:

SS - sandstone

1 Information taken from McElrath (1988).

2 No depth specified for surface soil samples

3 United States Department of Agriculture (USDA) classification system
4 Surface soil is from 0 to 12 inches below ground surface (bgs) based upon classification by McElrath (1988).

Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock McElrath (1988).
Boring Set AB1 (see TtNUS, 2000b for more details).

Boring Set PS2 (see TtNUS, 2000b for more details).

5
6
7 Boring Set PS1 (see TtNUS, 2000b for more details).
8
9

Boring Set PS3 (see TtNUS, 2000b for more details).




SAMPLING SUMMARY FOR CHEMICAL ANALYSIS
BACKGROUND AREA 1

TABLE 3-5

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Analysis of TAL
Background metals + Tin, Lithium,
Depositional Sample Background Sample Depth Strontium, and
Environment Location Name (feet-bgs) Thorium @
First Field Event
Loess/ BG1SBL01 BG1SBL0101 0-1 X
Glacial BG1SBL0103 2-3 X
Outwash BG1SBL0105 4-5 X
BG1SBL03 BG1SBL0305 4-5 X
BG1SBL04 BG1SBL0403 2-3 X
BG1SBL0405 4-5 X
BG1SBL05 BG1SBL0501 0-1 X
BG1SBL0504 3-4 X
BG1SBL0506 5-6 X
Alluvium BG1SBAO1 BG1SBA0101 0-1 X
BG1SBA0104 3-4 X
BG1SBAO3 BG1SBA0306 5-6 X
BG1SBAO4 BG1SBA0401 0-1 X
BG1SBA0405 4-5 X
BG1SBAO5 BG1SBAO0503 2-3 X
BG1SBA0504 3-4 X
Residual Soil BG1SBP0O1 BG1SBP0103 2-3 X
from BG1SBP02 BG1SBP0204 3-4 X
Pennsylvanian BG1SBP0206 5-6 X
Bedrock/ BG1SBP03 BG1SBP0305 4-5 X
Colluvium BG1SBP04 BG1SBP0401 0-1 X
BG1SBP0406 5-6 X
BG1SBP05 BG1SBP0505 4-5 X
BG1SBP06 BG1SBP0601 0-1 X
BG1SBP0603 2-3 X
BG1SBP0O7 BG1SBP0701 0-1 X
BG1SBP08 BG1SBP0801 0-1 X
BG1SBP0804 3-4 X
BG1SBP0806 5-6 X
BG1SBP09 BG1SBP0901 0-1 X
BG1SBP10 BG1SBP1004 3-4 X
Supplement Field Event
Alluvium BG1SBA25 BG1SBA250203 2-3 X
BG1SBA28 BG1SBA280304 3-4 X
Notes:

1 See Section 3.3.5 for a description of the process of selecting samples for chemical analysis.




TABLE 3-6

SAMPLING SUMMARY FOR CHEMICAL ANALYSIS
BACKGROUND AREA 2
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Analysis of TAL
Background metals + Tin, Lithium,
Depositional Sample Background Sample Depth Strontium, and
Environment Location Name (feet-bgs) Thorium @
Loess/ BG2SBGO01 BG2SBG0101 0-1 X
Glacial BG2SBG0104 3-4 X
Outwash BG2SBG02 BG2SBG0201 0-1 X
BG2SBG0203 2-3 X
BG2SBG0206 5-6 X
BG2SBG03 BG2SBG0303 2-3 X
BG2SBG04 BG2SBG0401 0-1 X
BG2SBG0404 3-4 X
BG2SBG0503 BG2SBG0503 2-3 X
Notes:

1 See Section 3.3.5 for a description of the process of selecting samples for chemical analysis.




SAMPLING SUMMARY FOR CHEMICAL ANALYSIS

TABLE 3-7

BACKGROUND AREA 3

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Analysis of TAL
Background metals + Tin,
Depositional Sample Background Sample Depth Lithium, Strontium,
Environment Location Name (feet-bgs) and Thorium @
First Field Event
Alluvium BG3SBAO1 BG3SBA0101 0-1 X
BG3SBA02 BG3SBA0203 2-3 X
BG3SBAO3 BG3SBA0301 0-1 X
BG3SBA0O4 BG3SBA0403 2-3 X
BG3SBA0404 3-4 X
BG3SBAO5 BG3SBA0501 0-1 X
BG3SBA0504 3-4 X
BG3SBA0506 5-6 X
Residual Soil BG3SBMO02 BG3SBM0201 0-1 X
from BG3SBM0203 2-3 X
Mississippian BG3SBM0206 5-6 X
Bedrock/ BG3SBMO3 BG3SBMO0305 4-5 X
Colluvium BG3SBM04 BG3SBM0401 0-1 X
BG3SBM0404 3-4 X
BG3SBM0406 5-6 X
BG3SBMO05 BG3SBM0504 3-4 X
BG3SBMO06 BG3SBM0601 0-1 X
BG3SBM0604 3-4 X
BG3SBMO7 BG3SBM0701 0-1 X
BG3SBM0704 3-4 X
BG3SBM0706 5-6 X
BG3SBMO08 BG3SBM0801 0-1 X
BG3SBM0803 2-3 X
BG3SBMO09 BG3SBM0904 3-4 X
BG3SBM10 BG3SBM1003 2-3 X

Supplement Field Event

No samples were collected

Notes:

1 See Section 3.3.5 for a description of the process of selecting samples for chemical analysis.




TABLE 3-8

SUMMARY OF SOIL SAMPLES COLLECTED FOR CHEMICAL ANALYSIS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Surface or Gross Grain
Subsurface Size Number of Samples Sent for
Depositional Environment Soil Classification Chemical Analysis
ALLUVIUM SS 5
ALLUVIUM SB CLAY 3
ALLUVIUM SB SAND 4
ALLUVIUM SB SILT 5
LOESS/GLACIAL SS 5
LOESS/GLACIAL SB CLAY 5
LOESS/GLACIAL SB SAND 3
LOESS/GLACIAL SB SILT 5
MISSISSIPPIAN SS 5
MISSISSIPPIAN SB CLAY 4
MISSISSIPPIAN SB SAND 3
MISSISSIPPIAN SB SILT 5
PENNSYLVANIAN SS 5
PENNSYLVANIAN SB CLAY 4
PENNSYLVANIAN SB SAND 1
PENNSYLVANIAN SB SILT 5
Total Number of Samples Sent for Chemical Analysis 67

Notes:
SS - surface soil
SB - subsurface soil




COMPARISON OF FIELD AND LABORATORY DUPLICATE SAMPLE CONCENTRATIONS

TABLE 3-9

BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 1 OF 2
Metal Laboratory |Laboratory| Number of Field Field Number of Field Ratio
(units of mg/kg) Duplicate | Duplicate Laboratory Duplicate | Duplicate | Duplicate Pairs (Lab Duplicate
AVG%RPD | MAX%RPD |Duplicate Pairs| AVG%RPD | MAX%RPD | with 2 Detects | AVG%RPD) / (Field
with 2 Detects Duplicate AVG%RPD)

ALUMINUM 7.84 20.2 4 7.27 17.22 8 1.08
ANTIMONY NA NA 0 NA NA 0 NA
ARSENIC 13.48 45.84 4 13.32 24.00 8 1.01
BARIUM 11.28 22.36 4 6.82 21.28 8 1.65
BERYLLIUM 3.16 3.16 1 5.81 10.26 2 0.54
CADMIUM 85.60 161.28 2 43.53 80.00 2 1.97
CALCIUM 7.00 9.80 4 7.44 14.24 8 0.94
CHROMIUM 16.08 36.36 4 11.98 22.03 8 1.34
COBALT 18.04 31.04 4 9.38 20.59 8 1.92
COPPER 6.16 11.68 4 7.73 18.02 8 0.80
IRON 16.92 35.48 4 9.38 27.57 8 1.80
LEAD 14.08 38.44 4 8.60 21.80 8 1.64
MAGNESIUM 3.60 7.00 4 5.72 11.29 8 0.63
MANGANESE 30.56 70.60 4 15.28 36.37 8 2.00
MERCURY NA NA 0 9.09 4.55 2 NA
NICKEL 7.88 14.20 4 6.07 15.38 8 1.30
POTASSIUM 7.92 26.28 4 8.74 17.25 8 0.91
SELENIUM 21.64 26.88 2 NA NA 0 NA
SILVER 0.00 0.00 1 33.33 66.67 2 0.00
SODIUM 0.84 0.80 1 5.64 7.07 3 0.15
THALLIUM 15.36 35.28 4 10.42 21.28 8 1.47




COMPARISON OF FIELD AND LABORATORY DUPLICATE SAMPLE CONCENTRATIONS

TABLE 3-9

BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 2 OF 2
Metal Laboratory |Laboratory| Number of Field Field Number of Field Ratio
(units of mg/kg) Duplicate | Duplicate Laboratory Duplicate | Duplicate | Duplicate Pairs (Lab Duplicate
AVG%RPD | MAX%RPD |Duplicate Pairs | AVG%RPD | MAX%RPD | with 2 Detects | AVG%RPD) / (Field
with 2 Detects Duplicate AVG%RPD)

TIN NA NA 0 NA NA 0 NA
VANADIUM 11.00 34.40 4 5.88 11.11 8 1.87
ZINC 6.64 12.28 4 5.78 16.04 7 1.15
Average RPD (all metals) 14.52 10.79 1.35

Notes:
AVG - average

RPd - relative percent difference

MAX - maximum

NA - Not available




TABLE 3-10

AND NUMBERS OF NON-DETECTS
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

TABULATION OF REPORTED AND REQUESTED DETECTION LIMITS

Metal Minimum Maximum Average Number of Planned
Reported Reported Reported Non- Detection
Detection Limit Detection Detection Detects Limit
(mg/kg) Limit (mg/kg) | Limit (mg/kg) (mg/kg)
ANTIMONY 0.20* 55 0.77 59 0.15
BERYLLIUM 0.18* 14 0.64 53 0.15
CADMIUM 0.04 0.33 0.14 33 0.5
MERCURY 0.04 0.05 0.05 50 0.07
SELENIUM 0.23* 1.3 0.54 52 0.15
SILVER 0.04 0.23 0.07 19 0.05
SODIUM 2 125 3.3 35 2.6
TIN 0.38* 1.3 0.64 67 0.10
Notes:

* - Reported minimum detection limit exceeds the requested detection limit.
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4.0 EVALUATION OF BACKGROUND ANALYTICAL DATA

A total of 16 soil types were anticipated to potentially exist within the background areas based upon
various combinations of DE, depth, and grain size. The rationale for the development and description of

each of these soil types has been presented in Sections 1, 2, and 3. Each of these 16 soil types are

listed below:

1. Mississippian surface soil (MS)

2. Pennsylvanian surface soil (PS)

3. Alluvium surface soil (AS)

4. Loess/Glacial surface soil (LS)

5. Mississippian sand subsurface soil (MBS)
6. Mississippian silt subsurface soil (MBL)
7. Mississippian clay subsurface soil (MBC)
8. Pennsylvanian sand subsurface soil (PBS)
9. Pennsylvanian silt subsurface soil (PBL)
10. Pennsylvanian clay subsurface soil (PBC)
11. Alluvium sand subsurface soil (ABS)

12. Alluvium silt subsurface soil (ABL)

13. Alluvium clay subsurface soil (ABC)

14. Loess/Glacial sand subsurface soil (LBS)
15. Loess/Glacial silt subsurface soil (LBS)
16. Loess/Glacial clay subsurface soil (LBC)

All of the soil types were encountered in the NSWC Crane background areas. However, as noted in
Section 3.3.5 two soil types were encountered less frequently than expected. Statistical analysis of the
data is explained in the following sections and a discussion of the impact of detecting a small number of

samples in certain soil type is also discussed.

4.1 DATA SET PREPARATION

Field logs were inspected to verify that the correct samples had been collected and that the samples had
been correctly identified according to the procedures outlined in the Work Plan (TtNUS, 1999a). This

QA/QC check on the field procedures and on sample collection and identification represents a verification
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of having attained the project goals, as presented in Section 1.0 and in the Work Plan and QAPP (TtNUS,
1999a, 1999b).

The data were validated according to the QAPP (TtNUS, 1999b) to determine whether the laboratory
analytical process functioned as intended. A summary of overall data quality was then compiled to
indicate whether biases or unexpectedly large imprecision had been observed. Detection limits were also
reviewed to determine whether detection limit goals had been achieved. These summaries are presented

in Section 3.7

4.2 SOIL TYPE CHARACTERIZATION AND CONSOLIDATION

Following the data validation and overall data quality evaluation, statistical analyses were undertaken to
characterize the data sets and to test for differences among soil types. The methodology for statistical
analyses is discussed in Appendix D-1. Statistical results from this analysis including plots and tables
have been included in Appendix D-2. The statistical analyses began by generating a summary of
analytical results (Table 4-1) which presents an overview of all of the analytical data and descriptive
statistics. This table indicates the number of times each analyte was detected, the range of detected
values, average value, and location of maximum detection. Also included in Table 4-1 are upper
tolerance limits (UTLs) that may be used as points of reference representing the upper ends of the data
sets, and soil risk-based target levels (SRBTLS) that provide perspective on the computed UTLs. The
methodology for computing the UTLs is presented in Section 5.0 and Appendix D-1. The SRBTLs have
been included as a point of reference to the background concentrations. The frequency or number of
background samples detected that exceed the SRBTLs was also included in these tables. The SRBTLs
are based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1.
These risk-based criteria were current as of the date of the approved QAPP (1999b). It is important to

note that this information is updated by the appropriate regulatory agencies on a periodic basis.

Histograms were constructed and Shapiro-Wilk Tests of Normality (methodology outlined in Appendix
D-1) were performed on each of the 27 metals in each of the 16 soil types. Both the data and the log
transformed data were used to determine whether their underlying distributions were best categorized as
normal or lognormal. Probability plots were then generated for each metal in each soil type. An example
of a probability plot with its corresponding histograms is presented in Appendix D-2. The log transformed
data were used for lognormal distributions and the untransformed data were used for normal distributions.
A 95% confidence ellipse was delineated on each plot to distinguish statistical outliers. Statistical outliers
were defined as results which fell outside the 95% confidence ellipse. The intent was to inspect statistical

outliers to determine whether a physical cause could be assigned for their “outlier” status. However, no
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outliers were identified at the 5% significance level in any data set. This could be due, in part, to the
small sizes of the data sets. However, because geological similarities were considered when establishing

the soil types the data were expected to cluster well.

The statistical data set comparisons were conducted in three phases. The first phase followed the initial
round of sampling and incorporated data for all metals except lithium, strontium and thorium (24 metals in
all). The reason for this is that the latter three metals were not part of the originally planned analyte list
(i.e., these three metals were analyzed at a later time). The second statistical analysis was a repeat of
the first analysis, but included lithium, strontium, and thorium for a total of 27 metals. The lithium,
strontium and thorium analyses were conducted on the originally acquired soil samples (from round one).
A second round of sampling was later conducted in an effort to acquire at least two more samples of each
of the PBS and ABC soil types. Only two more ABC samples were acquired. After the second round of
sampling to collect two more ABC samples, 54 additional metal results from analysis of the two ABC
samples were incorporated into the data sets. Each of the ABC samples collected during the second
sampling round were analyzed for all 27 metals in the same analysis effort. The data analyses are

described in detail in Appendix D-3. A summary of these analyses is described below.

The initial data analysis (24 metals) yielded nine distinct soil groups as depicted in Figure 4-1. Each soil
group comprises soil types of similar metal concentrations. Similar soil types were collected into soil
groups where there were two or less statistically significant differences in concentrations. That is, soil
groups were differentiated by having at least three metals with statistically significant differences in
concentration. Soil types ABC and PBS were not combined with any other soil type because only one
sample was available for each of those soil types. Due to lack of sufficient data the data set comparisons
conducted on the other data sets could not be performed on these two single-sample data sets. The
infrequency of encountering the ABC and PBS soil types during the field investigation (tabulated in Table
C-1, Appendix C-1) explains why each soil type was represented by only one sample. Unable to conduct
the usual statistical comparisons, confidence interval tests (see Appendix D-3) were performed to test
whether these soil types are unique. The tests indicated that they are unique relative to the other soil
groups. Statistical summary data for the individual soil groups are presented in Tables 4-2 through 4-10

(inclusion of lithium, strontium and thorium is explained below).

A review of geological considerations generally supported the identified soil groupings with some minor
surprises (see Appendix D-3). For example, all surface soils from the four DEs were expected to group
together, yet the alluvium surface soil appears to be chemically different from the other three surface soil
types. The statistical differences were significant enough for the alluvial surface soil not to be combined

with the other surface soil types into a single group even though the geology was not entirely expected to
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have been different. Another example is that all of the subsurface residual soil from Mississippian
bedrock was expected to be statistically similar, however the differences were significant enough to

warrant the separation of silt from the clay and sand soil types in the Mississippian DE.

The primary goal of this investigation was to establish soil groups that would permit site investigators to
detect a difference of two standard deviations (two-sigma) or less between site data and background
data. This criterion was necessarily established without knowing how large would be the value of sigma.
The minimum detectable differences between site and background data sets have been computed for
each combination of the nine soil groups and the 27 metals (the inclusion of lithium, strontium and
thorium is explained below). Table 4-11 presents the minimum detectable differences in units of mg/kg
and Table 4-12 presents the equivalent data in units of standard deviation. Minimum detectable

differences between data sets and applicable assumptions are discussed in detail in Section 4.3.

After adding lithium, strontium and thorium to the data sets, the statistical analyses were repeated. The
analyses yielded only seven distinct soil groups (Table 4-13) instead of the original nine groups (Figure 4-
1). The three additional metals themselves did not cause the regroupings. Instead, a change in the
criterion used to differentiate among soil groups caused the regroupings. That is, the 5% significance
level was also used when the number of metals was increased to 27 (from 24). With 27 metals the
number of allowable differences among metals of similar soil types changed from 2 to 3 (see Appendix D-
3). This change in criterion was judged not to be as significant a differentiating factor in the soil groupings
as differences among DEs. That is, the seven soil groupings could not be explained geologically (see
Appendix D-3) whereas the nine soil groupings appears to be more reasonable. Consequently, the newly
generated seven soil groups were rejected in favor of the original nine soil groupings. Lithium, strontium
and thorium were thus included in Tables 4-2 through 4-12. Figure 4-1 represents the nine soil groupings

that are designated as the NSWC Crane background soil groups for use in site investigations.

The final statistical analysis conducted to incorporate the additional two ABC soil samples confirmed the
results of the initial statistical analysis and geologic interpretations. That is, the ABC soil group is unique
relative to the other soil groups and the originally selected nine soil groups adequately represent all soils

likely to be encountered at NSWC Crane.

Figure 4-1 represents some practical factors that must be considered when planning to use the
background data for site data comparisons. Within a DE a maximum of three soil groups exists. Thus,
for any SWMU that lies entirely within a single DE, no more than three background data sets will be
needed for comparisons with site data. For each DE two of the soil groups exist solely because of

differences between surface and subsurface soil. Encountering soil from the ABC and PBS happened
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infrequently during this investigation so it is relatively unlikely that site investigation samples will belong to
those soil groups. Consequently, only two background data sets will likely be needed for background

comparisons in the alluvial and Pennsylvanian DEs.

4.3 MINIMUM DETECTABLE CONCENTRATION DIFFERENCES BETWEEN SITE AND
BACKGROUND DATA

The minimum detectable concentration differences between site and background data for each metal in
each background soil group (except PBS) are presented in Table 4-11. When computing these
differences, actual data values were used for the background data set. Because the investigative data
sets have not been collected some assumptions were made about these future investigative data sets.

Those assumptions, with pertinent conditions associated with the background data sets, are:

« five samples exist in the investigative data set;
* investigative concentration variance equal to twice the background concentration variance;
» false positive error rate, a, equal to 5%; and

e anumber of samples in the background data set equal to those presented in Figure 4-1.

The first two assumptions may be conservative assumptions but they provided a useful perspective. The
o value of 5% was established in the Work Plan (1999a).

With a values and variances established, it was possible to compute minimum detectable concentration
differences without specifying false negative error rates, . Establishing B is not straightforward under
these circumstances. It requires an iterative computational approach that was not deemed beneficial
because the computed values already were based on some assumptions. Neglecting (3 is consistent with
the approach taken in the EPA guidance for data quality assessment (Section 3.3.1.2 of EPA, 1998).
Furthermore, Section 4.2.3 of the Work Plan shows that the planned number of samples to be collected
(i.e., 3 to 5) corresponds to the 3 values ranging from 10% to 30% under the planning assumptions of this
project. Given the actual computed minimum detectable differences the actual (3 values are probably less

than 10% in most cases.

The minimum detectable concentration differences presented in Table 4-11 were translated into standard
deviation, sigma, by dividing the values in Table 4-11 by the corresponding background set standard
deviation. If the data for a given soil group were lognormally distributed (refer to Tables 4-2 through 4-10)

a lognormal transformation was used in these calculations. The translated values are presented in Table
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4-12. This translation allows a direct comparison of the data distributions to the project goal of attaining a
two-sigma difference or less between background and investigative data sets for each metal. All but one
(ABC) of the entries in Table 4-12 are less than or equal to 1.20 sigma. The ABC soil group has a value
of 2.15 sigma. This indicates that it should be possible to detect a difference between investigative and
background data sets that is less than or equal to 1.20 sigma, except ABC soil group, if the assumptions

described above are valid.

If the investigative data set has a variance that is greater than the assumed variance, discrimination
between background and investigative data sets will be more difficult. Conversely, data set discrimination
will be facilitated by a lesser variance. Changing the alpha specification will also alter the ability to
discriminate between data sets. A larger alpha value will facilitate discrimination, but at a lesser
confidence level; while a lesser alpha value will make discrimination more difficult, but at a greater

confidence level.

It must be understood that assumptions concerning investigative data set distributions were made here in
order to generate the values in Tables 4-11 and 4-12. If these assumptions are different from actual
values observed in future investigations, the actual values should be used to compute minimum

detectable differences applicable to the investigation.

4.4 NEED AND COLLECTION OF ADDITIONAL SAMPLES

As noted in Section 4.3, soil from the ABC and PBS soil types were encountered infrequently during this
investigation. Tables 4-14 and 4-15 present completeness tabulations for soil samples categorized by
soil type and soil group, respectively. Although several soil types are not represented by at least five
samples, the consolidation of soil types into soil groups generally mitigated this problem. However, only
three samples were obtained for the ABC soil group and only one sample was obtained for the PBS soil
group, even after a second round of sampling. This poses a potential problem in that statistical
comparisons of background and site data cannot be performed for the PBS soil group. In addition, as
discussed in Section 4.3, the PBS soil group minimum detectable difference in units of standard
deviations is 2.15 sigma. This is a marginal deviation from the project objective of two-sigma or less and
is a consequence of the relative unavailability of the ABC soil type. It is recommended that six or more
samples be collected of the ABC soil type during site investigations, if feasible. Professional judgment
should be used when conducting PBC background soil comparisons. Alternative, if a localized area rich
in PBS soil is encountered at a SWMU, it might be worthwhile to collect background soil samples nearby

for comparison.
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TABLE 4-1

STATISTICAL SUMMARY OF ANALYTICAL RESULTS
COMPLETE BACKGROUND SOIL SAMPLE DATA SET
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection [ All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 67/67 0/67 17,400 11,290 11,100 BG1SBP0801 NORMAL 17,400 75,000
ANTIMONY 8/67 8/67 0.86 4.36 BG1SBP0505 LOGNORMAL 2.88 0.1423
67/67 67/67 5.28 5.20 BG3SBMO0701 NORMAL 9.60 0.38
67167 67/67 69.7 68.8 BG1SBL0101 LOGNORMAL 147 1.04
BERYLLIUM 14/67 14/67 0.36 0.47 BG2SBG0401-MAX LOGNORMAL 0.85 0.10
CADMIUM 34/67 28/67 3.6 0.36 0.62 BG3SBMO0201 LOGNORMAL 2.05 0.18095
66/67 0/67 BG3SBMO0601 LOGNORMAL 3,350 NA
CHROMIUM 67/67 67/67 30.6 16.4 16.1 BG3SBMO0604 LOGNORMAL 29.1 0.4
COBALT 67/67 67/67 . 27.1 8.70 8.62 BG3SBMO0701 LOGNORMAL 21.7 0.14033
COPPER 67/67 67/67 35 23.8 10.2 10.0 BG1SBP0305 LOGNORMAL 21.4 0.3132
67/67 17/67 40,800 BG1SBP0305 LOGNORMAL 34,500 22,000
LEAD 67/67 67/67 6.4 21.5 11.9 11.7 BG1SBA0101 LOGNORMAL 19.7 0.45053
LITHIUM 66/66 0/66 BG1SBP0305 LOGNORMAL 29.4 1,500
MAGNESIUM 67167 0/67 BG1SBP0204 LOGNORMAL 3,060 NA
MANGANESE 67/67 0/67 BG3SBMO0701 LOGNORMAL 3,270 3,100
MERCURY 17/67 17/67 BG1SBP0103 LOGNORMAL 0.072 0.0079
NICKEL 67/67 63/67 BG1SBP0305 NORMAL 18.7 7
67/67 0/67 BG1SBA280304 NORMAL 1,370 NA
SELENIUM 15/67 15/67 BG1SBP0206 LOGNORMAL 0.83 0.02765
SILVER 48/67 0/67 BG1SBP0401 LOGNORMAL 0.10 2
SODIUM 32/67 0/67 BG1SBP0406-MAX LOGNORMAL 232 NA
STRONTIUM 66/66 0/67 BG3SBMO0601 LOGNORMAL 25.3 45,000
THALLIUM 66/67 66/67 BG1SBL0101 NORMAL 0.29 0.04
TIN 0/67 0/67 NA NA NA 7.62
66/66 0/66 BG1SBP0305 LOGNORMAL 10.9 NA
VANADIUM 67/67 67/67 BG1SBP0206 LOGNORMAL 45.8 1.59
ZINC 50/67 50/67 BG3SBMO0701 NORMAL 54.0 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.




TABLE 4-2
STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 1 - LOESS/GLACIAL SURFACE SOIL
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection [ All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 5/5 0/5 7,940 14,300 11,900 11,900 BG2SBG0101 NORMAL 22,800 75,000
ANTIMONY 0/5 0/5 NA NA NA 0.1423
ARSENIC 5/5 5/5 BG1SBL0101 NORMAL 10.61 0.38
BARIUM 5/5 5/5 BG1SBL0101 LOGNORMAL 262 1.04
BERYLLIUM 4/5 4/5 BG2SBG0401-MAX NORMAL 1.03 0.10
0/5 0/5 NA NA NA 0.18095
5/5 0/5 BG2SBG0401-MAX LOGNORMAL 3,070 NA
CHROMIUM 5/5 5/5 . 13.3 BG2SBG0101 NORMAL 22.2 0.4
COBALT 5/5 5/5 9.3 . 14.1 BG1SBL0101 NORMAL 27.4 0.14033
5/5 5/5 6.5 9.00 BG2SBG0101 NORMAL 17.7 0.3132
5/5 0/5 BG2SBG0101 NORMAL 27,100 22,000
5/5 5/5 12 17.1 14.6 . BG1SBL0101 NORMAL 23.0 0.45053
LITHIUM 5/5 0/5 BG1SBL0501 NORMAL 19.9 1,500
MAGNESIUM 5/5 0/5 BG2SBG0101 LOGNORMAL 3,120 NA
MANGANESE 5/5 0/5 BG1SBL0101 LOGNORMAL 5,450 3,100
MERCURY 2/5 2/5 BG2SBG0401-MAX NORMAL 0.108 0.0079
NICKEL 5/5 5/5 BG1SBL0101 NORMAL 26.2 7
POTASSIUM 5/5 0/5 BG2SBG0101 NORMAL 2,000 NA
SELENIUM 0/5 0/5 NA NA NA 0.02765
SILVER 1/5 0/5 BG1SBL0101 LOGNORMAL 0.11 2
SODIUM 2/5 0/5 BG1SBL0501 LOGNORMAL 56 NA
STRONTIUM 5/5 0/5 BG2SBG0401-MAX LOGNORMAL 32.7 45,000
anm_ 5/5 5/5 BG1SBL0101 NORMAL 0.41 0.04
TIN 0/5 0/5 NA NA NA 7.62
THORIUM 5/5 0/5 BG1SBL0501 LOGNORMAL 12.2 NA
5/5 5/5 BG2SBG0101 NORMAL 49.7 1.59
3/5 3/5 BG2SBG0101 LOGNORMAL 135.2 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.




TABLE 4-3
STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 2 - LOESS/GLACIAL SUBSURFACE SOIL
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection [ All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 13/13 0/13 7,570 16,600 12,900 12,900 BG1SBL0506 NORMAL 19,700 75,000
ANTIMONY 1/13 1/13 BG1SBL0506 LOGNORMAL 10.1 0.1423
ARSENIC 13/13 13/13 BG2SBG0503 NORMAL 8.57 0.38
BARIUM 13/13 13/13 BG1SBL0305 LOGNORMAL 126 1.04
BERYLLIUM 7/13 7/13 BG1SBL0506 LOGNORMAL 1.32 0.10
0/13 0/13 NA NA NA 0.18095
13/13 0/13 BG1SBL0305 NORMAL 884 NA
CHROMIUM 13/13 13/13 BG1SBL0506 NORMAL 32.3 0.4
COBALT 13/13 13/13 BG2SBG0404 LOGNORMAL 14.7 0.14033
COPPER 13/13 13/13 BG1SBL0103 NORMAL 21.0 0.3132
13/13 3/13 BG1SBL0506 NORMAL 33,500 22,000
LEAD 13/13 13/13 BG1SBL0506, BG1SBL0504-MAX [ NORMAL 13.6 0.45053
LITHIUM 13/13 0/13 BG1SBL0506 LOGNORMAL 31.2 1,500
MAGNESIUM 13/13 0/13 BG1SBL0103 NORMAL 2,890 NA
MANGANESE 13/13 0/13 BG2SBG0104 LOGNORMAL 1,100 3,100
2/13 2/13 BG1SBL0403 LOGNORMAL 0.073 0.0079
NICKEL 13/13 11/13 BG2SBG0104 NORMAL 16.5 7
POTASSIUM 13/13 0/13 BG1SBL0103 LOGNORMAL 1,640 NA
0/13 0/13 NA NA NA 0.02765
SILVER 3/13 0/13 . . 0.028 BG1SBL0105 LOGNORMAL 0.059 2
SODIUM 7/13 0/13 54.1 153 63.5 106 BG1SBL0506 NORMAL 208 NA
STRONTIUM 13/13 0/13 8 17 11.8 11.8 BG1SBL0305, BG1SBL0506 LOGNORMAL 23.2 45,000
13/13 13/13 0.18 BG2SBG0206 LOGNORMAL 0.32 0.04
TIN 0/13 0/13 0.32 (3) NA NA NA 7.62
THORIUM 13/13 0/13 BG1SBL0506 NORMAL 10.7 NA
13/13 13/13 BG1SBL0506 NORMAL 47.3 1.59
6/13 6/13 BG2SBG0503 LOGNORMAL 54.9 6.62

Notes:
NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.




SOIL GROUP 3 - ALLUVIAL, MISSISSIPPIAN, AND PENNSYLVANIAN SURFACE SOIL

TABLE 4-4

STATISTICAL SUMMARY OF ANALYTICAL RESULTS

BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 15/15 0/15 6,770 17,400 10,238 10,238 BG1SBP0801 LOGNORMAL 19,900 75,000
ANTIMONY 2/15 2/15 0.83 3.50 BG3SBM0401 LOGNORMAL 6.9 0.1423
ARSENIC 15/15 15/15 6.11 6.11 BG3SBM0701 NORMAL 11.83 0.38
BARIUM 15/15 15/15 89.0 89.0 BG3SBMO0601 LOGNORMAL 211 1.04
BERYLLIUM 1/15 1/15 0.40 0.49 BG3SBA0101-MAX LOGNORMAL 0.93 0.10
CADMIUM 10/15 9/15 . 0.63 0.88 BG3SBM0201 LOGNORMAL 6.05 0.18095
14/15 0/15 BG3SBM0601 LOGNORMAL 55,200 NA
CHROMIUM 15/15 15/15 21.7 14.6 14.6 BG1SBA0101 LOGNORMAL 28.7 0.4
COBALT 15/15 15/15 27.1 12.9 12.9 BG3SBM0701 LOGNORMAL 32.4 0.14033
COPPER 15/15 15/15 5.4 17.1 8.85 8.85 BG1SBP0801 LOGNORMAL 17.6 0.3132
15/15 2/15 36,200 BG1SBA0101 LOGNORMAL 37,400 22,000
LEAD 15/15 15/15 9.4 215 15.0 15.0 BG1SBA0101 LOGNORMAL 27.0 0.45053
LITHIUM 14/14 0/14 . BG1SBP0901 LOGNORMAL 30.0 1,500
MAGNESIUM 15/15 0/15 620 2,250 1,200 1,200 BG1SBP0801 LOGNORMAL 2,800 NA
MANGANESE 15/15 0/15 BG3SBM0701 LOGNORMAL 5,700 3,100
MERCURY 7/15 7/15 0.04 0.07 0.037 0.051 BG1SBP0601-MAX NORMAL 0.077 0.0079
NICKEL 15/15 15/15 9.2 20 13.4 13.4 BG1SBA0101 LOGNORMAL 22.1 7
15/15 0/15 BG1SBP0801 LOGNORMAL 1,970 NA
SELENIUM 5/15 5/15 0.51 0.64 0.48 0.58 BG1SBP0901 NORMAL 0.81 0.02765
SILVER 15/15 0/15 0.065 BG1SBP0401 LOGNORMAL 0.130 2
SODIUM 6/15 0/15 9.4 23.7 8.11 15.6 BG3SBM0601 NORMAL 28 NA
STRONTIUM 14/14 0/14 7.4 63.2 14.3 14.3 BG3SBMO0601 LOGNORMAL 46.4 45,000
15/15 15/15 0.19 BG1SBP0601-MAX NORMAL 0.31 0.04
TIN 0/15 0/15 0.36 (3) NA NA NA 7.62
THORIUM 14/14 0/14 6.86 BG1SBP0801 LOGNORMAL 10.2 NA
15/15 15/15 BG1SBP0801 LOGNORMAL 51.2 1.59
14/15 14/15 BG3SBM0701 NORMAL 65.6 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.



TABLE 4-5

STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 4 - ALLUVIAL SUBSURFACE SILT AND SAND
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)

ALUMINUM 9/9 0/9 12,200 8,550 8,550 BG3SBA0404 LOGNORMAL 15,100 75,000
ANTIMONY 0/9 0/9 NA 0.34 (3) NA NA NA NA 0.1423
ARSENIC 9/9 9/9 5.27 BG1SBA0504 LOGNORMAL 16.58 0.38
BARIUM 9/9 9/9 56.1 BG3SBA0203 LOGNORMAL 94 1.04
BERYLLIUM 0/9 0/9 0.33 (3) NA NA NA 0.10

0/9 0/9 NA NA NA 0.18095

9/9 0/9 BG3SBA0404 NORMAL 991 NA
CHROMIUM 9/9 9/9 19.6 BG1SBA0504 LOGNORMAL 26.1 0.4
COBALT 9/9 9/9 18 BG1SBA0504 LOGNORMAL 21.8 0.14033
COPPER 9/9 9/9 9.9 BG1SBA0504 LOGNORMAL 10.5 0.3132
9/9 1/9 29,400 BG1SBA0504 LOGNORMAL 36,200 22,000
LEAD 9/9 9/9 145 BG1SBA0504 LOGNORMAL 16.2 0.45053
LITHIUM 9/9 0/9 BG1SBA0503 LOGNORMAL 24.3 1,500
MAGNESIUM 9/9 0/9 BG3SBA0404 LOGNORMAL 1,870 NA
MANGANESE 9/9 0/9 BG1SBA0504 NORMAL 1,300 3,100
MERCURY 1/9 1/9 BG1SBA0104 LOGNORMAL 0.114 0.0079
NICKEL 9/9 9/9 BG1SBA0504 LOGNORMAL 14.6 7
9/9 0/9 BG3SBA0404 LOGNORMAL 1,220 NA
SELENIUM 0/9 0/9 NA NA NA 0.02765
SILVER 9/9 0/9 7 LOCATIONS LOGNORMAL 0.062 2
SODIUM 3/9 0/9 BG3SBA0203 LOGNORMAL 12 NA
STRONTIUM 9/9 0/9 BG3SBA0504 NORMAL 12.4 45,000
9/9 9/9 BG3SBA0504 LOGNORMAL 0.22 0.04
TIN 0/9 0/9 NA NA NA 7.62
THORIUM 9/9 0/9 BG1SBA0503, BG1SBA0504 NORMAL 8.08 NA
VANADIUM 9/9 9/9 BG3SBA0404 LOGNORMAL 31.7 1.59
ZINC 2/9 2/9 BG3SBA0203 LOGNORMAL 33.0 6.62
Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.



TABLE 4-6
STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 5 - ALLUVIAL SUBSURFACE CLAY
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 3/3 0/3 7,870 16,700 12,190 12,190 BG1SBA250203-MAX NORMAL 46,000 75,000
ANTIMONY 1/3 1/3 . 0.49 0.30 0.49 BG1SBA250203-MAX | LOGNORMAL 14.8 0.1423
ARSENIC 3/3 3/3 . 59 4.77 4.77 BG1SBA250203-MAX NORMAL 17.9 0.38
BARIUM 3/3 3/3 80.4 65.3 65.3 BG1SBA250203-MAX| NORMAL 253 1.04
BERYLLIUM 213 3/3 0.82 0.56 0.68 BG1SBA250203-MAX | LOGNORMAL 18.2 0.10
3/3 2/3 0.44 0.31 0.31 BG1SBA250203-MAX| NORMAL 1.43 0.18095
3/3 0/3 BG1SBA0405 NORMAL 1,440 NA
CHROMIUM 3/3 3/3 10.5 20.9 16.2 16.2 BG1SBA280304 NORMAL 56.7 0.4
COBALT 3/3 3/3 2.2 7.5 4.97 4.97 BG1SBA250203-MAX NORMAL 25.3 0.14033
COPPER 3/3 3/3 6.5 10.3 8.93 8.93 BG1SBA250203-MAX| NORMAL 25.1 0.3132
3/3 2/3 28,900 BG1SBA280304 NORMAL 95,500 22,000
LEAD 3/3 3/3 7.8 13.1 10.3 10.3 BG1SBA250203-MAX | LOGNORMAL 735 0.45053
LITHIUM 3/3 0/3 . . BG1SBA280304 LOGNORMAL 134 1,500
MAGNESIUM 3/3 0/3 755 1,470 1,043 1,043 BG1SBA250203-MAX | LOGNORMAL 14,000 NA
MANGANESE 3/3 0/3 BG1SBA250203-MAX NORMAL 4,160 3,100
MERCURY 1/3 3/3 0.04 0.04 0.030 0.04 BG1SBA250203-MAX | LOGNORMAL 0.23 0.0079
NICKEL 3/3 3/3 9.5 13 11.6 11.6 BG1SBA250203-MAX NORMAL 26.0 7
33 0/3 BG1SBA280304 NORMAL 5,320 NA
SELENIUM 1/3 3/3 0.75 0.75 0.40 0.75 BG1SBA0405 LOGNORMAL 69.0 0.02765
SILVER 1/3 0/3 . . 0.092 BG1SBA0405 NORMAL 0.37 2
SODIUM 213 0/3 80.3 97.8 63.48 89.05 BG1SBA280304 NORMAL 409 NA
STRONTIUM 3/3 0/3 . . 12.20 BG1SBA250203-MAX| NORMAL 16.8 45,000
213 3/3 . . 0.18 BG1SBA250203-MAX | LOGNORMAL 5.40 0.04
TIN 0/3 0/3 0.22 (3) NA NA NA 7.62
THORIUM 3/3 0/3 BG1SBA280304 NORMAL 16.9 NA
3/3 3/3 BG1SBA250203-MAX | LOGNORMAL 119 1.59
3/3 3/3 BG1SBA250203-MAX| LOGNORMAL 254 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.



TABLE 4-7

STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 6 - MISSISSIPPIAN SUBSURFACE CLAY AND SAND
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Metal Frequency of Frequency of Minimum Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) Detection Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 77 0/7 5,020 BG3SBM0206 NORMAL 24,000 75,000
ANTIMONY 3/7 3/7 BG3SBM0404 LOGNORMAL 27.6 0.1423
ARSENIC 717 717 421 BG3SBM1003 NORMAL 10.5 0.38
BARIUM 717 717 53.2 BG3SBM0206 NORMAL 123 1.04
BERYLLIUM 0/7 0/7 0.24 (3) NA NA NA 0.10
CADMIUM 717 6/7 BG3SBMO0803-MAX LOGNORMAL 17.5 0.18095
717 017 BG3SBM0206 LOGNORMAL 5,270 NA
CHROMIUM 717 717 BG3SBM0206 LOGNORMAL 39.4 0.4
COBALT 717 717 BG3SBM0206 LOGNORMAL 13.6 0.14033
COPPER 717 717 BG3SBM0504, BG3SBM1003 | LOGNORMAL 49.6 0.3132
IRON 717 17 BG3SBM0206 LOGNORMAL 57,200 22,000
LEAD 717 717 BG3SBM1003 LOGNORMAL 19.0 0.45053
LITHIUM 77 0/7 BG3SBM0206 LOGNORMAL 64.2 1,500
MAGNESIUM 717 0/7 BG3SBMO0206 NORMAL 3,500 NA
MANGANESE 77 0/7 BG3SBM0406, BG3SBM1003 | LOGNORMAL 1,420 3,100
MERCURY 0/7 0/7 0.023 (3) NA NA NA 0.0079
NICKEL 717 6/7 . 10.5 BG3SBM0206 NORMAL 21.1 7
717 0/7 280 BG3SBM0206 NORMAL 1,900 NA
SELENIUM 0/7 0/7 NA NA 0.27 (3) NA NA NA NA 0.02765
SILVER 5/7 0/7 0.05 0.05 0.050 5 LOCATIONS LOGNORMAL 0.12 2
SODIUM 37 0/7 BG3SBM0206 LOGNORMAL 5,460 NA
STRONTIUM 77 0/7 BG3SBM0206 LOGNORMAL 86.6 45,000
77 77 BG3SBM1003 NORMAL 0.34 0.04
TIN 0/7 0/7 NA NA NA 7.62
THORIUM 77 0/7 BG3SBM0206 LOGNORMAL 17.7 NA
717 717 BG3SBM0206 NORMAL 50.3 1.59
77 77 BG3SBM1003 LOGNORMAL 105 6.62

Notes:

NA - Not available
Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.




TABLE 4-8

STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 7 - MISSISSIPPIAN SUBSURFACE SILT
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum [ Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection [ Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 5/5 0/5 10,100 15,600 12,700 12,700 BG3SBM0203 LOGNORMAL 26,200 75,000
ANTIMONY 0/5 0/5 NA NA 0.34 (3) NA NA NA NA 0.1423
ARSENIC 5/5 5/5 6.5 9 7.72 7.72 BG3SBM0203 NORMAL 12.4 0.38
BARIUM 5/5 5/5 41.8 116 67.3 67.3 BG3SBM0604 LOGNORMAL 303 1.04
BERYLLIUM 0/5 0/5 0.31 (3) NA NA NA 0.10
CADMIUM 5/5 5/5 0.25 2.1 0.97 0.97 BG3SBM0704 LOGNORMAL 19.6 0.18095
5/5 0/5 BG3SBMO0604 LOGNORMAL 222,000 NA
CHROMIUM 5/5 5/5 17.2 30.6 21.7 21.7 BG3SBM0604 LOGNORMAL 54.9 0.4
COBALT 5/5 5/5 11.8 7.66 7.66 BG3SBM0604 LOGNORMAL 22.2 0.14033
COPPER 5/5 5/5 19.7 14.3 14.3 BG3SBM0904 NORMAL 35.7 0.3132
IRON 5/5 3/5 25,400 22,200 22,200 BG3SBM0203 LOGNORMAL 32,100 22,000
LEAD 5/5 5/5 15.4 135 135 BG3SBM0604 NORMAL 21.0 0.45053
LITHIUM 5/5 0/5 . . BG3SBM0203 LOGNORMAL 34.5 1,500
MAGNESIUM 5/5 0/5 1,210 2,590 1,950 1,950 BG3SBM0203 LOGNORMAL 7,770 NA
MANGANESE 5/5 0/5 BG3SBM0604 LOGNORMAL 9,500 3,100
MERCURY 3/5 3/5 BG3SBM0203, BG3SBM0305 NORMAL 0.12 0.0079
NICKEL 5/5 5/5 BG3SBM0604 NORMAL 25.4 7
5/5 0/5 BG3SBMO0604 NORMAL 1,880 NA
SELENIUM 0/5 0/5 NA NA NA 0.02765
SILVER 5/5 0/5 5 LOCATIONS LOGNORMAL 0.05 2
SODIUM 3/5 0/5 9.1 22.9 17.4 18.0 BG3SBM0305 NORMAL 53 NA
STRONTIUM 5/5 0/5 BG3SBM0203 NORMAL 28.2 45,000
BG3SBM0203, BG3SBM0704,

5/5 5/5 BG3SBM0904 NORMAL 0.39 0.04
TIN 0/5 0/5 0.34 (3) NA NA NA 7.62
THORIUM 5/5 0/5 8.28 BG3SBM0203 NORMAL 12.4 NA

5/5 5/5 BG3SBM0203 NORMAL 50.7 1.59

5/5 5/5 BG3SBM0203 LOGNORMAL 98 6.62

Notes:
NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current

as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.
2 - Exceedances are defined as detected values above the SRBTL.
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.




TABLE 4-9

STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 8 - PENNSYLVANIAN SUBSURFACE CLAY AND SILT
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum | Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection [ Detection | All Results Positive Detections Maximum of Data Tolerance Limit | Target Level (1)
ALUMINUM 9/9 0/9 9,070 16,200 13,019 13,019 BG1SBP0206 NORMAL 20,600 75,000
ANTIMONY 1/9 1/9 BG1SBP0505 LOGNORMAL 40.3 0.1423
ARSENIC 9/9 9/9 BG1SBP0204 NORMAL 12.5 0.38
BARIUM 9/9 9/9 BG1SBP0505 NORMAL 115 1.04
BERYLLIUM 0/9 0/9 NA NA NA 0.10
CADMIUM 8/9 6/9 BG1SBP0206 NORMAL 0.8 0.18095
9/9 0/9 BG1SBP0505 LOGNORMAL 4,640 NA
CHROMIUM 9/9 9/9 BG1SBP0206 NORMAL 33.0 0.4
COBALT 9/9 9/9 BG1SBP0206 LOGNORMAL 21.2 0.14033
COPPER 9/9 9/9 BG1SBP0305 LOGNORMAL 33.3 0.3132
IRON 9/9 5/9 BG1SBP0305 LOGNORMAL 60,200 22,000
LEAD 9/9 9/9 BG1SBP0603 NORMAL 19.6 0.45053
LITHIUM 9/9 0/9 . BG1SBP0305 LOGNORMAL 80.0 1,500
MAGNESIUM 9/9 0/9 1,100 2,870 1,958 1,958 BG1SBP0204 NORMAL 3,410 NA
MANGANESE 9/9 0/9 BG1SBP0804 NORMAL 704 3,100
MERCURY 1/9 1/9 0.14 0.037 0.140 BG1SBP0103 LOGNORMAL 0.18 0.0079
NICKEL 9/9 9/9 23.7 13.6 13.6 BG1SBP0305 LOGNORMAL 29.6 7
9/9 0/9 BG1SBP0204, BG1SBP0305 | LOGNORMAL 1,890 NA
SELENIUM 8/9 8/9 0.37 0.88 0.47 0.51 BG1SBP0206 NORMAL 1.07 0.02765
SILVER 8/9 0/9 . 0.053 BG1SBP0206 LOGNORMAL 0.14 2
SODIUM 6/9 0/9 10 205 64.0 79.1 BG1SBP0406-MAX LOGNORMAL 1,070 NA
STRONTIUM 9/9 0/9 10 20.3 13.8 13.8 BG1SBP0406-MAX LOGNORMAL 30.9 45,000
9/9 0/9 0.20 BG1SBP0204, BG1SBP0206 | LOGNORMAL 0.33 0.04
TIN 0/9 0/9 0.35 (3) NA NA NA 7.62
THORIUM 9/9 9/9 9.02 BG1SBP0305 NORMAL 14.9 NA
9/9 9/9 BG1SBP0206 LOGNORMAL 69.1 1.59
9/9 9/9 BG1SBP0305 LOGNORMAL 83.3 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.



TABLE 4-10
STATISTICAL SUMMARY OF ANALYTICAL RESULTS
SOIL GROUP 9 - PENNSYLVANIAN SUBSURFACE SAND
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Metal Frequency of Frequency of Minimum | Maximum [ Average of Average of Location of Distribution 95% Upper Soil Risk Based
(mg/kg) Detection Exceedance (2) | Detection | Detection | All Results Positive Detections Maximum of Data Tolerance Limit Target Level (1)
ALUMINUM 1/1 0/1 5,430 5,430 5,430 5,430 BG1SBP0806 NA NA 75,000
ANTIMONY 0/1 0/1 NA NA NA NA NA NA 0.1423
ARSENIC 1/1 1/1 BG1SBP0806 NA NA 0.38
BARIUM 1/1 1/1 BG1SBP0806 NA NA 1.04
BERYLLIUM 0/1 0/1 NA NA NA 0.10
11 0/1 BG1SBP0806 NA NA 0.18095
1/1 0/1 BG1SBP0806 NA NA NA
CHROMIUM 1/1 1/1 7.7 7.7 7.7 7.7 BG1SBP0806 NA NA 0.4
COBALT 1/1 1/1 8.8 8.8 8.80 8.80 BG1SBP0806 NA NA 0.14033
COPPER 1/1 1/1 5.6 5.6 5.6 5.6 BG1SBP0806 NA NA 0.3132
IRON 171 0/1 BG1SBP0806 NA NA 22,000
LEAD 1/1 1/1 11.7 11.7 11.7 11.7 BG1SBP0806 NA NA 0.45053
LITHIUM 1/1 0/1 BG1SBP0806 NA NA 1,500
MAGNESIUM 1/1 0/1 BG1SBP0806 NA NA NA
MANGANESE 1/1 0/1 BG1SBP0806 NA NA 3,100
MERCURY 0/1 0/1 NA NA NA 0.0079
NICKEL 1/1 0/1 BG1SBP0806 NA NA 7
POTASSIUM 1/1 0/1 BG1SBP0806 NA NA NA
SELENIUM 1/1 1/1 0.28 BG1SBP0806 NA NA 0.02765
SILVER 1/1 0/1 0.05 0.05 0.050 0.050 BG1SBP0806 NA NA 2
SODIUM 0/1 0/1 NA NA 1.15 (3) NA NA NA NA NA
STRONTIUM 1/1 0/1 5.4 5.4 5.4 5.4 BG1SBP0806 NA NA 45,000
11 11 0.09 0.09 0.09 0.09 BG1SBP0806 NA NA 0.04
TIN 0/1 0/1 NA NA 0.22 NA NA NA NA 7.62
THORIUM 1/1 0/1 4.9 4.9 4.90 4.90 BG1SBP0806 NA NA NA
VANADIUM 1/1 1/1 14.1 14.1 14.1 14.1 BG1SBP0806 NA NA 1.59
ZINC 1/1 1/1 11.4 11.4 11.4 114 BG1SBP0806 NA NA 6.62

Notes:

NA - Not available

Concentrations which exceed soil risk-based target levels are bolded.

1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1. This risked-based criteria was current
as of the QAPP (1999b). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis.

2 - Exceedances are defined as detected values above the SRBTL.

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit.
This value was used for statistical analysis when no detections were encountered.



TABLE 4-11

MINIMUM DETECTABLE DIFFERENCE, IN mg/kg, BETWEEN SITE AND BACKGROUND DATA
BASEWIDE BACKGROUND REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

SOIL GROUP (1] Soil Group 1 Soil Group 2 Soil Group 3 Soil Group 4 Soil Group 5 Soil Group 6 Soil Group 7 Soil Group 8
SOIL TYPES(2) LS LBC/LBL/LBS AS/MS/PS ABL/ABS ABC MBC/MBS MBL PBC/PBL
METAL (mg/kg)

ALUMINUM 3,054 2,967 3,490 1,996 9,477 4,302 2,633 2,589
ANTIMONY 0.03 3.37 1.68 0.25 0.36 1.10 0.10 3.78
ARSENIC 1.50 1.91 2.57 2.65 3.67 2.00 1.32 2.39
BARIUM 27.2 20.9 38.7 12.7 52.7 22.3 33.4 20.0
BERYLLIUM 0.12 0.20 0.16 0.09 0.53 0.16 0.19 0.14
CADMIUM 0.05 0.05 1.07 0.05 0.31 1.05 0.81 0.20
CALCIUM 321 207 10,814 220 327 434 2,683 347
CHROMIUM 2.48 6.14 4.54 3.96 11.33 5.00 6.26 4.47
COBALT 3.74 2.33 6.13 3.92 5.70 1.80 2.73 2.86
COPPER 2.42 4.60 3.35 1.16 4.53 4.44 5.99 4.57
IRON 3,593 6,662 7,779 6,122 21,043 6,724 2,360 8,316
LEAD 2.33 1.74 4.15 2.04 5.70 2.20 2.11 2.67
LITHIUM 1.98 5.96 6.02 2.87 11.52 8.03 3.30 11.51
MAGNESIUM 336 575 512 276 810 634 734 497
MANGANESE 536 130 896 258 1,014 98 601 151
MERCURY 0.02 0.02 0.02 0.03 0.02 0.003 0.02 0.04
NICKEL 3.11 2.88 3.18 1.58 4.02 3.40 3.33 4.39
POTASSIUM 308 261 352 165 1,143 331 218 233
SELENIUM 0.12 0.05 0.15 0.07 0.65 0.12 0.09 0.21
SILVER 0.01 0.01 0.02 0.005 0.078 0.01 7.7E-10 0.02
SODIUM 5.40 62.49 8.97 1.69 96.8 79.0 9.98 71.2
STRONTIUM 3.50 3.73 17.07 1.54 1.29 7.77 3.89 4.19
THALLIUM 0.04 0.05 0.05 0.03 0.18 0.07 0.06 0.05
THORIUM 1.06 1.47 1.27 0.82 0.00 2.10 1.16 1.61
TIN 0.03 0.07 0.13 0.04 2.44 0.16 0.06 0.07
VANADIUM 6.41 8.11 8.83 3.49 10.49 8.36 5.30 8.58
ZINC 13.8 9.91 12.8 5.64 19.8 11.1 10.3 11.3
Notes:

1 - No statistical analysis was done for soil groups 5 and 9 because only one sample is in this data set.
2 - Collective soil types within a soil group (see Figure 4-1 for additional information)




TABLE 4-12

MINIMUM DETECTABLE DIFFERENCES EXPRESSED IN NUMBER OF STANDARD DEVIATIONS
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

SOIL GROUP (1] Soil Group 1 Soil Group 2 Soil Group 3 Soil Group 4 Soil Group 5 Soil Group 6 Soil Group 7 Soil Group 8
SOIL TYPES(2) LS LBC/LBL/LBS AS/MS/PS ABL/ABS ABC MBC/MBS MBL PBC/PBL
METAL (mg/kg)

ALUMINUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
ANTIMONY 1.18 1.15 1.20 1.04 1.09 1.18 1.04
ARSENIC 1.18 1.15 1.20 1.04 1.09 1.18 1.04
BARIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
BERYLLIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
CADMIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
CALCIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
CHROMIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
COBALT 1.18 1.15 1.20 1.04 1.09 1.18 1.04
COPPER 1.18 1.15 1.20 1.04 1.09 1.18 1.04
IRON 1.18 1.15 1.20 1.04 1.09 1.18 1.04
LEAD 1.18 1.15 1.20 1.04 1.09 1.18 1.04
LITHIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
MAGNESIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
MANGANESE 1.18 1.15 1.20 1.04 1.09 1.18 1.04
MERCURY 1.18 1.15 1.20 1.04 1.09 1.18 1.04
NICKEL 1.18 1.15 1.20 1.04 1.09 1.18 1.04
POTASSIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
SELENIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
SILVER 1.18 1.15 1.20 1.04 1.09 1.18 1.04
SODIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
STRONTIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
THALLIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
THORIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
TIN 1.18 1.15 1.20 1.04 1.09 1.18 1.04
VANADIUM 1.18 1.15 1.20 1.04 1.09 1.18 1.04
ZINC 1.18 1.15 1.20 1.04 1.09 1.18 1.04
Notes:

BOLD indicates above goal level of 2 standard deviations
1 - No statistical analysis was done for soil group 9 because only one sample is in this data set.
2 - Collective soil types within a soil group (see Figure 4-1 for additional information)




TABLE 4-13

STATISTICAL DIFFERENTIATION OF SOIL TYPES INTO SOIL GROUPS?
BASEWIDE BACKGROUND SOIL INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

DEPOSITIONAL ENVIRONMENT
Residual Soil from
Residual soil from PENNSYLVANIAN
LOESS/GLACIAL Soil | MISSISSIPPIAN Bedrock Bedrock ALLUVIAL Soil

SURFACE LS MS PS AS
SUBSURFACE CLAY LBC MBC PBC ABC
SUBSURFACE SILT LBL MBL PBL ABL
SUBSURFACE SAND LBS MBS PBS ABS

Notes:
1. Soil groups determined based upon statistical analysis alone. See Figure 4-1 for an illustration of final soil
groups based upon a complete analysis.
= soil group determined based upon statitical analysis alone.
Letters are interpreted as follows:
First Letter:
A - Alluvial Soil
L - Loess/Glacial (Loess/Glacial outwash deposits)
M - Mississippian Soil (residual soil from Mississippian bedrock/colluvium)
P - Pennsylvanian Soil (residual soil from Pennsylvanian bedrock/colluvium )
Second Letter:
B - Subsurface Soil S - Surface Saoll
Third Letter:
C - Clay S - Sand
L - Silt




TABLE 4-14

COMPLETENESS BY SOIL TYPE*
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

SOIL TYPE

METAL ABC|ABL|ABS| AS [LBC|LBL|LBS| LS |[MBC|MBL|MBS| MS | PBC |PBL|PBS| PS |[ABC

ALUMINUM | 60 [ 100| 80 | 100) 100 | 100| 60 [ 100 [ 80 | 100| 60 | 100| 80 |100| 20 | 100 | 100

ANTIMONY | 60 [ 100| 80 | 100| 100 100| 60 | 100 [ 80 | 100| 60 | 100f 80 |100| 20 [ 100 ] 100

ARSENIC 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100] 100

BARIUM 60 | 100| 80 [ 100]100)100| 60 [ 100 | 80 | 100| 60 | 100] 80 | 100f 20 | 100| 100

BERYLLIUM | 60 | 100| 80 | 100| 100| 100| 60 | 100 | 80 | 100| 60 | 100 80 [100] 20 | 100 ]| 100

CADMIUM 60 | 100| 80 [ 100]100)100| 60 [ 100 | 80 | 100| 60 | 100] 80 | 100f 20 | 100| 100

CALCIUM 60 | 100 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 [ 100 100

CHROMIUM | 60 | 100| 80 | 100|100)100| 60 [ 100 | 80 | 100| 60 [100] 80 | 100f 20 | 100| 100

COBALT 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 [ 100 100
COPPER 60 [ 100| 80 | 100| 100| 100| 60 [ 100 | 80 [100| 60 | 100| 80 | 100| 20 | 100 | 100
IRON 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 [ 100 100
LEAD 60 [ 100| 80 | 100| 100] 100| 60 [ 100 | 80 [100| 60 | 100| 80 | 100| 20 | 100 | 100
LITHIUM 60 | 100 80 | 80 [ 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 [ 100 100

MAGNESIUM| 60 [ 100] 80 | 100 100{ 100] 60 | 100 [ 80 |100| 60 | 100 80 | 100| 20 [ 100] 100

MANGANESH 60 | 100| 80 | 100 100| 100| 60 | 100 | 80 | 100| 60 | 100| 80 [100] 20 | 100 ]| 100

MERCURY 60 | 100| 80 [ 100]100)100| 60 [ 100 | 80 | 100| 60 | 100] 80 | 100f 20 | 100| 100

NICKEL 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 [ 100] 100

POTASSIUM| 60 [ 100] 80 | 100 100{ 100] 60 | 100 [ 80 |100| 60 | 100 80 | 100| 20 [ 100] 100

SELENIUM 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100 100

SILVER 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 [100| 60 | 100| 80 | 100| 20 | 100 | 100
STRONTIUM| 60 | 100 | 80 | 100 | 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100 ]| 100
SODIUM 60 [ 100| 80 | 80 | 100 100| 60 [ 100 | 80 [100| 60 | 100| 80 | 100| 20 | 100 | 100

THALLIUM 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100 100

THORIUM 60 | 100| 80 [ 80 | 100) 100| 60 [ 100 | 80 | 100| 60 | 100| 80 | 100{ 20 | 100| 100

TIN 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100 100
VANADIUM | 60 |[100| 80 | 100 100| 100| 60 [ 100 | 80 [ 100| 60 | 100| 80 | 100| 20 | 100 | 100
ZINC 60 | 100| 80 | 100| 100] 100| 60 | 100 | 80 | 100| 60 | 100| 80 |[100| 20 | 100 ] 100
Notes:

* Completeness = (No. data points collected)/(No. data points desired)
Combining soil types into soil groups mitigates the failure to acquire 5 samles of each soil type
** Cost benefit analysis showed that the limited availability of these soil types rendered continued search cost-prohibitive.



TABLE 4-15

COMPLETENESS BY SOIL GROUP*
BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA
SOIL GROUP

1 2 3 4 5 6 7 8 9
METAL LS LBC/LBL/LBS | AS/MS/PS | ABL/ABS ABC** MBC/MBS MBL PBC/PBL PBS**
ALUMINUM 100 260 300 180 60 140 100 180 20
ANTIMONY 100 260 300 180 60 140 100 180 20
ARSENIC 100 260 300 180 60 140 100 180 20
BARIUM 100 260 300 180 60 140 100 180 20
BERYLLIUM 100 260 300 180 60 140 100 180 20
CADMIUM 100 260 300 180 60 140 100 180 20
CALCIUM 100 260 300 180 60 140 100 180 20
CHROMIUM 100 260 300 180 60 140 100 180 20
COBALT 100 260 300 180 60 140 100 180 20
COPPER 100 260 300 180 60 140 100 180 20
IRON 100 260 300 180 60 140 100 180 20
LEAD 100 260 300 180 60 140 100 180 20
LITHIUM 100 260 280 180 60 140 100 180 20
MAGNESIUM 100 260 300 180 60 140 100 180 20
MANGANESE| 100 260 300 180 60 140 100 180 20
MERCURY 100 260 300 180 60 140 100 180 20
NICKEL 100 260 300 180 60 140 100 180 20
POTASSIUM 100 260 300 180 60 140 100 180 20
SELENIUM 100 260 300 180 60 140 100 180 20
SILVER 100 260 300 180 60 140 100 180 20
STRONTIUM 100 260 300 180 60 140 100 180 20
SODIUM 100 260 280 180 60 140 100 180 20
THALLIUM 100 260 300 180 60 140 100 180 20
THORIUM 100 260 280 180 60 140 100 180 20
TIN 100 260 300 180 60 140 100 180 20
VANADIUM 100 260 300 180 60 140 100 180 20
ZINC 100 260 300 180 60 140 100 180 20

* Completeness = (No. data points collected)/(No. data points desired) = (No. data points collected)/5

** Cost benefit analysis showed that the limited availability of these soil types rendered continued search for them prohibitive
Additional background samples or more than 5 site samples may be collected for ech site investigation to offset this condition
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5.0 PROCEDURE FOR USE OF THIS REPORT FOR DATA COMPARISONS

This section provides a proposed methodology for using the background data contained herein for data
comparisons in future site investigations. Two types of data comparisons may be performed. One
approach, used historically, involves a direct comparison between the site data and the background
data’s descriptive statistics (i.e., minimum, maximum, average, 95% upper tolerance limit or 95% UTL
values). The information for this type of comparison is included in Tables 4-1 through 4-10. The 95% UTL
indicates that the background samples concentrations are below limits 95 percent of the time.
Exceedances of this value suggest that the concentration is not from the same distribution as the
background concentration. Therefore, the exceedance would be statistically significant (see Appendix D-
1 for additional details on the calculation of the 95% UTL). It is noted that the 95% UTL calculated for a
data set may exceed the maximum reported concentration. It is sometimes assumed that if a data set

contains less than five data points, the maximum detected concentration is used in place of a 95% UTL.

A second approach involves a more rigorous statistical comparison as directed by project specific
guidelines. The information for this type of comparison is in a database currently managed by Tetra Tech
NUS, Inc.

Section 5.1 contains simplified steps which should be followed to select the appropriate background soil
group data sets for comparisons with site investigation data. Section 5.2 illustrates the steps necessary
to retrieve a background data set from the TtNUS database to be used in the second data comparison

approach listed above.

51 SIMPLIFIED STEPS FOR BACKGROUND COMPARISONS

The following steps should be followed to select the appropriate background soil group data sets for data

comparisons:

1. Collect site investigation data.

2. ldentify the DE(s) present at the SWMU or other area of investigation. To identify the DE(s) refer to
Figure 2-4 which illustrates the surface geology and DEs present at the NSWC Crane facility and

Section 2.7.2. Other interpretations of the soil encountered at NSWC Crane may also be found in the
USDA/SCS report by McElrath (1998).

020019/P 5-1 CTO 0083
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3. Determine what soil groups are present at the SWMU based upon the selected DE(s) and the field
data (i.e., soil sample depth and grain size by field interpretation) collected at the site. The soail

groups for the NSWC Crane facility are defined in Section 4.0 of this report.

4. Consult with a qualified geologist to confirm that steps 2 and 3 have been performed correctly.

5. ldentify the appropriate data set for the soil groups present at the SWMU from the background
database (see Section 5.2 for this procedure). Begin comparison(s) of SWMU investigation data with

background soil group data sets based upon project specific requirements.

6. Determine appropriate (current) risk-based screening levels for the site under investigation.

7. Take appropriate action(s) based upon site to background data comparisons and the appropriate

screening levels.

5.2 DATABASE QUERY FOR RETRIEVAL OF BACKGROUND DATA SETS

The procedure listed below provides the steps necessary to retrieve a background data set from the
database for site investigation and background data comparisons. The database is currently managed

and maintained by TtNUS using Microsoft FoxPro® software.

This FoxPro® SQL example query illustrates the selection of background data for the Loess/Glacial
surface soil data set from the NSWC Crane master database. Note that FoxPro® commands are case

sensitive when performing data searches:

1. SET DEFAULT TO P:\SDIV\7141_010\

2. SELECT * FROM SAMPLE_DATA WHERE ALLTRIM(SOIL_TYPE) == "LS" AND
ALLTRIM(QC_TYPE) == "NM" AND ALLTRIM(SACODE) <> "DUP" INTO TABLE LS_SAM ORDER

BY LOCATION, NSAMPLE

3. SELECT * FROM ANALYTIC_RESULTS WHERE NSAMPLE IN (SELECT NSAMPLE FROM
LS_SAM) INTO TABLE AS_RES ORDER BY NSAMPLE, PARAMETER
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As a result of this query, table “LS_SAM"” should contain 5 samples or records as shown below. Each of

the 5 samples in table “LS_SAM” should contain 24 metals resulting in a total of 120 records (i.e., 24

metals x 5 samples):

+ BGI1SBL0101
« BG1SBL0501
« BG2SBG0101
+ BG2SBG0201
+ BG2SBG0401-MAX

4. The background soil group data set is now ready for comparisons with site investigation data based

upon project specific requirements.

Note: To retrieve the data sets for other soil groups, the soil group “codes” illustrated on Figure 4-1 should

be input in place of the "LS" soil group “code” in the example shown above.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 SUMMARY AND CONCLUSIONS

The Basewide Background Investigation achieved the objective of establishing an inorganics (i.e., metals)
basewide background database for the NSWC Crane facility. The background database includes
analytical data for surface soil and subsurface soil for the entire facility. The background database will be
used in current and future environmental investigations to differentiate site-related environmental
contamination from naturally occurring and anthropogenic (i.e., prior to U.S. Navy site operations)

concentrations.

Following are summaries and major conclusions of this report:

» Background sample collection was distributed across three background areas. Each of these areas
and sampling locations inside these areas met numerous criteria established to ensure that
background soil samples represent “true background” areas or areas that have not been affected by

past or present NSWC Crane operations.

« The data collected are of sufficient quality to be used for background comparisons in risk
assessments, RCRA Facility Investigations, and other environmental investigations conducted at
NSWC Crane. The background database is valid for future comparisons to suspected SWMUs
anywhere on the NSWC Crane facility. All background sample data have been validated in

accordance with EPA Region V guidelines.

* A total of 16 soil types were represented by various combinations of soil from different DEs, grain

sizes, and depths below the ground surface.

« A sufficient number of samples were collected to characterize background soil for 15 of the 16 sail
types. The goal of attaining a minimum of 3 samples for each of these 15 soil types was achieved.
This goal was not achieved for only one soil type (residual soil derived from Pennsylvanian
bedrock/colluvium, PBS).

« Statistical analyses supported by geological principles allowed the 16 soil types to be classified into 9
different soil groups. All soil types within a given soil group have similar inorganic concentrations.

The goal of attaining a minimum of 5 samples for statistical analysis for each of these soil groups was
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achieved, except for soil group 5 (alluvial subsurface clay soil) and soil group 9 (residual soil derived
from Pennsylvanian bedrock/colluvium). Only 3 samples were collected for soil group 5 and only one

sample was collected for soil group 9.

In general, the background soil concentrations between the surface and subsurface soil, and between
subsurface soil across different DEs are not the same. However, concentrations in surface soil

across multiple DEs and the subsurface soil within a given DE are similar.

The background concentrations for several metals exceeded human health and ecological risk-based

target levels (i.e., risk-based screening levels) used during planning for this project.

The overall project goal of achieving a minimum detectable difference of two-sigma or less between
background and investigative data sets has been achieved, assuming that the assumptions used in
planning this project (see Section 4.3) are valid. Even if the assumptions are not completely valid,
most of the minimum detectable differences were significantly less than the two-sigma limit, thus

differences between data sets should be detectable within a comfortable level of confidence.

Within a DE, a maximum of three soil groups exists. Thus, for any SWMU that lies entirely within a
single DE, no more than three background data sets will be needed for comparisons with site
investigation data to determine whether site metal concentrations exceed background concentrations.
Within each DE two of the soil groups exist solely because of differences between surface and

subsurface soil.

Because only one sample was encountered for the residual soil derived from Pennsylvanian
bedrock/colluvium soil type, and the analytical results from this soil sample were not similar to the
other soil types, there is no background data set for this soil type/group. Based upon the decision
rule in the Work Plan (TtNUS, 2000b), sampling for this soil type was terminated at the end of the
supplemental field event because additional sampling was shown to have been cost-prohibitive based
upon a probability-cost analysis. Based upon infrequency of encountering this soil type there is a low

probability of encountering it during site environmental investigations

RECOMMENDATIONS

The following recommendations are provided for additional consideration:
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 The procedures outlined in Section 5 of this report should be followed when comparing site

investigation data to the background data sets presented in this report.

« Because some metals exceed human health and ecological risk-based target levels and these target

levels are updated on a periodic basis, it is important that when the site investigation data are

evaluated with respected to background data the current target levels are also considered.

e There may be circumstances where it is beneficial for SWMU specific background data to be

collected to supplement the basewide background soil database. The following are possible

circumstances for which this may be valuable:

020019/P

SMWUs that have open burning/open detonation operations on site or are affected by
adjacent site operations may benefit from SWMU specific background concentrations, as
these values will provide a localized point of reference. This item specifically refers to
SWMUs which are downwind from other SWMUs which may have released airborne
contaminants. An example where this may apply is at the DRMO Storage Lot (SWMU
21/00) which is downwind of the Demolition Range (06/09). In this case it is
recommended that SWMU specific background is collected at SWMU 21/00 as a frame of
reference to determine whether contaminants encountered at SWMU 21/00 are a SWMU

specific issue or a result of contamination released from SWMU 06/09.

A SMWU located in an area where the local geology may affect the local background
concentrations. For example, the Lower Pennsylvanian bedrock (and likely residual soil)
which consists locally of thin black shale, carbonaceous shale and coal beds. These
localized beds may contain elevated concentrations of naturally occurring inorganics
(e.g., chromium, arsenic). As a result, residual soil in this localized geological
environment may have abnormally high inorganic background concentrations where
collection of SWMU specific background concentrations may provide some added value.
If the site investigation data collected is significantly outside the bounds of the data in this
report, then additional background data may need to be collected, based upon the
consulting geologist's opinion, to determine if locally weathering bedrock affected the

results.
For SWMUs where the analyte list of metal contaminants of potential concern differs from

the analyte list used in this background investigation additional background data may

need to be collected.
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- For SWMUs where the PBS soil type/soil group is encountered during site investigations

and a background data set is needed for comparison.
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N SUBSES%%% SoIL [} LAGOON/ POND
PROJECT NAME: NSWC Crane LOCATION: _£&/SBAoT
PROTECT NUMBER: 0087 CTO 83 |
‘ ‘ ANALYSES
w L
SAMPLE No 2 ;:‘ e g § é g::g’ % % L::' zg: g SOIL DESCRIPTION
3 8 — i
B S6a oS00 HA |o-1 |iweme [edo 5 | L | 6 / X St CFGA SArd
BrlS6Aos o) HA |o-3 |11/ vreg [1e49 |sa/ | L & { X S/u7 w'/ TR VFGASar o
bal s pos 04 HA |3-4 [11/vrme Jressis~v | L | & 11X FCak SArg T/ SreT ;f,‘:.:‘,"c‘:‘;,«‘ii”“
HA 11/ /99
HA 11/ /99
HA 1/ 199
HA 1/ /99
HA 1/ /09
HA 1/ 199 _
HA 11/ /99
HA 1/__/99
HA 1/ /99
HA 1/ /99
| HA 1/ 199
[REMARKS: Dl 3 Samyrtes 6npcen duc 4o refoscl. Scmple (octbes LABORATORY: COC No:
xS AT fro~ Ary shrecn 6ol {very f°<r‘=~73. Laucks Laboratory
HA - Hand Arer : . Seattle, Washington




‘E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET

PAGE__/ OF_{

SIGNATURE(S): 2Sexen. Yl O

i SURFACE SOIL [} SEDIMENT
§ SUBSURFACE SOIL (] LAGOON/POND
[] OTHER
PROJECT NAME: NSWC Crane LOCATION: _&&S&F0¢
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
Q - ~ |z & Elyal &
SAMPLE No. E E g ué é g % g g % % é SOIL DESCRIPTION
s | B 388|%8|k8] 2
Z 5
86ISEPoie: HA |o-« [11/16/99 |joes | S~ | L G / S Ser Som( Ccary
8615600103 HA |23 [ineme [romx s~ | & | & (| x Swr o/ feocecy cley
Beu 800 04 A |3« |t foe|sv | L & | o |* S’ vty Consg oS08
o Séfo) oy HA |4 sl eree hoos |sw L | & / s s/«-w_/;':::;zﬁ;, r::::s::a
HA 11/ 199
HA 11/ 199
HA 11/ /99
HA 11/ /99
HA 11/ 199 .
HA 11/ /99
HA 11/ /99
HA 11/_/99
HA 11/_/99
HA 11/ 199
FEWRKS: Only o sumpls s Son € Oungnr relosn (. LABORATORY: COCNo.
Laucks Laboratory

Seattle, Washington

|HA - Hand Auger



R Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET

i SURFACE SOIL
} SUBSURFACE SOIL

[} SEDIMENT

(] LAGOON/ POND

pace_lor [

SIGNATURE(S): SYetX « Y

[J OTHER
PROJECT NAME: NSWC Crane LOCATION: _B%(S8P0
PROTECT NUMBER: 0087 CTO 83
: ANALYSES
- >~ z I g w 0 s
Sl & | w |wlB|28|28|sE] 3
SAMPLE No. § £ i 215 |& sa|Z22| 8 SOIL DESCRIPTION
o - o = g - O - = =
g | 8 3|83|°5|88] 2
% % Q L -
[$]
R SBOOIC HA |Oo-t 1116199 Jyoss | S| & & l x T SomE Cutny
Basplopey HA [2-3 [11/6 /99 [/oS | SN L % BL Cepy Some St O moOT.
Be, (56 C0- 04 HA |3-¢ Weme [riix]sSn] « | & ( Sier Some Bl Cbtry OA proT:
Lo Sélri-0< HA |4 ~s|irems fiiy|s~] & | & * Aok Ftac> 1 Tevies Samo
£6156Poaob HA |£-C |1 oo |15 ISy )L | @ ¥
HA 11/ 199
HA 11/ /99
HA 11/ /99
HA 11/ /99 "
HA 11/ /99
HA 11/ 199
HA 11/ /99
HA 11/ /99
HA 11/ /99
REMARKS: LABORATORY: COC No.:
Laucks Laboratory
Seattle, Washington

|HA - Hand Auger




l.“: Tetra Tech NUS, inc. P SURFACE SOIL

MULTIPLE SAMPLE LOG SHEET

PAGE_/ OF_/_

SIGNATURE(S): 28X & . XD

[} SEDIMENT
§ SUBSURFACE SOIL [] LAGOON/POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: _[5&(SBPo3
PROTECT NUMBER: 0087 CTO 83 '
' ' ANALYSES
o . T o &
SAMPLE No. E 7 = 4 6152 )| 8 SOIL DESCRIPTION
= o = a E 2|8 -] & 2
w i § = 2o 1|k 8 -1
% % = o|¥+w ©° =
Q
@l%é@osoa HA O - 1eme 17405 | S| o & { X SKT VEgaSar o mwg
. OCMOT TAVEGt Sto,
foenis 60305 HA |2-3 [iveme Pusglsv] L | G | o+ |« Somtt 5147 D ok e
g@"il S&fr3ay HA |3-Y4 1116799 Jiydl s/l L |6 I K &,cw\,, Dt ST oA MoTTunG
b6 (5600305 HA [4-C |11eme s |ISA) | L | 6 [ K
RSB o306 HA |S6 ieme fszo|SW | L 6 | (| ¥ v
HA 11/ /199
HA 11/ /99
HA 1/ /99
HA 11/ /99 -
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
JREMARKS: ﬂ'/sfsfos‘pl @k‘,‘ ﬁbw‘ 0((3/‘1¢( ég,f,‘.ﬂj‘ Al ot~ St\w-—rlcs LABORATORY: COC No.:
bk from [4s€ boring. Laucks Laboratory

|HA - Hand Auger

Sealtle, Washinglon




@

MULTIPLE SAMPLE LOG SHEET

PAGE_/ OF_/

Tetra Tech NUS, Inc. § SURFACE SOIL ] SEDIMENT SIGNATURE(S): S9oX & Yo/
#§ SUBSURFACE SOIL (] LAGOON/POND ’
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: 6!3AFod
PROTECT NUMBER: 0087 CTO 83
’ ANALYSES
= 5|38 Elgaol £
SAMPLE No. g E % g é E § g % 5 g é SOiL DESCRIPTION
4% 2 3 (%, 3|%°5|E8 ;
| At sacoyo WA lo-( lgme |3 |sel o e | 1 | x SuT Somt Gt ciny
Re(s@pPoy23 HA 1D-3 |ivome |33 |sv ] & [ & | ( X SILT Soms K1 CLAY
P (56 Pody HA |3-« [ rme |37 [~ L |§ RS Sier Somt &cu'., T ot Sand |
ﬁ’a/gb?bt(vf HA | 4-S [11/f /99 1333 |sa/ | L & { X CLary Sones fu,; P i Saved
Be(S POk (Buéd CHA e -b [ e [i3de [ SV & G { * ’ 4/
HA 11/ 199
HA 11/ /09
HA 11/ /99
HA 11/ /99 -
HA 11/__ /09
HA 11/ /99
HA 11/ /99
HA 11/ 199
HA 1/ 199
REMARKS: LABORATORY: COC No.:
Laucks Laboratory

[HA-Hand * -or

Sealtle, Washington




.& MULTIPLE SAMPLE LOG SHEET PAGE_1 OF_/_
Tetra Tech NUS, Inc. R SURFACE SOIL (| SEDIMENT SIGNATURE(S): S0t 0D
fi SUBSURFACE SOIL | LAGOON/POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: Ben %005
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
- = ) g 5 @ £
SAMPLE No. 5 £ = = 2 | & cs|5=]| SOIL DESCRIFTION
o = e |E2|(58 2 2
y | & 3|82(%°8|B8| 2
g 63| g|RS| B
3 5
ReséPoso! HA lo-« lisme il SNl L | & x S Somi ClA |
Semt O MITUAG
e&lSéPvgoE HA |a-3% 11/ <99 {{62)] Sv ] L G x ﬂl«ouﬁy ClArg Som$ SIeT
v 4
B6 8 PosDL HA |2-4 l1usme [iwalsa] © | o »
B (SHRSOS HA |45 [ivgme [wet1isn | | & X Th FGl S0 |  Somq foce Fraes
Ben 1S6Q o5 06 HA [S-b [1rsme s | L | & X l v L
HA 1/ 199
HA 11/ 199
HA 11/ 199
HA 1/ /99 .
HA 1/ /09
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ 199
REMARKS: LABORATORY: 00C No.:
Laucks Laboratory
lHA-Hand Auger Set_mle, Washington




MULTIPLE SAMPLE LOG SHEET PAGE_{_ OF (_

1% Tetra Tech NUS, Inc. f SURFACE SOIL [} SEDIMENT SIGNATURE(S): (S0 & X1s.0
§ SUBSURFACE SOIL [} LAGOON/ POND
(| OTHER
PROJECT NAME: NSWC Crane LOCATION: 36 S& Po6R
PROTECT NUMBER: 0087 CTO 83
' ‘ ANALYSES
8 | 2 RE I AT IR
T = ; u
SAMPLE No. é z K £ g 'é TIEg 3 £| 8 SOIL DESCRIPTION
ug i ° Z | & E|e8 |85 =
a Qd ol +~ o X
3 8
| B6is8Pouor  (Buf HA |o-s [11s/e9 |r3a4fsw | L | & | 3 STy Sl TR yFer savs
: Wsaritnls BsDloc Frtdes
86158 Poboz, HA |2-3 lrsmee [i33S|ow ]| « | @ | v ST Somt eug TE VEGl s
7

HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99

REMARKS: Dn\\a l S‘ww-([c\ -k_u\ Rt 40 [,"U\S-l/ (*qugt\\ . 5&(6:.4 S‘w'\(l-l— |LABORATORY: COC No.:

BG1SBEDLOI Wy o duglicebe esssciabrd vt nb. Ouplicebe Laucks Laboralory
[HA - Hand Avner 10 beeoieshaon. Seattle, Washington




E MULTIPLE SAMPLE LOG SHEET PAGE_| OF _
Tetra Tech NUS, Inc. § SURFACE SOIL (] SEDIMENT SIGNATURE(S): 292X - ¥la O
{] SUBSURFACE SOIL {] LAGOON/POND
| OTHER
PROJECT NAME: NSWC Crane LOCATION: 2&13&€07
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
8 | 5 (88 |ak|b8]| %
SAMPLE No. & E k Y | & :é: t|g8|2=z| 8§ SOIL DESCRIPTION
= w o = = Z % g8 2 e =
g | ° 3 (83)%5|08| 2
_& 8
Béisglolol HA |o-1 1</ losejsn | L | & U VEGr SAND Sowq SieT fx¢ FidsS.

HA {11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99

I1REMARKS: Dnlxj gur(a¢ scwxeh_ @hv\ ekt uw loce quh dee aqje/ e fusa (. LABORATORY: COC No.:

Skecp Cavine inko & drdw\ac)p_. swele at Huig locc&lﬁ‘-\ {Laucks Laboratory
|HA - Hand Auger Sealtle, Washington




MULTIPLE SAMPLE LOG SHEET PAGE_[ OF_[

l.& Tetra Tech NUS, Inc. § SURFACE SOIL (| SEDIMENT SIGNATURE(S): S8e28 & Yl O
[| SUBSURFACE SOIL {] LAGOON/POND
[| OTHER
PROJECT NAME: NSWC Crane LOCATION: (Sl S0 08
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
8| e |2 (2 28|58 %
SAMPLE No. Iy £ E Y | g é Tlega|=2 § SOIL DESCRIPTION
o = a |0 25
d | 8 3(82|%3|B8| 2
Q 2 ol F© =
- 8
PenSEPOBo!1 HA Ol [11/6M89 PAos [N | o c) l X /ey Som€ ClAy TRV EGA 34rvs
Bens 503 WA |o-2 heme |osofse| v [ e | v [x [
Zo158 Poso y HA | 3~4 1 e/ee oo So] &= | & { > l/ T Fort. S0
BenlSEeRo s HA | 9°S [11/6/09 {o0%93 | S | L & | x oA SAND Samt Sier SDme Lock Ficags
6’6»\%?0&09 HA | 5.SS]11/6/989 |6A%> | 5d L G I X l/ Mot oy Fieacs) |
HA v 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 "
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
REMARKS: LABORATORY: COC No.:
Laucks Laboratory
iHA- Hand” ¢ Seattle, Washington




| T | MULTIPLE SAMPLE LOG SHEET PAGE_L_OF_{_
Tetra Tech NUS, Inc. } SURFACE SOIL [} SEDIMENT SIGNATURE(S): Je 5t & Y (D

] SUBSURFACE SOIL [] LAGOON/ POND
[ OTHER
PROJECT NAME: NSWC Crane LOCATION:  _(SG:(SEA0G
PROTECT NUMBER: 0087 CTO 83
‘ ' ANALYSES
. ‘ w w &
I A 5182193 |58
SAMPLE No. § E i £ |y E tleg|5z 8 SOIL DESCRIPTION
y | & |88 |28|558| 3
g g < o+ QO -
[e]
3 5
28(S4PDGO1 A [o-t liwemelosenlse | L | & |t | x CLAA SILT Some, €oud Brcs . Shb
o
HA 1/ /99
HA 11/ 199
HA 1/ 199
HA 1/ /199
HA 1/ 199
HA 11/ /99
HA 11/ /99
HA 1/ /199 _
HA 11/ /99
HA 1/ 189
HA 1/ 199
HA 11/ 199
HA 1/ 109
JREMARKS: (Dn\\) b“& S"\V\ell e \aw Aua oo awge (\{(—\«S&\ - K3 ‘Oa(\\v-\jg LABORATORY: COC No.:
clampleet = semple trlue Eom onfinal looring. Laucks Laborat
Loce ¢¢p°\_¢‘k «€ surz:ﬁ- T vevesal Creas, 3 ‘ : o
|HA - Hand Auger ' Seattle, Washington




|E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET
R SURFACE SOIL

PAGE_L_OF_{_

[} SEDIMENT SIGNATURE(S): Sha’t

ji SUBSURFACE SOIL | LAGOON/POND
[OTHER
PROJECT NAME: NSWC Crane LOCATION: _B&(Sgf 10
PROTECT NUMBER: 0087 CTO 83
) ANALYSES
8 | z 5 |83 | bl52] %
& w w eI (23| 2
SAMPLE No. 5 E i g |8 |g2|8e|22)| § SOIL DESCRIPTION
u i e F S 158la8 E 3 =
g | ° 31¢3| gfPS| R
8
Bt SePIooN HA | o-\ [11/s/e9 Jodg | SN G ( S/ry Oty yFel SAno
A ) i ALoc € FRacs
B 5601003 HA | 2-3 [11/</99 |o9)S | sv & / X SiT Sormt Cody Soml P oS40
7 Rocic Friac
&’ﬂS&?(OO’—\ HA |3-9 [11/5/99 0RU2 s L c / X SICT S5m0t Ctpg Sormt CouSimts !
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA i1/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
- HA 11/ /99
HA 11/_s99
HA 11/ /199
HA 11/ /99
REMARKS: Only 3 Samples &l olue o avjor ce fus< . Three bocmgs  |LABORATORY: COC No.:
ae&.a‘(bu with PAG6ISBPIoOL a-t 8615601003 (oming From Laucks Labo
t\w‘ar*ﬁu‘—-‘u(.bof‘w\ﬁ , e~k Reisatrocd c-ow.,",,j o Eln ucks Laboratory
HA-Hand p- ~ Ehirel bocrng. : Seattle, Washington




T'k MULTIPLE SAMPLE LOG SHEET PAGE_/ OF_/
Tetra Tech NUS, Inc. il SURFACE SOIL (] SEDIMENT SIGNATURE(S): S0t Y unD
, | SUBSURFACE SOIL - [] LAGOON/POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: BWCV o/
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
g1 ¢g = |88 |ab |88 %
SAMPLE No. 5 P = g |9 |g2184|22| 8 SOIL DESCRIPTION
= o a - g |[Ex|238|=2 = 2
| a z |d2 20|58 o
& @ 1g=2 cfFo ] £
3 S
BeS5&G0(01 HA [0~ [11/7/89 |Choo|SA | L | & { X iy B 1y coner.
. 7 7
R&256Gor 03 HA |03 [ 7m0 fjouoyfsa | © | & |1 <
Barigeoi oy HA [3-y [ 7me [odwy S e | & |t [x |
B@)S()C-nclbs’ HA |4-S D1/ /e forugq S~ | & & { X Fot SeeD Sowt CLry - Siet
B 3366, cioc HA |s-e 1112089 (o5 sv | & | & ¢ x zL T Siur T ciany
7
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA i1/ /99 -
HA i1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 1/ /99
JREMARKS: LABORATORY: COC No.:
Laucks Laboratory
HA - Hand Auger Seattle, Washington




|E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET

PAGE_] OF_]_

SIGNATURE(S): fﬁ}mk N )

R SURFACE SOIL [} SEDIMENT
i SUBSURFACE SOIL | LAGOON/POND
| OTHER
PROJECT NAME: NSWC Crane LocATioN:  £d86G0 x
PROTECT NUMBER: 0087 CTO 83 .
' ANALYSES
8 | & =158 |95(88| 5
SAMPLE No. E E %’ g 4 1g2]|8 5|3 é g SOIL DESCRIPTION
y | & :la8|28|68]| 3
% =2 o|+r© =
a3 8
&7)36@0)0' HA (O 11/77/99 |ogU3lsn L G \ X ST TV _For Savd
BGLieaerad HA (873 [t/ 79 |0 Sv | L | e | ¢ | oL Mot
B6 s5660) 0y HA 13-4 liomes JO9HISM L |6 |t X s e pods.
%)§$ G6op08 HA | Y- 11777109 ltove | S| & ' G { ¥ SIA Srent Gy BL Ciiry Somd Rt SareD
B ) 66 00 HA |5-¢ |11/ 7189 [/°672|{SAJ| & G l o BU CLA o MeT. TR SIt TAN Pt JAmD |
HA 11/ /99
HA 11/ /99
HA 11/ 199
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /98
REMARKS: LABORATORY: COC No.:
Laucks Laboratory
HA-Hand/ - Sealtle, Washington




E MULTIPLE SAMPLE LOG SHEET PAGE__/ OF /_
Tetra Tech NUS, Inc. } SURFACE SOIL [} SEDIMENT SIGNATURE(S): e X0
§l SUBSURFACE SOIL [] LAGOON/ POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: BG)S&GO?
PROTECT NUMBER: 0087 CTO 83
. ANALYSES
~ Sl e | w |y |B|B2|28|2E]
SAMPLE No. W T = = ool & GE|52| B SOIL DESCRIPTION
w | & | ° 2 |g8|e8 |58
< g = glro| &
& 3
REIGHO L0 | HA | O -\ [11/7/89 koS SN | | Con \ X ol 3auta Sir  TTE Clney
. Y I
Bnys&nozos (Dup) HA | 2-5 11109 Jojgfsm | © | & > | ¥ EoA StauD (& sk Fnag) Ssme M |
Ber s 66030y HA |5y [1gme oo <] € | @ [
i ™ oa St
038 60305 HA | 4-S J11/77/99 O_QJ'I SN G & X Fot S0 T SILT TRQSLL FrAss
BEI3463 o1 HA | 56 11 799 |og43|SN | L | & \ 'S 4
HA | 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -~
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA i1/ /99
REMARKS: %)S@(_«,O%og Wes & du?\\-ug essocaledd witd i o auplignbe ABORATORY: COC No.:
20D 110390 A Laucks Laboratory

HA - Hand Auger Seattle, Washinglon



MULTIPLE SAMPLE LOG SHEET PAGE_L_OF_L_

.& Tetra Tech NUS, Inc. § SURFACE SOIL (] SEDIMENT SIGNATURE(S): St — Yl )
N SUBSURFACE SOIL (| LAGOON/POND
[ OTHER
PROJECT NAME: NSWC Crane LOCATION.  [S612SEGoY
PROTECT NUMBER: - 0087 CTO 83
ANALYSES
w [ o
SAMPLE No. E E = £ & E |82 s| 8 SOIL DESCRIPTION
g | & | ° 2123|2883 3
& o & |83 |23 =
= 4 =2 —
3 o
GISGEod o (DuPS HA lo—t e ha s | L | & &; x Closyen stk
. U™ ) Fe rnDs. (Lo Etacs
BaysBeeHDS HA | 273 11177 /99 |(42XT sn/| & G ‘%\ X __Isur &~gq_w7 Somt EGn SAnD
55 66odoy HA 1234l 78 rygglsl & & 1L X 4
HA 1/ /199
HA 11/ /99
HA 11/ 199
HA 11/ 199
HA 1/ /99
HA 1/ 199 -
HA 11/ 199
HA 1/ 199
HA 11/ 199
HA 1/ 199
HA 1/ 199
REMARKS: 50SB(040( Mes & duplica ke Gssociated with 1€ = duplicale|LABORATORY: COC No.:
Sc« L & 2emfDuonagod . Laucks Laborato
3 Sangus & dw—@,a% celota (. e 071 Bt 23R ; "
|HA - Hand A""' Soflay ot e keen. Erom e Yo g iaa &mw\é , while 34 Seattle, Washinglon

e Su-o-(’\-t wie ) e Gro G ek ‘nor(v\.l)




.It MULTIPLE SAMPLE LOG SHEET PAGE_1 OF /_
Tetra Tech NUS, Inc. § SURFACE SOIL [] SEDIMENT SIGNATURE(S):X"*"“‘-.M
§ SUBSURFACE SOIL [] LAGOON/POND -
[JOTHER
PROJECT NAME: NSWG Crane LOGATION: _B63SKGof
PROTECT NUMBER: 0087 CTO 83
ANALYSES
Q — R Elu o &
2l E| . |u|B|BE|2g|5E
SAMPLE No. g £ 73 zZ |2 |les|s2|2=]| & SOIL DESCRIPTION
o a = s £z s0l&L% =
W W = |lm3 |06 o
[ N gipr o) E
« (@)
(%] (&)
BG>3660501 HA lo-1 |17/ |Bes |sa/ | G /X STy Cla,
‘ X , , 7 7T ot Ter
B& oSG 0St% HA |2-3 117 |Big Sy L | & ( |x [l SArd Somt ST fxk Finses
HA 11/ /99
HA 11/ 199
HA 11/ 199
HA 11/ /99
HA 11/ /99
HA 11/ 199
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ 199
HA 11/ /99
HA 11/ /99
REMARKS: Oy & Simglos lan e & cyer (“QQ“%I. Rt Se g o LABORATORY: COC No.:
R '\~ (\WM Y \v'h\ \oy o 'J'Cw“e\t loce ttom wet Laucks Laboratory
v Nt close P“"““’“ & Cevca (.-«n. ik Crecsabe poy 64 —
HA - Hand Auger av\dswie of C\(a(l\nc) % Lenca tvs bl e ttom . Seatlle, Washington




anetra Tech NUS, inc.

MULTIPLE SAMPLE LOG SHEET

{ SURFACE SOIL

pace ! of |

(] SEDIMENT SIGNATURE(S): _ 227t O

§ SUBSURFAGE SOIL (] LAGOON / POND
| OTHER
PROJECT NAME: NSWC Crane LocATioN. _f35135& A0
PROTECT NUMBER: 0087 CTO 83
ANALYSES
8 | | . SEEIPEAL R A
SAMPLE No. m E i 2 g ggg g% ;S § SOIL DESCRIPTION
‘«;;’ 8 3182|%c|k8| 2
g
Le3<tros o WA {o-t iame [rssajis| ¢ [ e | 1 | % (S/lE o for senek
Ber2sRAci o} HA | -3 [1172/09 [isus [SM t Sil w3 St - ok fge

HA 1/ /89
HA 11/ /99
HA 1/ 199
HA 1/ /09
HA 11/ /99
HA 11/ /99
HA 1/ /99 -
HA 1/ /99
HA 1/ /99
HA 1/ /99
HA 11/_/99
HA 1/ /99

REMARKS: Duplicite Seomple € ¥em o BG358A0161 - Duplice be mumbe~  [LABORATORY: COC No.:

BGED - lesas-or Teqg™ QCo=et. Laucks Laboratory
HA - Hand A Sealile, Washington




E Tetra Tech NUS, Inc.

PROJECT NAME:
PROTECT NUMBER:

NSWC Crane

MULTIPLE SAMPLE LOG SHEET
N SURFACE SOIL

N SUBSURFACE SOIL
[JOTHER

0087 CTO 83

[] SEDIMENT

(] LAGOON / POND

LOCATION:

PAGE_1 OF_)_

SIGNATURE(S): __ %ot & el

Be3SEAC

ANALYSES

SAMPLE No.

ISAMPLE METHOD

DEPTH (Ft.)

DATE

TIME

SAMPLED BY

ICONCENTRATION
(LLOW (HHIGH

(G) GRAB
(C) COMPOSITE

TOTAL No. OF

CONTAINERS

TAL Metals + Tin

SOIL. DESCRIPTION

B635640,0!

XL
>

1]

o

U 11/ 1199

i<

|4

[

I'

61 lé '6"&(4, Sﬁ-utv(

BonBnoaos

I
>

-5 |11/ 299

1423

v

VLo o Somel Some 5. € - et freag
=4 7

BobsB A o) oy

=
>

-4 |11/ M99

1425

v\

-

WLy send ek Crqy

RoRRAD 05

XL
>

4-4<11/ +H99

1500

s

-

® | ||

v

I
>

1/

/99

=X
>

1/

/99

XL
>

1/

/99

=

11/

199

L
>

1/

/99

=
>

11/

/99

=

1/

199

I
>

1/

/99

11/

/99

HA
HA

11/

/99

REMARKS: 0wy Gour Smpus kel e o celuseC ok LS

HA - Hand Auger

o

.

LABORATORY:
Laucks Laboratory

COC No.:

Seatlle, Washinglon




IE Tetra Tech NUS, inc.

MULTIPLE SAMPLE LOG SHEET . PAGE ort
SIGNATURE(S) %‘a Yl

N SURFACE SOIL (] SEDIMENT
[} SUBSURFACE SOIL - [] LAGOON/FPOND
[JOTHER :
PROJECT NAME: NSWG Crane LocATION: _61358A<C3
PROTECT NUMBER: 0087 CTO 83
ANALYSES
8 | ¢ 588 |ab|b8] %
T (09 EE | c W -
SAMPLE No. o x E Yy |8 |32T|& g |22 k| SOIL DESCRIPTION
Y & o . T (EElg8 k| =
s a < [T =y - = o O -
g 2122 c|Fol &
P 3
BedssAcse HA O -1 11/ 399 |C¥/5 |¥S | & & I ]« Ocg. 5/t v] & ,§/ Samek
HA 11/ /99
HA 11/ /99
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
REMARKS: Owlu oas (1) Semgs Bl dut dui & relral. LABORATORY: COC No.;
Laucks Laboratory
Seattle, Washinglon

HA-HandPN ‘




MULTIPLE SAMPLE LOG SHEET  page_LoF L

Tt Tetra Tech NUS, Inc. ¥ SURFAGE SOIL (] SEDIMENT SIGNATURE(S): ot \(U-O
§ SUBSURFACE SOIL " [} LAGOON/POND
[JOTHER
PROJECT NAME; NSWG Crane LocATION:  BE356A2Y
PROTECT NUMBER: 0087 CTO 83
‘ ' ANALYSES
8 | z = |88 |, 0|88]| %
SAMPLE No é = E w | § | & $|188(|22]| 2
. & L g = < s SOiL DESCRIPTION
= | B | ° | " |2|g8|e8 2|l 2
% e % 2 o 2o =
- Q
B iSB AtHOL HA |O-' hudme jodolonw | L | & ( X SUT SomE iy TR VEGL Sad
ReLACU e, HA [2-3 [11/4/99 |06do |5 | L e N Ra EGil Sarioy ST TR Clany
“ 7/
Bozspaenou HA [3-d4 figme okdd st | v 16 ] v |« For same 7 Sier
Rer356 Mt o¢ HA |- Jirgme 9@ (SF | © | @ \ X Fea SAvo
Be3s6 pAouon HA Js-ss [11/4/09 [OBd g | L | Y Eore Sard
HA 1/ /98 |
HA 1/ /99
HA 11/ 199
HA 11/ /99 .
HA 11/ /99
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 1/ /99
|REMARKS: ‘ LABORATORY: COC No.:
lLaucks Laboratory
JHA - Hand Aﬂi ' Seattle, Washinglon




'E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET

(] SURFACE SOIL
(] SUBSURFAGE SOIL

[} SEDIMENT

(] LAGOON/POND

PAGE_/_OF_~_

SIGNATURE(S): _C¥e T & Yluoos?

[JOTHER
PROJECT NAME:; NSWC Crane LOCATION, _B&358/40%
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
- 8 = » |8 & Elysal £
SAMPLE No. E g g g ?-_- E § g % i % é SOIL DESCRIPTION
g | ° 3(83|°5|28| 2
H 8 - i
B63%64055( HA o~ l11dme logre |5v | 4 & / ot Seoy scet
B&3sBro5ey HA [o-3 |11/ 94/99 |esie |5~ C & ( x Fat Stroy sor 7% Ctay
B_a%‘bnosw HA |3-4 |11/ 4/99 |O%e | SN L | @ i x Sir TR CAYy T Eon 5,:,,0
BGBbAS S HA |a-S 1174 /99 | 953 |Sv & ! Fre snvo, Sorm € SieT
Be356heS HA [s-csfiudme |oSilse | L | & = EGA Sprd T Siey  T¥e KocK Freass]
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ 199 »
HA 11/ /99
HA 11/_/99
HA 11/ /99
HA 11/ /99
HA 11/ /99
REMARKS: LABORATORY: COC No.:
Laucks Laboratory

{HA - Hand Arer

Seattle, Washington




E Tetra Tech NUS, Inc.

PROJECT NAME:
PROTECT NUMBER:

NSWC Crane

MULTIPLE SAMPLE LOG SHEET
§ SURFACE SOIL

i SUBSURFACE SOIL
[JOTHER

0087 CTO 83

[] SEDIMENT

] LAGOON / POND

LOCATION:

ANALYSES

PaGE_/ oF !

SIGNATURE(S): _098TC YD

,5&-555#’ o/

SAMPLE No.

SAMPLE METHOD

DEPTH (Ft)

DATE

TIME

SAMPLED BY

ICONCENTRATION
(LULOW (HJHIGH

(G) GRAB
(C) COMPOSITE

TOTAL No. OF

CONTAINERS

TAL Metals + Tin

SOiL DESCRIPTION

£a3SAMels(

=
>

o~ [/

A/99

o013

N

)

P

¢

>

G/‘ \,1.4;, SI‘/é

be356moi 0

X
>

2-3 |11/ >-/199

o7Y<

S

(\

®

x

/Q)ckn-] C/‘q w/ 7~ noels,
7 7 L4

=

11/

/99

=

11/

/99

X
>

1"/

/99

=
>

1/

/99

g
>

11/

/99

=

11/

/99

=X
>

11/

99

sy
>

11y

/99

=

11/

/99

=

11/

/99

=

11/

199

HA

11/

/99

|HA - Hand Auger

REMARKS: Owly & Sawples o e B efuc l @ 3 Lee .

LABORATORY:
Laucks Laboratory

COC No.:

Seatile, Washington




n Tetra Tech NUS, Inc. |

MULTIPLE SAMPLE LOG SHEET

§ SURFACE SOIL

pace_ ! oF

(] SEDIMENT SIGNATURE(S): ot Yl 0

N SUBSURFACE SOIL [| LAGOON / POND
[JOTHER
4
PROJECT NAME: NSWC Crane LOCATION:  Se35804
PROTECT NUMBER: 0087 CTO 83
ANALYSES
8 = % |88 Bl &
T @ w = o W >
SAMPLE No. L = = Y | § |5z |52|22| 8 SOIL DESCRIPTION
5| 8 |F |z |Ez|23[z¢E] ¢
W a x |m22|2LO|b 6 5
g | ° 2122 g|Fof &
< (@]
(5] Q
Batsgmoss HA 6=V (1rame ks |ws | | 6 |t | X Clage, s/lt
. 77
66336mo’>c3 HA |& =3 |11/ A9 |ekYo XY Cleq,y silE
. 71
Qh%S(QNf»M{ HA | 3-4 |11/ A9 |of4¥ ba Clegey SiIE: Trece Scmck
LA P4
A25 B noreS HA | 4-§ |11/ dve9 |00 X Cledoy sill; Trom nents
' L v
B 3SBorou A |56 i duee Joqes | o YoV |V [x |Blscky Cloy - et moSins,
4 , 4
HA 11/ 199
HA 11/ /99
HA 11/ 199
HA 11/ /99
HA 11/ 199
HA 11/ 199
HA 11/ /99
HA 11/ 199
HA 11/ 199
REMARKS: LABORATORY: COG No.:

HA - Hand Auger

Laucks Laboratory

Sealile, Washington




-1% MULTIPLE SAMPLE LOG SHEET PAGE_! OF_t
Tetra Tech NUS, Inc. # SURFACE SOIL [} SEDIMENT SIGNATURE(S): @MWJ)
#§ SUBSURFACE SOIL [} LAGOON/POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: 0635 6mpb
PROTECT NUMBER: 0087 CTO 83
ANALYSES
8 | 7 5 |88 |ab|b2] %
w = = < [o] [
SAMPLE No. & E E g 5 Eg %§ z Z g SOIL DESCRIPTION
o 8 o Fleglez|sgg|2:]| 2
o | a Z a2 |22C1K586 5
S 2 1= c|re] &
5 8
By SbmMO30| HA o-t Jiwamelieso (S| L | © [V [ x Scl wfSome oy
. V4
B&2356 Mooy HA |2-3 [11/a/99 |©35 X Cloyey s.'/¢
77
G6358Mo30Y HA [3~Y |19 |{0d4 ¥ Cleqay Silt /ortnce SEfinine
L 7 - ”
Beads oo 285 HA |y-< |11rase9 | 7048 X Cleqey s (€N fo Alods.
§ 7 )
BaBonmozo HA |s-¢ [iame lrese || Y h X Clegey silf Grice sk
7
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ 199
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
|REMARKS: LABORATORY: COC No.:
Laucks Laboratory
HA - Hand Auger Seattle, Washington




—
1t Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET Pace_/ oF_!
N SURFAGE SOIL

I SEDMENT  SIGNATURE(S): ‘525 YO

§ SUBSURFACE SOIL [] LAGOON / POND
[JOTHER
PROJECT NAME: NSWC Crane LOCATION: _RG3sgmMoy
PROTECT NUMBER: 0087 CTO 83
ANALYSES
8 | & | . AEEIPAEE I
SAMPLE No. é & B s g 1gZ(85s| 22| 8 SOIL DESCRIPTION
o a ~ o = 2 -~ O = £ =
u w z|lgd2|leol58| 3
3 5
B6356 Moo HA e s fsw [ L f 6 | |« Silbbrea fir sanost
86356 Moy 0% HA 11/ 3 /99 [ 1033 [5n - S \ X Blocky cley Somasile Crce €37 stwel
7 4
Be3semoy oy HA 11/3/9 MO [SS | L | & L !
Be3omedt o< HA 11/ 309 [losw SN | © | @ O ™ : Vo send €rece it (o pots
B Somoyol HA 11/3/99 [1oCS fod | L G \ X \(r
HA 11/ /99
HA 11/ 199
HA 11/ /99
HA 11/ 199 —
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ 199
HA 1/ 199
REMARKS: LABORATORY: COC No.:
Laucks Laboratory

Seattle, Washinglon

HA - Hand Ai~~r




{HA - Hand Auger

E MULTIPLE SAMPLE LOG SHEET PAGE_f_OF_!
Tetra Tech NUS, Inc. § SURFACE SOIL [] SEDIMENT SIGNATURE(S): ot YO
: { SUBSURFACE SOIL [] LAGOON / POND
[JOTHER
" PROJECT NAME:; NSWC Crane LOCATION: _B&3sgmes
PROTECT NUMBER: 0087 CTO 83
ANALYSES
Q - > | =z & Elw o =
el 2 e |w|a|52|28|2E] 4
SAMPLE No. lw E < = 2 [EZ|82|22| 8 SOIL DESCRIPTION
u i e 2|3 § g3 | % = .
g | ° 3123 g|Ps| g
3 g :
Beysamosol HA [O0-0 [1113m9 J3sS SV | L | & | ¥ Clavgey si2€.
B6 3¢ groso2, HA | 2-3 J11/2/09 [Me1 S8 | L & \ x Blocty clay wf Vier Soack,
X ) 7 7
&\%b"‘“’g"‘l HA | 2-4 |17 3me 1St sa| o €] | ¥ TG SAND * Somt SILT* TL CLan
_ _ ' Y I
26356 mo TS HA |d-5 |1/dme [(®1 |sn | L | 6 { K Fad Sanb: TR St Aok EeAs
(363&6md§0(o HA [e-6 111309 [P2F | S~ L S ( X O/ ST .
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ 199
REMARKS: LABORATORY: COC No.:
Laucks Laboratory

Seattle, Washinglon




E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET

PAGE_( OF_¢_

SIGNATURE(S): .C%e X Yl D

§ SURFACE SOIL [] SEDIMENT
§ SUBSURFACE SOIL [] LAGOON/POND
[]OTHER
PROJECT NAME: NSWC Crane LOCATION: _f63358M06
PROTECT NUMBER: 0087 CTO 83
ANALYSES
o. - > z = E’ w o ;‘::
Bl | w |w|8|28(28(5% 3
SAMPLE No. w £ = = d1lec|&68|35=]| 2 SOIL DESCRIPTION
: o [s] = < CEzgls0l=k6 =
u w G212o0]1538 S
g | ° 3122 g|R3| B
) 3
B35 8Mov o« HA [0t [ fodasles| b | & |1 [x Ocdanic sil
[=4
Bo356mo o) HA [2-% [11/.0/99 |edye ‘ l ‘ ¥ Cleyey s/ (€
— Jd 7"
Be3s8 Mmoo HA |3-35 711 2000 [ives | J i) V|« Silly sewdts cock feesr
I 4 i 24
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
REMARKS: LABORATORY: COC No.:
Laucks Laboratory
Seattle, Washington

{HA - Hand Av-ne




= MULTIPLE SAMPLE LOG SHEET PAGE_{ OF 1_
@ Tetra Tech NUS, Inc. } SURFACE SOIL [] SEDIMENT SIGNATURE(S): €2 Yl
§ SUBSURFACE SOIL ] LAGOON/POND
(JOTHER
PROJECT NAME: NSWC Crane LOCATION. R&3S6mo7
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
= = |83 Elseal &
SAMPLE No. g E g £ § é z g g % g é SOIL DESCRIPTION
a | & 3183(|°2|E8| 2
3 5
635010 HA (O~ h/3/ee flewe |sv | & | & x ST wf Semt cumy
?ﬁBSémovog HA )»'3 11/ 2/99 |1e2° fsw | & & > Ster wf Somg croy -,,:vpﬁ._,_sﬂﬁg
Barss ma oy HA {3~V [1w3me [ibac s | L | & x J ’
£>258 e oS~ HA |U-S f1idme Je3f |sw | & | 6 < RLocky Clny wif Simt ST TR v EGh S
E@.%S‘B:\Aowe HA [S-b |13 /e by S~ | L G X - l/ 1
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
|REMARKS: LABORATORY: COC No.:
Laucks Laboratory

Seattle, Washinglon

{HA - Hand Auger



MULTIPLE SAMPLE LOG SHEET PAGE_(_ OF (.

1% Tetra Tech NUS, Inc. | SURFACE SOIL [} SEDIMENT SIGNATURE(S): _Sgeex Yl
N SUBSURFACE SOIL [} LAGOON/POND
[JOTHER
PROJECT NAME: NSWGC Crane LOCATION: _Rce358met
PROTECT NUMBER: 0087 CTO 83 '
ANALYSES
8 | z 5 |88 |lob|b2]| &
(g = I o W ;
SAMPLE No. E E & g E‘ ;‘f: Tlgg|=2 z| 8 SOIL DESCRIPTION
w | B :lgd|e8|58| 3
z 3192| g|Pd| &
_3 3
Bezemoic HA |O-\ [1114/09 [9Gtsjes | L | © \ X V& e Sewdy silé Gree Cley
B35 8motoN3 HA |2-3 [1r3m9 |oAdeld | v | & 2 | x £ Semd Commn S/16 Mock frags
— w4 d
HA 1/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 1/ /99
HA 11/ /99
HA 11/ /99 -
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
|REMARKS: Duplica ke + MS[mshy o~ Bo398mo0%03 . O“\\) 3 Sevmgles LABORATORY: COC No.:
colreked due &0 cebusel. Dupliceke TN ¥ RaEp irezigor. Laucks Laboralory
[HA - Hand A:-~~r Seattle, Washington




E Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET PAGE_L OF_/

§ SURFACE SOIL [] SEDIMENT SIGNATURE(S): _o9r® YD
| SUBSURFACE SOIL [] LAGOON/POND
(JOTHER
PROJECT NAME: NSWC Crane LOCATION:  _f5&356MoG
PROTECT NUMBER: 0087 CTO 83 .
' ANALYSES
8 - = o] ] E 58 £
SAMPLE No. E E % z | g é 5 & Z |38 g SOIL DESCRIPTION
g | 8 s lgi|°2|Eg| 2 "
g =2 o|F © =
2 4] _

_%Gw%(émo%u HA lm-1 [11/3/09 fisog |¥S | L & | X S/t WufSome Clay TR Ee SarD ]
BobStmeq o HA [2-3 [iv3me PSix |8 | L | & Lo x Claviy ST TR N FGt Savia
B635Gms oy HA [3-Y f11/ g9 /S fES | L | © L X Clay sy ST Fome FEe Sant Lk Fincd

HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 11/ /99
HA 1/ 199 .
HA 11/ /99
HA 11/ /89
HA 11/ /99
HA 11/ /99
HA 11/ /99

IREMARKS: 0““3 3 sav—ply £ odwe & (‘Ccv\hl[bco(rndl—e 4 & LABORATORY: COC No.:

| Laucks Laboratory
' {HA-Hand Aggg Seattle, Washinglon




n Tetra Tech NUS, Inc.

MULTIPLE SAMPLE LOG SHEET
[] SURFACE SOIL

[} SEDIMENT

PAGE! _OF I

SIGNATURE(S): - YD

[} SUBSURFACE SOIL [} LAGOON/POND
[JOTHER
PROJECT NAME: * NSWC Crane LOCATION: _BG356M10
PROTECT NUMBER: 0087 CTO 83
' ANALYSES
8 = > |58 Blsal| &
SAMPLE No. § £ < g o § : G213 g 2 SOIL DESCRIPTION
) =
2 a8 z ¢ 3 % 58 2
3 :
BG3SEmio ol HA | ©o-! [11/4 /89 f(ooo |Sn | L G v x Srery Oty
Badstmicoy HA |A-3 {11/ 4/99 jico% |S~ | L & { X Sitry Cay TR Eon SAND
i 4 Dom& Bocse
Bed§hmicoy HA 13- ly/4 /99 feodo I5H | L & \ X Sier Some Clay SoméE F“smm
I R
3(’;56!\’\\!:08' HA [4-4S 1174 /m9 [(93% |sH L G ! X SILT SomE LSSm0  (Cocx £cael
HA 11/ /99
HA 11/ /199
HA 11/_/99
HA 11/ /199
HA 11/ /99 .
HA 11/ /99
HA 11/_/99
HA 11/ /99
HA 11/_/99
HA 11/ 199
due o cebral, LABORATORY: 0OC No.:

REMARKS: Only four ot A Sueply filen

Laucks Laboratory
Sealtle, Washington

HA - Hand Avner




SUPPLEMENTAL FIELD EVENT



MULTIPLE SAMPLE LOG SHEET | ) pace ] oF /.
@Telra Tech NUS, Inc. X SURFACE SOIL | SEDIMENT . SIGNATURE(S): 7/;/ 7 JQ/\_

i suasltllgiﬁ(ée soIL (] LAGOON / POND
R
PROJECT NAME: NSWC Crane LOGATION: _CRANE , IN
PROTECT NUMBER; 0087 CTO 83 ' |
ANALYSES
8 | 2 o |58 |2 el e
SAMPLE No. é E g % g E § g % f:; % % Eﬁ% SOIL DESCRIPTION
4| 8 5182 |%3|e 8| z[EF
PG| SBAXNS 020F | m [3-4[106 IBSRY L |& || || SITY Y TWE SAND
Ri] SPA 250203 | m |X-3 197 basi®S| L | 6 |2 |4 c\NY soe sitT—, BRN

HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA

REMARKS: ROVN( "2 SAMPUNG, OCTDRER 2000 LABORATORY: COCNo: (5100

Laucks Laboratory
HA - Hand Auger Seattle, Washington




A2 CHAIN-OF-CUSTODY RECORDS



FIRST FIELD EVENT



SRR R e o [ v : : T . - . ..
N

-& TETRA TI_ZCH NUS, INC.
661 Andersen Drive» Pitishurgh, PA 15220 . ) 0 O 9 a
CHAIN OF CUSTODY RECORD NSWC CRANE, INDIANA
PROJECTNO.. CTo B3 " .-'Z" .“? > 2 e °
JoR# 0087 § o/8 Y ENNS £/8/8 w | &
LR V| /88 & /5 /o' /4/8/8/§ v /518183 s
| fury S N [e) ~ S X (%] < o Q 0
7)84«141 v \/5/8/58/x/5/8/8/5/5/8/5/0/S/F/8/8§/9/<
g e | weo | /O /8 /3 /8 /&/& v/5/8/%/8/8/3/3/& /& TAG NO. REMARKS
12 1740 [Boag (10290l | | | V |ac o0 AIGER BUMCT
L 1745 pesvumsgol | ! l | v {ac 00> sounc. MANK
-1 ¥ laoo lRefo jinggel | | ! v Qc00| bup « BE3BACI O]
Tuly looco laEdiionsasy \ \ ~ QC oo Dup op 338Mova)
He o [wersiossas \ { v |aX006 5.5, Kowe .
Hufd Judo [gaesuoussy { - { — |@Coon Pe 7reswet
1/a loa2o |aessemcrol | | ! /1 lrmook
0940 RoRRM0103 | | \ / 007
108 [R635Rmndo | | \ v AP\ 01O
095 Be3soMmow) | | l v RM 017
005 IRr3RM0604 | | l v R 029
YV lott [Re35RMp305 | | ) v RMOI4
W2, |75 Bo3samopol | | a i A 037
1740 [Re3smmiwacd [ 2 2 v RpA 038 | RUN A% Mo/ mSD
1025 |e35%mmA0 | | | v Remol G
040 _|pg3s@motot | | , l AT
0SS R63IRMACL | | \ 4 Rrh 920
Y s prisamoson | \ 4 fen02%
RELINQUISHED BY (SIGNATURE): DATETIME RECEIVED BY (SIGNATURE): RELINQUISHED BY (‘SIGNATURE): DATETIME AIR BILL NO.: 5 / I7 3(}83 §35 )
7/ J ) &W%" 1477|1640 feb € ]4 TEMP. BLANK: AT SHIPMENT __ 4~ °C ATLAB °c
RECEIVED BY (SI&NATURE) RELINQUISHED BY (SIGNATURE): DATE/TIME RECEIVED FOR LAB BY (SIGNATURE): DATETIME gg:ALER)R(:-USTODY SEAL NOS: 0’, 0)—
SHPPED TO (AUCKS AR




TETROOTARS e

TETRA TECH NUS, INC.
E 661 Andersen Drive * Pitisburgh, PA 15220 O O (? 5
CHAIN OF CUSTODY RECORD NSWC CRANE’ INDIANA
PROJECTNO.: €TO ©3 o, é‘? 1‘? [, 3 . .
JR# 0087 § o | & /& /L N eleg/s w | &
RS (SIGNATURE): ¥ Y/s /4 S/ 2 o Y [&8] 9] w [ S/ /8 /<
R ; ¢ g/3/ 9 $/8/3/8/8/8/¢2 </8§/&/&8/ 3
e nne /S /8/ 8/ x/5/8/5/5/5/8/5/e/S5/&8/3/8/%/Z
(OpFE | T™E £AMPLE ID : S/&/3/°P/&/5F g’ I g‘? /¥ /8/°/3 s g ig </ TAGNO. REMARKS
113 [|5%0 |863sBmegot | | ! v Renotd
liclo_ [B63Rmarol | | | 4 R 031
(636 [BE3Bmo70% | | [ d R 034
W b4 |RG3SRMO70G | | | / 03k
W4 1909 |Be35RMi0a3 | | . ! v Riw 049
RELINQUISHED BY (SIGNATURE}: DATE/TIME RECEIVED BY (81GNATURE): RELINQUISHED BY (SIGNATURE): DATETME | oo 817 3093 5§38/
‘7/,‘;/ 5 /&414/&,\_ 497|140 FED €X TEMP. BLANK: AT SHIPMENT _ 94— °C aTLAB °c
RECEIVED BY (SIGNATURE}; RELINQUISHED BY (SIGNATURE): DATEITIME RECEIVED FOR LAB BY (SIGNATURE): DATETME _| COOLER CUSTODY SEAL NOS: ol, 02
SHIPRED To (AURS (ARS




—prmegTTe e e T,

" TETRA TECH NUS, INC. .
661 Andersen Drive * Pittsburgh, PA I5220' O O c) S
CHAIN OF CUSTODY RECORD NSWC CRANE, INDIANA
PROJECTNO: CTD B3 hd 2 & [ o
108# 00H7 s | Jo /8 ;5,55 §lold ]
smereen D |1\ [8/8)8) [6]8/3/8/8/§/8) [5/6/8/5/5)
2= T Lo L 1/8/8)/5/5/5/8/5/5/6/8/6/s/5/5/8/€//<
OASE, | TimE SAMPLE 1D s 8/&8/@/°P/&F/&/8s/oc/&/F/8d/R/&]T/0 /& TAG NO. REMARKS
t s 11205 |fekbirosasoy | x x |oraA Acvare vk rr
Nuk  lopoo |&FBIesdder | X X l&c 008 LuPUE 1Y OF S S8P060
o 0is isos 1S8A030¢ A X X ADIS Lon MS s
+[1fe_lisso |aengtoiot | i X x_lacol, S.5, BeL
"%‘a 00® [BeFplioeHol | | X X Rc ol P oe B61POLDE |
A iz lpszsannos | | X X AR
v_ D530 |a3sBAciol | | ] X X | |Awo
Wz logas |reasernso) |1 X X' A003b
1V |oB40 [Re3saaoin3 | X X Aoo4L
044 Pe3seActot | | X X A0043
I 10 Be3sBAGSOl | | X X Aooto
0720 |RG3SBAOSOR | X X Acod g
0934 |pe3sBAs G || | b X Aogo
Mas pofspholol || | X X Aoool
1435 [BeisBAaiot | | X X A003
lic4q |gei5BAOSO3 | | X X Ao
¥ 155 |RGISBAS P4 | | X X A00L2
Vs jo8s [peisBAcdol | | A X Aol b
RELINQUISHED BY (SIGNATURE): DATE/TIME . RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME AIR BILL NO.: 8'6‘ q.qu C’lg ’ '
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A-4 EQUIPMENT CALIBRATION LOG



FIRST FIELD EVENT



INSTRUMENT NAMEMMODEL : P10 PHETOVAC 2020  pROJECT NAME : NSWC Crane

EQUIPMENT CALIBRATION LOG

SERIAL NUMBER: ED FR 204 PROJECT NUMBER : _ ‘0087 _CTO 083

MANUFACTURER ° PHTOVA

CALIBRATIO INITIAL STANDARDS | PROCEDURE JADJUSTMENTS|  FINAL SIGNATURE COMMENTS
DATE SETTINGS USED MADE SETTINGS o

.47 100,000 PPN Jpep pwr,| NONx | (00,00 | —Z 3 ¢ ISORUTY(ENT

[1-2.797 | /o0.0 |60 PPM (0 U 0o.00 | “Z¢¥ v

1.2-94 | ,00.0 (00 Phm ‘! r [0V OO ) o
41-4-99 | j00.D (00 Plrw i" " (. 00 Sent ‘o
(1-6-99 | (00.0 (o2 ffpm “ ‘ (o200 KES !

{ - LG ov: O 190 fPm T K 100. oo LS Iy
11-72-99 1 108.9 100 PP I\ i (B0 | WP (!
/-%-94 | (90,0 [0© Plr X ' /0000 KeES 1
Instrument Rented From: {@1’(}2 N TE H NU S Pa oA UEHMSE

NSWC Crane -

Field Form
Revisen: 0
January 1999



SUPPLEMENTAL FIELD EVENT



EQUIPMENT CALIBRA1ION LOG

1
INSTRUMENT NAME/MODEL : } E P 50}4/ W?C,

PROJECT NAME : NSWC Crane

; . , : #
el

SERIAL NUMBER: V) JC /[ =0 20// B & 2:¢PROJECT NUMBER : CTO 83
MANUFACTURER : 5’7/70”49 A
CALIBRATION INITIAL STANDARDS. | PROCEDURE {ADJUSTMENTS FINAL SIGNATURE COMMENTS

DATE SETTINGS USED MADE SETTINGS .
f063 00 00 sfm | 00 prm Tcbl 8o ml| | pone A0 yom ;7;/’/?—*
1to4 00 R0 ml ® i\ Spne) Aydo 120 DD
S i Re 1! T T T 7‘//}1;
[0 & 00 AT~ CAL. NG6T

L N9 [ANNES

Insfrument Rented From: _*9H  WARCHASTC




A-5 SURVEY RESULTS



SURVEY RESULTS

BASEWIDE BACKGROUND SOIL INVESTIGATION
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Solo by Tripod Data Systems Inc. GPS Unit
Projection: NGS NADCON

State Plane 1983

NAD 1983, Indiana West

Coord: Northing-Easting Distance: US ft

Trimble Model TSC1
State Plane 1983

NAD 1983, Indiana West
Coord: Northing-Easting Distance: US ft

PointName  |Y (ft) X (ft) comments PointName - [Y (ft) X (ft) comments
First Field Event Supplementai Field Event
BG1SBA01 1287335.4| 3014555.6 BG1SBA25 455908.9| 556534.1

location surveyed but

not recorded; used

proposed location
BG1SBA02 465186 565000]coordinates BG1SBA28 456398.5] 565075.8
BG1SBA03 1285966.3] 3008797.0] - BG1SBA29 465981.8| 564055.0
BG1SBAO4 1279529.6f 3011059.8 BG1SBA38 464336.0) 566086.2
BG1SBA05 1280380.0/ 3017126.2 BG1SBP11 472252.7] 559492.5
BG1SBLO1 1295708.5( 3005152.0 BG1SBP13 472648.5| 564180.0
BG1SBL02 1293567.1| 3008860.7 BG1SBP16 467836.0] 564044.6
BG1SBL03 1292151.8| 3009217.3 BG1SBP22 459648.5| 553888.3
BG1SBL04 1292663.9| 3009918.7 BG1SBP37 464013.1] 559419.6
BG1SBL0O5 1291968.5] 3010551.4 BG1SBP39 468263.1| 557950.8
BG1SBP01 1293733.2] 3007343.9 BG1SBP40 470106.8] 556211.2
BG1SBP02 1295043.1] 3015036.9 BG1SBP42 472950.6] 560502.9
BG1SBP03 1295470.7] 3016826.3 BG1SBP43 469606.8] 561138.3
BG1SBP04 1291088.11 3013929.7 BG1SBP44 470544.3| 562544.6
BG1SBP05 1288690.0 3012771.0 BG18BP45 469096.4| 562461.2
BG1SBP06 1286744.8]| 3009026.7 BG1SBP50 473929.8] 5604821
BG1SBPO7 1285279.8] 3015648.4
BG1SBP08 1283603.1| 3012911.9 BG3SBA07 507275.9{ 599846.2
BG1SBP09 1277832.2{ 3008489.5 BG3SBP0O1 510719.7] 609427.4
BG1SBP10 1278598.8| - 3010679.0 BG3SBP08 508563.4| 600346.2

BG3SBP09 509807.2| 599314.9

BG2SBGO1 1325916.3] 3006459.1
BG2SBG02 1326107.4] 3006323.8
BG2SBG03 1326146.2| 3006909.7
BG2SBG04 1327870.1| 3007892.1 Notes:

BG2SBG05 1327872.5| 3008310.4

BG3SBAO1 1328625.3| 3052197.6

BG3SBA02 1327825.2] 3052412.7

BG3SBAO3 1331268.6] 3057444.7)

BG3SBA04 1325609.6] 3065509.5

BG3SBA0S 1325272.9] 3065983.8

BG3SBMO1 1331186.9/ 3048702.0

BG3SBM02 1331014.3{ 3051614.5

BG3SBMO3 1328036.6| 3053012.8

BG3SBMO04 1331401.4| 3061647.1

BG3SBMO5 1329977.3] 3063178.8

BG3SBMO6 1328659.0f 3054131.2

BG35BMO7 1328931.9] 3064650.4

BG3SBMO08 1331152.2] 3058873.9

BG3SBM09 1328802.2] 3062840.4

BG3SBM10 1325781.3] 3066076.7

GPS - Global Positioning System




APPENDIX B

BORING LOGS



FIRST FIELD EVENT



n Tetra Tech NUS, Inc. BOR'NG LOG Page | _of

PROJECTNAME:  NSWC Crane BORING NUMBER: &Gl <@Lo |
PROJECT NUMBER: 0087 CT0O 083 DATE: nvire
‘DRILLING COMPANY: not applicable GEOLOGIST: «,A1iL
DRILLING METHOD: hand auger ~ DRILLER: EiSimpPon /S, réiL
MATERIAL DESCRIPTION PIDIFID Reading (ppem)

pie} Depth | Blews/ | Sampie | Lithology . U .
No.and] (Ft)} | 6" or IR Y| Chang Soll S
Typeorl or RQD ! (DeptivFt} Density/ c ) - 8 % h
m:n‘ ::n ) t:::; Q)r cm;“ne Colod Materiat p Remarks zEs. % 2

Screensd of . -] § 2 §
Interval Rock L
Hardness
) ose BC]  Sir Somc crmn, ML| MonT. fooct
- , H 7
S-\| | ( | \ d 4 olle b
)‘ / 'L ﬁr/ & R DM
I TAVEG A SASD {
S-3| % S Fe ggLCLM-[Santsu.r a8 mar | O Mase |00 ] Olo
Fonle S Al

s-d | B Bl o] S bt crmen ML ololofo
s-<|< \ V2 % V ololojo

D= S A [fébusir

* When rock coring, enter rock brokeness.
** Include monitor reading in € foot intervals: @ borehole. Increase reading frequency if elevated reponse read. Drilling Area

Background (ppm):lp. o> |

Converted to Well: Yes " No v~ Well 1.D. #




“’Tetra Tech NUS, inc. BORING LOG Page _/_ of _(

PROJECT NAME: NSWC Crane BORING NUMBER: A&l 56L0 X
PROJECT NUMBER: 0087 CTO 083 DATE: ] ¥l44
DRILLING COMPANY': not applicable GEOLOGIST: S NIl
DRILLING METHOD: _hand auger DRILLER: K .SynpPsow [ S, niIC
- MATERIAL DESCRIPTION _ PIDIFID Reading (ppm)
Sampis] Depth | Biows/ | Sampie | Lithology U
No.and} (Ft) | & or IR y] Chang Soit ]
S L S i = | | Remarks |3[3|}[Y
e No. b Lon;: or y Colorl Material Classification S emarks 3 i g 3
Scresned or * "‘ E 2 §
interva! Rock ”
Haraneas
o ot Bsix 1t cuan myvFmsaed MLMOST, ooty |
\ v
S-{ | Lowst 1 J Olo 1] o
= 'V
A ) C&#? cine T o saed| |, ~AnSA
_ oA | v
5-2f 3 STES M&M%_ﬂ:rgl:ril | bb'l o |clo jo
h 4 1
S-4 | -L ¢ \L \I ‘, olololo
5-S1 < / 5}/1?? { lsice somg B cotny v Gt MY O0lolole
1 (=Y
Skl Vo) \I/ 2 J/ W _lPjojoo

0= (o,

* When rock coring, enter rock brokeness.

** Inciude monitor reading in 6 foot intervals @ borehoie. Increase reading frequency if elevated reponse read. Drilling Area

Remarks: S-i 2 & LSALo ol ; S-2=A4 Qlolo3 - Background (ppm):
oL = 5@/:4(.0};5

Converted to Well: Yes " No - Well 1.D. #:




n Tetra Tech NUS, inc. - BOR'NG LOG Page / of [

PROJECT NAME:  NSWC Crane BORING NUg%ER: LaSELOS
PROJECT NUMBER: 0087 CTO 083 ~ DATE: S/ [§/9%
DRILLING COMPANY: not applicable GEOLOGIST. <. \ifre
DRILLING METHOD: hand auger ___DRILLER: K- Sipnrpron (. ~ére
MATERIAL DESCRIPTION PID/FID Reading (ppm)

Sampie| Depth | Blows / | Sampie | Lithology u
{No.ang} (Ft) | 6 or |Recovery| Change Soit s
Typsor] or | RGD I |(DeptFt cD:n"m c . -] 3 &
RQD | Run mple 0

Ne. * i:n:l‘ﬁ e)r Y Colory Material Classification s Remarks E’ % E I

Screened or . S 1 E 2 =
interval Rock -3 &
Hardness

O loost 18] Divt 1o ety M Ment: oot ma.
St ‘\ L] - \ ,L 1w jo Palo

2 / l/ B/ : W | Dy wl/

- v wid s T ret s D 7
S-% é ST\EE *l, /| S R, on et JCL | Movse b 5S)| © M| ©
- d | | [ X/ St CI%I,, Tereesa (L g Paol OByl O
: T T '
<1< |~ R — \l/wa | J/FQ B Y33 oridlo
eTILE T4 foce Ghas ] ey
S-bl b sTiEs |0 BL Sl Gt sit J/ Musr/Dwny B@‘% yo | oléo |
1 7
D= Et
4
* When rock coring, enter rock brokeness. ‘
** Include monitor reading in 6 foot intervais @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: S- (= fenSOL 0301 -3 < Gousgiolod. S-d> &6U&Lo3oy: Background (ppm):[o. o]
> T X s — - ’

DS

Converted to Well: Yes " No (D Well 1.D. #




E Tetra Tech NUS, Inc. BORING LOG Page _/ of __/

PROJECT NAME: NSWC Crane BORING NUMBER: A/ \Siod
PROJECT NUMBER: 0087 CTO 083 DATE: 1] (96
DRILLING COMPANY: not applicable GEOLOGIST: S~ e
DRILLING METHOD: hand auger DRILLER: K. Simpson [S. s
MATERIAL DESCRIPTION PIDVFID Reading (ppm)
pie| Depth | Biows/ | Sampie | Lithology U -
INc.and] (Ft) | 6" or |Recovery] Change Soll s
Typsor] or | RQD 1 |(Deptvrt| Density/ P - i~ 1 &
RQD | Run | (%) | sampie ) |conststenc Remarks als _
No. Length or Y Color Material Classification S § = ;
Scresned or . hd " E i §
interval Rock ”
Hardness
oL vt |Br| Sur g clay M s ey
v , . ’ .
S-tl NP N é’ . L , la | olsl o
A / [y 657 Sury € L, pespesmn oy M)
: 7 7
33 i ' oA msl \{o ikl o
-d ] 4 v ¥ \ xlolelo
S¢S gmé brleagry sur ML B>lo /o o
S-b| b QT\FF ‘L__ﬁL Cn‘-{“{ 5anu;u-r L4 Cd i joliO
(<) oottt STy v

T’D:L_,rﬁ.

* When rock coring, enter rock brokeness. . .
** Include monitor reading in 6 foot intervais @ borehole. Increase ruadmg frequency if slevated reponse read. Drilling Area

Remarks: S~{= ) Lode3- 3-UY'T L6(SALouey: Background (ppm):
é(o/s’“aqg(‘ .

Converted to Well; Yes " No v Well 1.D. #:




E'IetraTech NUS, inc. BOR'NG LOG Page__l__of___l_

PROJECTNAME:  NSWC Crane BORING NUMBER: $6G//SAL 0<
PROJECT NUMBER: 0087 CTO 083 DATE: n[(9(44
DRILLING COMPANY: not appiicable GEOLOGIST: 5. ~f/sL
DRILLING METHOD: hand auger DRILLER: & Stpersom /S - nttc
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Depth | Blows/ | Sampie | Lithology (7]
INo.and} (Ft) | 6" or |Recovery] Change Soll s
Tprﬂ.t;w Ror Rl:\D sa, e \ ] C;m [ [ - P . L] g '. L
ol ne | | Lengtn | or y |Colod Material Classification s Relndins LR ;
Screened or . @ | E =
interval |  Rock - 3 a8
Hardness
O Losse | SGUT TR Ciam L | MOIST - Root may.
S-\ | | B L] | olo |o
A ¥ S Je l JL l/
WMip ' 1 MY Ve
5-%| 3 st [P, S1T Cidng TAVEGR Shit DA dove |43 olx|o
S- Yy l { Qlewge, Stk JJ My . Sl o LD‘R.
-~ - J ! I j/ P
i / \ L cg | olvolo
5 WX
S-b| b SNFE J/ B Ciud Somi siLrd L J4 ] Clixlo
[TD=
v
* When rock coring, enter rock brokeness.
** include monitor reading in 6 foot intervais: @ borshole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: S-1 = &S@Loso, §-3= Qensh oS0l S~d= €6 isaLogod;  Background (ppm):[Dro |
-$ oz -~ &5C . o = o

Converted to Well: Yes " No ~ Well 1.D. #:




@Tetra Tech NUS, Inc. BORING LOG Page _L of__/

PROJECT NAME: NSWC Crane BORING NUMBER: 661156/40 f
PROJECT NUMBER: 0087 CTO 083 DATE: /4146
DRILLING COMPANY: not applicable GEOLOGIST: S.~fr
DRILLING METHOD: _hand auger DRILLER: £ Sympssd [§ EL
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sampie| Dapth | Blows/ | Sampie | Lithology 1)
INo. and] (Ft) 6" or |Recovary] Changs Soit s
Typeor] or RQD 1 {DeptivFt.] Density/ ¢ . N 3 &
ROD | Run | (%) | sample ) |Consistenc Remarks als
No. Length or y Color Material Classification S § -g_ % g
s.:::::f R::k ® -1 2 &
Haraness
v
O vt | 8¢ | Sicr ovin sano MLl Dy deors .
- - I 4
6’( { 3{ i _ l QOloio {o
’ G LAV [ Aoc & Rrtdc> i
l / Lo & SilT Sormt Cla+ M Fen s
K-3 | 3 | ' | esv” lololelo
-4 ¥ IRV J V| Y Egterlolole o

D=3 S|BT. MWID OFF OF oMelnAt Aaidin

Tondg. [THILD BunG went IO B.S T fidns
QGont . 3-4 CT. SkmpLs Alin Fon THIAD
@, O anet -3 6 |Sedpud DRics
Tt Bl aocu(;.

* When rock coring, enter rock brokeness. .
“* include monitor reading in 6 foot intervals @ borehole. increase reading frequency if elevated reponse read. Drilling Area

Remarks: S°1 = £&iSbdoier: S-3= BiisAAcl03: $~¢= Aaksgoiod: Background (ppm):[S.5 |

Converted to Well: Yes " No - Well |.D. #




@“"” Tech NUS, Ine. BORING LOG Page 1 of i

PROJECT NAME: NSWC Crane BORING NUMBER: 2494002
PROJECT NUMBER: 0087 CTO 083 DATE: it{utaa
DRILLING COMPANY: not applicable GEOLOGIST: <« p4iL
DRILLING METHOD: hand auger DRILLER: - SepmpPdm/ S pifig
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
pie| Depth | Blows/ | Sample | Lithology v i
INo. and] (FL) 6" or |Recovery] Change Soll s
Typeor] or RQD / (Depth/Ft. cmlg:c c . N " &
RQD Run mpie =
Ne. w t:n:; o)r y [Colod Materiat Classification s Remarks g %_ E 3
TeeN or - - E 5
slcnnrv:ld Rock ” a 2 a
Hardness
SCME G L T2PC FriAs
O : Lot |B¢ Clese silk TN Tor $AD N Moist. oot mac
T
s- | L Ll L balolals}
& & Bitusie ar =D A [TR1es 2
AODiTIonar &1 PGk w/ S, P A
H
LEuUcTS | SavPls 7HxE~ Feonn
A Cv v B OM N e .,
v
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervais @ borehole. increase reading frequency if slevated reponse read. Drilling Area
Remarks: 5-1 =~ A\SB Aoxol . Background (ppm):
OV\\% Oy 2"'"‘& ke oo doo Iy sl e U Aifferens Jocitisunn

Com)etted to Well: Yes " No v Well 1.D. #:




E'Tetra Tech NUS, Inc. BORING LOG Page [ of [

PROJECT NAME: NSWC Crane BORING NUMBER: y Ao 2
PROJECT NUMBER: 0087 CTO 083 DATE: rf [S[4G
DRILLING COMPANY: not applicable GEOLOGIST: S. ANTIL
DRILLING METHOD: hand auger DRILLER: K- Sympson [/S. nFee
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Depth | Blows / | Sampie | Lithology U :
No. and] (Ft) 6" or |Recovery| Change Soit s
Type or] or RQD ! (DeptivFt] Density/ ) c 0 'ﬂ I” &
RGD | Run | (%) | Sampie ) |Consistenc - Remarks als E
Ne. Length or y Coiorr Materia! Classification s : E|S 5 F
Screensd or : - k- E 3 E
interval Rock 0
Hardness
O ot BV Feksamod samesivt M| MIST Lot mac
'S'l \ Es/ ¢y t l O 0%-30 .
12 . SILT SemivFpasansd M| D
¢4l d : 0lolo Lo
S'g g / Song e Stew Ololo {o
Sbib b i 4, ¥ olololo
T0 = T
i
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borshole. Increase reading frequency if slevated reponse read. Drilling Area
Remarks: S-1 = Background (ppm):[©. O |

ASI00

Converted to Well: Yes * No v Well 1.D. #:




ETetraTech NUS, Inc. BORING LOG Page _t of |

PROJECT NAME: NSWC Crane BORING NUMBER: BaissAoY
PROJECT NUMBER: 0087 C10 083 DATE: 1S \4a
DRILLING COMPANY: not applicable GEOLOGIST: ¢, uuiL
DRILLING METHOD: hand auger DRILLER: K- S1rPson /g‘ ~FIC
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Depth | Blows/ | Sampie | Lithology 1} )
INo.and| (Ft) | 6" or |R y] Change Sﬂﬂ s
'r:p;;r Ror R:D s:l ' (DeptruFt| Densty/ c AR &
o | tgn | or y |Coiod Material Classification s Remarks EE :g o
Scresned or . S lE 2 2
interval Rock o &
Hardness
0 ST @ | Siay ey T wret o L] MoST
[N v U ;
5-\ | | Py 4.0101L4/0]
bl I '
) v 0 Morrane wlojixlo
T . >5c
-l d S%\FV' CLAv sams Six Ta.u&:?h« DErs el vlolXk|o
5|6~ gt 3 oo
S-b| b | LEES MITTLID L DENSE A 9 |2 ok o

TH= (oFT

-* When rock coring, enter rock brokeness.
** Inciude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if sievated reponse read. Drilling Area

Remarks:_S—\ = £iSgaaoy | $-3 © gatspAoded: $-U*&isAoyou;  Background (ppm):[O-o ]
S-S BMBacuoT G-l REACBMOYQG

Converted to Well: __ Yes ~— No 7 Well 1.D. #




m‘ Tetra Tech NUS, Inc. ’ 'BORING LOG Page _/_ of _/

PROJECT NAME: NSWC Crane BORING NUMBER: A&%/SgA4 o<~

PROJECT NUMBER: 0087 CTO 083 DATE: S/ (G4

DRILLING COMPANY: not applicable GEOLOGIST: ~ s, wsre

DRILLING METHOD: hand auger DRILLER; e SimPson /S e
MATERIAL DESCRIPTION PIDVFID Reading (ppm)

S le] Depth | Blows/ | Sampie | Lithology 1}
INo.andl (Ft) | 6" or |Recovery| Change Soil s
Typeor] or | RQD ! |(Deptturt| Densityl c o i@y &
RAD | R Consistenc ’ - -
o | :::: o y |coled Material Clasaification s Remérks 2181213
Screened er * s | E E £
Interval Rock a 8
Hardaness
Vo
o Lovs 8( Stery Ve spm MU Mot ors ,
UK R L B.L o[ o]
REFusAL” 6TF
2 : 4 b{w\ $1T 1OPT.
5-5 | & Su:( w/ TR—F@L')AMD ML VD‘H{ I9]o jie |e
A 4 ! ot | !
I5-4 "" Lodst 1o ¢ A‘NQ T Sier lourmaSP L 44 o

T = BT o off sttt [Samvias oo ) ¥

IPTHNAL AT Ol pvAd Sbrinte | Shnprsn

273 v 3-4 €7 ToTiaAyA AT OFF ST

* When rock coring, enter rock brokeness.
* Include monitor reading in 6 foot intervals @ borehole. ‘Increase reading froquemw if slevated reponse read. Drilling Area
Remarks: 5-1= 26156480501 < S-3 - 4ini$840505 S-= &u(saaoso¢. Background (ppm):[0. O |

only 3 55:;&, gyu.. oluee ~bo refuigfl

Converted to Well: Yes " No v WelllD. #




PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY: not applicable

DRILLING METHOD: hand auger

mlTetra Tech NUS, Inc.

NSWC Crane

BORING LOG Page L_of L_

BORING NUMBER: &51458P01
DATE: A

GEOLOGIST. <« niit

DRILLER: Fo S mpPSise / (- NnFre

MATERIAL DESCRIPTION PID/FID Reading (ppm)
Depth | Blows/ | Sampie | Lithology u
Ino. and| (Ft) | 6 or |Recovery| Change Soll s
Typeor] or rRQD ! (DeptivFe. cm"'l’m c . 1 8. &
U] " | e [T coe]  Meswcwsmmeamon || Remarks (315124
Scresned or . - 5 2 =
Interval Rock " S
Hardness
0 Looss | Bl sir somt (A Y o] W | storsr - e mar
/
Sel} | ’ \L LA ENE
A N/ D
, Ut , '
5-3 | 3 8 | Sor of Ai ctay | VDb | EF K e
‘ Tl O Sevhe
S-d| 4 T8 Fort £ Nodts. | ]
fas i
$-S L{§/ » J’ pous fides J/ Thvfar s |\ R v v}(__l J
X US Fr. Ausss Fedusa (.
7
v
* When rock conng, cntermkbmkoncss
* Include monitor reading in 6 foot intervals @ borehole. Increase reading fraquency if elevated reponse read. Drilling Area

Converted to Well:

Background (ppm):

amge rebnge ¢
”

No v Well I.D. #




El‘l‘etra Tech NUS, Inc. BORING LOG Page s of _:

PROJECT NAME: NSWC Crane BORING NUMBER: Qé\lS&PO X
PROJECT NUMBER: 0087 CTQ 083 - DATE: ]y l4a
DRILLING COMPANY: not applicable GEOLOGIST: 5. wtre
DRILLING METHOD: hand auger DRILLER: E- Sop S0~ [onsfre
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Dapth | Biows / | Sampie | Lithology V]
Ine. and| (Ft) | € or [R y| Chang Soil S
'r:p‘; ;r Rar Rf s./ (Deptivrt.| Density/ c o o 1 &
No. ( Ltngp; e)r y Colon Material Classification S Remarks % %_ g I
Scresned or . ol E i =
Interval Rock o 5
Haraness
o (025 6/ ST Somat Clynf W] MOIST  Somq ey
. 1 .
-1 | | ] Y e |l |«
LT
2 4y N - ! i
v ¢ MOT N
313 ee || TBL Gy soms St cy Dfrf‘;l £ ] k| by
-2
S| o _J( _ £ lel|x b
= L) o7 MK«
o515 / ek St Soma P ciad ML « | %] gl
i
Skl b 4 Lot B, TN Fr S0 J/ N
™= pF

* When rock coring, enter rock brokeness.
** include monitor reading in 6 foot tmmalseboreholo [ reading frequency if elevated reponse read. Drilling Area

Remarks: $- 1 = o0t $-d~ 6@456?»04 Background (ppm):[_* |

Converted to Well: - Yes " No v’ Well 1.D. #:




@Tetra Tech NUS, inc. BOR'NG LOG Page [ of m

PROJECT NAME:  NSWC Crane BORING NUMBER: &a(s4003
PROJECT NUMBER: 008/ CTO 083 DATE: , 1ily (44
DRILLING COMPANY: not applicable GEOLOGIST: s. w4/
DRILLING METHOD: hand auger DRILLER: K- Sipmpson [ S -piie
_ MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sampie| Dept | Biows/ | Sampie | Lithoiogy | (1]
fNo.and| (FL) | 6 or |Recovery| Change | Soil s
Typsor] or RQD / (Depth/Fe. c::.m c . Nl &
RQD | Run mple 21012
° No. ® t:n:t.h u)r y Coloq Material Classification S Remarks g' %_ % 3
"’.‘..::3.'.“ R::u ‘ ? E i §
Hardness
T
0 Lons (B Sax T EHe SAnD ML Moisr Tt Qo
51\ | L Mwnamugo ole s
: P CICaot. “TI PGr Shm D ©F= s
& e BLCUHI Som4 Sitt gock [CL] ;oF e
s3|% e |Br ¥ b piH lololo
o/ 37 MRONLE 1 f
-4 Y Gl B (i TO ST | 0 |ojofo
<18 / S Nlololo
RS
Sl @M T(T\M:ruuu wi/ N Oloolo
TO=0eT  off Mt |9 7imas
1
* When rack coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if slevated reponss read. Drilling Area
Remarks: $-{ ~ féa<a : = Aaisef3 03 falsePolou;,  Background (ppm):[o.S ]
' 8-S~ LenisBbPo2oS T -1~ BaKROD oL, '

Converted to Well: Yes " No __ v Well I.D. #:




E‘ Tetra Tech NUS, Inc. BORING LOG Page _[ of |

PROJECT NAME:  NSWC Crane BORING NUMBER: f&lsgfod
PROJECT NUMBER: 0087 CTO 083 DATE: itlelga
DRILLING COMPANY: not applicabie GEOLOGIST: 4. m4/L
DRILLING METHOD: - hand auger DRILLER: E-Simosod [S nén
MATERIAL DESCRIPTION PIDVFID Reading (ppm)
Sampie| Depth | Blows/ | Sampie | Lithology U .
INo.and| (Ft) | €“or |R y| Change Soil s
Typeor| or R::n i |(DeptivFt. cl!mm'ar!l'c ] c . o 1 &
RQD ::n (%) t::u:: °)r my Colo Matesial Gt on p Remarks 'g. % "% %
Screaned or . o | E i =
Intervat Rock [ [
Hardness .
% Loost |BL ST Somt o <ty || Dy foor emsn
. 4 1 B
s- | | J, (1 ololofe]
> L7 &
o Sta .l
s3] % | A | v Jolololo
i o
=l ghee | | [bCy o i gn G | ™ olole o
- T YL@ SAaed DA r~OX .
S / | & S et SiLT CH OClojo o
{
S-Y b vl/ A% \l/ Yyl W N/
T0= b &1
3
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area

Remarks: 5- { = 6AS8P040| - & -3 RGP0y’ S-o = (e (SAfou - Background (ppm):
. __$-5- SévlS&/o’qU(" s-o= RasaPolloe . !

Converted to Well:  Yes " No v Well 1.D. #




Tt Tetra Tech NUS, Inc. BORING LOG

Page | of _i_

PROJECT NAME: NSWC Crane BORING NUMBER: 2&\9800<
PROJECT NUMBER: 0087 C10 083 DATE: 1S 144
DRILLING COMPANY: not applicable GEOLOGIST: J4.min
DRILLING METHOD: hand auger DRILLER: L-Simpeyn [ S NEn
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
pie| Dapth | Blows/ | Sampie | Lithology u
fNo.and} (Ft} | €or R Y| Change Soil s
Typeor| or | RQD ! |(DeptFe CMW c o - 1 &
RQD un mpie onsistenc
:o. * t:.-:n o)r Y Color Materiai Classification s Remarks E -2 g 5
Screened or . S |E 2 &
Interval Rock - &
Haraness
0 Coxt | Bl =T Sons crpy MfDe  Roer mm
7 !
SV [ \\/ ‘L Ci{olo b
'y
A J/ & -
; Sorea .
S3| % S% T %Loc.v.? cﬁqm‘s’g;:% N - J DemsS Di|ojolo
vyl g ! Ololole
s<|s| TTaAL S | Bowe Loce s ool o
S-blly v v y Ll Dloip|o
™™=z ¢ 7
\
* When rock coring, enter rock brokeness.
** inciude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: $- = @a(34PoSol, $-3 &wss?ogoz Seul= (aisbPocos;  Background (ppm):[o. o]

> e > YT

Converted to Well: Yes " No v~ Well 1.D. #:



anetra Tech NUS, Inc. BORING LOG . Page _i of _{

PROJECT NAME:  NSWC Crane BORING NUMBER: £5158P0 .
PROJECT NUMBER: 0087 CTO 083 DATE: ul{staaq
DRILLING COMPANY: not applicabie GEOLOGIST: <. eTL
DRILLING METHOD: hand auger DRILLER: K- Simpsin [ 3. 57¢
MATERIAL DESCRIPTION PIVFID Reading (ppm)
Sampie| Depth | Blows /! | Sampie ] Lithology u
No.and] (Ft) | 6" or |Recovery] Change Soil s
Typeor] or RQD ] (Depth/re| Density/ c . -] 1 &
RQD | Run | (%) | sample )  |Consistanc Remarks alE
No. Langth or y Color| Material Classification s . E|s g [
Scresned or . " § i E
Iintervat Rock
Hardness
o Safx Bc SieTy Cir] TANEutSsanos  ICLI Moy Kooy '
=ik 1 1 J1d _lolohslof
) / vt LG( ST ?Mi CWT‘LVR‘LSA N e =
. 'llu:nlﬂ 4 y“_@ LT -
5513 J/ \l/ bwnau[;kw\\( o str e wr-| 0 |OO P
‘ TNTT V)
2 2.der-
— OFESLT = Yo £
/ D 2= e (f5s aa
~ 2.5 &
!
* When rock coring, enter rock brokeness.
* Inciude monitor reading in 6 foot intervals @ borshole. Increase reading frequency if eievated reponse read. Drilling Area
Remarks_: S\ 2 RLUS&APOLO. $-3 1 B&lSH Po&,o%“ SpaMALS DAY M Background (ppm):

For~ OQL@!N&C f’;ovt(..)ﬁ\. : 7

Converted to Well: Yes " No - Well 1.D. #




E Tetra Tech NUS, Inc. BORING LOG Page ' of

PROJECT NAME:  NSWC Crane BORING NUMBER: 26115607
PROJECT NUMBER: 0087 CTO 083 DATE: s laaq
DRILLING COMPANY: not applicable GEOLOGIST: < a<iu
DRILLING METHOD: hand auger DRILLER: K- Simpsie [ S nin
MATERIAL DESCRIPTION PID/FID Reading (ppm)
pie) Depth | Blows/ | Sampie | Lithology U
INo. and} (Ft) 6" or |Recovery] Change Soit s
Typeor] or RQD [ {Deptn/FL. _D-nmyl c o o 3 &
RQD Run * Sampis ( g -] =
No. | ™ Ltn::h o)r y |Color Material Classification s Remarks g‘ - % 5
Servar | Roc 15183
Hardness
oY v P PP . _E—DC‘LFI-M\ oAl
O/ Loedt DL N tal-Sanck Sowt Sir S5E | e
5-1 | | J .L E%‘i‘fé‘&%’— 70ololuo]

ReFusat &\ § ¢ -

OEE 34T & \0 O -
- LEusm o -

D= 1.0 &. OEF ot I Ao BT~

Ricuala 0.5 B -
DEF QLT T 10 T~

e 2 UFesir@ i3

* When rock coring, enter rock brokeness, :
** inciude monitor reading in 6 foot intervals @ borehole. Increase reading fraquency if elevated reponse read. Drilling Area

Remarks: S- | ~ 15500701 (Shmfid THitn feom oticima &rerng).  Background (ppm): [ s
OEE SIT A Tiwid (S foai6y e ol Augis DIIfti Tl (- € A,

Converted to Well: Yes " No \ C Well 1.D. #:




@Veﬂa Tecﬁ NUS, inc. BORING LOG Page i of i

PROJECT NAME: NSWC Crane BORING NUMBER: &aisgPos
PROJECT NUMBER: 0087 CTO 083 - DATE: wlolqq
DRILLING COMPANY: not applicable GEOLOGIST: <. u4
DRILLING METHOD: hand auger DRILLER: K- Sipn i1 / S. A
_ MATERIAL DESCRIPTION PIDIFID Reading (ppem)
pief Depth | Biows ! | Sampie | Lithelegy u
No. and| (Ft) 8 or |Recovaryl Change Soit s
Typeor] or RQD ! {Deptivrt.| Density/ c . o L X &
rao | run | (%) | sampie ) |Consistenc Remarks als g
No. Length or y Calotr Materiai Classification s E|s ¥
Serasned or : : - SlEIRIE
“mterval | Rock ajd |8
Hardness | -
0 Leoss |R | Srer Soat ey Ty fen 3 MU Din - Zasr Max.
] e 1 1 [ )
5-1 | 1 J/ 4 ‘\, Qlolo |6
2 / tg( Muci mu,u:‘f(l focry
S-313 ¥ | ¥ %
Kdid e Said 2+ [l b
Somt
S-s| 5 / FoL Spmin somt Sux MG SO
59, |S.S ~ l MM ol fae S L
= 5.9 A - @i
L
* When rock coring, enter rock brokeness.
** Inciude monitor reading in 6 foot intervais @ borehole. Increase reading frequency if elavated reponse read. Drilling Area

Remarks: 5- | - @GlSGPD&:nE $-3 = UalSEPORDY, §-\* UalshBR2Y, Background (ppm):[0. o |

W

Converted to Well: Yes No v Well 1.D. #:




@eﬂa Tech NUS, Inc. BORING L 0 G Page 1 _of i

PROJECTNAME:  NSWC Crane BORING NUMBER: Za($4£05
PROJECT NUMBER: 0087 CTO 083 DATE: e (G4
DRILLING COMPANY: not applicable GEOLOGIST: <. Lfi
DRILLING METHOD: hand auger DRILLER: K- Simpdi / S. v Erc
MATERIAL DESCRIPTION PIDVFID Reading (ppm)
Sampie| Depth { Blows/ | Sample | Lithology U
No.and| (Ft) | s"or IR y] Change Soll s
Typeorf or | RaD 1 |(DepthsFe| Densityl c K &
RQD | Run Y mple Consistenc > 2
N | | engen | or vy |Colo]  Material Classification s Remarks BlEl2|s
Screened or . .-, E i =
interval | - Rock a3 -]
Hardness
. R A<
O Low5 7 &( ClAvey ST T Fﬂ.%t\ MU Motst - Roer Mar
= . : ‘
S'\ | ' :!C'ﬁ‘..‘.‘&l o mE o Eade = \L o0 4 (s
FUsAL -
2 : Jv ,L J, R MV] Moil xS ) g‘g
' T REFnt @
{, 3 &7 cr€
o= l et €T T (0 ¢T.
* When rock coring, enter rock brokeness.
* include monitor reading in 6 foot intervals @ borehole. increase reading frequency if elevated reponse read. Drilling Area
Remarks: S- | = 4a\S6P0G01 1 Onlw v Semole telan, At b Background (ppm):

Qwgec ettt — wihved, &N (T2 Gorives) |

Converted to Well: __ Yes ~ No % Well 1.D. #




"'t‘

Tetra Tech NUS, Inc.

BORING LOG

Page __of _1_

PROJECT NAME: NSWC Crane BORING NUMBER: @(ﬂt SGO loe-ir@
PROJECT NUMBER: DATE: wis e
DRILLING COMPANY: not applicable GEOLOGIST: S, N4LL
DRILLING METHOD: hand auger DRILLER: K Simpsic [S. v EC
. MATERIAL DESCRIPTION PIDVFID Reading (ppm)
le} Dapth | Blows/ | Sampie | Lithology U
No.and] (Ft} | & or ]|Recovery] Change Solt s
Typsor] or | RaD I |(DeptuFt c::::.vlm _ c o |81l &
RQD Run % mpis
No. w :n:n c,r y [Color Material Classification S Remarks E‘ -2_ E 2
Screened or . a E 2 =
Interval Rock L] 5
Hardness
’ SoFT
¢) Br Siry cimy TR NFatsas  |CU Mot
S=1i _J/ l, 1 €10 2 °)
AR FFAAGS
3 / Loest L87Is by <, nt crany Soi foaswdML Dd,vl
32 1 , \ 5okl
l/ (Coci A0S ~
K~ ¢| Y V1S e Somt chn Spnt Fadsd l, KePusae @ 3 4ET AL o (2710
/ Movid Lippftadige T
15:- d.1 . T JO FT. - R ]
¢ 3 Ft, Moviy =
20 FT Caoss GaAD.
Aucas<o ™ QA T
el 3-4 & Sampid
om $iconD gong.
!
* When rock coring, enter rock brokeness.
** Inciude montor reading in 6 foot intervals @ borshole. Increase reading frequency if slevated reponse read. Drilling Area

Remarks: 5-{ = @o(spPioor, $-32 Rt S@PIo03 (5-14S-3 Tarsy

LI DAL inbi .66.1.144&3 >o=d :éelePloeu { TAKTw Thowe THi&D Jotus

Background (gpm):

o

" Converted to Well:

Yes

No v~

Well 1.D. #:




ETetra Tech NUS, Inc. BORING LOG Page _i of _1_

PROJECT NAME: NSWC Crane BORING NUMBER: &,;S&q 2y
PROJECT NUMBER: 0087 CTO 083 DATE: w1199
DRILLING COMPANY: not applicabie GEOLOGIST: s ~21c
DRILLING METHOD: hand auger DRILLER: K- SipmaSo~ /S nitic
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sampie| Depth | Blows/ | Sampie | Lithology u :
INo.and} (Ft) | 6" or |Recovery] Change Soll s
T:::n Ror '::)D s-lm (O cmnmw c s |8]% h
No. Length c)r y Color] Material Classification S Remarks E’ -E_ 2 s
Screened or . S1E i =
Interval Rock ] &
Hardness
o __ BL
et Ry gu.’r‘-! Clang TEN S O] MaT Tl_gg:i\—ﬂ
-1 | | STiee ! ¥ L DzloBolol
Pl / STLES N Dissotc
. ] A
¢-31% L - X g [o[WNfo
i 1
S“-l J g‘ﬁ-"?’- \L‘ Clh SAmD S ot C\-v‘*-'lkl}g ?0 0| ofdy [o)
, .
S-S1S I o4 TR ety Sy l o|o|4| ©
Sl j/ L ' l’ 013¢| 4
(¢ Fr D
\
* When rock coring, enter rock brokeness. .
** Include monitor reading in 6 foot intervals @ borehole. Increass reading frequency if olevated reponse read. Drilling Area
Remarks: 5-1= 635060101 $-3= B61S6(010Y " S-d= 835660104,  Background erm):[p. o]
<- = - — _Zl ’ © v

Converted to Well: Yes " No v Well I.D. #:




ETetra Tech NUS, Inc. BOR'N G L 0 G Page ( of 1

PROJECT NAME: NSWC Crane BORING NUMBER: AGJSAGoa
PROJECT NUMBER: 0087 CTO 083 DATE: irf 1144
DRILLING COMPANY:: not applicabie GEOLOGIST: s.~4/L N
DRILLING METHOD: hand auger DRILLER: K SmpPson [ ntsc
MATERIAL DESCRIPTION PIDFID Reading (ppm)
Sampie| Depth | Blows/ | Sampie | Lithology U
INo.and| (Ft) | 6" or |Recovery|] Change Solt s
Typeor] or rRQD ! {DeptivFt.| Density/ c ° -1 ’o &
RGD [ Run [ (%) | sampie| ) |Consistenc _ Remarks - I
Ne. Length or y Colon Material Classification S Els % I
Screened or . ’ s |E 5 §
Intervai Rock ]
Hardness
v . ;
Y Locst B«’ SILT_TAN € Samd [ML| MowT swm goury
= | ] L 5.4lo ks3lo |
5-513 »h?:sot. fL:( TR OA MOTUN G ’ dglo gl ©
S-41 Y L L] ey t 2410 k2O
R Y / l \L it '5‘”‘&1&1" $omt \;::‘S__\y \ SO0 (28] O
v TAVFGASAN S l
5Ll 6 STIFE GagldLCLhy ot TRSwr KL YDnse  alp 1310
TO= ( T
L
3
* When rock coring, enter rock brokeness. .
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if slevated reponse read. Drilling Area
Remarks: S-1= 6‘:-2-5&60)‘2“ S-3-= B2 2 SQG1O 20 4 Background (ppm):
3" = £G5B beeq: S-C> AGuaSKGoaeS S e (52386006,

Converted to Well: Yes " No (v Well 1.D. #:




E Tetra Tech NUS, Inc.

BORING LOG

Page_ | of _1_

PROJECT NAME: NSWC Crane BORING NUMBER: & 1S$860 &
PROJECT NUMBER: DATE: 9144
DRILLING COMPANY: not applicable GEOLOGIST: s.ajz1L
DRILLING METHOD: hand auger DRILLER: K- SiprrSont [ S pt s
MATERIAL DESCRIPTION PID/FID Reacing (ppem)
Sampie{ Depth | Biows/ | Sample | Lithology [V)
No. ang) (Ft) §“or IR yl Chang Soll s
T:p‘;;r Ro( R:n s-l {DepttvFt| Density/ c . -] 1 &
N:ﬂ " La'::!: o)r y Color| Material Classification S Remarks E‘ —2 E I
Scresned|  of . @ |E |§ =
intervai Rock . ) [ ]
Hardness 63’)
. 0sC <
0 Lot IZ‘:’ FGl S dy SILT TL Cvay [, Do« 312?
S-1] / D .1l o1 o
2 ] |
& TR gxu & ]
5-312 Gty Sy Sowae st 50 21| o4 fo
N { :
41y | =a(el 2i1e]
. . T ol St X
5-81 & / Pt Samn T0 §«$\:‘A@un lblolt2)jo
bl b v ¥ | 4 N ixloflo
D e er.
L
* When rock coring, enter rock brokeness. »
** Include monitor reading in 6 foot intervals @ borehole. Increase reading fraquency if elevated reponse read. Drilling Area
Remarks: S~ ! = 85258610301 $-2 = £35860203 " Background (ppm):[O. O |
R GOo3cM G- . -t = B6ALA30700
Converted to Well: Yes No v Weil |.D. #:




@Tetra Tech NUS, Inc.

v

Well 1.D. #:

BORING LOG Page I of .
PROJECT NAME: NSWC Crane ‘BORING NUMBER: gg}sgeyvu
PROJECT NUMBER: 0087 CTO 083 DATE: w[1194
DRILLING COMPANY: not applicable GEOLOGIST: < . NIl
DRILLING METHOD: _hand auger DRILLER: K Simeson [S. rvfie
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sample] Depth | Biows / | Sample | Lithology V]
INo. and} [FL) 6" or jRecovery] Change 30“ s
Typeor] .or RQD ! {DepthvFL. cm;\c c . b~ ;‘ b
RQD ::n {%) f:'::: o)r ™| coton Matestal Cla s Remarks -% .2 2 g
Screened or - a § E
Interval Rock ” S
Hardness
0 Lasa Q( Oub-!‘t-‘] QILT Wu Mo '59“1 deons
S ! | Iy 4 [ollele]
A Ec - St gt Soh D(‘f’}
NCYS X\ e YiE-n=l @
S3 3 ot \ Sila’Smei:gL J/ ‘L 3&?\'- ote [O]C|© [
' T IGET -
B-u13. J N b L W & Tolelolo
2 Fx. oFtstr
i3 EV-te b
M= 3 & e H Ve
\
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: S-( = £62SRcdoi: S-3= be)N@oYo3 Background (ppm):
: ' ~d= DU oW,
Converted to Well: Yes No B




| E Tetra Téch NUS, Inc. BOR|NG LOG Page _i of _i_

PROJECT NAME: NSWC Crane BORING NUMBER: SEOS

PROJECT NUMBER: 008/ CT0 083 DATE: wilag

DRILLING COMPANY: not applicabie GEOLOGIST: S. Nt

DRILLING METHOD: hand auger DRILLER: K- Siprdo~ (S alre
MATERIAL DESCRIPTION PID/FID Reading (ppm)

Sampie| Depth { Blows/ | Sampie | Litholagy 1]
INo.and| (Ft) | 6" or |Recovery| Change Soll s
Typeor] or RQD ! {Depth/Ft c:-ﬂmw c . o 1, &
RQD R (%) Sampi ) nsistenc L3
Nll‘: Lar:u: or y Colon Material Classification S Remarks E‘ 'E_ % 5
Screened or . @ E E =
Interval Rock L &
Hardness
P —_ _
1% SEC K Su:t\') Cuw} CLIMOST T Reory,
-1 | ,\, \ \L 4, cloio|of
o [ e
X / STIRE | & ¢ [Te Gt sl Bce oy || Dy
- med , OL TinrT s @ R T~
$5-314 'émst _L oL Sand Somt ST focEte [SP | 0EF sev o v, | OO0 ok

Ktbuwsat @ 2¢6%-
. OEF AT R (S HX.
/ 0= 3 &0 Auser fos et Botiois,
cefusel Rocw Lress ‘
ok -2 A valecucd

et woeclure o ed ok

* When rock coring, enter rock brokeness.
** include monitor reading in € foot intervals @ borehole. Increass reading frequency if elevated reponse read. Drilling Area

Remarks: - | = 6)58Gtes o L So3 = 865 EcnoD3 Background (ppm):[0- O |

Converted to Well: Yes " No v Well I.D. #:




n‘ Tetra Tech NUS, Inc. BORING LOG Page _ of _-

PROJECT NAME: NSWC Crane BORING NUMBER: 4&»358 A0/

PROJECT NUMBER: 0087 CTO 083 DATE: EEE)

DRILLING COMPANY: not applicable GEOLOGIST: s. Ag/e

DRILLING METHOD: hand auger DRILLER: K- Simmpsos [ K. t{frva
MATERIAL DESCRIPTION PIDIFID Reading (ppm)

Dapth | Blows/ | Sampis | Lithology
INc.andl (FL) | 6 or [Recovery] Change Solt
Typeor] or Rap ! (DeptiuFt| Density/

]
s
RQD [ Run | (%) | Sampie | ) |Consistenc ' ¢ Remarks 2 E .‘ 5
No. Length | or y |Colond Material Classification s Els E 5
Screened|  or . s |E 3 §
interval Rock 3
Hardness
o e [Br | St i sendt MY pedy ‘
-] o 3y Qoo Maes DelO||0)
— A ‘
. KLFAAL ~ OFF
S-3| 3 N N - Ul Lars e L1le ol

D= 3 e
e @ dex. o
3 DIEFEaACNT Romnéy

* When rock coring, enter rock brokeness.
** Include momtormdm in 6 foot intervais @ borehole. increase reading fraquency if elevated reponse read. Drilling Area
Remarks: S- | = D01, S-33 AG3shAoi0D, Background (ppm):[0- 3 |

-

Converted to Well:  Yes " No v Well L.D. #




E Tetra Tech NUS, inc. BOR'NG LOG Page _i_of I

PROJECT NAME:  NSWC Crane BORING NUMBER: B(13 SHA O
PROJECT NUMBER: 0087 CTO 083 ~ DATE: - NN
DRILLING COMPANY: not applicable GEOLOGIST: ~ ¢ N tiC
DRILLING METHOD: - hand auger DRILLER: K Siwmpson [ 1 (Hrin
MATERIAL DESCRIPTION : ' PIO/FID Reading (ppem)
ple] Depth | Blows/ | Sample | Lithology 1] )
INe. and] (Ft) 6" or |Recovery] Change Sol s
Tyeor or | RGD | ! |(DeptnFr( Denshy c o . o |81V IL]
] e e [TV o] mswmcisnnion | s | Remarks 13133
Scresned or’ . o | E 2 =
interval Rock -] a8
Hamnu;
v I i %"w"-;‘v"‘ v-—“t« st
— 10 Loose (80 | Silk Lrice senm et My ok
51 1 L olololo |
EX3 A
- ')s E( v Fi(‘ Samcd masile - UL"!
S-3| % L Roke s . ‘ ol0jo |0
S- d . ‘3’: 2 J .L eccs s oo oo | o
SSlgs |~ ~ VB Seocb ol o | D
Retusae -TO= 4.SEE
v
* When rock coring, enter rock brokeness.
** Inciude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: S~ = R@3sbac r ot $-3- RG3s8AC IO Background (ppm):
) CS-NxT Ao D -g = 205
onl & GS'DFtﬂ‘-

Converted to Well: Yes " No Well 1.D. #:




Tt‘ Tetra Tech NUS, Inc. BORING LOG ' Page _1 of _,

PROJECT NAME:  NSWC Crane BORING NUMBER: .27 55+ 4

PROJECT NUMBER: (0087 CTO 083 DATE: P14 14

DRILLING COMPANY: not applicable GEOLOGIST: ¢, witL

DRILLING METHOD: hand auger DRILLER: U Simesen | K. romn
MATERIAL DESCRIPTION PIDIFID Reacing (pom)

Depth | Blows/ | Sampie | Lithology

p U
INo.and] tFt) | 6 or [Racovery Change Soit s
Typeor] or | RaD ! |{Deptivrt| Density! 2l &
ROD | Run | (%) | Sampie ) |consistenc ¢ Remarks 213
Neo. Length or Y Color| Material Classification S . E|S % 5
Screened| of . | E 3 3
Interval Rock A
Hardness
"~ . c& N < N —
& Loes§ |B 1S/ b w/ fvies forsenedML]| Mois7
[ 4 o

S-1 | L L _ J L1 | olplelol
et B R D e

’(Pl) o A ’-:r- 1”354 ﬂ#;‘(x_;g R Mﬂt/’(ﬁ
TW;c;‘ .

N

* When rock coring, enter rock brokeness,
** Include monitor reading in 6 foot intervais @ borehole. increase reading fraquency if elevated reponse read. Drilling Area

Remarks:_S-t = Ral<aacy . Background (ppm):

1 Ona Ve TAKE. Nut 2¢ - MDD TwiCl BRul Zancown TID
M o TW2 TwWo AGD As .
Converted to Well:- Yes * No Well 1.D. #: '




m Tetra Tech NUS, Inc. BORING LOG Page _( of _!

PROJECT NAME:  NSWC Crane BORING NUMBER: /3SR A O
PROJECT NUMBER: 0087 CTO 083 DATE: - Wlulqa
DRILLING COMPANY: not applicable GEOLOGIST: <. M4iL [
DRILLING METHOD: _hand auger DRILLER: K Simpsont [ & S NTIC
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Sampie| Depth { Biows/ | Sampis | Lithology U
No.and| (Ft) | 6" eor |Recovery| Change 30“ s
s | o | | semee [ |comaene c AHHL
Ne. " Length or Y Color} Mzterial Classification S Remarks -E' % g F
Screensd|  or . s E E =
Interval Rock " 5
Haraness
. A
0 : \J>x B/ Stk S cm\(v-(.q :‘..‘ﬂ«\\__ Mot :
3
S| | | L olofi|o]f
N ) L‘\—
- / \\l &r \ . D-"“’,l
5% 7) Loch t FOL Sambdu Sip ey Canf || oloj0C|D
} .
-4 |y 4 | Fal Sy esgir k| Mot cloliilo
-5 |56 E&Z Eol v K J( | Qjo el e
- ' N
K- b |5 J/ \L \L 1 000l
AD-S.s Br. Wit RESuMgiptoE
UL ML S SAmALLs.
8
. * When rock coring, snter rock brokeness.
** Inciude monitor reading in 6 foot intervals @ borehole. Increese reading frequency if elevated reponse read. Drilling Area
Remarks: S-4 = Bx3S8Acwy S-): Re2s6A0d03 . S-4 = RSk Avdod: Background (pprn):

25 LE3SRAOCT . Qo BLIARONOL:
Converted to Well: Yes " No v Well 1.D. #:

-




E Tetra Tech NUS, inc. BORING LOG Page _/_ of_l_

PROJECT NAME: NSWC Crane BORING NUMBER: £¢358,15¢
PROJECT NUMBER: 0087 CTO 083 - DATE: 11w 1456
DRILLING COMPANY: not applicable GEOLOGIST: S. i '
DRILLING METHOD: hand auger DRILLER: K. Simese~[ 5. mtrc

MATERIAL DESCRIPTION PILVFID Reading (ppm)
Sample| Dapth | Blows/ | Sampie | Lithology V)
INo. and| (Ft) 6" or jRecovery] Change 30“ s
Typeor| or RQD / [DapitvFt c::nm c . 1] 3 &

reP ::'.‘ ® t::':: o)r y Colorn Material Classification S Remarks E’ -2_ % %
Scresned or - '.' § 2 g
Interval Rock ]
Hardness
7 .
O Lwos™ 1R¢ | EGl Samidg ST MU DLy,  Some goors
14
g"’l { \ ] J/ O 0 -1 0
X J
b 5 Eol SAwdv ¢ o1 T Clan ib | ol¥4|o
1 . ! I ;
5-41 4 Siar Th Gy T c‘:ga.sML\y J{A L1l OpA |©
- - B s _Ta“‘-f.

i) / FOL SANN 9o SiL 7™ M Uity Ripstaw | * |% % |%
- - Mg Roe i
S|, Wwost |\ | Bl qand e guer T [P s

™ =S5 . Wt Riduwsae - Aw
. }
Staapisy T ean (Y
\

* When rock coring, enter rock brokeness.

** Include monitor reading in 6 foot intervais @ borehols. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: $-\ = B&3ysgaoso: © $-3 = @e3sganses: ‘s~q:&’>,gs,xeqw; Background (ppm):

' 5-< - geSy S-(= A i
W [} NG

Converted to Well: Yes " No - ‘Well 1LD. #:




¢

Ell etra Tech NUS, Inc.

BORING LOG

Page _/ of _/

PROJECT NAME: NSWC Crane BORING NUMBER: 5&- ASA Mo/
PROJECT NUMBER: DATE: /1 /s 146
DRILLING COMPANY: not appiicable GEOLOGIST: S.~igit
DRILLING METHOD: hand auger DRILLER: K Stmio ) 1. imr
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Sampief Dapth | Blows/ | Sampie | Lithoiogy U
No.and| (Ft) | 6" or |R y| Change Soll s
Typeor{ or R::o [ [DepthvFt. CMWI c . - go h
R ::" w t:::: c)r Y Color Material Classification S Remarks E' '2. % S
Screened or . alE g =
Interval Rock -4 E
Haraness
%
o Lot B Claven, ilk | Loct st Drg olo to
" " A § 7
S~ \ ( 0
2 ) 1 |
S-3| 5 o [N [T oty e et - ol st 2 Leeb. |O]O]D]O

Bice g Clonm i’
7 7

&A\S‘/ af 4 . —

o st frce |

D =37

* When rock coring, enter rock brokeness.
** Inciude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: S-t = A63sgmor oi

S-3 = Se3spamoiol .

on(3 2 s:m..eu.s £olcn ptue to cefuyel @ 3 Frse7.

Drilling Area

Background (ppm):[ .o |

Converted to Well:

Yes

No

—_ —___ WelllD.#




Elletra Tech NUS, Inc. BORING LOG Page | OfJ._

PROJECT NAME:  NSWC Crane BORING NUMBER: (5(:’7 25MO-
PROJECT NUMBER: 0087 CTO 083 DATE: nlriah
DRILLING COMPANY: not applicable GEOLOGIST: S. raL
DRILLING METHOD: hand auger DRILLER: e Sympson [fe. i
MATERIAL DESCRIPTION PIDIFID Reading (ppm) -
Sampie] Dapth | Blows/ | Sample | Lithoiogy V] : .
Ine. andl (Ft) | & or |Recovery| Change Soll s
Typeor| or | RQD ! |(Deptrt| Densityl s o 181y h
RAD | Run | (%) | Sampte )~ |Consistenc ) Remarks als
Ne. Length or Y Color] Material Classification S Els g 5
Screenad)  or . a 5 2 z
Interval Reck
Hardness
7 , A N A
0 Loosd e(‘ C\G‘\Cq S t§ Iy Mo-sé- Heecy
4 J 4 ] .
< Dy
SIE. v 4/ 149 vb 40
S__q L& . wll c‘ﬁ#.t g‘( “5 ﬂl\a.sn\w'\ V. Doy l4 oo
My ! .
ss|Ss |~ & 4 v | 1] 0 |uslp
Med , .
0616 rrsss B | Blociey clow ek weols. |CL 04 3i{ol590.
7 J M ~
énd. TN =6 Fr.
L
* When rock coring, enter rock brokeness.
** Include monitor reading in & foot intervals @ borehole. Increase reading fraquency if elevated reponse read. : Dn'lling Area
Remarks 2901 - SAmoro3: Background (ppm):[e. o ]

Q-f
Converted to Well: Yes " No v Well 1.D. #




@'Vetra Tech NUS, inc. BORING LOG Page i of |

PROJECT NAME: NSWC Crane BORING NUMBER: £53S8MO 3
PROJECT NUMBER: 008/ CTO 083 DATE: 144
DRILLING COMPANY: not applicable GEOLOGIST: <.A4iu
DRILLING METHOD: hand auger DRILLER: U Simmessn [ 1 ton s
MATERIAL DESCRIPTION PIDVFID Reading (ppm)
pie| Depth | Biows/ | Sampis | Lithoiogy U :
INo.and] (Ft) | 6" or |Recovery| Change Soll s
T:p!;;r Ror R:D s-/ (DepttvFt.| Density/ c . ] 1 &
No | | leam| o | ¥ |coo]  Waterial Ciassitcation s Remarks 121212 |%
Screened or . -4 =
interval Rock . 5 2 5
Haruness
v
0 [ 20s% IM':l SILT - sonet ity Mw%ﬁy-m-ur 123 olei|o
-1 " L VAN 4
-3 3 Lty Sur My | iy ol o
$-d| 4 oA STA 1/ \L 731 0
ssls |7 i Vb e Nod hsd o710
S5bl b Or SomeSenmd | b/ »L S |0Bsqdo
10 = L P
\
* When rock coring, enter rock brokeness.
* inciude monitor reading in 6 foot intervals @ borshole. increase reading frequency if elevated reponse read. Drilling Area
Remarks: -1 = Aa358MO30L" S-3 = A6r3S6mMo3 03 | Background (ppm):[D O]
S S-U = £gRY0Mo3oN" S-C: LGARMOERAOCS T S-C = Ae354moNO6.

Converted to Well: __ Yes ~ No Well 1D, #

————
3




@Tetra Tech NUS, Inc. BORING LOG Page _| of i

PROJECT NAME:  NSWC Crane BORING NUMBER: 86352 caou
PROJECT NUMBER: 0087 CTO 083 DATE: nizlah
DRILLING COMPANY: not applicable GEOLOGIST: 4. m~tiL
DRILLING METHOD: hand auger DRILLER: K- Simpssa | K- Hewn
MATERIAL DESCRIPTION PIVFID Resding (ppm)
pief Depth | Blows/ | Sample | Lithoiogy [¥]
No.and| (Ft) | 6"or |R y] Change Soll s
T:p;:r Ror R(::: s:l (Oepir CMMM c 2 & ) h
No. Lc'::: e)r y Color Material Classification s Rel'n.al'ks E‘ % E 5
Screaned of . - E E =
Interval Rock ® a8
Hardness .
~ | v
0 Lecst 1B <ile w(‘(':rcL &5 7 sewmen [MLL Mpivt
] | L { 4 ololelo|
™ i
A / \L ec \\, /| Mot - dry
i 4/ Trce samd . g")’ o4
5'6 % “S::SQ ;% Q%la Ku} (_‘(L.; '5&»»25??‘& Q’ ?\(fﬁ:f 121‘* e C Cle |O
$-4 | d Ny L".-"i.( _ } ! 1oy 11181 e
ssl<s |~ Loest v%r‘s::ﬁl;;:&?\ P pe- Y loldoo
G-l & N N N J/ Dy oSt o
7
TD= T
4
* When rock coring, enter rock brokeness.
** include monitor reading in 6 footintervals @ borehcle, Increase reading frequency if slevated reponse read. Drilling Area
Remarks: $-1= gs2cgmotor, §-3° £o3sgmoy 03 $-4 pusbmodod Background (ppm):[¢_ < |

S-5 = 3G BModeS: Sl PeiSimod ot ,

Converted to Well: Yes © No v Well 1.D. #




Clt Tetra Tech NUS, Inc, BORING LOG page | of n

PROJECT NAME: NSWC Crane BORING NUMBER: @67,9& MoC
PROJECT NUMBER: 0087 CTO 083 DATE: 113146
DRILLING COMPANY: not applicable GEOLOGIST: <. N1iL
DRILLING METHOD: hand auger DRILLER: [C. Scmpssm /8, NE/C
MATERIAL DESCRIPTION PID/FID Resding (ppm)
. Depth | Blows/ | Sampile | Lithology U
[No.and| (Ft) | 6"or |Recovery| Change Soll s
T:pucuort Ror Rap s./ . (DeptivFt| Density/ P RN &
N:n “ Lo:':ﬂ: o)r y Coior} Material Classification S Remarks E‘ -E % 5
Screened or - ;- E E =
Interval Rock 0 8
Hardness :
o L;/o‘)‘( B | Cloen sille ﬁﬁm\r * Ruet Mar
¥ -
bk l .L . olog)
LES
A i/ Trte Simer Doy - Lighber cofor /gg
" > . X [ T T
S-3 | 3 Qm RBlocty da.‘ Trce&(.L CL| Sy l olo 310
4l 4 Lbes R( St sammlerrC\M SM| J/ E 0 q‘z._Q.
o LK ERAGA.T e ~Aoddg »
S-S S / ' e h\r Senct ‘trm nik 5P I)n? L derees ooler 11 1D 1IB| O
6-b ] \LOL L or SQLV\ l/ Df"’) — MONT VIO “')- 0
™= 6 1
\
* When rock coring, enter rock brokeness.
** include monitor reading i 6 foot intervais @ borehole. Increass reading frequency if elevated reponse read. Drilling Area
Remarks: S-1= 256MoDL S3= 66'336:“03'05 S-4= Sedsmmo oy | Background (ppm):[c_ o~ |
CS-S5= -~

Converted to Weil: Yes ) No vz Well |.D. #:




@Tetra Tech &us, Inc. BORING LOG Page [ of __/_

PROJECT NAME:  NSWC Crane BORING NUMBER: 26358ma @
PROJECT NUMBER: 008/ CTO 083 - DATE: YL
DRILLING COMPANY: not applicabie GEOLOGIST: S. A
DRILLING METHOD: hand auger DRILLER: £ Simeoson [ & rHirn
MATERIAL DESCRIPTION PIO/FID Reading (ppe)
pie| Depth | Blows/ | Sampie | Lithoiogy u .
INo. and| (FL) s or |R y] Change Soit s
Typeor] or RQD [ (DeptivFt| Density/ b c . o gu 5
RaD | Run | (%) | sampie )  |consistanc , Remarks aly %
No. Length or y Colorr Material CWon ? 5 E 5 g
T:::‘: R:ck b 3 8 3
Hardness
a Lo Dg‘: QfGanic 5, s o Mo b
K-t ! { N R v \Y, S| o '-P)“O
) Yo lBelSile wjta sbein AW Dy
s-3 3 MO [ | Cloy wi fimensite AL l lolz4lo
7 T
SY|3s oo |V | 57 1by sand M o Bngg  1M10[9]0
’ -
e Lebuse] b
3.S feet -
3 dl‘ F(C/fvt 2
[ocetionm
Aegeced.
I d
* When rock coring, enter rock brokeness.
** include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks : ‘ Background (ppm):[0 . O]
fae Leu fo rebarel @ 3 5 Frr

Converted to Well.  Yes ~ No N Well 1.D. #:



RlYetra Tech NUS, Inc. BORING LOG Page I of i

PROJECT NAME:  NSWC Crane BORING NUMBER: b(1254M¢7]
PROJECT NUMBER: 0087 CTO 083 DATE: N
DRILLING COMPANY: not applicable GEOLOGIST: <. daw
DRILLING METHOD: hand auger DRILLER: V. Simpse~t | S.rmfrl
MATERIAL DESCRIPTION PID/FID Reading (ppem)
piej Depth | Blows/ | Sampie | Lithology U i
No.and| (FE) | 6 or |Recovery] Change Soll s '
Typeor] or | RGD I |(Deptivre cm ¢ g1 &
Run m) onsistenc - -l
e Ne. (%) t:n::h. o y  [Coloq Material Classification s Remarks gl2 E 5
Scresned of - 5 g 2 .E..
Interval Rock n
Hardness
. acl- ' L@
0 ' Loost lirpe] Dug-Soms cLan i Dy, Por it
S| ﬁy \ 4 olololp|
A / ' i TLVELLpn) AV
5-3 | 2 | 'tf : \ ololo |o
Sd | o y N L V O |0jo |D
]| e FGASN
S5 S / Y @luv,qcuusa.u;r;:rt DCL Jdlolo lo
] l LI
Sl d % ¥ N olploo
ID = & €.
L
* When rock coring, enter rock brokeness.
* Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if eievated reponse read. Drilling Area
Remarks: 3-1= BG356MOT0L, $-3= A635AMET03, S-4= Aaashmoted;  Background (ppm):[0 o]
"S5 = Q6336eMennC) C-(a= SGISRMOTO0 .

Converted to Well: __ Yes — No Well 1D, #




E‘ Tetra Tech NUS, Inc. BORING LOG Page _! of _i

PROJECT NAME:  NSWC Crane BORING NUMBER: &;’.55.5 W%
PROJECT NUMBER: 0087 CT0 083 DATE: 2144
DRILLING COMPANY: not applicable GEOLOGIST. <, diw
DRILLING METHOD: - hand auger DRILLER: K ymrson [ i, Afmn
MATERIAL DESCRIPTION PIDIFID Reading (ppm)
lsample‘ Depth ;| Blows/ | Sampie | Lithology U . ]
No. and{ (Ft) 6" or |Recovery| Change Soll s
Typeor] or RQD 1 (DeptivFt| Density/ ¢ . 3 X &
RGP | Run (%) | sample ) Consistenc ) . Remarks 2ls
Ne. Length | or y |Colod Material Classification s Eld % F:
s.c"::vn:'d Rock ” 3 2 5
. Haroneas
\/ - 3 - < —
O woeb§ %( Vi Shmada $i e wof MU MOINT
7 J
s’l { &/ l Erace cliy o gpswe| ‘k L\L 01010 |o
. 'y 7 v PLE e
9‘ / LooNe B¢ St’é“] Fq‘/ Sauc*‘k Sﬂ\ ‘&*S-J M t;’r.
-~ ’ J 73 <. f
S-dAS W dad ‘L 1‘3?." Stind :é;w:s/7z : Du;y 4 0l13| O
»=as . P
/ Rebuse] afte modin
ovibo awnobho- 1o
4
* When rock coring, enter rock brokeness.
** Include monitor reading in & foot intervals @ borehole. | reading frequency if elevated reponse read. Drilling Area
Remarks: - = 6258 Mo%01 © | 2, Background (ppm):[0. O |

Converted to Well: Yes " No v Well I.D. #:




ETetra Tech NUS, Inc. ‘ BORING LOG Page i of I _

PROJECT NAME: NSWC Crane BORING NUMBER: Blo’ﬁé‘“ o4
PROJECT NUMBER: 0087 CTO 083 DATE: v\ 3164
DRILLING COMPANY: not applicable GEOLOGIST: <. maiL
DRILLING METHOD: hand auger DRILLER: K- Simpson [ S o
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sample| Depth | Biows/ | Sampie | Lithology u
INo.andl (Ft) | & or |R y] Change Soll s
T:pq-;n Ror m:n s:l {DepthyFt| Density/ c «|81% &
un % Consistenc
No. w Ln’::: o)r y Color] Material Classification S Remarks E‘ -2_ E i
Scresned|  or . @alE E =
interval Rock a 5
Hardness
- v - . AL R
o Leo> 6( S\\{,u( S0vee C\ﬂ\{f\l%{%ﬂ‘k Woun ke )
S=V | L \ Mok 01010 ol
NN {poss Clowes S\k 4 wlgesemsr Motk
£-3| 3 | v { I Oolel-3lo
- y 2o T
anl ~ o o BN Doy ololelo
@% S / Ze@-s:.( ot & FAr. mMotia é:mlué Locarron

USSR E = L0 AT~ fstushe 8 3 AT
Tz o . - 2 sabdes TrTA _

* When rock coring, enter rock brokeness.

** include monitor reading in 6 foot intervals- @ 5o reading frequency j ed reponse read. Drilling Area

Remarks: $-1= &=3S8MO%0(, - X= BEaShmoacy <- 4= @63awasy  Background (ppm):[d-o |
: Drly 3 Semples e feg Lo o re-ﬁ:g[?.&edmck-.

Converted to Well: Yes " No v Well 1.D. #:




ﬁ' Tetra Tech NUS, Inc. BORING LOG | Page _{ of _/

PROJECT NAME: NSWC Crane BORING NUMBER: R&358m /0
PROJECT NUMBER: 0087 CTO 083 DATE: e /Y /94
DRILLING COMPANY: not applicable GEOLOGIST: S. ~NF/L
DRILLING METHOD: hand auger . DRILLER: € Stmpsed [S pErC
MATERIAL DESCRIPTION PID/FID Reading (ppm)

Depth | Blows/ | Sampie | Lithology : U
No.and| (Ft) | € or |R y| Chang Soll s
Typeor] or RQD ! {Deptivrt| Density/ c - o &
RaD | Run | (%) | sample )  [Consistenc Remarks als

No. Length or y Color Material Classification S ) g '% g ;

Seoel oes ‘ “1318|5
Hardness
(] S |8 Sitry Cupy CLiMoisr: 7R £eo7s
e v . s “ A .

S-t| i ] TA Fted 500D | y d |olsw| o

2 \ 1)
c-3 |3 U Df'fér 1lol5kl o
55 FEESL_”- < S L T c.»u--ccﬂtf&
5-d 14 tenst [\ |Sierd peih sobgustl ¥ SSer wess L7l olS6| o
- = / - | &!: sar A«Fw.o.-c:szr MINE = (0F emT

< FRAGL FE piODS, —

<ld.s WSt | BC | Sier Somt Feuk Samess ML Der t+le |X1le

D= U4sFr. oFEFsir [Twice AT T
Boude wEtwt o U | it tERuA @

Y Fr_on Qs ofsser] anp €A @

U.S ET. on SECOD OKFRET.  7oo ALY

S~1 953 ¥+ 5-4 ot pF AT Soane
VO 5~ puT ofF THE THI20 A UumnG.

* When rock coring, enter rock brokeness.
** Include monitor reading in & foot intervals @ borehole. increase reading frequency if elévated reponse read. Drilling Area
Remarks: $- = &3&6:\4:0 o, S-3- be-ssem (003 Background (ppm):

Converted to Well: Yes ~ No Well I.D. #




SUPPLEMENTAL FIELD EVENT



@Tetra Tech NUS, Inc. BORING LOG Page _‘ of |

PROJECTNAME:  NSWC Crane BORING NUMBER: B G—1SBAXLS
. PROJECT NUMBER: 0087 CTO 083 DATE: D« 7 -00 ]
- RILLING COMPANY: not applicable GEOLOGIST: |, SIPSON / K, MARIETTS
DRILLING METHOD: hand auger DRILLER: N A :
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sampief Depth | Blows/ | Sample | Lithology o 1 u
No. (Ft.) 6" or {Recovery| Change [ . Seil: s )
Tar:sdor R‘::n H(".j’;) San/1 le (D'ep;m:t 051:!:?::13 c ' a '; f? tN
’é':m No. Lengpth or y Colar Materlal Clagsification. S Remgrks ‘E" %_ % '§
Screened or. ‘ : * fz 5 g g
interval ’H::::; @ T‘IM é-
D S lgid ¢ LAY some ST et |noer poors | 111 | 9990
’ | ' ‘ ( , TV AMST WONOK
3}
S22 / v v 1 ! uggyx.gél'
si3 q SWTY LAY § SR TN
. 4 ’ us 40
Si4 | f caN\ZJTT(, NG e
: T O g >
ds |~ NV VIV
2 = ¢’
wATE) & 4
4 sAnPES aWEGED
i senT 17 A 10203
P s NOT™ WORKNG
K= Nt 10 AR 0203°
A\SO FROMN THIS SB  |An ves.
R MS/MSD 4
CONTAINEY ol 0P| RGFDICOZ0O]
. * When rock coring, enter rock brokeness.
‘ Include monitor reading in 6 foot intervals @ borehole. increase reading frequency if elevated reponse read. Drilling Area
" Remarks: NOUTH 4SS 87L Background (ppm):[——]

EAST — S51:53%H
GConverted to Well:  Yes No .— Well 1.D. #;




@Tetra Tech NUS, Inc.

PROJECT NAME:

NSWC Crane

BORING LOG

Page | of I _

BORING NUMBER: B¢ SR A 28

PROJECT NUMBER: 0087 CTO 083 DATE: D« & - 00 ) .
DRILLING COMPANY: not applicable GEOLOGIST: _ {4, SIeAPSON /' K, MAZIETTS
DRILLING METHOD: hand auger DRILLER:, NA
r MATERIAL DESCRIPTION PIDIFID Resding (ppm)
Sample] Depth | Biows/ | Sample | Lithology I E e L : U B
No. | () 6" or |Recovery| Change ’.v”Soil o e s o :
and | or RQD ! (DepthvFt. | -Density/ 1 o : , c o | 8 b r:u
Yypeor] Run (%) Sample ) Conalstenc| 10 e 5 ! - Remarks i § glw
Rap | Ne. Length | o |}y jColod Materiat Classification S E = g 3
Screened ar.-. ! : q * s VELBIE
ntervel § B A ' : SEAE-N -
iervel -Ha?::‘:s ‘ e 1 TINE
; i - : -G
[% ST IRN| SILTY i AY el o peors | - (S5
) 7 i TRG&AAYE AUST
| ‘l/ 17\’{ : ' SAN i N\ozf\—u Né
p N TN o
Sif 2 / Naldd \ G_g > 4 }
ENE 14 L2 O e o35
S
. P L . f
© D= 4. RE AUSAL
2 ATTEMPTS
’ - PR 4
H,-senT 10 \AB 0 304
PID 1S NoT  wiRRING
* When rock coring, enter rock brokeness.
** Inciude monitor reading in 6 foot intervais @ borehole. Increase reading frequency if elevated reponse read. Dr illing Area

Remarks:  NOTH

45

qez

EAST AL5077

Background (ppm):

Converted to Well:

Yes

No

i

Well 1.D. #:




@Tetra Tech NUS, Inc. BORING LOG | Page ot 1

PROJECT NAME: NSWC Crane BORING NUMBER: B | SB AY
PROJECT NUMBER: 0087 CTO 083 DATE: 0.7 - 00
DRILLING COMPANY: ot applicable ‘GEOLOGIST: ~ . SIrdPSON 7 K. MRRIETTS
DRILLING METHOD: hand auger DRILLER: N A ! _
, PID/FID Reading (ppm)

MATERIAL DESCRIPTION

Sampie} Depth | Biows/ | Semple | Lithology 1u
No. {Ft.) 6" or [Recovery|] Change | - Soil s
and or RQD / (DeptivFt.} - Density/ - | c o g :ﬁ ’{‘
Type o] Run (%) Sample ) Consl = f =
RQD | Ne. Length or y Color Material Classification $ Remarks £ % -§ ‘§
Screened or * & Ev 5= N
intervai Roci LR E=R -
Hardness. | ) TIM C
' 2305
—— ) [
O SOFT BNl sicry ciAY TR . Mo ST RooTS| —
| U [ [ AN STaNE ARG {330
217
é}

7D =2 perdsp

SATTEMPTS |10 12

My ety <AND| STOUNE @ou\-:>62§/ CoRALEY
e ol ISURFA CE

™

PID /1S NOT~ wAgYlIKING

* When rock coring, enter rock brokeness.
"™ Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area

Remarks: NOd3H+ 4—6?90{)_ Background (ppm):
EAST  369405F

Converted to Well:  Yes No .— Well I.D. #:




@’!etra Téch NUS, Inc. BORING LOG Page A oof 1

PROJECTNAME:  NSWC Crane BORING NUMBER: P 6—/ SF, A3§
PROJECT NUMBER: 0087 CTO 083 DATE: jO -
DRILLING COMPANY:: not applicable GEOLOGIST: ., 5!N\PSON/ K. MI\IQ")GJ T 5
DRILLING METHOD: - hand auger DRILLER: N A
| MATERIAL DESCRIPTION PIDFID Reading (Fpm)
Sample} Depth | Biows/ | Sampie | Lithology : T : 1] : )
No. (Ft.) 6“or |Recovery] Change | “Sait | 1s . p
and | or RQD / (DepthvFt.|- Bensity/ | ‘ c o =] L ,{,
Yypeo] Run | (%) | Sample] ) Consistens | 1 s A Remarks a2iglsle
RQD | No. Length or . Golo Matertal Classification s E ‘E' -g? g
Screened . ar. 1 ] ‘» » » : * L B 2 E .
Interval H:::; S | : . : mf N T'M fr
» A1 ) EN » aal a " FaY - ) ) —- '_ﬁ C%QO
0 oFt B |siT some ey Mo ST RuTS ’
| T TTUF AN ﬁf\(;ﬁ&%{;{{ 5> SAND STEN©
217 [
9 A ' 4 ¥
3
s|
. .
2
- - P ; C,
TP 2.5 pepd SA
4 ATTEMPT]S
Pid 15 NoT— eIV
* When rock coring, enter rock brokeness. E
.** Include monitor reading in 6 foot intervals @ borehole. Increase reading requency if elevated reponse read. Drilling Area
Remarks: NOUT+H 64 _j_.‘?é ' Background (ppm):z]

EA‘S_F— g /9/'70 I
Converted to Well: ~ Yes No .— Well 1.D. #:

P ———




@Tetra Tech NUS, Inc. BORING LOG Page _‘ of |

PROJECTNAME:  NSWC Crane BORING NUMBER: B G—1 SB P
PROJECT NUMBER: 0087 CTO 083 DATE: O« $ -
DRILLING COMPANY: not applicable GEOLOGIST: — .. 5lmPson</ K. MARSGETTS
DRILLING METHOD: hand auger DRILLER: N A
MATER'AL DESCRI PTION PID/FID Reading (ppm)
fSemple] Depth | Blows/ | Sampie | Lithology i j 1u !
No. {Ft.) 6" or |[Recoveryl Change Soil: s
Tand Ror n(g)n . /l (ogp;h/ﬂ. cmm : ‘ c o g 3 -':Q
\g:nn No. Len;h or ‘y ""Cblon Material Classification S Remarks ’E‘ % % :;
Screened or ] * a g g :;
interval :iHaI?:::“ 711 | T’ ]\A e—
D SOFT sl cLAN TR SIUT feid narsT R 094S
7’ } ~ poy
: \bD Terread |0]o] o]0
Mt
2 / SNET PR\L =
2 \ \ W, ;Ltéi‘ru &
4 B { T lofol o0
s TV Y ¥ VLR
2 TR RUsT™ cpiy
. C o S
T0=¢' NoOWERe AT

* When rock coring, enter rock brokeness, .
" Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area

- Remarks: N(MM ?7;2 S0 Background (ppm):
ST 54 4 4

Converted to Well: Yes No 7 Well 1.D. #;

KIRAW



mlletraTech NUS, Inc. BORING LOG Page__!_of__‘_

PROJECTNAME:  NSWC Crane BORING NUMBER: BRG] SR P |3
PROJECT NUMBER: 0087 CTO 083 DATE: D« (- 00 )
DRILLING COMPANY: ot applicable GEOLOGIST: _ (. SIMPSON / K, MARSETTS
DRILLING METHOD: hand auger DRILLER: NA
MATERIAL DESCRIPTION PID/FID Reading (pp)
Sample] Depth | Blows/ | Sample | Lithology ] B L o ) - » (V] ) : ;
No. | (FL) 6 or |Recovery| Change | " Sail s 1l
snd | or | RQD 7 |eptvrt ] Dansity/ ; c RN 3
[¥ype o] Run (%) Sample ) ‘Canalsténc , . : Remarks A 5 5 jw
rRao | No. Length or y Coloi] ~  WMaterial Classification ] E 5 -g 5
creen or ] o : B w1518 1E
slnterv:Id “Rock : o|=]a i n kO
Hardness - S : : TiN e
2] soe | ccaYs S Ml mors— perd olololo] 1010
! ~ [l 1 | 0 pusT dofol\
v ' NODUr €Y
2 ) ] ‘-’—LlL’A\K‘/ SV TR SANISTENT] FIRANS.
/ A AYEY =it 41 (0945
3
S
2
f
D= 2.3
Lerush L _
3 ATTEMPTS I £
P - = i ! +*
[ ATTEMPT T8 1.5 =
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area ]
Remarks:  NOH 472 643 Background (ppm):

EAST— StA4- 18
GConverted to Well.  Yes No .— Well I.D. #:

P R R—




E'Ietra Tech NUS, inc. BORING LOG Page _'_ of {

R NTE
PROJECTNAME:  NSWC Crane BoRING NuMBeR: R~ 4R
PROJECT NUMBER: 0087 CTO 083 DATE: 0. & - 00
DRILLING COMPANY: ot applicable GEOLOGIST: __ {1 SIrPS0N / K, MARIETTS
DRILLING METHOD: hand auger DRILLER: N A
MATERIAL DESCRIPTION PID/FID Reading (ppm)
|Ssmple} Depth | Blows/ | Sample | Lithoiogy| i ) O B 1 | i I
No. (Ft.) 6" or |Recovery] Chenge |~ Sait “} pee ) s
Tand Ror R(::l)) s /P| (D?p;h’ﬁ. Epﬂ!i{ﬁifyl” - ‘ c o g % [{4
LPI:D Ne. tength | o |y Colod Materlat Classification s Remarks g %-_ 2 ‘§
Screened}. .ef ‘ S * : g g g g
nterval }: Roel A ; TR : . ] : -
" | erirns . - TIME

| 20
seT IR st some cldy Kb | wos AT 0 o1

Fa) ol a0
| J Wl L 7Y 37, 0935
217
3
4—-
S |
2 T 14

REFueh

C ATTEMNTD

ORY sTrleam REND R (T FHWM

WCATION, sTI¥ANN /368

UTTERED wn1H phlens

Bed Rock. cuT WP cwse To
(WCATION |

NocK o DEls oN FuURFA CE

/
IN_ANEA
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervais @ borehole. Increase ieading frequency if elevated reponse read. Dr illing Area
] igond
Remarks: NOU&TH 447783 Background (ppm):[:():j

EAST— 500065
Converted to Well:  Yes No o— Well 1.D. #:

v————




@Tetra Tech NUS, Inc. BOR'NG LOG Page _, of 1

PROJECTNAME:  NSWC Crane BORING NUMBER: B G- SB P 22
PROJECT NUMBER: 0087 CTO 083 DATE: 0% -
DRILLING COMPANY: not applicable GEOLOGIST: |/, 5|MPSON/ IL_MARYETTS
DRILLING METHOD: hand auger . DRILLER: N A _
I MATERIAL DESCRIPTION . PID/FID Resding (ppm)
Semple] Depth | Blows/ | Sample | Lithoiogy ; u '
No. {Ft.) 6" or |[Recovery| Change -Bell is -
and or RQD / (Depth/Ft. Density/‘ lc ® E» % ;‘:‘
Typeor] Run (%) Sample ) Canasistene o ‘ . : Remarks 2ls5]E]m
RaD | Ne. Length | or vy |Colei Maiterlal Classification § Elal 513
Screened or : i @ E18|E
interval Rock : w|® 8 —nk &
Hardness | TIMN©
— . 0 25
D sofT Il cAY TR SIVT Lo T Rurs
- L rrune ao]o [0
3 v clAY some STV Y \ 0lolo|@ c
SANDSTENT :
4 TENODL‘\(&‘ 096°¢
s| 7
©
D=4 REFUS AL
—. 5K
2 ATTEMNTS & H
5 PS UNCT NOT T RRSRNIING
AS 9000 AS (@400 !
* When rock coring, enter rock brokeness.
** include monitor reading in & foot intervals @ borehole. Jucrease reading frequency if elevated reponse read. Drilling Area
Remarks:  NO#TH H5G ZI { Iol‘]) Background (ppm):[ (7 ]

‘ EAST™ H54X /5 .
Gonverted to Well: Yes No éé Well 1.D. #:

mimesrm————




ETetra Tech NUS, Inc. BORING LOG Page _'_ of |

PROJECTNAME:  NSWC Crane BORING NUMBER: B~ SR P 37
PROJECT NUMBER: 0087 CTO 083 DATE: 0. G - 00
DRILLING COMPANY: ot applicable , GEOLOGIST: ~ L. SIMPSOIN 7Z K. MARSETTS
DRILLING METHOD: hand auger DRILLER: N A ’
I MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Semple] Depth | Blows/ | Sempie |Lithology[™ - [} .. - - . . qu ’ SRR R E
No. | (Ft) §"or {Recovery] Change |- Seil. = . . ’ s
and or RQD . m/‘ (D;ep!h/Ft. : ::T“g.c 5 c o g ga ':“
Tg::o ‘:lo. ™ Lgngp:h czr c ;s t'f |coiod - Material Classification S Remarks E %, -g‘» §
Screened| . or . : * @ ,g 1%
nterval Rock 1] L gl @ fa P
% < ETIAN c\NY some ST L MoisT pooTy] | 34>
| [ I | l |
2 / W N/ ! ¥
D .
3 RePel 1] sivrsomeciay I
) N T E SAND
an ‘ ‘ (415
S v ST TR Ry y v
¢ TIL F. SANT) S SOPAE

PID S ﬂOT‘ O NSO

* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. DriIIing Area

Remarks: NOITH 404023 Background (ppm):l—:]
EAST 6592439

Gonverted to Well:  Yes No L Well 1.D. #:




@Tetra Tech NUS, Inc.

PROJECT NAME: NSWC Crane

BORING LOG

Page _(__61‘ _L_

BORING NUMBER: 3G-1 SR P39

‘Remarks: NoRTH S YeX e 7

AST 557957

PROJECT NUMBER: 0087 CTO 083 DATE: jO- 4 0T
DRILLING COMPANY: not applicable GEOLOGIST: . S unPSo
DRILLING METHOD: hand auger DRILLER: NA
[ , MATERIAL DESCRIPTION PID/FID Reading (ppm)
Samﬁle Depth | Blows/ | Seample | Lithology : 1]
No. (Ft.) 6" or |[Recovery] Change Seil 1s :
and or RQD / (Depth/Ft.| - Density/ : c o g % il
Type or] Run (%) Sample Consisten : =2Fu] =
\g:m No. () Len;h o)r vs § Coloy - Material Classification s Remarks é‘ %, % ?,3
Screened ar . * lg -g ] %
Intervat Rack @m0
Hardness ;
0 sof T || SILTY LAY kebivoetT “foors |ololo]0
" 7 7
i Y .
‘ MED N ]
P STIFE G—QACIQ s vlelolo
> \
4 Y TR F SAND dlolo] 0]
< Ny W
_ b A 4 / 1V
¢ BTRA
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. DriIIing Area

Background (ppm):[:El

Converted to Well: Yes No L Well I.D. #:

o~

TINE
1300

240

%



@TetraTech NUS, Inc. BORING LOG Page __l_ of I

PROJECTNAME:  NSWC Crane BORING NUMBER: B G| SR P 4O
PROJECT NUMBER: 0087 CTO 083 DATE: iDs & ~ 00
DRILLING COMPANY: not applicable GEOLOGIST: __ (. sirdPSo0N / K, MARSETTS
DRILLING METHOD: hand auger DRILLER: NA ’
I MATERIAL DESCRIPTION PID/EID Reading (ppm)
Sample] Depth | Biows/ | Sempie | Lithoiogy A A T qu i B O B
Ne. | )y | emor R y| Change |~ soit " |- ' s AR ¢
T‘“d n Rc::n R(;l)j Slln/'«pla (D'ep;w. Qs::‘:l::;e o S c i g g %' ':“
g:m No. Length or : b"y‘ 'cg)o.n: Matetiatcléssiﬁcatim S Remarks g' ‘2. £ ?
Screenedf . or AT & - L : * & E. g | §
nterval |- A @ P
" l Ha?:::ss » ] . : : » 4 . i T’MU
D RET PN siLT 2 LAY kLl mosT oot 1440
l RN |/ —
O~
2 / , V] g v - N\O-rbnn\fi)
W = T ‘ i
2 2’7‘%‘? | v Ve s |
\ CLAY SoMG sit [ 1CI0
S YA e v
o

T

X GRNY w R TAN LAY
LAST W 7 T | ST

PAD NoT woRKING

* When rock coring, enter rock brokeness.
™* Include monitor reading in 6 foot intervais @ horehole. Increase reading frequency if elevaled reponse read. Drilling Area

“ Remarks: NOdgH 470104 Background (ppm):
EAST - 55GI D ,

Converted to Well:  Yes No o— Well I.D. #:




E‘ Tetra Tech NUS, Inc. BOR'NG LOG Page _L of _‘_

.

PROJECT NAME:  NSWC Crane BORING NUMBER: B6—1 SB P 42
PROJECT NUMBER: 0087 CTO 083 DATE: {0 .4~ L¢
DRILLING COMPANY: not applicable GEOLOGIST: K. SipWV SUN
DRILLING METHOD: hand auger DRILLER: N A
r MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sample] Depth | Blows/ | Sample | Lithology v ;
No. (Ft.) 6" or ]Recovery] Change Soil s !
end or RQD / (Depth/Ft. cs:::itty/ c o g :w i}
T ol Run %, Sample stenc = w] =
f;n No. (c) Lengpth o)r y [Coior Materlal Classification $ Remarks é" %. % %
Screened or i * @ %ﬁ g "E <
nterval Ro| 10 ]
intervel e n:“ 1 TN
0 T (35| sivTyY clAY llaisT s Toldelo] 155
i NG SO
| W1V | Lo *Fi K9 . —
. : MO S
2 [ J ]y ¥ % vy lolololo
vl ’
2 sner | [ N ¥ |6 20
q
2
- i :
TD=>4  pertsAC
4 ATTENPTS
* When rock coring, enter rock brokeness. )
** include monitor reading jn 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: !g ar {72447 Background (ppm):[_ (D |
=F SUs0Y

Converted to Well: Yes No — Well 1.D. #:




@TetraTechNUS, Inc. BORING LOG Page _L of I

PROJECT NAME: NSWC Crane BORING NUMBER: BG-) SB P 43
PROJECT NUMBER: 0087 CTO 083 DATE: D« & - 00
DRILLING COMPANY: not applicable GEOLOGIST: | . SIMPSON / K, MARGETTS
DRILLING METHOD: hand auger DRILLER: NA
| MATERIAL DESCRIPTION PIDIFID Reading (ppm)
Semplef Depth } Blows/ | Sempie | Lithology N S A i I Sl u i A
No. | (FL) | 6"or |[Recovery] Change | Soif . s .
el | e [ | o AHAE
Aa0 | N Lengh | o |y |Colof  Materiai Classification. s Remarks ElE21%
Screened| . -ar : | A v : * »f.}'} E g g
intervat :Ha?ﬁ:é : , e ; '.w | : T‘IMe
0 SOFT IR i) v sAMD R e Ind s RerS| olel ol o 1035
I Vol & WV
- , TR AUST
2 / STIFF [t SIVT TR F. SAND ol N ODMLES
T d n
3 sk b | b vl olololo] oS
4—-
S |
& TD=4" peFusAC
/ vely STEF
aud NoT ADVAXEC | ALCKIL
: ™ When rock coring, enter rock brokeness.
* * Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
“ Remarks: NO#T+H 4‘@761/ Background (ppm):m

EAST Su/l4&—~
Converted to Well:  Yes No .— Well I.D. #:

——————




@TetraTech NUS, Inc. _ BORING LOG Page _| of I _

PROJECTNAME:  NSWC Crane BORING NUMBER: B ¢—{S 8P HY
PROJECT NUMBER: 0087 CTO 083 DATE: i0-© -00 ‘
DRILLING COMPANY: not applicable GEOLOGIST: _ |, SIMPso / K, MARIETTS
DRILLING METHOD: hand auger DRILLER: NA
l MATERIAL DESCRIPTION PID/FID Resding (ppm)
Sampie] Depth | Biows/ | Semple | Lithology| ] o . u ’ .
No. (Ft) 6" or |Recovery| Change | . “Sail s 1
and | or | maD / |(DepthvFt| Bensity/ ; 1c o jg_ Ll
[Fypeor] Run (%) Sample ) ‘Consistenc | N oo St Remarks 2lslsle
RQD | Ne. tength | or oy |Colol o Matertal Classifieation S , E -g, g 3
creen or. : - : * wlE] e .
slnterv:ld '...R;k 8 B o w . : e @ia. _ 6
Hardrisss = ~ o Vol R
Y - - x 1ad 1. 4 ,_;_S ‘l‘.. 7~ f’ ) Q%c)a
D GeETIBRM <1t SemT LAY MY MuiST R¥T21 o cj o C
l Vol CLAY  SOoME SINT JEG
: o 5
2 O b 11 &2 nqlololis]o
3 b1 | |
4 5T | 4 0940
s T T 7 TV v
) h——_\_————
2
o
TD =5.5
REFUS AL
Rocil. FRAGS, LASTT |
/A FeoT
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Dr illing Area
Remarks: NOUgH H410557 ‘ Background (ppm):

. EAST— 2075 5%
Gonverted to Well.  Yes No o— Well 1.D. #:
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E Tetra Tech NUS, Inc. BORING LOG Page _l_ of _'_

PROJECTNAME:  NSWC Crane BORING NUMBER:RG-l SR P4
- PROJECT NUMBER: 0087 CTO 083 DATE: ]O 4-- 00
- JRILLING COMPANY': not applicable GEOLOGIST: KA. SRAP SO
DRILLING METHOD: hand auger DRILLER: NA
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sample] Depth | Biows/ | Sample | Lithology . ) 1]
No. | (Ft) 6" or |Recovery] Change Soil : s
and or RQD / (Depthv/Ft.} Density/ | c . E % fr'q
eor] Run o) Sample Consistens| - B
T\g:ao :o. ® Leng':h o)r s; 15 Colary Material Classification S Remarks £ % % §
Screened ar : * % g 5 %
Interval Rock 0 I =] 'T_'ME
Hardness:
6 0T find SILTY CLAY | nois T +l{100‘l‘5 ol0olo |0 ‘4-40
l J ] / f
cb v K
27 DNEE , V| s S8thglo o] o]0
3 3 N2 £ 14
4 sSanD l ?I O
BTM =4 PcHYdAS
4 ATTENPTS
. * When rock coring, enter rock brokeness. ‘ .
 Include monitor reading in & foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area:
" Remarks: NolTH G909 Background (ppm):
EAST Syl ds 7 AMISR _CCc990 IN THE ﬁﬁ‘

Converted to Well: Yes No — Well I.D. #:




@Teva Tech NUS, Inc.

PROJECT NAME:

NSWC Crane

BORING LOG

BORING NUMBER: B G—| SB P sC

Page

tof 1

* When rock coring, enter rock brokeness.

** Inciude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: NodgH 473 cfg 7

Drilling Area
Background (ppm):

EAST— &S&C 500

Caonverted to Well: Yes

No —

Well 1.D. #:

4
()

)
Z

40

YN

PROJECT NUMBER: 0087 CTO 083 DATE: D« & -
DRILLING COMPANY: not applicable GEOLOGIST: ™\, 5|MPson</ K_MARBETTS
DRILLING METHOD: hand auger DRILLER: N A
MATERIAL DESCRIPTION PIDFID Reading (ppm)
Sample] Depth | Blows/ | Sempie | Lithotogy | : N : 1u :
No. | (Ft) | €"or |Recovery] Change “Seil s : T
snd or RQD / (DepthvF.} Bensity’ : : : ‘ c ”': g ,tw : 'gq
Typeorl Run | (4 | Sample | ) fConsistenc] . cineation Remarks slslsls
RaD | Ne. Length or v Colorl .~ = Materlal Classification s Elsl5]y
Screened| - or L - : S B @ 'E S E
interval f. “Rock - e @da
0 Sie T |RRN cuwev SIT E ) WU MOVS T Ro0TS
, sete SPNDST?MG
| ~ Bed v Y | [ CLSTemdx
2 / | 3 - |
% ‘\'b " / \U/ J !& l\L
S
)
TD=3,6"  NerysAL
3 ATTENSTS
N E ¢ [
3.3, 3.6
- 4
sSBPTO s 2apo’
DéwN 9IADIENT | ALOM
Stubge AP. AREN
£eT 9
PNy 1S NoT e RPING  No READING|S
DAM? W EATHER ?



E Tetra Tech NUS, lng. | BORING LOG Page oot &

PROJECTNAME:  NSWC Crane BORING NUMBER: BG3SRAA ¢7

PROJECT NUMBER: 10087 CTO 083 DATE: 0. 7 - 00 ‘
JRILLING COMPANY: Tiot applicable GEOLOGIST: ~ .. SIrnAPSON 7 K. MARJETTS
DRILLING METHOD: hand auger DRILLER: N A i

MATERIAL DESCRIPTION PID/FID Reating (pom)

Sampiej Depth §| Blows/ | Sempie | Lithology U
No. (Ft.) 6" or |Recovery] Change Soit s
and or 'RQD / (DeptivFt.| - Density/ c o E gw '{‘
Type o] Run (%) Sample ) Consisten = 2
RQD | No. Length or y Colon Material Classification S Remarks £ %‘_ % | ‘{2
Screened | ar * 3 gl 3 %
interval | Rock : ol®mia P
Herdness T’ N
- L e jo2 0
4] SETIRN| CLAYEY Sin NUMu T ROTS '
7 o
sopne QUST "
| L N ’gl Mool g
2 / ~
3 v Y Y T |45V
£ N ~ 7 2
C

4D =>3.5" REPYSA L

4 ATTendTh

whren @ 3.5

PD 16 NoT W(HQK’N@

* When rock coring, enter rock brokeness.

™ Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
o I ’
Remarks: Nod3+H 507 270 Background (ppm):[—]

EAST 5q4q%s|
Gonverted to Well: Yes No i Well I.D. #:




@Tetra Tech NUS, Inc. BOR'NG LOG Page L_of _'_

PROJECTNAME:  NSWC Crane BORING NUMBER: R36-3SB POl
PROJECT NUMBER: 0087 CTO 083 DATE: [0-4-00
DRILLING COMPANY: not applicable GEOLOGIST: K. SnapPso
DRILLING METHOD: hand auger DRILLER: N A
| ' MATERIAL DESCRIPTION . PIDIFID Reading (ppm)
Sample] Depth | Blows/ | Sample { Lithology U ;
No. (Ft.) 8" or |Recovery] Change Soit s
and or RQD / (Depth/Ft.|  Density/ : c o a{ j‘;n l:\l
Type or] Run (%) Sample ) Gansistenc " ‘ ‘ Remarks 3 § 5o
RGD | No. Length or y Colod Matertal Classification 8 ElE1 51
Screened ar. o s ] g B51E
Interval Rock wil®io
Hardness 4
o1 LooSE |BR| CARYEY st Mot RooTqd o (o] 0|0
! Lose |5 | W/ F SAND YLy
L//' «fFT] | | sivy Y m.& elelolo
3 v TR FINE SAND | b |nver cowo
el). , NODUlEBY S
4 DerelV lsanpy sic— ML —
INE SAND MU ;
g frN | [« TR FiNE SAND I | Tne eanec| o] ol 9]0
0 7 ("G A
7
TD=5 ReRUSAL
sonde sivT STONE |/ @ o
LAST X' (4- 5‘)
* When rock coring, enter rock brokeness. )
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: EAST™ (6O9 424 ' : ‘Background (ppm):[_ O]

NOPTH &0 73
Converted to Well: Yes No | il Well I.D. #:

TINE
0420

1015



@TetraTech NUS, Inc. BORING LOG Page | of | _

PROJECTNAME:  NSWC Crane BORINGNUMBER: B3 S3 P o &
PROJECT NUMBER: 0087 CTO 083 DATE: i0D. § - 00
DRILLING COMPANY: not applicable GEOLOGIST: _ (., SIMPSON / K. MARSETTS
DRILLING METHOD: hand auger DRILLER:  NA ]
I MATERIAL DESCRIPTION PIDIFID Reading (mpm)
Sample] Depth | Blows/ | Sampie | Lithology I § B o HE ) i B B
No. (Ft.) 6" or |Recavery| Change }' . Saif . w s s
de un R(:Z? Sﬂn/'u:le (Dep;h/ﬁ. c:s::i:lt::c - ‘ P ' c o |85 1K
Ran No. tengn | o | vy [Colod .  Material Classification e Remarks El2 g ¥
Screened | Lo b . . 2 g g -E';:
" s || - | 1 TINME
0 OPT B SivTyY clAY  felworsr— RS 16¢0
7 7 Rl [~
l ‘LD Ll LAY TR SILT— E,&ﬁ,({”i“p o|c|Q| ¢
vy %4

2 / Srire| | €A NITTY K

3 \ k& ¥

S e | ¥ v v 165°C

. /
Th= ¢
T _pock FON)|

shnD ST2NGE ' [+ gT™N
W] Y & ST [MorTu NG

* When rock coring, enter rack brokeness.
™ Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Dri iIIing Area

Remarks: Noig+H GO0 8OGL 3 Background (ppm):[zl
EAST 00 34%

Gonverted to Well: Yes No .— Well I.D. #:




@Tetra Tech NUS, Inc. BORING LOG Page | of | _

—

PROJECT NAME: NSWC Crane BORING NUMBER: R G2 SR Po 9
PROJECT NUMBER: 0087 CTO 083 DATE: (O - 400
DRILLING COMPANY: not applicable GEOLOGIST: . SinAPSON
DRILLING METHOD: hand auger DRILLER: NA .
MATERIAL DESCRIPTION PID/FID Reading (ppm)
Sample] Depth | Blows/ | Sampie | Lithology U
No. (Ft.) 6" or }|Recovery] Change Soil s
and or RQD / (DepthvFt.} - Density/ c ° '5:‘ 5 'zq
T or] Run o) Sampie Consistenc = 2
\l;p(:D ?10. o Len:th o)r y " Color] Materiat Classification s Remarks E‘ %_ % '§
Screened or * @ £ g 'E .
Interval Half:.is 7} T_, N\C
0 lorr e 515 by cL|pos 0erS [ololo]o] 1050
N\O <D
] < 1l v QUisT)cony
\Ng i v
').-/ Sr e | SCAY TR SIvT 0{ojc|d
B smee| Y| T sADsmE | \
4‘—' ~L '& \. ' ' oloeyeio
= i) SCORG SiCT -
5 e I vl I R s
b
- i
D= 6
* When rock coring, enter rock brokeness. ) _
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks: EAST $973i € L Background (ppm):| & ‘
‘ KolTH 507 ZoX SoNE (099(¥9 (N THE PAST, =2007 FUM BURING
Converted to Welk: Yes 7 No Well 1.D. #:
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TABLE C-1
APPENDIX C-1

SUMMARY OF BACKGROUND SAMPLES
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

First Field Event

Background Area/ Soil Samples Collected in the Field Number of
Depostional Envir./ Samples
Sample Location Depth in Feet Below Ground Surface Collected for
Background Area 1 0-1 [ 28 | 34 | 45 | 56 Chemical Analysis
Loess/Glacial
Outwash
BG1SBLO1 silt clay clay silt N/A 3
BG1SBL0O2 silt silt clay clay silt 0
BG1SBL0O3 silt clay clay clay clay 1
BG1SBLO4 silt clay clay silt clay 2
BG1SBLOS silt clay silt silt clay 3
Alluvium
BG1SBAG1 siit silt silt N/A N/A 2
BG1SBAQ2 silt N/A N/A N/A N/A 0
BG1SBA03 sand silt silt silt silt 1
BG1SBA04 clay clay clay clay clay 2
BG1SBAOS sand silt sand N/A N/A 2
Residual Soil from
Pennsylvanian
Bedrock/Coliuvium
BG1SBPO1 silt silt silt silt N/A 1
BG1SBP02 silt clay clay silt silt 2
BG1SBP0O3 silt clay clay clay clay 1
BG1SBP04 silt silt clay clay clay 2
BG1SBP05 silt clay clay clay clay 1
BG1SBP06 clay silt N/A N/A N/A 2
BG1SBP0O7 sand N/A N/A N/A N/A 1
BG1SBP08 silt silt silt sand sand 3
BG1SBP0O9 silt N/A N/A N/A N/A 1
BG1SBP10 clay silt silt N/A N/A 1
Background Area 2
Glacial
Outwash/Loess
BG2SBG1 clay clay sand sand sand 2
BG2SBG2 silt silt silt silt clay 3
BG2SBG3 silt sand sand sand sand 1
BG2SBG4 silt silt silt N/A N/A 2
BG2SBGS clay sand N/A N/A N/A 1
Background Area 3
Alluvium
BG3SBAO1 silt silt N/A N/A N/A 1
BG3SBAO2 silt sand sand sand N/A 1
BG3SBA03 silt N/A N/A N/A N/A 1
BG3SBA04 silt silt sand sand sand 2
BG3SBA0S silt silt silt sand sand 3
Residual Soils from
Mississippian
Bedrock/Coiluvium
BG3SBMO1 silt silt N/A N/A N/A 0
BG3SBMO2 silt silt silt silt clay 3
BG3SBM03 silt silt silt silt silt 1
BG3SBMO04 silt clay clay sand sand 3
BG38BM05 silt clay sand sand sand 1
BG3SBMO06 silt clay sand N/A N/A 2
BG3SBMO7 silt silt silt clay clay 3
BG3SBMO08 silt sand N/A N/A N/A 2
BG3SBM0g silt silt silt N/A N/A 1
BG3SBM10 clay clay silt silt N/A 1
| ] Total Number of Samples Collected for Chemical Analysis} 65
Notes:
sand =8amples Collected for Chemical Analysis and the grain size classification

N/A - sample not collected in the field because one of the conditions discussed in Section 3.4.2.1
were encountered (i.e., borehole refusal, bedrock or the saturated zone was encounted).

Page 1 of 2



TABLE C-1
APPENDIX C-1

SUMMARY OF BACKGROUND SAMPLES
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Supplemental Field Event

Background Area/ Soil Samples Coliected in the Field Number of Sample

Depositional Envir./ Collecteed for

Sample Location Depth in Feet Below Ground Surface Chemical Analysis

Background Area 1 0-1 | 23 | 34 | 45 | 58

Alluvium '

BG1SBA25 clay clay clay " clay clay 1

BG1SBA28 clay clay clay | NIA N/A 1

BG1SBA29 clay N/A N/A N/A N/A 0

BG1SBA38 silt silt N/A N/A N/A 0

Residual Soil from

Pennsylvanian

Bedrock/Colluvium

BG1SBP11 clay clay clay clay clay 0

BG1SBP13 clay clay N/A N/A N/A 0

BG1SBP16 silt N/A N/A N/A N/A 0

BG1SBP22 clay clay  clay N/A N/A 0

BG1SBP37 clay clay silt silt | silt 0

BG1SBP39 clay - clay clay clay clay 0

BG1SBP40 silt clay clay clay clay 0

BG1SBP42 clay clay clay N/A N/A 0

BG1SBP43 silt silt silt N/A N/A 0

BG1SBP44 silt silt. silt silt silt 0

BG1SBP45 clay clay clay N/A N/A 0

BG1SBP50 ‘ silt silt silt N/A N/A 0

Background Area 3

Alluvium

|BG3SBA07 | st | st T st ] ONAT] NA ] 0

Residual Soil from

Pennsylvanian

Bedrock/Colluvium

BG3SBP0O1 silt clay clay silt N/A 0

BG3SBP0O8 clay clay clay clay clay 0

BG3SBP09 clay clay clay clay clay 0

[ Total number of samples Collected for Chemical Analysis | 2
Total number of samples Collected for Chemical Analysis (All Field Events)| 67

Page 2 of 2



C-1 ANALYTICAL DATABASE



NAVAL SURFACE WARFARE CENTER

TABLE C-2

SOIL RESULTS

CRANE, INDIANA

ANALYTICAL DATABASE

Page 1 of 9
Location BG1SBAO1 BG1SBA01 BG1SBA03 BG1SBA04 BG1SBA04 BG1SBA05 BG1SBA0S BG1SBA2S BG1SBA25 BG1SBA25
nsample BG1SBA0101 BG1SBA0104 BG1SBA0306 BG1SBA0401 BG1SBA0405 BG1SBA0503 BG1SBA0504 BG1SBA250203 | BG1SBA250203-D BG15BA250203-MAX
sample BG1SBA0101 BG1SBA0104 BG1SBA0306 BG1SBA0401 BG1SBAQ405 BG1SBA0503 BG1SBA0504 BG1SBA250203 BGFD10070001 BG1SBA250203
Sample Date 11/04/99 11/04/99 11/05/99 11/05/99 11/05/99 11/04/99 11/04/99 10/06/00 10/07/00 10/06/00
QC Type NM NM NM NM NM NM NM NM NM NM
Deposit. Env. ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM
Grain Size SILT SILT SILT CLAY CLAY SILT SAND CLAY CLAY CLAY
depth 1] SB SB Ss SB SB SB SB sSB S8
Duplicate NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL DUP pup MAX
Matrix S0 S0 SO SO SO SO SO SO SO S0
Top Depth 0 3 5 0 4 2 3 © 2 2 2
Bottom Depth 1 4 6 1 5 3 4 3 3 3
Metal (mg/kg)
ALUMINUM 8070 J 8180 J 6620 J . 6920 J 7870 J 7040 J 6210 J 16000 J 16700 J 16700 J
ANTIMONY 053 U 039 U 1.8 U 037 U 0.36 U 0.46 U 052 U 045 U 0.49 0.49
ARSENIC 79 4 75 4 28 J 28 10 59 5.7 5.9
BARIUM 76.6 J 508 J 55.6 J 59.1 J 785 J 4.1J 46 J 804 J 7724 804 J
BERYLLIUM 14 U 069 U 0.96 U 035 U 0.65 U 0.56 U 08 U 0.82 0.74 0.82
CADMIUM 029 U 015 U 01U 03 U 015 J 0.09 U 0.09 U 044 J 041 J 044 J
CALCIUM 5U 121 J 279 J 896 J 406 J 299 J 269 J 313 287 313
CHROMIUM 2174 121 J 121 J 102 J 105 J 94 J 19.6 J 17.3 J 14.6 J 173 J
COBALT 18 8.5 72 6 5.2 5.3 18 75 6.1 75
COPPER 9.8 6.9 6.7 8.8 6.5 6.8 99 10.1 J 10.3 J 103 J
IRON 36200 J 13000 J 19200 J 12100 J 9680 J 10500 J 29400 J 22700 J 17200 J 22700 J
LEAD 215 J 10 J 10.1 J 94 J 784d 794 145 J 13.1 114 13.1
LITHIUM 158 J 106 J 136 J 174 J 1714 16.3 J 203 J 207 J 207 J
MAGNESIUM 620 J 7398 J 565 J 967 J 903 J 691 J 520 J 1400 J 1470 J 1470 J
MANGANESE 1950 J 554 J 461 J 417 J 505 J 356 J 1090 J 1030 J 713-J 1030 J
MERCURY 0.05 0.1 0.05 U 0.05 U 005 U~ 0.04 U 0.04 U 0.04 0.04 0.04
NICKEL 20 J 94 J 96 J 103 J 124 J 85J 131 J 13 12 13
POTASSIUM 644 664 464 J 607 J 640 J 601 528 1370 J 1440 J 1440 J
SELENIUM 0.82 U 0.49 U 0.76 U 045 U 0.75 042 U 0.58 U 0.46 U 044 U 046 U
SILVER 0.05 J 0.05 J 0.05 J 0.05 J 0.05 J 0.05J 0.04 J 023 U 022 U 023 U
SODIUM 24 U 374 55U 25U 47U 434 22 U 803 J 7714 80.3 J
STRONTIUM 7.0 J 554 13.7 J 116 J 79 J 82 J 12.7 12.8 12.8
THALLIUM 019 J 0.15 J 01J 014 015 J 0.14 J 013 J 0.25 J 0.27 J 027 J
THORIUM 62 J 42 J 634 69 J 6.3 J 6.3 J 84 J 8.7 J 8.7 J
TIN 0.63 U 049 U 045 U 0.53 U 052 U 055 U 043 U 0.38 U 0.36 U 038 U
VANADIUM 30.7 J 19 J 194 J 175 J 16.7 J 156 J 22.8 J 263 J 261 J 26.3 J
ZINC 37.6 J 223U 222 J 244 J 201 J 22U 283 U 42.9 4.7 42.9
Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank

MG/KG - milligram per kilogram



TABLE C-2

ANALYTICAL DATABASE
SOIL RESULTS
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

B Page 2 of 9
Location BG1SBA28 BG1SBLO1 BG1SBLO1 BG1SBLOt BG1SBL03 BG1SBL04 BG1SBLO4 BG1SBLO5 BG1SBL05 BG1SBLO5
nsample BG1SBA280304 BG1SBL0O101 BG1SBL0103 BG1SBL0105 BG1SBL0305 BG1SBL0403 BG1SBL0405 BG1SBL0501 BG1SBL0504 BG1SBL0504-D
sample BG1SBA280304 BG1SBLO101 BG1SBL0103 BG1SBL0105 BG15BL0305 BG1SBL0403 BG1SBL0405 BG1SBL0501 BG1SBL0504 BGFD11088901
Sample Date 10/07/00 11/08/99 11/08/99 11/08/99 11/08/99 11/08/99 11/08/99 11/08/99 11/08/99 11/08/99
QC Type NM NM NM NM NM NM NM NM NM NM
Deposit. Env. ALLUVIUM LOESS LOESS LOESS LOESS LOESS LOESS LOESS LOESS LOESS
Grain Size CLAY SILT CLAY SILT CLAY CLAY SILT SILT SILT SILT
depth SB . $S SB SB S8 SB SB SS SB SB
Duplicate NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL pup DUP
Matrix SO SO SO SO SO SO SO SO SO SO
Top Depth 3 0 2 4 4 2 4 0 3 3
Bottom Depth 4 1 3 5 5 3 5 1 4 4
Metal (mg/kg)
ALUMINUM 12000 J 13600 J 16100 J 12400 J 12500 14700 10900 J 13000 12800 11800
ANTIMONY 0.46 U 044 U 053 U 04 U 33U 17 U 043 U 05U 0.35 U 04 U
ARSENIC 5.6 6.8 38 49 3.8 44 48 5.7 4.9 55
BARIUM 36.9 J 155 J 724 J 52.9 J 944 J 55.8 J 475 J 122 J 80.6 J 651 J
BERYLLIUM - 0.54 11U 03U 036 U 051 J 02 U 043 U 067 J 031 J 0.29 U
CADMIUM 0.33 J 0.26 U 03 U 021 U 0.04 U 0.05 U 0.17 U 0.05 U 0.04 U 0.08 U
CALCIUM 108 547 506 316 710 253 490 419 493 455
CHROMIUM 209 J 14.3 J 19.6 J 164 J 2354 178 J 138 J 144 J 196 J 189 J
COBALT 2.2 171 4.1 36 4.7 4 5.1 16.8 6.5 5.5
COPPER 10 J 10.3 16.4 8.7 116 9.8 10.1 9.7 15.7 14.2
IRON 28900 J 15800 J 17400 J 17500 J 25400 18300 16800 J 15900 21100 20000
LEAD 10.1 17.1 J 93 J 88 J 93 J 96 J 93J 158 J 11.7 J 94 J
LITHIUM 279 J 135 J 12.7 J 124 J 2234 141 J 108 J 145 J 1.9 J 136 J
MAGNESIUM 755 J 1360 J 2350 J 1250 J 1740 J 1730 J 1440 J 1290 J 2340 J - 2090 J
MANGANESE 86.4 J 1960 J 55.2 J 141 J 90.6 J 134 J 199 J 1840 J 236 J 212 J
MERCURY 0.05 U 0.05 U 0.05 0.04 U 0.05 U 0.07 0.04 U 0.05 0.05 U 0.04 U
NICKEL 9.5 174 J 103 J 734 118 J 88 J 89 J 158 J 126 J 10.8 J
POTASSIUM 1650 J 978 1240 496 729 830 629 896 848 814
SELENIUM 044 U 094 U 0.34 U 052 U 0.26 U 029 U 043 U 0.58 U 027 U 025 U
SILVER 0.22 U 0.05 J 0.04 J 0.05 J 0.04 U 0.05 U 0.04 J 0.05 U 0.04 U 0.04 U
SODIUM 97.8 J 72.J 54.1 90.2 129 81.9 133 178 J 98.1 92.6
STRONTIUM 12.2 126 J 16.2 J 97 J 17.0 J 105 J 114 J 109 J 13.3 J 14.3 J
THALLIUM 022 U 031 J 0.26 J 0.15 J 013 J 02 J 017 4 0.29 J 0.18 J 0.17 J
THORIUM 94 72 J 86 J 6.3 J 874 84 J 72J 87J 78 J 774
TIN 04U 0.55 U 083 U 0.55 U 0.66 U 0.66 U 0.59 U 064 U 0.66 U 0.62 U
VANADIUM 199 J 30.7 31 29.8 34.3 314 25.4 28.6 30 311
ZINC 25.4 448 U 388 U 153 U 258 U 348 U 271 U 435 U 36.7 U 326 U
Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank

MG/KG - mil*—-am per kilogram




TABLE C-2

ANALYTICAL DATABASE
SOIL RESULTS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Page 3 of 9
Location BG1SBL05 BG1SBLO5 BG1SBPO1 BG1SBP02 BG1SBP02 BG1SBP03 BG1SBP04 BG1SBP04 BG1SBP04 BG1SBP04
nsample BG1SBL0504-MAX | BG1SBL0506 BG1SBP0103 BG1SBP0204 BG1SBP0206 BG1SBP0305 BG1SBP0401 - BG1SBP0406 BG1SBP0406-D | BG1SBP0406-MAX
sample BG1SBL0504 BG1SBL0506 BG1SBP0103 BG1SBP0204 BG1SBP0206 BG1SBP0305 BG1SBP0401 BG1SBP0406 BGFD11069901 BG1SBP0406
Sample Date 11/08/99 11/08/99 11/06/99 11/06/99 11/06/99 11/06/99 11/06/99 11/06/99 11/06/99 11/06/99
QC Type NM NM NM NM NM NM NM NM NM NM
Deposit. Env. LOESS LOESS PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN
Grain Size SILT CLAY SILT CLAY SILT CLAY SILT CLAY CLAY CLAY
depth SB sB SB SB SB SB Ss SB SB SB
Duplicate MAX NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL Dup DuP MAX
Matrix SO S0 $O S0 S0 SO SO SO S0 SO
Top Depth 3 5 2 3 5 4 0 5 5 5
Bottom Depth 4 6 3 4 6 5 1 6 6 6
Metal (mg/kg)
ALUMINUM 12800 16600 15700 15300 16200 9070 12200 10500 9550 J 10500
ANTIMONY 04 U 108 J 097 U 077 U 0.68 U 04 U 072 U 048 U 55U 55 U
ARSENIC 5.5 55 8J 8.5 J 6 J 58 J 52 J 14 J 1.1 14 J
BARIUM 80.6 J 81.3 J 554 J 79.5 J 73.6 J 2514 722 J 52.6 J 535 J 53.5 J
BERYLLIUM 031 J 0.69 J 0.52 U 056 U i2 U 1U 0.68 U 093 U 0.97 U 097 U
CADMIUM 0.08 U 004 U 0.29 J 0.36 J 0.64 014 026 J 0.05 U 0.08 U 0.08 U
CALCIUM 493 688 199 543 650 85.2 J 255 835 963 963
CHROMIUM 19.6 J 255 J 213 J 216 J 2744 196 J 137 J 14.7 J 136 J 147 J
COBALT 6.5 53 9.1 6.8 12.5 12.1 15.1 5.9 6.2 6.2
COPPER 15.7 12.5 18 204 14.2 238 9.8 10.1 121 12.1
IRON 21100 27700 24500 J 24600 J 31500 J 40800 J 15600 J 14800 J 14500 J 14800 J
LEAD 117 J 1.7 4d 13.7 J 111 J 14.6 J 138 J 136 J 824 86 J 86 J
LITHIUM 136 J 2814 196 J 138 J 151 J 46.6 J 15.0 J 248 J 23.5 J 248 J
MAGNESIUM 2340 J 1810 J 2390 J 2870 J 2010 J 1100 J 1430 J 1660 J 1780 J 1780 J
MANGANESE 236 J 99.2 J 301 J 222 J 444 J 3234 577 J 29 J 2494 29 J
MERCURY 005 U 0.04 U 0.14 005U 0.05 U 004 U 0.05 U 004 Y 0.04 U 004 U
NICKEL 12.6 J 114 .J 146 J 134 J 15.7 J 237 J 131 J 96 J 10 J 10 J
POTASSIUM 848 828 1170 1290 988 1290 831 697 801 801
SELENIUM. 027 U 023 U 0.43 J 0.56 0.88 0.56 0.63 042 J 0.46 U 042 J
SILVER 0.04 U 0.04 U 0.05J 0.05 J 014 0054 0114 0.05 U 0.04 U 005 U
SODIUM 98.1 153 10 J 76.8 145 259 J 16.1 J 191 205 205
STRONTIUM 143 J 17.0 J 103 J 19.2 J 104 J 118 J 94 J 20.3 J 179 J 203 J
THALLIUM 0.18 J 0.19 J 0.24 J 0.25 J 025 J 0.15J 0.21 J 0.14 J 0.13 4 014 J
THORIUM 78 J 91 814 9.3 J 714 1.74d 754 111 4 106 J 111J
TIN 0.66 U - 093 U 074 U 082 U 05U 0.65 U 067 U 065 U 0.88 U 0.88 U
VANADIUM 311 42.4 378 J 38.2 J 485 J 26.6 J 284 J 209 J 18.7 J 209 J
ZINC 36.7 U 246 U 45.2 J 47.8 J 314 J 58.2 J 414 J 258 J 30.3 J 303 J
Notes:

NM - Normal soil sample

LD - Lab duplicate
MS - Matrix spike
RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Biank

MG/KG - milligram per kilogram




TABLE C-2

ANALYTICAL DATABASE

SOIL RESULTS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Page 4 of 9
Location BG1SBP05 BG1SBP06 BG1SBP06 BG1SBP06 BG1SBP06 BG1SBP07 -BG1SBP08 BG1SBP08 BG1SBP08 BG1SBP09
nsample BG1SBP0505 BG1SBP0601 BG1SBP0601-D | BG1SBP0601-MAX| BG1SBP0603 BG1SBP0701 BG1SBP0801 BG1SBP0804 BG1SBP0806 BG1SBP0901
sample BG1SBP0505 BG1SBP0601 BGFD11059901 BG1SBP0601 BG1SBP0603 BG1SBP0701 BG1SBP0801 BG1SBP0804 BG1SBP0806 BG1SBP0901
Sample Date 11/05/99 11/05/99 11/05/99 11/05/99 11/05/99 11/05/99 11/06/99 11/06/99 11/06/99 11/06/99
QC Type NM NM NM NM : NM NM NM NM NM NM
Deposit. Env. | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN | PENNSYLVANIAN PENNSYLVANIAN
Grain Size CLAY CLAY CLAY CLAY SILT SAND SILT SILT SAND SILT
depth SB S8 SS SS SB §S SS SB SB SS
Duplicate NORMAL oupP DUP MAX NORMAL NORMAL NORMAL <  NORMAL NORMAL NORMAL
Matrix SO S0 SO SO SO SO S0 SO SO SO
Top Depth 4 0 0 0 2 0 0 3 5 0
Bottom Depth 5 1 1 1 3 1 1 4 6 1
Metal (mg/kg)
ALUMINUM 13800 J 14800 J 14900 J 14900 J 13200 J 6770 J 17400 12500 5430 9300
ANTIMONY 134 061 U 0.56 U 061 U 042 U 026 U 1.8 U 1.2 U 0.76 U 32 U
ARSENIC 25J 68 J 7.9 79 J 59J 24 J 8.5 J 64 J 29J 47 J
BARIUM 834 J 66.7 J 69.3 J 69.3 J 36.9 J 461 J 75 J 56.1 J 24.8 J 7714J
BERYLLIUM 07 U 06 U 0.69 U 069 U 049 U 0.96 U 056 U 055 U 0.28 U 084 U
CADMIUM 0.05 J 045 J 0.16 U 0.45 J 0.2 J 0.19 J 0.61 035 J 0.14 J 014
CALCIUM 970 J 405 J 401 J 405 J 340 J 115 J 418 i44 53.6 J 278
CHROMIUM 191 J 17.6 J 171 J 176 J 247 J 85 J 19.9 J 14.2 J 774 133 J
COBALT 6 10.4 11.5 11.5 6.7 10.2 B.5 10.3 8.8 13.1
COPPER 1 12.2 12.2 12.2 136 54 171 11.9 56 9.4
IRON 19500 J 19700 J 19300 J 19700 J 27200 J 12300 J 23400 J 18300 J 11300 J 15000 J
LEAD 9.3 J 13 J 14.3 J 14.3 J 152 J 10.7 J 138 J 1.3 J 1.7 J 137 J
LITHIUM 3174 19.0 J 181 J 19 J 28.7J 147 J 145 J 145 J 86 J 299 J
MAGNESIUM 1800 J 1910 J 1880 J 1910 J 1810 J 712 J 2250 J 1960 J 654 J 988 J
MANGANESE 718 J 389 J 444 J 444 ) 274 J 606 J 268 J 457 J 327 J 1480 J
MERCURY 0.05 U 0.05 U 0.07 0.07 0.05 U 0.05 0.04 0.05 U 0.04 U 0.05 U
NICKEL 103 J 146 J 14 J 146 J 113 J 13.2 J 15.9 J 12.5 J 46 J 15.2 J
POTASSIUM 718 J 1110 J 1100 J 1110 J 900 J 418 J 1490 866 353 889
SELENIUM 0.28 U 0.55 0.8 U 0.55 039 J 0.58 0.51 045 J 0.28 J 0.64
SILVER 0.05 J 01J 0.05 J 0.1 J 0.05J 0.05 J 01J 0.05 J 0.05 J 0.05 J
SODIUM 125 U 226 U 124 U 226 U 30.6 U 241 U 18.1 J 11.7 J 23 U 142 J
STRONTIUM 172 J 13.7 J 114 J 13.7.J 130 J 874J 10.7 J 10.0 J 54 J 127 J
THALLIUM 019 J 0.25 J 027 J 0.27 J 02 J 014 J 0.25 J 02 J 009 J 024J
THORIUM 8.8 J 84 J 8.3 J 84 J 88 J 59 J 85 J 8.0 J 49 J 794J
TIN 0.91 U 0.61 U 0.77 U 0.77 U 06U 051 U 08 U 06 U 043 U 06 U
VANADIUM 304 346 J 34.6 J 346 J 385 J 171 4 40 J 30 J 141 J 204 J
ZINC 24.3 J 4314 419 J 431 J 294 J 32.7 J 526 J 355 J 114 J 362 J
Notes:

NM - Normal soil sample

LD - Lab duplicate
MS - Matrix spike
RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank

MG/KG - ™

m per kilogram
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ANALYTICAL DATABASE
SOIL RESULTS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
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Location BG1SBP10 BG2SBGO1 BG2SBGO1 BG2SBG02 BG2SBG02 BG2SBG02 BG2SBG03 BG2SBG03 BG2SBG03 BG2SBG04
nsample BG1SBP1004 BG2SBG0101 BG2SBG0104 BG2SBG0201 BG2SBG0203 BG25BG0206 BG2SBG0303 BG2SBG0303-D | BG2SBG0303-MAX| BG2SBG0401
sample BG1SBP1004 BG2SBG0101 BG2SBG0104 BG2SBG0201 BG25BG0203 BG2SBG0206 BG2SBG0303 BGFD11079901 BG2SBG0303 BG2SBG0401
Sample Date 11/05/99 11/07/99 11/07/39 11/07/99 11/07/99 11/07/99 11/07/99 11/07/99 11/07/99 11/07/99
QC Type’ NM NM NM NM NM NM NM NM NM NM
Deposit. Env. | PENNSYLVANIAN GLACIAL GLACIAL GLACIAL GLACIAL GLACIAL GLACIAL GLACIAL GLACIAL GLACIAL
Grain Size SILT CLAY SAND SILT SILT CLAY SAND SAND SAND SILT
depth SB §S SB SS SB SB SB SB SB §S
Duplicate NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL DUP pup MAX DUP
Matrix SO SO SO SO SO SO SO SO SO SO
Top Depth 3 0 3 0 2 5 2 2 2 0
Bottom Depth 4 1 4 1 3 6 3 3 3 1
Metal (mg/kg)
ALUMINUM 10900 J 14300 J 13700 J 7940 J 7570 J 16000 J 9340 J 11100 J 11100 J 9560 J
ANTIMONY 031 U 051U 041 U 038 U 0393 U 02 U 036 U 023 U 0.36 U 04U
ARSENIC 534 5.8 4.9 3.6 22 11 1.3 12 1.3 39
BARIUM 494 J 114 J 791 J 90.8 J 424 J 1.7J 38.1 J 45 J 445 J 115 J
BERYLLIUM 042 U 06J 03 J 048 J 018 U 0.37 J 021 U 024 U 024 U 073 J
CADMIUM 0.28 J 005U 005U 0.05 U 0.05 U 0.05 U 004 U 0.05 U 0.05 U 01U
CALCIUM 333 J 521 J 430 J 345 J 277 J 411 J 370 J 397 J 397 J 1040 J
CHROMIUM 17 J 15.1 J 15.7 J 98 J 924 147 J 954 10.3 J 103 J 105 J
COBALT 5.2 13 73 9.3 38 27 1.7 1.8 1.8 14.1
COPPER 13 1.3 12.6 6.5 43 46 4.1 4.3 43 7
IRON 18600 J 17400 J 17500 J 10100 J 9130 J 13900 J 7090 J 7140 J 7140 J 11400 J
LEAD 89 J 135.J . 8.9 J 12 J 69 J 108 J 68 J 734 73 J 147 J
LITHIUM 13.7 J 132 J 145 J 10.0 J 924 108 J 974 113 J 1.3 J 123 J
MAGNESIUM 1900 J 1810 J 1900 J 1030 J 760 J 959 J 847 J 930 J 930 J 1180 J
MANGANESE 249 J 1060 J 376 J 936 J 268 J 232 J 56.3 J 403 J 56.3 J 1410 J
MERCURY 0.05 U 0.05 U 004 U 005 U 004 U 0.05 U 0.04 U 0.05 U 0.05 U 0.05
NICKEL 1.3 J 171 J 13.1 J 11 J 6.1J 10.J 46 J 49 J 49 J 139 J
POTASSIUM 744 J 1250 J 921 J 525 J 425 J 552 J 438 J 474 J 474 J 699 J
SELENIUM 037 J 06 U 03 U 043 U 028 U 032 U 025 U 029 U 029 U 047 U
SILVER 0.05 J 0.06 U 0.05 U 0.05 U 0.05 U 0.05 U 0.04 U 0.05 U 005 U 0.05 U
SODIUM 46.7 U 147 U 91 U 19 U 48 U 311U 69.6 U 942 U 942 U 277 U
STRONTIUM 11.6 J 142 J 174 974J 81J 10.0 J 974 108 J 108 J 17.0 J
THALLIUM 0.14 J 027 J 015 J 022 J 0.14 J 027 J 0.12 J 0.14 J 014 J 021 J
THORIUM 734 79 J 574 6.4 J 58 J 6.3 J 52 J 50 J 52 J 69 J
TIN 061 U 0.56 U 0.59 U 048 U 043 U 054 U 0.64 U 0.46 U- 0.64 U 0.55 U
VANADIUM 28.3 J 322 J 304 J 19 J 18.1 J 183 J 15.6 J 171 J 171 J 2174
ZINC 324 49.6 J 346 J 2974 16.2 J 15.8 J 133 J 13.6 J 136 J 382 J
Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank

MG/KG - milligram per kilogram
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ANALYTICAL DATABASE

SOIL RESULTS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
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Location BG2SBG04 BG2SBG04 BG2SBG04 BG2SBGO5 BG3SBAO1 BG3SBAO1 BG3SBAO1 BGISBAQ2 BG3SBA03 BG3SBA04
nsample BG2SBG0401-D | BG2SBG0401-MAX| BG2SBG0404 BG25BG0503 BG3SBA0101 BG3SBA0101-D | BG3SBA0101-MAX| BG3SBA0203 BG3SBA0301 BG3SBA0403
sample BGFD11079902 BG2SBG0401 BG2SBG0404 BG2SBG0503 BG3SBA0101 BGFD11029901 BG3SBA0101 BG3SBA0203 BG3SBA0301 BG3SBA0403
Sample Date 11/07/99 11/07/99 11/07/99 11/07/99 - 11/02/99 11/02/99 11/02/99 11/02/99 11/03/99 11/04/99
QC Type NM NM v NM NM NM NM NM NM NM NM
Deposit. Env. GLACIAL GLACIAL GLACIAL GLACIAL ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM ALLUVIUM
Grain Size SILT SILT SILT SAND SILT SILT SILT SAND SILT SILT
depth SS sS SB SB §8 SS SS $8 SS SB
Duplicate DupP MAX NORMAL NORMAL DUP pup MAX NORMAL NORMAL NORMAL
Matrix SO e} SO SO SO SO S0 SO SO S0
Top Depth 0 0 3 2 0 0 0 2 0 2
Bottom Depth 1 1 4 3 1 1 1 3 1 3
Metal (mg/kg) ’
ALUMINUM 10700 J 10700 J 12300 J 10500 J 8240 J 7780 8240 J 9060 J 9600 J 9770 J
ANTIMONY 049 U 049 U 042 U 045 U 071 U 11U iARY 11U 071 U 05U
ARSENIC 4.3 4.3 5.8 6 37 42 42 75 48 5.7
BARIUM 111.J 115 J 45.8 J 5186 J 743 J 75.6 J 756 J 834 J 105 J 648 J
BERYLLIUM 0.74 J 074 4 032 J 04 J 0.64 U 049 J 049 J 0.63 U 0.69 U 0.66 U
CADMIUM 005 U 01U 004 U 005 U g2 U 004 U g2 U 0.15 U 029 U 033 U
CALCIUM 924 J 1040 J 157 4 122 J 334 313 J 334 570 957 J 576 J
CHROMIUM 131 J 131 J 243 J 24 J 924J 1.3 J 113 J 191 J 15 J 101 J
COBALT 13.8 14.1 9.2 6.7 8.8 9.6 96 1.9 14.4 8.7
COPPER . 7.2 7.2 121 118 6.5 5.7 6.5 7.1 8J 6.6
IRON 12000 J 12000 J 21200 J 22100 J 9340 J 11800 11800 19500 J 16900 J 11900 J
LEAD 14.8 J 148 J 98 J 1.4 J 123 J 131 J 131 J 122 4 19 J 93 J
LITHIUM 128 J 12.8 J 149 J 15.2 J 82 J 91J 914 121 J 10.2 J 109 J
MAGNESIUM 1260 J 1260 J 1510 J 1480 J 876 J 846 J 876 J 772 J 1310 J 1100 J
MANGANESE 1360 J 1410 J 351 J 119 J 721 Jd 776 J 776 J 861 J 1560 J 720 J
MERCURY 0.06 0.06 0.05 U 005U 0.05 U 0.05 0.05 0.05 U 0.05 004 U
NICKEL 138 J 139 J 10.6 J 11.6 J 884J 924 92 J 123 J 132 J 98 J
POTASSIUM 831 J 831 J 814 J 896 J 584 496 584 768 1060 676
SELENIUM 0.79 U 079 U 024 U 03U 064 U 04 U 064 U 039 U 1U 043 U
SILVER 0.05 U 005 U 0.04 U 0.05 U 0.05 J 004 U 0.05 J 0.05 J 0.06 J 0.05 J
SODIUM 24 U 277 U 16.8 U 171 U 25U 11.9 J 194 52 J 29 U 23U
STRONTIUM 173 J 173 J 91 J 8.0J 74 J 784 78 4 i1d 101 J 88 J
THALLIUM 0.26 J 0.26 J 0.16 J 015 J 0.15 J 0.18 J 0.18 J 015 J 017 J 0.14 J
THORIUM 6.6 J 69 J 76 J 74 4 48 J 59 J 59J 59 J 6.4 J 62 J
TIN 057 U 057 U 06 U 0.64 U 0.66 U 0.62 U 0.66 U 06 U 082 U 05U
VANADIUM 236 J 236 J 315 J 289 J 16.9 18.2 . 182 239 235 20.5 J
ZINC 36.2 J 382 J 284 J 353 J 341 J 312 J 341 J 26.5 J 377 J 26.5 U
Notes:

NM - Normal soil sample
- LD - Lab duplicate
MS - Matrix spike
RB - Rinsate Blank
LC - Lab Control Sample
PB - Lab Prep Blank
MG/KG - m""  ~m per kilogram
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ANALYTICAL DATABASE
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NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
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Location BG3SBA04 BG3SBAO5 BG3SBA05 BG3SBAO5 BG3SBM02 BG3SBM02 BG3SBM02 BG3SBMO03 BG3SBMO04 BG3SBM04
nsample BG3SBA0404 BG3SBA0501 BG3SBA0504 BG3SBA0506 BG3SBMO0201 BG3SBM0203 BG3SBM0206 BG3SBM0305 BG3SBM0401 BG3SBM0404
sample BG3SBA0404 BG3SBA0S501 BG3SBA0504 BG3SBA0506 BG3SBM0201 BG3SBM0203 BG3SBM0206 BG3SBM0305 BG3SBM0401 BG3SBM0404
Sample Date 11/04/99 11/04/99 11/04/99 . 11/04/99 11/02/99 11/02/99 11/02/99 11/02/99 11/03/99 11/03/99
QC Type NM NM NM NM NM NM NM NM NM NM
Deposit. Env. ALLUVIUM ALLUVIUM ALLUVIUM . ALLUVIUM MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN
Grain Size SAND SILT SILT SAND SILT SILT CLAY SILT SILT CLAY
depth SB SS SB SB ss SB SB SB Ss SB
Duplicate NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix SO S0 SO SO S0 S0 S0 SO SO 1]
Top Depth 3 0 3 5 0 2 5 4 0 3
Bottom Depth 4 1 4 6 1 3 6 5 1 4
Metal (mg/kg)
ALUMINUM 12200 J 9800 J . 10100 J 7810 J 10400 15600 17000 11400 9900 10900
ANTIMONY 0.53 U 041 U 041 U 04 U 0.38 U 058 U 0.46 U 052 U 56 J 29 J
ARSENIC 3.2 8 3 37 59J ‘9J 4.4 J 6.6 J 55 d 6.14J
BARIUM 46.1 J 128 J 57 J 56.9 J 718 J 62.3 J 879 J 418 J 118 J 5114
BERYLLIUM 0.56 U 073 U 0.76 U 038 U 085 U 042 U 11U 045 U 094 U 037 U
CADMIUM 02U 0.28 U 029 U 014 U 36 J 14J 0.06 J 025 J 12 J 026 J
CALCIUM 817 J 595 J 506 J 39 J 303 J 351 J 1260 J 152 J 424 J 239 J
CHROMIUM 146 J 111 J 106 J 10.8 J 178 J 226 J 251 J 189 J 122 J 173 J
COBALT 75 8.7 7.3 75 15.2 6.4 8.2 6.8 135 - 4.1
COPPER 8.4 75 6.9 6.5 76 19 10.7 12.1 814 124 J
IRON 15600 J 10700 J 12900 J 12700 J 15700 25400 26400 21000 12400 18300
LEAD 934 123 J 94 J 934 16.6 J 136 J 109 J 109 J 142 J 92 J
LITHIUM 115 J 115 J 140 J 96 J 13.8 J 208 J 306 J 178 J 14.8 J 133 J
MAGNESIUM 1230 J 1000 J 1200 J 812 J 1210 J 2590 J 2070 J 1440 J 1310 J 1810 J
MANGANESE 306 J 1430 J 718 J 674 J 851 J 192 J 353J 318 J 1380 J 127 J
MERCURY 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.06 0.05 U 0.06 0.05 U 0.04 U
NICKEL 95 J 12.8 J 95 J 9.3 J 112 J 143 J 14.7 J 98 J 138 J 95 J
POTASSIUM 1020 821 731 689 688 1170 1270 851 801 810
SELENIUM 0.56 U 073 U 048 U 033 U 098 U 069 U 0.46 U 03 U 0.94 U 0.57 U
SILVER 0.04 J 0.06 J 0.05 J 0.05 J 0.05 J 0.05 J 0.06 U 0.05 J 0.06 J 0.05
SODIUM 2 U 28 U 24 U 24 U 94 J 914d 182 229 J 28 U 14.3 U
STRONTIUM 92 J 99 J 106 J 72 J 8.6 J 16.3 J 25.7 J 85J 13.3 J 127 J
THALLIUM 0.12 J 022 J 0.19 J 0.14 J 0.16 J 021 J 017 J 0.15 J 022 J 0.16 J
THORIUM 59 J 534 574 45 J 714 94 J 100 J 78 J 734 65 J
TIN 0.62 U 0.56 U 0.56 U 045 U 0.65 U 084 U 1.3 U 057 U 0.59 U 06 U
VANADIUM 269 J 194 J 214 J 18.1 J 26.9 37.7 33 32.6 23.1 28.8
ZINC 26.8 U 302U 26.4 U 228 U 351 J 47.7 J 149 J 285 J 37.2 J 279 J
Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank

MG/KG - milligram per kilogram




TABLE C-2

ANALYTICAL DATABASE
SOIL RESULTS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

NM - Normal soil sample

LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample

PB - Lab Prep Blank

MG/KG - m"" -am per kilogram
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Location BG3SBM04 BG3SBM05 BG3SBMO06 BG3SBM06 BG3SBMO7 BG3SBM07 BG3SBMO7 BG3SBM08 BG3SBM08 BG3SBM08
nsample BG3SBM0406 BG3SBM0504 BG3SBMO0601 BG3SBMO0604 BG3SBM0701 BG3SBM0704 BG3SBMO0706 BG3SBMO0801 BG35SBM0803 BG3SBM0803-D
sample BG3SBM0406 BG3SBM0504 BG3SBM0601 BG3SBM0604 BG3SBM0701 BG3SBM0704 BG3SBM0706 " BG3SBM0801 BG3ISBM0803 BGFD11039901
Sample Date 11/03/99 11/03/99 11/02/99 11/02/99 11/03/99 11/03/99 11/03/99 11/03/99 11/03/99 11/03/99
QC Type NM NM NM NM NM NM NM NM NM NM
Deposit. Env. MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN
Grain Size SAND SAND SILT SILT SILT SILT CLAY SILT SAND SAND
depth SB - SB Ss SB SS SB SB SS SB SB
Duplicate NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL DuUP DuUp
Matrix SO S0 SO SO S0 SO SO SO SO SO
Top Depth 5 3 0 3 0 3 5 0 2 2
Bottom Depth 6 4 1 4 1 4 6 1 3 3
Metal (mg/kg) .
ALUMINUM 5020 10400 9320 10100 12300 11900 9330 8450 7500 7400
ANTIMONY 12 J 1.2 J 044 U 0.69 U 14 J 063 U 041 U 036 U 0.19 U 023 U
ARSENIC 254 564 784 8J 10.2 J 65 J 26 J 46 J 24 1.6 J
BARIUM 274 554 J 153 J 116 J 143 J 59.6 J 64 J 65.2 J 309 J 30J
BERYLLIUM 02 U 037 U 0.77 U 12 U 12 U 047 U 0.56 U 061 U 03 U 035 U
CADMIUM 0.34 J 032 J 083 J 077 J 072 J 21J 021 J 083 J 28 J 12 J
CALCIUM 92.6 J 309 J 35300 J 5320 J 286 J 257 J 479 J 370 J 133 J 130 J
CHROMIUM 109 J 152 J 134 J 306 J 164 J 17.2 J 13.3 J 176 J 145 J 12.6 J
COBALT 4.5 4.7 13.7 11.8 271 6.9 45 8.4 33 3.1
COPPER 354 129 J 7.6 75 714 13.1.J 534 79 J 574 514
IRON 8850 17300 15000 22300 20900 20100 12000 13200 9640 8820
LEAD 754 96 J 178 J 154 J 206 J 128 J 76 J 14.3 J 64 J 6.1J
LITHIUM 78 J 147 J 139 J 20.6 J 159 J 14.8 J 184 J 1.2 J 104 J 103 J
MAGNESIUM 496 J 1890 J 1330 J 1210 J 1110 J 2000 J 1590 J 1040 J 925 J 910 J
MANGANESE 266 J 177 J 1690 J 1410 J 3040 J 311 J 894 J 666 J 87.8 J 85.5 J
MERCURY 0.04 U 0.05 U 0.05 U 0.04 U 0.05 U 0.05 U 005U ~ 0.05 0.04 U 004 U
NICKEL 46 J 10.2 J 142 J 173 J 136 J 11.8 J 14J 10.2 J 113 J 10.7 J
POTASSIUM 280 768 1340 1330 791 975 960 630 926 884
SELENIUM 029 U 053 U 1U 0.56 U 13 U 042 U 0.72 U 072 U 0.3 U 03 U
SILVER 0.05 J 0.05J 0.06 J 0.05 J 0.06 J 0.05J 0.05 U 0.06 J 0.05J 0.05 J
SODIUM 24 U 167 U 237 J 219 J 137 U 514 U 119 J 44 U 86 U 165 U
STRONTIUM 42 J 133 J 632 J 159 J 111J 16.2 J 154 J 74 J 50J 584
THALLIUM 0.05J 0.16 J 0.18 J 014 0.22 J 0214 014 017 J 0.05J 0.05J
THORIUM 41 J 6.7 J 59 J 69 J 78 J - 834 81J 58 J 46 J 514
TIN 044 U 06 U 12 U 064 U 12 U 067 U 0.68 U 052 U 0.48 U 05U
VANADIUM 16.9 274 21.6 26.1 374 28.7 18 22.3 14.1 13.2
ZINC 94 J 308 J 402 J 3154 60.2 J 357 J 171 J 281 J 13.2 J 129 J
-Notes:




Location BG3SBMO08 BG3SBMO09 BG3SBM10
nsample BG3SBM0803-MAX| BG3SBM0904 BG3SBM1003
sample BG3SBM0803 BG3SBM0904 BG3SBM1003
Sample Date 11/03/99 11/03/99 11/04/99
QC Type NM NM NM
Depaosit. Env. MISSISSIPPIAN MISSISSIPPIAN MISSISSIPPIAN
Grain Size SAND SILT CLAY
depth SB SB SB
Duplicate MAX NORMAL NORMAL
Matrix SO SO SO
Top Depth 2 3 2
Bottom Depth 3 4 3
Metal (mg/kg)

ALUMINUM 7500 14300 13800 J
ANTIMONY 023 U 097 U 06 U
ARSENIC 2J 85 J 6.3 J
BARIUM 309 J 56.6 J 55.8 J
BERYLLIUM 0.35 U 0.59 U 0.46 U
CADMIUM 28 J 0.75 J 0.57 J
CALCIUM 133 J 131 J 3124
CHROMIUM 145 J 194 J 18.7 J
COBALT 33 6.4 6.4
COPPER 574J 18.7 J 12.9
IRON 9640 22300 18500 J
LEAD 64 J 149 J 121 J
LITHIUM 104 J 154 J 16.4 J
MAGNESIUM 925 J 2530 J 1840 J
MANGANESE 878 J 269 J 266 J
MERCURY 0.04 U 0.05 005U
NICKEL 113 J 142 J 125 J
POTASSIUM 926 1150 1020
SELENIUM 03 U 0.54 U 0.88 U
SILVER 0.05 J 0.05 J 0.05 J
SODIUM 165 U 14.8 U 78 J
STRONTIUM 56 J 144 J 101 J
THALLIUM 0054 021 J 021 4
THORIUM 514 90 J 70 J
TIN 05U 0.66 U 0.65 U
VANADIUM 141 33.7 354
ZINC 13.2 J 46.6 J 362 J
Notes:

NM - Normal soil sample

LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample

PB - Lab Prep Blank

MG/KG - milligram per kilogram

TABLE C-2

ANALYTICAL DATABASE

SOIL RESULTS

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA
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brotE C-3

ANALYTICAL DATABASE

QC SAMPLES

CRANE, INDIANA

NAVAL SURFACE WARFARE CENTER

Page 1 of 2
nsample BG1SBA0306S BG15BA280304 BG1SBL0504S BG1SBP0603S BG3SBM0803S BGRB11029901S BGSW110299018 LCSS1-C8301 LCSS1-C8303
sample BG1SBA0306S BG15BA280304 BG1SBL0504S BG1SBP0603S BG35BM0803S BGRB11029901S BGSW11029901S LCSS1-C8301 LCSS1-C8303
sample_dat 11/05/99 10/06/00 11/08/99 11/05/93 11/03/99 11/02/93 11/02/99 11/03/99 11/16/99
qc_type MS MS MS MS MS RBIMS MS Lc Lc
samp_type .
Depos. Envirn. ALLUVIUM ALLUVIUM LOESS PENNSYLVANIAN MISSISSIPPIAN
top_depth 5 3 3 2 2
bottom_dep 6 4 4 3 3
dups
M ALUMINUM % 103 91.2 88.2
M ANTIMONY % 984 103 110 97.3 94.5 111 98.7 96.1
M ARSENIC % 91.1 91.6 81.2 84.2 94.1 1M 96.3 934
M BARIUM % - 79.1 108.9 79.1 83.2 94.4 106 95.8 93.8
M BERYLLIUM % 109 927 93.2 108 116 104 112 98.0
M CADMIUM % 92.1 96.6 82.3 94.1 36.0 N 106 86.0 80.0
M CALCIUM % 112 96.8 99.7
M CHROMIUM % 97.8 1352 N 67.5 N 121 77.0 103 97.0 96.0
M COBALT % 83.0 78.8 82.7 86.7 934 109 95.8 924
M COPPER % 89.9 118 87.7 92.8 97.3 108 99.6 99.2
M IRON % 109 101 95.1
M LEAD % 80.2 98 774 80.5 92.5 105 96.4 92.2
M LITHIUM % 84.6 94.8 104 685 N 11 99.7
M MAGNESIUM % . 102 94.1 94.3
M MANGANESE % 61.2 734 N -11.80 319 629 N 102 96.0 94.4
M MERCURY % 99.5 95.5 94.3 101 98.9 94.8 100 96.0
M NICKEL-% 794 80.4 818 84.7 924 104 96.4 924
M POTASSIUM % 98.8 93.2 93.5
M SELENIUM % 86.0 934 794 84.1 94.6 107 99.2 90.9
M SILVER % 92.1 94.7 85.9 921 87.9 104 86.0 92.0
M SODIUM % 954 102 82.7
M STRONTIUM % 81 17.5 106 105 105 102
M THALLIUM % 88.6 91.2 86.8 88.6 89.5 102 90.5 91.0
M THORIUM % 94.2 87.2 108° 116 105 109
M TIN % 96.8 89 93.1 92.8 84.6 103 93.2 84.8
M VANADIUM % 85.5 104.7 771 745 N 89.4 107 98.0 97.0
M ZINC % 741 N 108.1 75.3 81.2 89.3 107 94.0 92.8
Notes:

NM - Normal soil sample

LD - Lab duplicate
MS - Matrix spike
RB - Rinsate Blank

LC - Lab Controt Sample

PB - Lab Prep Blank

UGIL - microgram per liter




TABLE C-3

ANALYTICAL DATABASE
QC SAMPLES
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
Page 2 of 2

nsample LCSS1-C8304 LCSS1-C8305 LCSS1-C3806 LCSS51-C3807 LCSS$1-C3808 LCSS1-C3809 LCSW1-C8302 LCSW1-C8310
sample LCSS1-C8304 LCSS1-C8305 LCSS1-C3806 LCSS1-C3807 LCSS1-C3808 LCSS1-C3809 LCSW1-C8302 LCSW1-C8310
sample_dat 11118/99 11/18/99 05/04/00 05/04/00 05/04/00 05/05/00 1111199 05/04/00
qc_type X LC LC Lc LC LC Lc LC
samp_type

Depos. Envimn.

top_depth

bottom_dep

dups

M ALUMINUM % 83.7 89.0 105

M ANTIMONY % 103 107 17

M -ARSENIC % 86.0 92.2 109

M BARIUM % 86.1 93.8 110 -

M BERYLLIUM % 120 88.0 105

M CADMIUM % 96.0 84.0 108

M CALCIUM % 93.1 97.9 108

M CHROMIUM % 89.5 945 103

M COBALT % 87.2 93.0 109

M COPPER % 91.2 98.4 107

M IRON % 93.8 98.2 110

M LEAD % 874 944 108

M LITHIUM % 104 105 936 101 109
M MAGNESIUM % 88.1 94.8 102

M MANGANESE % 88.6 93.8 103

M MERCURY % 96.0 96.0 88.5

M NICKEL % 87.2 93.8 105

M POTASSIUM % 88.1 93.2 97.3

M SELENIUM % 116 93.2 110

M SILVER % 106 96.0 108

M SODIUM % 88.1 92.2 96.7

M STRONTIUM % 100 101 100 99.6 110
M THALLIUM % 105 94.1 105

M THORIUM % 102 106 110 102 116
M TIN % 92.5 99.3 106

M VANADIUM % 90.0 95.8 109

M ZINC % 874 924 108

Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sampie
PB - Lab Prep Blank
UGIL - microgram per liter




TABLE C-4

ANALYTICAL DATABASE

QC SAMPLES
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Page 1 of 2
nsample BGRB11029901 | BGRB11029901D | BGRB11039901 | BGRB11049901 | BGRB11059901 | BGRB11069901 | BGRB11079901 | BGRB11089901 | BGSW11029901
sample BGRB11029901 | BGRB11029901D | BGRB11039901 | BGRB11049901 | BGRB11059901 | BGRB11069901 | BGRB11079901 | BGRB11089901 | BGSW11029901
sample_dat 11/02/99 11/02/99 11/03/99 11104/99 11/05/99 11/06/99 11107199 11/08/99 11102199
qc_type RB RB/LD RB RB RB RB RB RB NM
M ALUMINUM UGIL 274 U 556 U 274 U 104 114 214 U 369 274 U 274 U
M ANTIMONY UG/L 011 U 11U 011U 011 U 011 U 011 U 033 J 011U 011 U
M ARSENIC UGIL 022 U 11U 022U 0.78 J 022 U 022 U 022 U 022 U 022 U
M BARIUM UGIL 011U 11U 056 J 011 u 10 J 0.11 38 0.89 J 4.7
M BERYLLIUM UGIL 0.11 U 11U 011U 011 U 011U 011U 011 u 011 U 011 u
M CADMIUM UGIL 0.11 U 11 U 011U 011 U 011U 011 U 0.11J 011 J 011U
M CALCIUM UG/L 18 J 11U 142 J 126 J 258 J 108 U 36.2 J 011U 011 U
M CHROMIUM UG/L 022 J 56 U 022 J 022 J 033 J 011 J 044 J 022 J 0.22 J
M COBALT UG/L 011 U 33 U 011 U 011 U 041 U 011 U 011 U 022 U 022 U
M COPPER UG/L 022 U 22 U 033 J 022 U 022 U 022 U 022 U 011U 011 u
M IRON UG/L 156 U 22U 156 U 54.6 30.9 156 U 99.4 022 U 022 U
M LEAD UG/L 011U 11U 0.33 J 011 U 011 U 011 U 011 J 0.11 J 011 4
M LITHIUM UGIL 022 UJ 0.22 J 0.22 UJ 0:22 UJ 0.22 UJ 0.22 UJ 0.22 UJ 0.22 UJ
M MAGNESIUM UGIL 127 J 111U 54 J 99 J 134 J 30J 444 J 56 J 56 U
M MANGANESE UG/L 0.22 J 56 U 011 J 0.33 J 044 J 011 U 10 J 0.22 J 022 U
M MERCURY UGIL 0.20 J 020 U 020 U 020 U 020 U 020 U 020 U 020 U 020 U
M NICKEL UGIL 0114 111U 011 u 011 011 J 0.11J 011 J 011 J 0.11J
M POTASSIUM UGIL 214 U 111U 214 U 214 U 64.7 J 214 U 413J 214 U 214 U
M SELENIUM UG/L 067 U 11U 067 U 067 U 067 U 067 U 067 U 0.78 J 067 J
M SILVER UG/L 011U 33U 011U 011U 011 U 011 U 011U 011 U 011U
M SODIUM UG/L 136 U 11 U 18.7 J 13.6 U 76.3 J 136 U 531 J 136 U 136 U
M STRONTIUM UGIL 0.22 UJ 0.22 UJ 022 UJ 0.22 UJ 0.22 UJ 0.22 UJ 0.22°UJ 0.22 UJ
M THALLIUM UG/L o1y 11U 011 U 011U 011 U 011U 011 U 011U 11U
M THORUM UGIL 033J 0.22 UJ 0.22 UJ 0.22 W 022 UJ. 0.22 UJ 022 UJ 0.22 UJ
M TIN UGLL 011 U 111U 0.11J 011 U 022 J 011U 23 011 J 033 J
M VANADIUM UGIL 011 U 22 U 011U 0.11 J 011 J 011 U 044 J 011U 011 U
M ZINC UG/L 58 J 111U 14 ) 60.3 78 22 J 19 J 99.4 18 J
Notes:

NM - Normal soil sampie

LD - Lab duplicate
MS - Matrix spike
RB - Rinsate Blank

LC - Lab Control Sample

PB - Lab Prep Blank

UG/L - microgram per liter




TABLE C-4

ANALYTICAL DATABASE
QC SAMPLES
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Page 2 of 2
nsample BGSW1102 PBW1-C8302 | PBW1-C8310 | BGRB10060001 | BGRB10070001
sample . BGSW11029901D | PBW1-C8302 | PBW1-C8310 | BGRB10060001 | BGRB10070001
sample_dat 11/02/99 11111/99 05/05/00 10/06/00 10/06/00
qc_type sw PB PB RB RB
M ALUMINUM UGLL - 556 U 559 J 556 U
M ANTIMONY UG/L 11U 11U 11U
M ARSENIC UGL 11U 11U 11U
M BARIUM UG/L 11U 068 J 056 U
M BERYLLIUM UG/ 11U 056 U 056 U
M CADMIUM UG/ 11U 056 U 056 U
M CALCIUM UG/L 111 U 124 U 124 U
M CHROMIUM UG/L 56 U 056 U 0.56 J
M COBALT UGIL 3u 0.56 U 0.56 U
M COPPER UG/L 22 U 056 U 056 U
M IRON UG/L 22U 249 J 202 J
M LEAD UG/L 11U 0.56 U 0.56 U
M LITHIUM UG/L 022 U 0.20 U 036 J 022 U
M MAGNESIUM UG/L 111U 36.7 U 36.7 U
M MANGANESE UG/L 56 U 1.7 U 1.7 U
M MERCURY UGIL 0.20 U 020 U 0.20 U
M NICKEL UG/L 111U 056 U 056 U
M POTASSIUM UG/L 1M1 U 163 U 163 U
M SELENIUM UG/ 11U 11U 11U .
M SILVER UGIL 33 U 0.56 U 056 U
M SODIUM UG/L 111 U 311U 311U
M STRONTIUM UG/L 022 U 020 U 022 U 022 U
M THALLIUM UGIL 11U 056 U 056 U
M THORUM UGIL 022 U 020 U 043 J 022 U
M TIN UGIL 111U 011U 011 U
M VANADIUM UGIL 22U 056 U 056 U
M ZINC UGL 111U 56 U 56 U
Notes:

NM - Normal soil sample
LD - Lab duplicate

MS - Matrix spike

RB - Rinsate Blank

LC - Lab Control Sample
PB - Lab Prep Blank
UGI/L - microgram per liter



C-2 DATA VALIDATION SUMMARY
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Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO: K. HENN DATE: OCTOBER 23, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE/REV 2
SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND TIN
b CTO 083 - NSWC CRANE
SDG - C8301
SAMPLES: 18/Soils/
- BG3SBM0201 BG3SBM0203 BG3SBM0206
BG3SBM0305 BG3SBM0401 BG3SBM0404
BG35BM0406 BG3SBM0504 BG3SBMO0601
.BG3SBM0604 BG3SBM0701 BG3SBM0704
BG3SBMQ706 BG3SBMO0801 BG3SBM0803
BG3SBM0904 BG3SBM1003 BGFD11039901
Overview

‘he sample set for CTO 083, NSWC Crane, SDG C8301, consists of eighteen (18) soil environmental samples. One (1) -
_..eld duplicate pair (BG3SBM0803 / BGFD11039901) was included within this SDG.

All samples were analyzed for target analyte list (TAL) metals and tin. The samples were collected by Tetra Tech NUS on
November 2-4, 1999 and analyzed by Laucks Testing Labs, inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Aluminum, barium, calcium, chromium, cobalt, copper, iron,
lead, magnesium, manganese, nickel, potassium, vanadium and zinc analyses were conducted using SW 846 method
6010B via ICP instrumentation. Arsenic, beryllium, cadmium, selenium, silver, sodium, thallium, antimony and tin analyses
were conducted using SW 846 method 6020 via ICP/MS instrumentation. Mercury analyses were conducted using SW
846 method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameters:

Data Completeness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

Field Quality Control Blank Analyses
ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Field Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

¥ ¥ ¥ %
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* - All quality control criteria were met for this parameter.

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All
Maximum Action

Analyte Concentration Level (soil
Antimony'" 0.150 mg/kg 0.75 mg/kg
Arsenic 0.2ug/L. 0.10 mg/kg
Beryllium® 0.250 mg/kg 1.25 mg/kg
Selenium 0.6ug/L 0.300 mg/kg
Tint 0.210 mg/kg ~ 1.05 mg/kg

™ Maximum concentration found in a soil preparation blank.

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results less than the action level for antimony, beryllium, selenium and tin were qualified as nondetected "U".
Positive results greater than the action level for antimony, arsenic and barium were qualified as estimated, “J”.

All positive results reported for any analyte present in a field quality control blank were qualified as estimated, “J”.

Matrix Spike Results

The Matrix Spike (MS) Percent Recoveries (%Rs) for cadmium and manganese were <75% quality control limit. The
positive results reported for cadmium and manganese were qualified as estimated, “J".

Laboratory Duplicate Results

Laboratory Duplicate imprecision was noted for cadmium. The positive results reported for cadmium were qualified as
estimated, “J".

Field Duplicate Results

Field Duplicate imprecision (50%) was noted for cadmium. The positive results reported for cadmium were qualified as
estimated, “J”. :

Notes

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for antimony, arsenic, cadmium, lead and silver
were outside the 80-120% quality control limits. No validation action is required per regional guidance.

A comparison of field duplicate pair (BG3SBM0803 / BGFD11039901) is included in Appendix C.
As noted in the Case Narrative, the soil adjusted IDLs were not met for all metals analyzed via ICP instrumentation.
The metals analyzed via MS/ICP instrumentation were conducted at a 5X dilution.

Selenium and sodium exceeded the soil adjusted limits requested in the QAPP.
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Executive Summary

Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.

Other Factors Affectving Data Quality: All positive results reported for any analyte present in a field quality control blank
were qualified as estimated, “J”. Several analytes were present in the field quality control blanks. The MS %Rs for
cadmium and manganese were <75% quality control limit. Laboratory and field duplicate imprecisions were noted for
cadmium.

The data for these analyses were reviewed with reference to the "National Functional Guidelines for inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"| attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

fjﬂﬂ lw‘@m&

Tetra Tech NUS / L
Gretchen A. Phipps

Tetra Teeh NUS
Joseph A. Samchuck
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



Tetra Tech NUS INTERNAL CORRESPONDENCE

TO: K. HENN DATE: JANUARY 26, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE
SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND TIN

CTO 083 — NSWC CRANE

SDG - C8302

SAMPLES: 8/Aqueous/

BGRB11029901 BGRB11039801 BGRB11049801
BGRB11058901 BGRB11069901 BGRB11079901
BGRB11089901 BGSW110298901

Overview

The sample set for CTO 083, NSWC Crane, SDG C8302, consists of seven (7) rinsate blanks and one (1) source water
blank (BGSW11029901).

All samples were analyzed for target analyte list (TAL) metals and tin. The samples were collected by Tetra Tech NUS on
November 2-8, 1999 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities Engineering Service Center.
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. All metals analyses, with the exception of mercury, we
conducted using SW 846 method 6020 via ICP/MS instrumentation. Mercury analyses were conducted using SW 84.
method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameteré:

* Data Completeness

Holding Times

Calibration Verifications

ICP interference Check Sampie Resuits
Laboratory Duplicate Resuits

Matrix Spike/ Matrix Spike Dupliicate Analyses
Post Digestion Spike Analyses

Laboratory Control Sample Results

Sampie Quanitation

Detection Limits

*

*
e ® 6 & o & 5 o & O

- All quality control criteria were met for this parameter.

*

Post Digestion Spike Analyses

The Post Digestion Spike (PDS) Percent Recovery (%R) for cadmium was >125% quaiity control limit. The positive results
reported for cadmium were gqualified as estimated, “J". '
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Notes

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for arsenic, cobalt and selenium were out5|de
the 80-120% quality control limits. No validation action is required per regional guidance.

Please, note that field quality control sampies are not qualified for blank contamination.

All metals, with exception to mercury, were reported at IDLs lower than requested in the QAPP. The laboratory reported
results to the IDL listed on the Form 10 inciuded in Appendix C. It was requested that mercury be reported to 0.06ug/L.
The laboratory reported mercury at 0.2ug/L. No changes were made to adapt the data to meet the QAPP requested I1DLs.
Results, as submitted by the laboratory were used for data validation purposes.

Executive Summary

Laboratory Performance: None.

Other Factors Affecting Data Quality: The PDS %R for cadmium was >125% quality control fimit.

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitied "Navy Instaliation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).

The text of this report has been formulated to address only those problem areas affecting data quality.

"| attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the-Quality Assurance Project Plan (QAPP)."

Tetra Tech NUS
Tech NUS 1
J eph A. Samchuck

Gretchen A. Phipps
Quality Assurance Officer

Chemlst

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



APPENDIX A
QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

<x2<¢—4m;uo-uozgrxh—:x:a)'nmoom>

]

# "

Lab Blank Contamination

Field Blank Contamination

Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance
MSMSD Noncompiiance

LCS/LCSD Noncompliance

Lab Duplicate Imprecision

Field Duplicate Imprecision

Holding Time Exceedance

ICP Serial Dilution Noncompliance

GFAA PDS - GFAA MSA's r<0.995

ICP Interference - include ICSAB % R's

Instrument Calibration Range Exceedance

Sample Preservation

Intemal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)
Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)
Surrogates Recovery Noncompliance

Pesticide/PCB Resolution v

% Breakdown Noncompliance for DDT and Endrin

Pest/PCB D% between columns for positive results

Non-linear calibrations, tunirig r < 0.995 (correlation coefficient)
EMPC result

Signal to noise response drop
% Solid content is less than 30%




CTO083-NSWC CRANE

WATER DATA
LAUCKS Page 1
SDG: C8302
SAMPLE NUMBER: BGRB11029901 BGRB11039901 BGRB11049901 BGRB11059901
SAMPLE DATE: 11/02/99 11/03/99 11/04/99 11/05/99
LABORATORY ID: 9911159-01 9911159-03 9911159-04 9911195-01
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 00% 0.0% 0.0 % 00%
UNITS: UGIL UGIL UGIL UG/
FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT QUAL CODE |[RESULT QUAL CODE|RESULT QUAL CODE
INORGANICS
ALUMINUM 27.4 u 27.4 U . 104 114
ANTIMONY 0.11 U 0.1 V] 0.11 1] 0.1 u
ARSENIC 0.22 U 0.22 U 0.78 J P |0.22 u
BARIUM 0.11 1] 0.56 J P 011 u 10 J P
BERYLLIUM 0.11 U 0.1 1] GRE] U 0.11 V]
CADMIUM 0.11 U KK V] 0.11 T 0.1 U
CALCIUM 18 J P 142 J P 1128 J P [258 J P
CHROMIUM 0.22 J P f0.22 J P |022 J P j033 J P
COBALT 0.1 V] 0.11 1] on U 0.1 V]
COPPER 0.22 ¥] 0.33 J P j022 u 0.22 V]
IRON 156 u 16.6 U 54.6 309
LEAD 0.11 U 0.33 J P fo11 U 0.11 u
MAGNESIUM 12.7 J P |54 J P Jo9 J P [13.4 J P
MANGANESE 0.22 J P 10.11 J P 1033 J P |1044 J P
MERCURY 0.20 J P [0.20 U 0.20 U 0.20 U
NICKEL 0.11 J P jo.11 u 011 J P fo.11 J P
POTASSIUM 214 u 21.4 U 214 U 64.7 J P
SELENIUM 067 V] 067 1] 067 u 0.67 U
SILVER GRE] 1] 0.1 U 0.11 U 0.1 7]
SODIUM 13.6 u 18.7 J P 136" U 763" J P
THALLIUM 0.1 V] 0.11 U 0.1 V] 011 1]
TIN 0.11 U 0.11 J P [0.11 V] To.22 J P
VANADIUM 0.1 V] 0.11 U 0.11 J P Jo.11 J P
ZINC 5.8 J P14 J P }60.3 7.8 J P




CTO083-NSWC CRANE

WATER DATA

LAUCKS Page 2
SDG: C8302

SAMPLE NUMBER: BGRB11069901 BGRB11079901 BGRB11089801 BGSW11029901

SAMPLE DATE: 11/06/99 11/07/99 11/08/99 11/02/98

LABORATORY ID: 9911195-02 9911195-03 9911195-04 9911159-02

QC_TYPE: NORMAL NORMAL NORMAL NORMAL

% SOLIDS: 0.0 % 0.0% 0.0% 0.0 %

UNITS: UGIL UGIL uGnL UGIL

FIELD DUPLICATE OF:

, RESULT QUAL CODE|RESULT  QUAL CODE |JRESULT  QUAL CODE JRESULT  QUAL CODE
INORGANICS

ALUMINUM 27.4 ] 369 274 u 27.4 U

ANTIMONY 0.11 U 0.33 J P {011 U 0.11 U

ARSENIC 0.22 1] 0.22 0 0.22 U 0.22 U

BARIUM 0.11 38 0.89 J P |47

BERYLLIUM 6.1 U 0.11 U 0.1 U 0.1 ]

CADMIUM 0.11 U 0.11 J DP [0.11 J DP [0.11 - U

CALCIUM 10.8 U 362 J P 10.11 U 0.11 U
CHROMIUM 0.1 J P [044 J P |0.22 J P j0.22 J P
COBALT 011 U 0.11 u 0.22 V] 0.22 U

COPPER 0.22 1] 0.22 U 0.1 1] 0.11 U

IRON 156 U 994 0.22 W] 0.22 1]

LEAD 0.11 U 0.11 J P Jo.11 J ? 1011 J P
MAGNESIUM 30 J P 444 J P |56 J P |56 1]
MANGANESE 0.11 1] 10 J P [0.22 J P [022 ]

“MERCURY 0.20 V] 0.20 1] 0.20 ] 0.20 V]

NICKEL 0.11 J P [0.11 J P [0.11 N P 0.1 J P
POTASSIUM 214 u 413 J P 214 U 214 U

SELENIUM 0.67 U 0.67 U 0.78 J P [067 J P
SILVER 0.11 U 0.1 V] 0.11 1] 011 U

SODIUM 136 U 531 J P 136 U 136 U

THALLIUM 0.1 U 0.1 U 0.11 U (K] U

TIN 0.11 U 73 J P J011 J P ]033 J P
VANADIUM 0.11 U 0.44 ] P fo.11 U 0.11 U

ZINC 232 J P 19 J P 994 i8 J P




TO:

FROM:

SUBJECT:

SAMPLES:

Overview

The sample set for CTO 083, NSWC Crane, SDG C8303, consists of twenty (20) soil environmental samples. Two (2)

Tetra Tech NUS

K. HENN

GRETCHEN A. PHIPPS

INTERNAL CORRESPONDENCE

DATE:

COPIES:

INORGANIC DATA VALIDATION - TAL METALS AND TIN
CTO 083 — NSWC CRANE

OCTOBER 24, 2000

DV FILE/REV 2

SDG - C8303

20/Soils/

BG1SBAO101 BG1SBA0104 BG1SBA0306
BG1SBA0401 BG1SBA0503 BG1SBA0504
BG1SLO101 BG1SL0103 BG1SL0O105
BG1SL0405 BG3SBA0101 BG3SBA0203
BG3SBA0301 BG3SBA0403 BG3SBA0404
BG3SBA0501 BG3SBA0504 BG3SBA0506
BGFD11059901

BGFD11069901

field duplicate samples (BGFD11059901 and BGFD11069901) were included within this SDG.

All samples were analyzed for target analyte list (TAL) metals and tin. The samples were collected by Tetra Tech NUS on
November 3-8, 1999 and analyzed by Laucks Testing Labs, inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Aluminum, barium, calcium, chromium, cobalt, copper, iron,
lead, magnesium, manganese, nickel, potassium, vanadium and zinc analyses were conducted using SW 846 method
6010B via ICP instrumentation. Arsenic, beryllium, cadmium, selenium, silver, sodium, thallium, antimony and tin analyses
were conducted using SW 846 method 6020 via ICP/MS instrumentation. Mercury analyses were conducted using SW

846 method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameters:

Data Completeness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

Field Quality Control Blank Analyses
ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits
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* - All quality control criteria were met for this parameter.

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All
Maximum Action
Analyte ' Concentration Level (soil)
Antimony'" 0.250 mg/kg 1.25 mg/kg
Beryllium‘" 0.150 mg/kg 0.75 mg/kg
Cadmium 0.2ug/L 0.10 mg/kg
Tin® 0.2mg/kg 1.0 mg/kg

M Maximum concentration found in a soil preparation blank.

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results less than the action level for antimony, beryllium, cadmium and tin were qualified as nondetected "U".

All positive results reported for any analyte present in a field quality control blank were qualified as estimated, “J”.

Matrix Spike Results

ne Matrix Spike (MS) Percent Recovery (%R) for zinc was <75% quality control limit. The positive results reported for
zinc.were qualified as estimated, “J”".

Laboratory Duplicate Results

Laboratory Duplicate imprecision (>35%) was noted for manganese. The positive results reported for manganese were
qualified as estimated, “J”.

ICP Serial Dilution Results

The ICP Serial Dilution Percent Differences (%Ds) for aluminum, barium, iron and manganese were >10% quality control
limit. The positive results reported for aluminum, barium, iron and manganese were qualified as estimated, “J”.

Notes

The Contract Required Detection Limit (CRDL) Percent Recovery (%R) for antimony was <80% quality control limits. No
validation action is required per regional guidance.

The original samples associated with the field duplicate samples were not included within this SDG. Therefore, a
comparison was not included. ,

As noted in the Case Narrative, the soil adjusted IDLs were not met for the metals analyzed via ICP instrumentation.
The metals analyzed via MS/ICP instrumentation were conducted at a 5X dilution.

Selenium and sodium exceeded the soil adjusted limits requested in the QAPP.
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Executive Summary

Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: All positive results reported for any analyte present in a field quality controt blank
were qualified as estimated, “J”. Several analytes were present in the field quality control blanks. The MS %R for zinc
was <75% quality control limit. Laboratory duplicate imprecision was noted for manganese. The ICP Serial Dilution %Ds
for aluminum, barium, iron and manganese were >10% quality control fimit.

The data for these analyses were reviewed with reference to the “National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).

The text of this report has been formulated to address only those problem areas affecting data quality.

"l attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

/%mm a ’QM iops

Tetra Tech NUS
Gretchen A. Phipps
Chemist

Za
Tefra Tech NUS
Joseph A. Samchuck
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation
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Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO: K. HENN DATE: OCTOBER 24, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE/REV 2
SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND TIN

CTO 083 — NSWC CRANE

SDG - C8304
SAMPLES: 16/Soils/

BG1SBA0405 BG1SBP0103 BG15BP0204

BG1SBP0206 BG1SBP0305 BG1SBP0401

BG1SBP0406 BG1SBP0505 BG1SBP0601

BG1SBP0603 BG1SBP0701 BG1SBP0801

BG1SBP0804 BG1SBP0806 BG1SBP0901

BG1SBP1004
Overview

he sample set for CTO 083, NSWC Crane, SDG C8304, consists of sixteen (16) soil environmental samples.

All samples were analyzed for target analyte list (TAL) metals and tin. The samples were collected by Tetra Tech NUS on
November 5-6, 1999 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Aluminum, barium, calcium, chromium, cobalt, copper, iron,
lead, magnesium, manganese, nickel, potassium, vanadium and zinc analyses were conducted using SW 846 method
6010B via ICP instrumentation. Arsenic, beryllium, cadmium, selenium, silver, sodium, thallium, antimony and tin analyses
were conducted usmg SW 846 method 6020 via ICP/MS instrumentation. Mercury analyses were conducted using SW
846 method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameters:

Data Compieteness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

Field Quality Control Blank Analyses
ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

* X * %
® ® & @ 0 ¢ 0 0 0 0 0 0 o

*

- All quality control criteria were met for this parameter.



MEMO TO: K. HENN - PAGE 2
DATE: OCTOBER 24, 2000

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All
Maximum ' Action
Analyte Concentration Level (soil
Antimony'" 0.20 mg/kg 1.0 mg/kg
Arsenic 0.2ug/L 0.10 mg/kg
Bera/llium‘” 0.05 mg/kg 0.25 mg/kg
Tin® 0.350 mg/kg 1.75 mg/kg

- @ Maximum concentration found in a soil preparation blank.
An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.

Positive resuits less than the action level for antimony, beryllium and tin were qualified as nondetected "U". Positive
results greater than the action level for arsenic were qualified as estimated, “J".

All positive results reported for any analyte present in a field quality control blank were qualified as estimated, “J”.

Matrix Spike Results

The Matrix Spike (MS) Percent Recovery (%R) for vanadium was <75% quality control limit. The positive results reported
for vanadium were qualified as estimated, “J”.

Laboratory Duplicate Results

Laboratory Duplicate imprecision (>35%) was noted for arsenic, chromium, iron, lead and manganese. The positive
results reported for arsenic, chromium, iron, lead and manganese were qualified as estimated, “J".

Notes

The Contract Required Detection Limit (CRDL) Percent Recovery (%R) for arsenic was <80% quality control limits. No
validation action is required per regional guidance.

As noted in the Case Narrative, the sdil adjusted IDLs were not met for all metals analyzed via ICP instrumentation.

The metals analyzed via MS/ICP instrumentation were conducted at a 5X dilution.

Selenium and sodium exceeded the soil adjusted limits requested in the QAPP.

Executive Summary

Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: All positive results reported for any analyte present in a field quality control blank
were qualified as estimated, “J". Several analytes were present in the field quality control blanks. The MS %R for

vanadium was <75% quality control limit. Laboratory duplicate imprecision was noted for arsenic, chromium, iron, lead
and manganese. -
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"| attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

Tetra Tech NUS '
Gretchen A. Phipps

Chemist e Pl
Y

Tétra Tech-NUS
Joseph A. Samchuck
Quality Assurance Officer

*ttachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation
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Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO: K. HENN DATE: OCTOBER 23, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE/REV 2
SUBJECT: INORGANIC DATA VALIDATION — TAL METALS AND TIN

CTO 083 - NSWC CRANE

SDG -~ C8305
SAMPLES: 18/Soils/

BG1SBL0305 BG1SBL0403 BG1SBL0501

BG1SBL0504 BG1SBL0O506 BG2SBGO0101

BG2SBG0104 BG2SBG0201 BG2SBG0203

BG2SBG0206 BG2SBG0303 BG2SBG0401

BG25BG0404 BG2SBG0503 BGFD11029901

BGFD11079901 BGFD11079902 BGFD11089901
Overview

The sample set for CTO 083, NSWC Crane, SDG C8305, consists of eighteen (18) soil environmental samples.
Three (3) field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and BG1SBL0504 /
BGFD11089901) were included within this SDG.

All samples were analyzed for target analyte list (TAL) metals and tin. The samples were collected by Tetra Tech NUS on
November 2, 7 and 8, 1999 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Aluminum, barium, calcium, chromium, cobalt, copper, iron,
lead, magnesium, manganese, nickel, potassium, vanadium and zinc analyses were conducted using SW 846 method
6010B via ICP instrumentation. Arsenic, beryllium, cadmium, selenium, silver, sodium, thallium, antimony and tin analyses
were conducted using SW 846 method 6020 via ICP/MS instrumentation. Mercury analyses were conducted using SW
846 method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameters:

Data Completeness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

Field Quality Control Blank Analyses
ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

* X ¥ ¥ *
e & & ¢ o & & ¢ o 0o 0 o o
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* - All quality control criteria were met for this parameter.

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All
Maximum Action
Analyte Concentration Level (soil
Antimony'” 0.3 mg/kg 1.5 mg/kg
Beryllium 0.1ug/L 0.05 mg/kg
Cadmium 1.6ug/L 0.80 mg/kg
Silver 0.1ug/L 0.05 mg/kg

Tin® 0.40 mg/kg 2.0 mg/kg
} Maximum concentration found in a soil preparation blank. '
An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results less than the action level for antimony, beryllium, cadmium, silver and tin were qualified as nondetected
“U". Positive results greater than the action level for antimony and beryllium were qualified as estimated, “J".
All positive results reported for any analyte present in a field quality control blank were qualified as estimated, “J".

Natrix Spike Results

The Matrix Spike (MS) Percent Recovery (%R) for chromium was <75% quality control limit. The positive results reported
for chromium were qualified as estimated, “J".

Notes

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for arsenic, cadmium, lead and silver were
outside the 80-120% quality control limits. No validation action is required per regional guidance.

As noted in the Case Narrative, the soil adjusted IDLs were not met for all metals analyzed via ICP instrumentation.

A comparison of field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and
BG1SBL0504 / BGFD11089901) is included in Appendix C.

The metals analyzed via MS/ICP instrumentation were conducted at a 5X dilution.
Selenium and sodium exceeded the soil adjusted limits requested in the QAPP.

The original sample associated with field duplicate sample BGFD11029901 was not included in this SDG. Therefore, a
comparison was not made.

Executive Summary

Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.
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Other Factors Affecting Data Quality: All positive results reported for any analyte present in a field quality control blank
were qualified as estimated, “J”. Several analytes were present in the field quality control blanks. The MS. %R for

chromium was <75% quality control limit.

The data for these analyses were reviewed with reference to the "National Functional Guidelines for. Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"l attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

A ttrhim i %/fs

Tetra Tech NUS
Gretchen A. Phipps

Chemist
o ) ’ e
o e
Tefra TedhAUS

Joseph A. Samchuck
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation
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Overview

Tetra Tech NUS INTERNAL CORRESPONDENCE

K. HENN DATE: JUNE 1, 2600

GRETCHEN A. PHIPPS COPIES: DV FILE
INORGANIC DATA VALIDATION - LITHIUM, STRONTIUM AND THORIUM

CTO 083 — NSWC CRANE

SDG - C8306

18/Soils/

BG3SBMO0201 BG3SBM0203 BG3SBM0206
BG3SBMO0305 BG3SBM0401 BG3SBM0O404
BG3SBM0406 BG3SBM0504 BG3SBM0601
BG3SBM0604 BG3SBMO701 BG3SBM0704
BG3SBM0706 BG3SBM0801 BG3SBM0803
BG3SBM0904 BG3SBM1003 BGFD11039901

The sample set for CTO 083, NSWC Crane, SDG C8306, consists of eighteen (18) soit environmental samples. One (1)
field duplicate pair (BG3SBM0803 / BGFD11039901) was included within this SDG.

All samples were analyzed for lithium, strontium and thorium. The samples were collected by Tetra Tech NUS on
November 2-4, 1999 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Contral (QA/QC) criteria. Metals analyses were conducted using SW 846 method
6020 via ICP/MS instrumentation.

These data were evaluated based on the following parameters:

*

I I N
e & & & & & o ¢ 0 & o o ¢

*

Data Completeness

Holding Times

Calibration Verifications
Laboratory Blank Analyses

ICP Interference Check Sample Results
Matrix Spike Resuits

Laboratory Duplicate Results

Field Duplicate Results

Post Digestion Spike Resuilts
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

- All quality controtl criteria were met for this parameter.
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Holding Times

The 180 day holding time for metals analyses was exceeded by 7-9 days. However, the request for analysis of the
additional metals was made as hold times were about to expire. The positive results reported were qualified as estimated,
HJH. X

Laboratory Blank Analyses

The following contaminants were detected in-the laboratory method / preparation blanks at the following maximum
concentrations: , .

Samples affected: All
Maximum Action
Analyte Concentration Level (soil
Lithium 0.2ug/L 0.10 mg/kg
Thorium 0.4ug/L 0.20 mg/kg

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results greater than the action level lithium and thorium were qualified as estimated, “J".

ICP Serial Dilution

The ICP Serial Dilution Percent Differences (%Ds) for lithium, strontium and thorium were >10% quality contro! limit. The
positive results reported for lithium, strontium and thorium were gqualified as estimated, “J". '

Notes
A comparison of field duplicate pair (BG3SBM0803 / BGFD11039901) is included in Appendix C.
The metals analyzed via ICP/MS instrumentation were conducted at a 5X dilution.

Executive Summary

Laboratory Performance: Lithium and strontium were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: The holding time was exceeded. The ICP. Serial Dilution %Ds for lithium,
strontium and thorium were >10% quality control limit.
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

“{ attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

“Hutcha 2 o
Tetra Tech NUS /
Gretchen A. Phipps

Chemist

oseph A. Samchuck
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation
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QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

Xses<CHOMIDIODVOZIZIINAR"RS " ITOHTMTMOOD>»

Lab Blank Contamination

Field Blank Contamination

Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance
MS/MSD Noncompliance

LCS/LCSD Noncompliance

LLab Duplicate imprecision

Field Duplicate imprecision

Holding Time Exceedance

ICP Serial Dilution Noncompliance

GFAA PDS - GFAA MSA's r<0.995

ICP Interference - include ICSAB % R's

Instrument Calibration Range Exceedance

Sample Preservation

Internal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)
Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)
Surrogates Recovery Noncompliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DDT and Endrin

Pest/PCD% between columns for positive results

Non-linear calibrations, tuning r < 0.995 (correlation coefficient)
EMPC result

Signal to noise response drop



CTO083-NSWC CRANE
SOIL DATA

LAUCKS Page 1
" SDG: C8306

SAMPLE NUMBER: BG3SBMO0201 BG3SBM0203 BG3SBM0206 BG3SBMO0305

SAMPLE DATE: 11/02/99 11/02/98 11/02/99 11/02/99

LABORATORY ID: 0004692-02 0004692-03 0004692-04 0004692-07

QC_TYPE: NORMAL NORMAL NORMAL NORMAL

% SOLIDS: 82.0 % 86.4 % 82.2 % 90.5 %

UNITS: MG/KG MG/KG MG/KG MG/KG

FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE JRESULT QUAL CODE

INORGANICS

LITHIUM 13.8 J AH! 208 J AHI [30.6 J AHI 117.8 J AHI

STRONTIUM 8.6 J Hl }16.3 J HI [25.7 J HI [8.5 J HI

THORIUM 71 J AHI 194 J AHI }110.0 Jd AHI [7.8 J AHI




CTO083-NSWC CRANE

SOIL DATA ,
LAUCKS Page
SDG: C8306
SAMPLE NUMBER: BG3SBMO0401 BG3SBM0404 BG3SBM0406 BG3SBM0504
SAMPLE DATE: 11/03/99 11/03/99 11/03/99 11/03/99
LABORATORY ID: 0004692-10 0004692-11 0004692-12 0004692-13
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 84.4 % 88.6 % 93.8% 87.9 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE | RESULT QUAL CODE
INORGANICS ’
LITHIUM 14.8 J AHI 113.3 J AHI 7.8 J AHI [14.7 J AHI
STRONTIUM 13.3 J HI |12.7 J HI 4.2 J HI 113.3 J Hi
THORIUM 73 J AHI ]6.5 J AHI 141 J AHI {6.7 J AHI




CTO083-NSWC CRANE
SOIL DATA

LAUCKS Page 8
SDG: C8306
SAMPLE NUMBER: BG3SBMO0601 BG3SBM0604 BG3SBMO0701 BG3SBMO0704
SAMPLE DATE: 11/02/99 11/02/99 11/03/99 - 11/03/99
LABORATORY iD: 0004692-05 0004692-06 0004692-15 0004692-16
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 80.3% 90.3 % 834 % 872 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT QUAL CODE JRESULT QUAL CODE | RESULT QUAL CODE
INORGANICS
LITHIUM 139 J AHl 1206 - d AHI }115.9 J AH! {148 J AHY
STRONTIUM 63.2 J HI 1159 J Hi f11.1 J HI | 16.2 J HI
THORIUM 5.9 J AHI }6.9 J AHI 7.8 J AHI |8.3 J AHI




CTO083-NSWC CRANE

- SOIL DATA
LAUCKS : _ Page
SDG: C8306
SAMPLE NUMBER: BG3SBM0706 BG3SBM0801 BG3SBM0803 BG3SBM0904
SAMPLE DATE: 11/03/99 : 11/03/99 ) 11/03/99 11/03/99
LABORATORY ID: 0004692-17 0004692-08 0004692-09 0004692-14
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 90.2 % 84.9 % 92.0 % ’ 871 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT  QUAL CODE JRESULT QUAL CODE {RESULT QUAL CODE
INORGANICS
LITHIUM 18.4 J AHI 111.2 J AHI ]10.4 J AHI | 154 J AHI
STRONTIUM 15.4 J Hl |7.4 J Hi }5.0 J HI |14.4 J Hl
THORIUM 8.1 J AHI 5.8 J AHI 146 J AHI 9.0 J AHI




CTO083-NSWC CRANE
SOIL DATA

LAUCKS Page s
SDG: C8306
SAMPLE NUMBER: BG3SBM1003 BGFD11039901
SAMPLE DATE: 11/04/99 11/03/99 /1 1/
LABORATORY ID: 0004692-18 0004692-01
QC_TYPE: NORMAL NORMAL
% SOLIDS: 88.3 % 91.9% 100.0 % 100.0 %
UNITS: MG/KG MG/KG
FIELD DUPLICATE OF: ~ BG3SBM0B03
RESULT QUAL CODEJRESULT QUAL CODE JRESULT QUAL CODEJRESULT  QUAL CODE
INORGANICS
LITHIUM 16.4 J AHI }110.3 J AHI
STRONTIUM 10.1 J HI }5.6 J HI
THORIUM 7.0 J AHI [5.1 J AH!
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Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO: K. HENN DATE: JUNE 7, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE
SUBJECT:  INORGANIC DATA VALIDATION — LITHIUM, STRONTIUM AND THORIUM
CTO 083 - NSWC CRANE
SDG - C8307
SAMPLES:  19/Soils/
BG1SBA0104 BG1SBA0306 BG1SBA0401
BG1SBA0503 BG1SBA0504 BG1SBLO101
BG1SBLO103 BG1SBLO105 BG1SBL0405
BG3SBA0101 BG3SBA0203 _ BG3SBAQ301
BG3SBAQ403 BG3SBA0404 BG3SBA0S501
BG3SBA0504 BG3SBA0506 BGFD11059901
BGFD11069901
Overview

The sample set for CTO 083, NSWC Crane, SDG C8307, consists nineteen (19) soil environmental samples. Two (2)
field duplicate samples (BGFD11059901 and BGFD11069901) were included within this SDG. The corresponding sample
duplicates (BG1SBP0601 and BG1SBP0406) were not contained within this SDG.

All samples were analyzed for lithium, strontium and thorium. The samples were collected by Tetra Tech NUS on
November 3-8, 1999 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities Engineering Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Metals analyses were conducted using SW 846 method
6020 via ICP/MS instrumentation.

These data were evaluated based on the following parameters:

Data Completeness

Holding Times

Calibration Verifications

L.aboratory Blank Analyses

ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

*
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- All quality control criteria were met for this parameter.
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Holding Times

The 180 day holding time for metals analyses was exceeded by 3-9 days. However, the request for analysis of the
additional metals was made as hold times were about to expire. The positive results reported were qualified as estimated,
HJ”.

Laboratory Blank Analyses

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations: ‘

Samples affected: All
Maximum Action
Analyte Concentration Level (soil
Lithium 0.2ug/L 0.1 mg/kg
Strontium'” 0.02 mg/kg 0.1 mg/kg
Thorium 0.4pg/t : 0.2 mg/kg

M Maximum concentration found in a soil preparation biank.

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for biank contamination.
Positive results greater than the action level for lithium, strontium and thorium were quaiified as estimated, “J".

Notes

The original samples associated with the field duplicate samples were not included within this SDG.

The metals analyzed via ICP/MS instrumentation were conducted at a 5X dilution.

Sample BG1SBA101 was not analyzed because the !aboratory could not locate the sample.

Positive results reported between the IDL and the reporting limits were qualified as estimated, “J".

Executive Summary

Laboratory Performance: Lithium, strontium and thorium were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: The holding time was exceeded.
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitied "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"| attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

At Then /)C@pﬂ

Tetra Tech NUS
Gretchen A. PhIDDS
Chemist

) /,

fﬁa Tech NUS
0seph A. Samchuck

Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2, Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



APPENDIX A
QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

><§<C—‘ICD:UO'UOZ§F'7§‘—_IG)TIITIUOUJ)>

Lab Blank Contamination

Field Blank Contamination

Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance
MS/MSD Noncompliance

LCS/LCSD Noncompliance

Lab Duplicate imprecision

Field Duplicate Imprecision

Hoiding Time Exceedance

ICP Serial Dilution Noncompliance

GFAA PDS - GFAA MSA's r<0.995

ICP Interference - include ICSAB % R's

Instrument Calibration Range Exceedance

Sample Preservation

Internal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)
Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)
Surrogates Recovery Noncampliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DDT and Endrin

Pest/PCD% between columns for positive results

Non-linear calibrations, tuning r < 0.995 (correlation coefficient)
EMPC result

Signal to noise response drop



CTO083-NSWC CRANE
SOIL DATA

LAUCKS Page !
SDG: C8307
SAMPLE NUMBER: BG1SBA0104 BG1SBA0306 BG1SBA0401 BG1SBA0503
SAMPLE DATE: 11/04/99 11/05/99 11/05/99 11/04/99
LABORATORY ID: 0004695-13 0004695-02 0004695-16 0004695-14
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 91.2% 88.7 % 80.3% 89.5 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT QUAL CODE [RESULT QUAL CODE |RESULT QUAL CODE
INORGANICS
LITHIUM 15.8 J AH 108 J AH 1136 J AH 171 J AH
STRONTIUM 7.0 J AH |55 J AH 137 J AH [7.9 J AH
THORIUM 6.2 J AH [4.2 J PAH |63 J AH 16.3 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page
SDG: C8307 ,
SAMPLE NUMBER: BG1SBA0504 BG1SBLO101 BG1SBL0O103 BG1SBLO105
SAMPLE DATE: 11/04/99 11/08/99 11/08/99 11/08/99
LABORATORY ID: 0004695-15 0004695-18 0004695-19 0004695-20
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: . 81.0% 80.5 % 852 % 89.0%
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF;
RESULT QUAL CODEJRESULT QUAL CODE IRESULT QUAL CODE |RESULT QUAL - CODE
INORGANICS
LITHIUM 16.3 J AH 1135 J AH 1127 J AH {124 J AH
STRONTIUM 8.2 J AH 126 J AH ]16.2 J AH 197 J AH
THORIUM 6.3 J AH 172 J AH 18.6 J AH [6.3 J AH




CTO083-NSWC CRANE
SOIL DATA

LAUCKS Page 3
SDG: C8307
SAMPLE NUMBER: BG1SBL040S5 - BG3SBA0O101 BG3SBA0203 BG3SBA0301
SAMPLE DATE: 11/08/00 11/02/99 11/02/99 11/03/99
LABORATORY ID: 0004695-17 0004695-05 0004695-04 0004695-06
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 87.7 % 84.3% 89.2 % 80.1 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT QUAL COD . JRESULT QUAL CODE [RESULT QUAL CODE
INORGANICS
LITHIUM 10.8 J AH 8.2 J AH j12.1 J AH |10.2 J AH
STRONTIUM 114 J AH |74 J AH |71 J AH [10.1 J AH
THORIUM 7.2 J AH 4.8 J AH 159 J AH 16.4 J AH




CTO083-NSWC CRANE

SOIL DATA .
LAUCKS Page
SDG: C8307
SAMPLE NUMBER: BG3SBA0403 BG3SBA0404 BG3SBA0501 BG3SBA0504
SAMPLE DATE: 11/04/99 11/04/99 11/04/99 11/04/99
LABORATORY ID: 0004695-07 0004695-08 0004695-09 0004695-10
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 90.3 % 88.9 % 82.9 % 85.2%
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE JRESULT QUAL CODE
INORGANICS
LITHIUM 10.9 J AH 1115 J AH J115 J AH 1140 J AH
STRONTIUM 8.8 J AH [9.2 J AH (9.9 J AH 1106 J AH
THORIUM 6.2 J AH |5.9 J AH }5.3 J AH 5.7 J AH




CTO083-NSWC CRANE
SOIL DATA ‘

LAUCKS Page s
SDG: C8307
SAMPLE NUMBER: BG3SBA0O506 BGFD11059901 BGFD11069901
SAMPLE DATE: 11/04/99 11/05/99 11/06/99 I
LABORATORY ID: 0004695-11 0004695-01 0004695-03
QC_TYPE: NORMAL NORMAL NOBMAL
% SOLIDS: 88.9 % ' 82.6 % 89.8 % 100.0 %
UNITS: MG/KG MG/KG MG/KG
FIELD DUPLICATE OF: BG1SBP0601 BG1SBP0406
RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE | RESULT QUAL CODE
INORGANICS
LITHIUM 9.6 J AH [18.1 J AH 1235 J AH
STRONTIUM 7.2 J AH 114 J AH 117.9 J AH
THORIUM 45 J AH 183 J AH |106 J AH




o

Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO: K. HENN DATE: JUNE 7, 2000

FROM: GRETCHEN A. PHIPPS COPIES:

SUBJECT: INORGANIC DATA VALIDATION - LITHIUM, STRONIUM, AND THORIUM
CTO 083 — NSWC CRANE '
SDG - C8308

SAMPLES: 16/Soils/
BG1SBA0405 BG1SBP0103 BG1SBP0204
BG1SBP0206 BG1SBP0305 BG1SBP0401
BG1SBP0406 BG1SBP0505 BG1SBP0601
BG1SBP0603 BG1SBP0701 BG1SBP08O1
BG1SBP0804 BG1SBP0806 BG1SBP0901
BG1SBP1004

Overview

The sample set for CTO 083, NSWC Crane, SDG C8308, consists of sixteen (16) soil environmental samples.

All samples were analyzed for lithium, strontium and thorium. The samples were collected by Tetra Tech NUS on
November 5-6, 1999 and analyzed by Laucks Testing Labs. under Naval Facilities Engineering Service Center (NFESC)
Quality Assurance/Quality Control (QA/QC) criteria. Metals analyses were conducted using SW 846 method 6020 via
ICP/MS instrumentation.

These data were evaluated based on the following parameters:

* Data Completeness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results

ICP Serial Dilution Results

Sample Quantitation

Detection Limits

* ¥ ¥ X ¥ *
e & @ & & o & & & o o

*

- Al quality control criteria were met for this parameter.
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Holding Times

The 180 day holding time for metals analyses was exceeded by 5-6 days. However, the request for analysis of the
additional metals was made as hold times were about to expire. The positive results reported were qualified as estimated,
HJ”‘

Laboratory Blank Analyses

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations: :

Samples affected: All

Maximum Action
Analyte Concentration Level (soil
Lithium 0.2ug/L 0.1 mg/kg
Thorium 0.4pg/L 0.2 mg/kg

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results greater than the action level for lithium and thorium were qualified as estimated, “J”.

Matrix Spike Results

The Matrix Spike (MS) Percent Recovery (%R) for lithium was <75% quality control limit. The positive results reported for
lithium were qualified as estimated, “J".

Notes

The metals analyzed via ICP/MS instrumentation were conducted at a 5X dilution.

Executive Summary

Laboratory Performance: Lithium and thorium were present in t.he laboratory method / preparation blanks.

Other Factors Affecting Data Quality: The holding time was exceeded. The MS %R for lithium was <75% quality control
limit.
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DATE: JUNE 7, 2000

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"l attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

‘}WLM &WS

Tetra Tech NUS
Gretchen A. Phlpps

,zé Tech NUS/
seph A. Samchuck

Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



APPENDIX A
QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

XE<C"1(DZUO'UOZ§F‘7§L_IG)'”ITIDOW>

Lab Blank Contamination

Field Blank Contamination

Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance
MS/MSD Noncompliance »
LCS/LCSD Noncompliance' :

Lab Duplicate Imprecision

Field Duplicate imprecision

Holding Time Exceedance

ICP Serial Dilution Noncompliance

GFAA PDS - GFAA MSA's r<0.995

ICP Interference - include ICSAB % R's

instrument Calibration Range Exceedance

Sample Preservation

internal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)

Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)

Surrogates Recovery Noncompliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DDT and Endrin

Pest/PCD% between columns for positive results

Non-linear calibrations, tuning r < 0.995 (correlation coefficient)

= EMPC result

Signal to noise response drop



CTO083-NSWC CRANE

SOIL DATA . .
LAUCKS : Page
SDG: C8308
SAMPLE NUMBER: ‘ BG1SBA0405 BG1SBP0103 BG1SBP0204 ' BG15BP0206
SAMPLE DATE: 11/05/99 11/06/99 11/06/99 11/06/99
LABORATORY ID: 0004699-01 0004699-11 0004699-12 0004699-13
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 80.2 % 87.7 % 85.5 % 90.1 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODE|RESULT QUAL CODE |RESULT QUAL CODE|RESULT QUAL CODE
INORGANICS
LITHIUM 17.4 J ADH [196 J ADH 138 J ADH 151 J ' ADH
STRONTIUM 116 J H 103 J H 119.2 J H 104 J H
THORIUM 6.9 J AH 9.1 J AH 9.3 J AH 7.1 J AH




CTO083-NSWC CRANE

SOIL DATA . 2
LAUCKS Page
SDG: C8308
SAMPLE NUMBER: BG1SBP0305 BG1SBP0401 BG1SBP0406 BG1SBP0505
SAMPLE DATE: 11/06/99 11/06/99 11/06/99 11/05/99
LABORATORY ID: 0004699-16 ~ 0004699-14 0004699-15 0004699-06
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 86.7 % 85.5 % 90.9 % : 89.6 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF: :
RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE | RESULT QUAL CODE
INORGANICS
LITHIUM 46.6 J ADH ]15.0 J ADH |24.8 J ADH {31.7 J ADH
STRONTIUM 118 J H |9.4 J H {203 J H }17.2 J H
THORIUM 11.7 J AH 175 J AH 111 J AH |88 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS
SDG: C8308

SAMPLE NUMBER:
SAMPLE DATE:
LABORATORY ID:
QC_TYPE:

% SOLIDS:

UNITS:

FIELD DUPLICATE OF:

BG1SBP0601
11/05/99
0004699-04
NORMAL
827 %
MG/KG

BG1SBP0603
11/05/99
0004699-05
NORMAL
89.6 %
‘MG/KG

BG1SBP(701
11/05/99
0004699-03
NORMAL
87.9 %
MG/KG

Page

BG1SBP0801
11/06/99
0004699-08
NORMAL
83.9 %
MG/KG

RESULT  QUAL CODEJRESULT  QUAL CODE |RESULT QUAL CODE|RESULT  QUAL CODE
INORGANICS
LITHIUM 19.0 J ADH 1287 J ADH [14.7 J ADH 145 J ~ ADH
STRONTIUM 13.7 J H ]113.0 J H 187 J H }10.7 J H
THORIUM 8.4 J AH 18.8 J AH 159 J AH |85 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page
SDG: C8308
SAMPLE NUMBER: BG1SBP0804 BG1SBP0806 BG1SBP0901 BG1SBP1004
SAMPLE DATE: 11/06/99 11/06/99 11/06/99 11/05/99
LABORATORY ID: 0004699-09 0004699-10 0004699-07 0004699-02
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 90.4 % 941 % 82.3 % 89.2 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE JRESULT QUAL CODE
INORGANICS .
LITHIUM 145 J ADH }86 J ADH }29.9 J ADH 137 J ADH
STRONTIUM 10.0 J H |54 J ~H 127 J . H 116 J H
THORIUM 8.0 o J AH 4.9 J : AH 7.9 J AH |73 J AH




“ Tetra Tech NUS INTERNAL CORRESPONDENCE

TO: K. HENN DATE: JUNE 8, 2000
FROM: GRETCHEN A. PHIPPS COPIES: DV FILE
SUBJECT: INORGANIC DATA VALIDATION —~ LITHIUM, STRONTIUM AND THORIUM
CTO 083 — NSWC CRANE
SDG - C8309

SAMPLES: 18/Soils/
BG1SBL0305 BG1SBL0403 BG1SBLO501

BG1SBL0O504 BG1SBL0506 -~ BG28BG0101
BG2SBG0104 BG2SBG0201 BG2SBG0203
BG2SBG0206 BG25BG0303 BG2SBG0401
BG2SBG0404 BG2SBG0503 BGFD11029901
BGFD11079901 BGFD11079902 BGFD11089901

QOverview

The sample set for CTO 083, NSWC Crane, SDG C8309, consists of eighteen (18) soil environmental samples.
Three (3) field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and BG1SBL0504 /
BGFD11089901) were included within this SDG.

All samples were analyzed for lithium, strontium and thorium. The samples were collected by Tetra Tech NUS on
November 2, 7 and 8, 1999 and analyzed by Laucks Testing Labs under Naval Facilities Englneenng Service Center
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Metals analyses were conducted using SW 846 method
6020 via ICP/MS instrumentation.

These data were evaluated based on the following parameters:

* Data Completeness

Holding Times

Calibration Verifications

Laboratory Blank Analyses

ICP Interference Check Sample Resuits
Matrix Spike Results

Laboratory Duplicate Results

Field Duplicate Results

Post Digestion Spike Results
Laboratory Control Sample Results

ICP Serial Dilution Results

Sample Quantitation

Detection Limits

¥.0X X X X X X X x

*

- All quality control criteria were met for this parameter.



Holding Times

The 180 day holding time for metals analyses was exceeded by 3-4 days. However, the request for analysis of the
additional metals was made as hold times were about to expire. The positive resuits reported were qualified as .estimated,
uJ”' .

Laboratory Blank Analyses

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All

Maximum Action
Analyte Concentration Level (soil)
Lithium 0.2ug/L 0.1 mg/kg
Thorium 0.4uw/L 0.2 mg/kg

" An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results greater than the action level for lithium and thorium were qualified as estimated, “J”.

ICP Serial Dilution

The ICP Serial Dilution Percent Difference (%D) for lithium was >10% quality control limit. The positive results reported for
lithium were qualified as estimated, “J".

Notes

A comparison of field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and
BG1SBL0504 / BGFD11089901) is included in Appendix C.

The metals analyzed via ICP/MS instrumentation were conducted at a 5X dilution.

The original sample associated with field duplicate sample BGFD11029901 was not included in this SDG. Therefore, a
comparison was not made.

The incorrect results were reported for sample BG2SBG0503 due to an error on behalf of the laboratory. A transcription
error caused the incorrect electronic data to be uploaded. A corrected Form 1 was requested by the data reviewer. The
laboratory submitted the corrected Form 1 on June 8, 2000.

Executive Summary
Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: The holding time was exceeded. The ICP Serial Dilution %D for lithium was >10%
quality control limit.
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP inorganic Review”, September 1993
and the NFESC document entitled "Navy instaliation Restoration Laboratory Quality Assurance Guide " (NFESC 2/96).
The text of this report has been formulated to address only those problem areas affecting data quality.

"] attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines apd.% Quality Assurance Project Plan (QAPP)."

etra Tech NUS
Gretchen A. Phipps

Chamict

_ﬁjc/J//

Teffra Tech NS~
Joseph A. Samchuck
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Anvalytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



APPENDIX A
QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

Xse<cCcH®UIOVTOZZTNMXS"TIOMMOODP>P

Lab Blank Contamination

Field Blank Contamination

Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance
MS/MSD Noncompliance

LCS/LCSD Noncompliance

Lab Duplicate imprecision

Field Duplicate Imprecision

Holding Time Exceedance

ICP Serial Dilution Noncompliance

GFAA PDS - GFAA MSA's r<0.995

ICP Interference - include ICSAB % R's

Instrument Calibration Range Exceedance

Sample Preservation

Internal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)
Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)
Surrogates Recovery Noncompliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DDT and Endrin
Pest/PCD% between columns for positive results

Non-linear calibrations, tuning r < 0.995 (correlation coefficient)
EMPC result

Signal to noise response drop



CTO083-NSWC CRANE

SOIL DATA
LAUCKS
SDG: C8309

SAMPLE NUMBER:
SAMPLE DATE:
LABORATORY ID:
QC_TYPE:

% SOLIDS:

UNITS:

FIELD DUPLICATE OF:

BG1SBL0305
11/08/99
0004698-16
NORMAL
87.5 %
MG/KG

BG1SBL0403
11/08/99
0004698-17
NORMAL
853 %
MG/KG

BG1SBL0501
11/08/99
0004698-13
NORMAL
82.0 %
MG/KG

Page

BG1SBL0504
11/08/99
0004698-14
NORMAL
89.3 %
MG/KG

CODE

RESULT  QUAL

CODE

RESULT  QUAL RESULT  QUAL CODE|RESULT QUAL CODE
INORGANICS :

LITHIUM 223 J AHI {14.1 J AH! {145 J AHI {119 J AHI
STRONTIUM 17.0 J H |105 J H 109 J H 133 J H
THORIUM 8.7 J AH |84 J AH |87 J AH |78 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page 2
SDG: C8309
SAMPLE NUMBER: BG1SBL0506 BG2SBG0101 BG2SBG0104 BG2SBG0201
SAMPLE DATE: 11/08/99 11/07/99 11/07/99 11/07/99
LABORATORY ID: 0004698-15 0004698-05 0004698-06 0004698-07
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 89.3% 80.5 % 89.7 % 81.5%
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT  QUAL CODEJRESULT  QUAL CODEJRESULT QUAL CODE
INORGANICS '
LITHIUM 28.1 J AHI 132 J AHI {145 J AHI [10.0 J AHI
STRONTIUM 17.0 J H |42 J H [11.7 J H Jo.7 J H
THORIUM 9.1 J AH 179 J AH {57 J AH 164 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page 3
SDG: C8309
SAMPLE NUMBER: BG2SBG0203 BG2SBG0206 BG2SBG0303 BG2SBG0401
SAMPLE DATE: 11/07/99 11/07/99 11/07/99 11/07/99
LABORATORY ID: 0004698-08 0004698-09 0004698-04 0004698-11
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 91.9% 82.1% 90.2 % 820%
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT QUAL CODE JRESULT QUAL CODE |RESULT QUAL CODE
INORGANICS
LITHIUM 9.2 J AHI ]10.8 J AHI 9.7 J AH| 112.3 J AH!
STRONTIUM 8.1 J H 110.0 J H {97 J H |17.0 J H
THORIUM 5.8 J AH |63 J AH {5.2 J AH ]6.9 J AH




CTO083-NSWC CRAN
SOIL DATA :

LAUCKS Page 4
SDG: C8309
SAMPLE NUMBER; BG2SBG0404 BGZSBGOSOS BGFD11029901 BGFD11079901
SAMPLE DATE: 11/07/99 11/07/99 11/02/99 11/07/99
LABORATORY ID: 0004698-12 0004698-10 0004698-18 0004698-01
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 88.8 % 86.9 % 84.7 % 89.6 %
UNITS: MG/KG MG/KG MG/KG MG/KG
FIELD DUPLICATE OF; BG3SBA0101 BG2SBG0303

RESULT QUAL CODE|RESULT QUAL CODE [RESULT QUAL CODE JRESULT QUAL CODE
INORGANICS
LITHIUM 14.9 J AHI 205 J AHI 9.1 : J AHI 1113 d AH!
STRONTIUM 9.1 ) J H 108 H 78 J H |10.8 J H
THORIUM 7.6 J AH 995 J AH [5.9 J AH }5.0 J AH




CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page 5
SDG: C8309
SAMPLE NUMBER: BGFD11079902 BGFD11089901
SAMPLE DATE: 11/07/99 11/08/99 /1 !
LABORATORY ID: 0004698-02 0004698-03
QC_TYPE: NORMAL NORMAL
% SOLIDS: 814 % 89.2 % 100.0 % 100.0 %
UNITS: MG/KG MG/KG
FIELD DUPLICATE OF: BG2SBG0401 BG1SBL0504
RESULT QUAL CODEJRESULT QUAL CODEJRESULT QUAL CODE |RESULT QUAL CODE
INORGANICS
LITHIUM 12.8 J AHI 113.6 J AHI|
STRONTIUM 17.3 J H ]14.3 J H
THORIUM 6.6 J AH 7.7 J AH




Tt

TO:

FROM:

SUBJECT:

SAMPLES:

Qverview

Tetra Tech NUS INTERNAL CORRESPONDENCE
K. HENN DATE: JUNE 7, 2000
GRETCHEN A. PHIPPS COPIES: DV FILE

INORGANIC DATA VALIDATION — LITHIUM, STRONTIUM AND THORIUM

CTO 083 - NSWC CRANE

SDG - C8310

8/Aqueous/

BGRB11029301 BGRB11039901 BGRB11049901
BGRB11059901 BGRB11069901 BGRB11079901
BGRB11089901 ‘BGSW11029901

The sample set for CTO 083, NSWC Crane, SDG C8310, consists of seven (7) rinsate blanks and one (1) source water
blank (BGSW11029901).

All samples were analyzed for lithium, strontium and thorium. The samples were collected by Tetra Tech NUS on
November 2-8, 1999 and analyzed by Laucks Testing Labs. under Naval Facilities Engineering Service Center (NFESC)
Quality Assurance/Quality Control (QA/QC) criteria. Metals analyses were conducted using SW 846 method 6020 via
ICP/MS instrumentation.

These data were evaluated based on the following parameters:

*

¥ oKX X ¥ O F % ¥
® & & &6 & o 5 » & o

*

. Hoiding Times

Data Completeness

Holding Times

Calibration Verifications

ICP Interference Check Sample Results
Laboratory Duplicate Results

Matrix Spike/ Matrix Spike Duplicate Analyses
Post Digestion Spike Analyses

Laboratory Control Sample Results

Sample Quanitation :
Detection Limits

- All quality control criteria were met for this parameter.

The 180 day holding time for metals analyses was exceeded by 4-10 days. However, the request for analysis of the
additional metals was made as hold times were about to expire. The positive and nondetected results reported were
qualified as estimated, “J” and “UJ”, respectively.
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Notes
Please, note that field quality control samples are not qualified for blank contamination.

All metals were reported at IDLs marginally higher than requested in the QAPP. No validation action was taken on this
basis.

Positive results reported between the IDL and the reporting limits were qualified as estimated, “J".

. Executive Summary

Laboratory Performance: None.

Other Factors Affecting Data Quality: The holding time was exceeded.

The data for these analyses were reviewed with reference to the “National Functional Guidelines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitied "Navy Installation Restoration Laboratory Quality Assurance Guide * (NFESC 2/96).

The text of this report has been formulated to address only those problem areas affecting data quality.

"l attest that the data referenced herein were validated according to the agreed upon validation criteria as specified i in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

st (1 s

Gretchen A. Phipps
Chemist

J@?z

etra Tech NUS
seph A. Samchuck
Quality Assurance Officer

‘ Attachments:
1. Appendix A - Qualified Analytical Results
2. Appendix B - Results as reported by the Laboratory

3. Appendix C - Support Documentation



APPENDIX A
QUALIFIED ANALYTICAL RESULTS



Qualifier Codes:

><§<C—1(J)IJO'UOZ§F‘X¢-"IG)""TTIUC)UJZD

Lab Blank Contamination
Field Blank Contamination

NAanmammamliaman

o 1M\ -~ )
y L. ) NUTIVURTTTIANIVE

Calibration (i.e., % RSDs, %Ds
MS/MSD Noncompliance
LCS/LCSD Noncompliance
Lab Dupiicate Imprecision
Field Duplicate Imprecision
Holding Time Exceedance

ICP Serial Dilution Noncompliance
GFAA PDS - GFAA MSA's r<0.995
ICP Interference - include ICSAB % R's

= Instrument Calibration Range Exceedance

Sample Preservation

Internal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)

Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues)

Surrogates Recovery Noncompliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DDT and Endrin

Pest/PCD% between columns for positive resulits

Non-linear calibrations, tuning r <0.995 (correlation coefficient)

EMPC resuit

Signal to noise response drop



CTO083-NSWC CRANE

WATER DATA
LAUCKS Page !
SDG: C8310
SAMPLE NUMBER: BGRB11029901 BGRB11039901 BGRB11049901 BGRB11059901
SAMPLE DATE: 11/02/99 11/03/99 11/04/99 11/05/99
LABORATORY ID: 0004700-01 0004700-03 0004700-04 0004700-05
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 0.0% 0.0 % 00% 0.0 %
UNITS: UGL UGL UGL UG/
FIELD DUPLICATE OF:
RESULT QUAL CODEIRESULT QUAL CODE JRESULY QUAL CODE JRESULT QUAL CODE
INORGANICS
LITHIUM 0.22 uJ H }0.22 J HP j0.22 uJ H jo0.22 uJ H
STRONTIUM ) 0.22 UJ H |0.22 uJ H j0.22 UJ H J0.22 uJ H
THORIUM 0.33 J HP J0.22 uJ H 10.22 UdJ H 0.22 ud H




CTO083-NSWC CRANE

WATER DATA
LAUCKS Page
SDG: C8310
SAMPLE NUMBER: BGRB11069901 BGRB11079901 BGRB11089901 BGSW11029901
SAMPLE DATE: 11/06/99 11/07/99 11/08/99 11/02/99
LABORATORY ID: 0004700-06 0004700-07 0004700-08 0004700-02
QC_TYPE: NORMAL NORMAL NORMAL NORMAL
% SOLIDS: 0.0 % 0.0% 0.0% 0.0%
UNITS: UG/L UG/L UG/L UG/L
FIELD DUPLICATE OF:
RESULT QUAL CODEJRESULT QUAL CODE {RESULT QUAL CODE |RESULT QUAL CODE
INORGANICS
LITHIUM 0.22 uJ H ]0.22 UJ H {0.22 uJ H 0.22 uJ H
STRONTIUM 0.22 ud H (0.22 UJ H j0.22 UJ H {0.22 uJ H
THORIUM 0.22 Ud H j0.22 uJ H ]0.22 uJ H 10.22 uJ H




Tetra Tech NUS | INTERNAL CORRESPONDENCE

TO: K. HENN : DATE: JANUARY 10, 2001
FROM: JENNIFER M. MALLE COPIES: REVISION 1
DV FILE

SUBJECT: INORGANIC DATA VALIDATION ~ TAL METALS,TIN, LITHIUM, STRONTIUM AND THORIUM
'CTO 083 ~ NSWC CRANE
SDG - C8311

SAMPLES: 3/Soil/

BG1SBA250203 BG1SBA280304 BGFD10070001
2/Aqueous/
BGRB10060001 BGRB10070001

QOverview

The sample set for CTO 083, NSWC Crane, SDG C8311, consists of three (3) soil environmental samples and two (2)
aqueous field quality control samples. One (1) field duplicate pair (BG1SBA250203 / BGFD10070001) was included within
this SDG.

All samples were analyzed for target analyte: list (TAL) metals plus tin, lithium, strontium and thorium. The samples were
collected by Tetra Tech NUS on October 6-7, 2000 and analyzed by Laucks Testing Labs, Inc. under Naval Facilities
Engineering Service Center (NFESC) Quality Assurance/Quality Control (QA/QC) criteria. Aluminum, beryllium, calcium,
iron, magnesium, manganese, potassium and sodium analyses were conducted using SW 846 method 6010B via ICP
instrumentation. Antimony, arsenic, barium, cadmium, chromium, cobalt, copper, lead, nickel, selenium, silver, thallium,
vanadium, zinc, lithium, strontium, thorium and tin analyses were conducted using SW 846 method 6020 via ICP/MS
instrumentation. Mercury analyses were conducted using SW 846 method 7471A via CVAA instrumentation.

These data were evaluated based on the following parameters:

* Data Completeness

* Holding Times

Calibration Verifications

Laboratory Blank Analyses

Field Quality Control Blank Analyses
ICP Interference Check Sample Results
Matrix Spike Results

Laboratory Duplicate Results

Field Dupilicate Results

Laboratory Control Sample Resuilts
ICP Serial Dilution Results

Sample Quantitation

Detection Limits

*

® & ¢ 0 6 46 0 0 s 0 0 0o

*

- All quality control criteria were met for this parameter.
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The following contaminants were detected in the laboratory method / preparation blanks at the following maximum
concentrations:

Samples affected: All
- Maximum : Action Action

Anaiyte Concentration Level (soil Levetl (aqueous)
Chromium ™ 0.088 mg/kg -0.44 mg/kg . NA

Copper 1.7 ug/L 0.85 mg/kg NA

iron 27.9 ug/L 13.9 mg/kg NA

Magnesium 52.8 ug/L 26.4 mg/kg NA

Sodium 88.9 ug/L 44.4 mg/kg NA

Tin @ 0.072 mg/kg 0.36 mg/kg NA

Thorium : 0.2 ug/L NA 0.10 ug/L

™ Maximum concentration found in a soil preparation blank.

An action level of 5X the maximum concentration has been used to evaluate the sample data for blank contamination.
Sample aliquot, percent solids and dilution factors were taken into consideration when evaluating for blank contamination.
Positive results less than the action level for tin were qualified as nondetected "U". Positive results greater than the action
level! for chromium, copper, iron, magnesium, sodium, and thorium were qualified as estimated, “J".

1t should be.noted that field quality control blanks were not used to establish an action level. All positive results reported
or the analytes aluminum, barium, chromium, iron, lithium and thorium, which were present in a field quality control blank,
were qualified as estimated, “J”.

ICP Interference Check Sample Results

The percent recovery (%R) for sodium in solution A was 64%. This percentage falls below the 80-120 quality control
limits. The positive results reported for sodium were qualified as estimated, “J”.

Matrix Spike/Post Digestion Spike Results

Revisions to this data validation letter were required due to a laboratory error in regards to the calculation of the MS/MSD
percent recoveries for the soil samples. The laboratory originally reported results for most analytes (13 out of 18) in the
spiked sample result (SSR) and spike added (SA) columns incorrectly. Noncompliant percent recoveries were reported for
chromium, copper, lead and manganese. The original MS/MSD %Rs were questioned by the analytical chemist for NSWC
Crane, Tom Johnston, in part, due to a low %R (5.3 %) for chromium. The laboratory was contacted by Mr. Johnston in
regards to the questionable %R. Upon examination of the matrix spike results, the laboratory discovered that calculation
errors had occurred. The laboratory resubmitted the MS/MSD results for the soil samples. The resubmitted matrix spike
results affected the data qualifiers for copper and lead (qualifiers were removed since the percent recoveries were now
within quality control limits). Additionally, aithough the percent recovery changed for chromium, a noncompliance (a high
%R) still existed and the qualifiers for this analyte remained the same. Finally, manganese was not affected by the
laboratory error and therefore qualifiers remained unchanged. The following qualifiers are based on the resubmitted
MS/MSD results from the lab:

The Matrix Spike (MS) Percent Recovery (%R) for chromium was greater than 125% affecting the soil matrix. The positive
results reported for chromium in the affected samples were qualified as estimated, “J”.
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The Matrix Spike (MS) Percent Recovery (%R) for manganese was less than 75% quality control limit affecting the soil
matrix. The positive results reported for manganese in the affected samples were qualified as estimated, “J”.

ICP Serial Dilution

ICP Serial Dilution Percent Difference was greater than 10% and 50x the respective IDL affecting the soil matrix for
chromium, lithium, magnesium, potassium and vanadium. The positive results reported in the affected samples for these
analytes were qualified as estimated, “J”.

Notes

The Contract Required Detection Limit (CRDL) Percent Recovery (%R) for thorium affecting the aqueous matrix was
greater than the 120% quality control limits. However, no validation action is required per regional guidance.

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for copper, strontium and thorium affecting the
“soil matrix was greater than the 120% quality control limits. However, no validation action is required per regional
guidance.

A comparison of field duplicate pair (BG1SBA250203 / BGFD10070001) is included in Appendix C.

Instrument detection limits (IDLs) for calcium, iron, sodium and zinc exceed the soil adjusted limits requested in the
QAPP. '

Aqueous IDLs for mercury, lithium, strontium and thorium marginally exceeded the requested IDLs requested in the
QAPP. No validation action was taken.

Analyses performed on the ICP/MS instrumentation were performed at a 5x dilution.

Executive Summary

Laboratory Performance: Several analytes were present in the laboratory method / preparation blanks.

Other Factors Affecting Data Quality: Several analytes were present in the field quality control blanks. The MS %Rs for
copper, lead and manganese were less than the 75% quality control limit affecting the soil matrix. Chromium MS %R in
the soil samples was less than 30%. ICP serial dilution noncompliances were noted for chromium, magnesium,
potassium, vanadium, and lithium affecting the soil matrix.
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The data for these analyses were reviewed with reference to the "National Functional Guideiines for Inorganic Review",
February 1994, “EPA Region V Standard Operating Procedures for Validation of CLP Inorganic Review”, September 1993
and the NFESC document entitled "Navy Installation Restoration Chemical Data Quality Manuai" (NFESC 9/99).

The text of this report has been formuiated to address only those problem areas affecting data quality.

"| attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)."

sasfon [Matl

Tetra Tech NUS
Jennifer M. Malle
Environmental Scientist

Tefra TdcrNUS

Joseph A. Samchuck
Quality Assurance Officer

Attachments:

1. Appendix A - Qualified Analytical Resuilts
3 Appendix B - Results as reported by the Laboratory
3. Appendix C - Support Documentation



APPENDIX A
Qualified Analytical Results




Qualifier Codes:

«<Xg<cHo0ammpUvoZITrXxXe—I@E@MmMOoOo>

nn

fon

Leb Blank Contamination
Field Blank Conlarnmatlon ~ -
Callbratlon (i.e., % RSDs, %Ds ICVs CCVs, RPDs, RRFs, etc) Noncompllanoe
MS/MSD Noncompliance ’
LCSA.CSD Noncompliance

Lab Duplicale Imprecision

Field Duplicate Imprecision

Holding Time Exceedance

ICP Senial Dilution Noncompllanoe

GFAA PDS - - GFAA MSA's r<0.995
ICP lmerl‘grenée - include ICSAB % R's -

. Instrument Calibration Range Exceedance

Sample Preservation .

lmémal Standard Noncompliance

Poor Instrument Performance (i.e., base-time drifting)
Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for orgam@‘)
Other problems (can encompass a number of issues)
Surrogates Recovery Nonoompllanoe

Pesticide/PCB Resolutlon

% Breakdown Noncompliance for DDT and Endrin

Pest/PCB D% between columns for positive results .
Non-linear callbratlons lunlng r < 0.895 (correlation coefﬁclent)
EMPC result

Signal to noise response dmp
% Solid content is less than 30%



CTO083-NSWC CRANE

SOIL DATA
LAUCKS Page 1
SDG: C8311
SAMPLE NUMBER: BG1SBA250203 BG1SBA280304 BGFD10070001
SAMPLE DATE: 10/07/00 10/06/00 10/07/00 /1
LABORATORY iD: 0010266-04 0010266-02 0010266-03
QC_TYPE: NORMAL NORMAL NORMAL
% SOLIDS: 791 % 857 % 79.5 % 100.0 %
UNITS: MG/KG MG/KG MG/KG
FIELD DUPLICATE OF: BG1SBA250203

RESULT QUAL CODE[RESULT  QUAL CODE|RESULT  QUAL CODE|RESULT  QUAL CODE
INORGANICS ' ,
ALUMINUM 16000 J B [12000 J B | 16700 J B
ANTIMONY 0.45 U 0.46 7] 0.49
ARSENIC 5.9 5.6 5.7
BARIUM 80.4 J B [36.9 J B J772 J B
BERYLLIUM 0.82 0.54 0.74
CADMIUM 0.44 J P 1033 J P jo.a1 J P
CALCIUM 313 108 287
CHROMIUM 17.3 J BAID [20.9 J BAID [14.6 J BAID
COBALT 7.5 22 6.1
COPPER 10.1 J A |10 J A 1103 J A
IRON 22700 J AB |28g00 J AB [17200 J AB
LEAD 13.1 10.1 11.4
LITHIUM 203  J B |27.9 J 1B {207 J B
MAGNESIUM 1400 - J Al |755 J Al 1470 J Al
MANGANESE 1030 J D |86.4 J D }713 J D
MERCURY 0.04 0.05 u 0.04
NICKEL 13 9.5 12
POTASSIUM 1370 J i ]1850 J 1 | 1440 J 1
SELENIUM 0.46 U 0.44 U 0.44 u
SILVER 0.23 u 0.22 u 0.22 U '
SODIUM 80.3 J AkP lo7.8 J AKP 1771 J AKP
STRONTIUM 12.7 122 12.8
THALLIUM 0.25. J P jo.22 U 0.27 J P
THORIUM 84 - J B |9 J B |87 J B
TIN 0.38 U A o4 u A |0.36 U A
VANADIUM 26.3 J 1 j19.9 J 1 }26.1 J 1
ZINC 429 25.4 41.7

SOM_R: :



CTOC NSWC CRANE

WATE. ATA

LAUCKS Page 1
SDG: C8311

SAMPLE NUMBER: BGRB10060001 BGRB10070001

SAMPLE DATE: 10/06/00 10/07/00 Il I
LABORATORY ID: 0010266-01 0010266-05 '
QC_TYPE: NORMAL NORMAL

% SOLIDS: 0.0% 0.0% 100.0 % 100.0 %
UNITS: UG/ UG/

FIELD DUPLICATE OF:

RESULT QUAL CODEJRESULT  QUAL CODE|RESULT  QUAL CODE]RESULT QUAL CODE

INORGANICS

ALUMINUM 55.9 J P |s56 U

ANTIMONY 1.1 u 14 u

ARSENIC 1.1 u 1.1 U

BARIUM 0.68 J P 10.56 U

BERYLLIUM 0.56 U 0.56 U

CADMIUM 0.56 U 0.56 u

CALCIUM 124 u 124 U

CHROMIUM 0.56 U 0.56 J P )
COBALT 056 U 0.56 U

COPPER 0.56 U 0.56 U

IRON 249 J P |202 J P

LEAD 0.56 U 0.56 u

LITHIUM 0.36 J P joe2 u

MAGNESIUM 36.7 u 36.7 U

MANGANESE 1.7 U 1.7 U

MERCURY 0.20 U 0.20 U

NICKEL 0.56 U 0.56 U

POTASSIUM 163 U 163 U

SELENIUM 1.1 u 1.1 u

SILVER 0.56 U 0.56 U

SODIUM 311 U 311 U

STRONTIUM 0.22 U 0.22 U

THALLIUM 0.56 U 0.656 U

THORIUM 043 J AP ]0.22 U

TIN 0.11 u 0.1 u

VANADIUM 0.56 u 0.56 U

ZINC 56 U 5.6 U

WAM_RES.DBF




APPENDIX D

METHODOLOGY and SUMMARY OF STATISTICAL ANALYSIS



D-1 METHODOLOGY FOR STATISTICAL ANALYSIS



Appendix D-1

D.1.1 Non-detected Results and Field Duplicate Samples

In the chemical analysis of environmental samples, some analytes may be present at
concentrations which are below the detection limit (DL) of the analytical procedure. The results
are generally reported as not detected (rather than zero), and the appropriate limit of detection is
given. The amount of data that are below the detection limit plays an important role in selecting
the method of addressing the limit of detection problem. The nondetects in this investigation site -
were replaced with the DL divided by two prior to statistical analysis. Clearly, if all the
observations are nondetect results, no statistical analysis is warranted.

Duplicate samples also pose a special situation because two results are available for what is
essentially one sampling location. To address this, a maximum value for each field duplicate pair
was calculated and counted as one sample for use in the statistical analyses.

D.1.2 The Shapiro-Wilk Test of Normality

The Shapiro-Wilk W-test (Gilbert, 1987) is an effective method for determining whether a data set
has been drawn from an underlying normal distribution. In addition, by conducting the Shapiro-
Wilk W-test on the log-transformed data, the test may be used to determine whether the data
have been drawn from an underlying lognormal dlstnbutlon The null hypothesis (Hy) that is
tested is:
Ho The population has a normal (or lognormal when the data is log-transformed)
distribution.

The alternate hypothesis (H,) is:
H, The population does not have a normal (or lognormal when the data is log-
transformed) distribution.

If Ho is rejected, then H, is accepted. If Hy is not rejected, the data set is consistent with the Hg
distribution.

A "W" statistic (W..) is computed for a data set (or a log transformed data set) and compared to
a test statistic (Wiesr). 1f Weae 2 Wis, then the null hypothesis is not rejected (i.e. the data are
assumed to be normally distributed [or lognormally distributed if log transformed data are tested]).
If Weaie <Wiess then the null hypothesis is rejected and the alternate hypothesis is accepted (i.e.,
the data are not assumed to be normally distributed [or not lognormally dlstrlbuted if Iog
transformed data are tested]).

The following equations present a step-by-step procedure for conducting the W-test on the
residuals.

The equation for conducting the W-Test is:

b 2
Wy = | —7—
calc I:SR n_]:l

where

k
= 2 a; (R[n—i+I] - R,-) = Z b;

i=1 i=]



and n is the total number of Samples.

Step 1. Order the n samples from smallest to largest to obtain the sample order
statistics:

X X2 S X3 S0 S X
Step 2. Compute the standard deviation by:

i!Rq - R)

w1 (n-1)

Step 3. Determine the coefficients as, ap,as,..,a, for the sample size n using Table D-
1 where: ' '

n
k = 5 if nis even;and

Step 4. Determine b by the formula:

k &
b = Z a; (R[n—i+1] - Ri) = 2 b

i=] i=]

Step 5. Calculate W,,,.using b from above:

b
WCaC =
’ [sm/n—JZ

Step 6. Determine W, at the 5% significance level from Table D-2.
Step 7. Reject Hp at the 5% significance level if W, is less than Wies:.
To test the null hypothesis that the data set has been drawn from an underlying lognormal

distribution, transform the data to yy; yz,¥3....ykmWhere y; = In R;. Repeat steps 1 through 7 as
described in the preceding paragraphs.

D.1.3 Normal Probability Plots

The expected normal probability for the j"‘ value ranked from lowest to highest (Z)) is defined as:



Z= 2" {(3j- 1)/(3N + 1)}

Where:

@ ™ denotes the inverse of the cumulative normal distribution function (from Table 1)
Jis the rank of the value from lowest to highest

N denotes the total number of samples in the dataset

{(38j- 1)/(3N + 1)} = p is the probability that a value falis below that result

Z;denotes the probability p normalized to a Z score to give linear results

A probability plot is a graph of data plotted versus the expected probability of a user-specified
distribution. If the distribution is normal the plot is a normal probability plot and the expected
normal probability is used. The goal of constructing a probability plot is to visually evaluate
whether the data fit the proposed underlying distribution. If the graph of plotted points appears
linear, the data fit well to the specified distribution. Deviations from a straight line may indicate
the existence of outliers.

A distinction is made between "statistical" outliers and "real" outliers. A statistical outlier is a point
which appears to be inconsistent with all or most of the other points in the data set, based on
some assumed or apparent pattern of those points, e.g., a normal distribution. The various outiier
tests found in the statistical literature are all devoted to identifying statistical outliers. Outlier
identification should be used as a screening tool. Statistical outliers should not be automatically
discarded but rather should be investigated to determine whether they are real outliers. A real
outlier is a result which because of outside contamination or because of mistakes such as
deviations from protocol, instrument errors, computational errors or transcription errors, really
does not belong in the data set. If, upon investigation, a statistical outlier is determined to be a
real outlier, then it should be discarded. However, if a statistical outlier cannot be clearly identified
as a real outlier, then careful consideration should be given to leaving it in the data set and
rethinking the assumptions that led to it being identified as a statistical outlier.

Generally, when concentrations of inorganic constituents cannot be linked to a specific
contamination source and appear to be randomly distributed, those constituents are suspected to
be naturally occurring. The background datasets for each metal were statistically analyzed in
order to determine whether they represented members of one population (background) or
multiple distinct populations. The analysis involved determining the underlying distribution
(normal or lognormal) of each data set by using the Shapiro-Wilk W Test. The theory is that
when sampling in soil for constituents of concern, the concentrations of the metals should be
normally or lognormally distributed except in locations where metals were introduced into the soil
matrix by release due to activities at the base.

To aid in classification of metal results, probability plots were generated on either the non-
transformed or log-transformed data (based on the underlying distribution) for each inorganic
constituent for the purpose of analyzing the data graphically. Probability plots offer a simple, yet
useful graphical presentation of the data that is used to investigate the distribution of a dataset
and to identify possible outliers in a dataset (i.e., identify data points that do not reflect
background conditions). If analytic data are drawn from the same population (e.g., background),
the data points when plotted will approximate a straight line. Curves, gaps, or inflection points
suggest that the data come from dissimilar datasets or that outliers exist.

A 95% confidence ellipse was plotted onto each of the probability plots. This type of eliipse is
based on the assumption that the two variables follow the bivariate normal distribution. Two
variables follow the bivariate normal distribution if for each value of one variable, the
corresponding values of another variable are normally distributed. The orientation of this ellipse
is determined by the sign of the linear correlation between two variables (the longer axis of the
ellipse is superimposed on the regression ling). The value of the coefficient, in this case 0.95 or
95%, determines the probability that the values will fall within the area marked by the ellipse.



Confidence in the ‘best-fit’ trend line tends to be higher for values close to the mean and lower at
extremes away from the mean. The reason for this is that in a normally distributed dataset (which
can be thought of as a bell-shaped frequency curve) the bulk of the data points are toward the
center (near the mean). This instill more confidence in the results. At the extremes (away from
the mean) there are only a small number of data points, reducing the confidence.

Outliers were identified by visually inspecting the plotted data relative to the confidence ellipse for
each inorganic constituent. Statistical outliers were defined as any point which fell outside of the
confidence ellipse.
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A Tolerance interval establishes a concentration range that is constructed to contain a specified
proportion (P%) of the population with a specified confidence coefficient, Y. The proportion of the
population included, P, is referred to as the coverage. The probability with which the Tolerance
interval inciudes the proportion P% of the population is referred to as the tolerance coefficient of
the interval.

A coverage of 95% is is commonly recommended and was used here. With this specification,
random observations from the same distribution as the background data would exceed the upper
Tolerance limit less than 5% of the time. Similarly, a tolerance coefficient of 95% was used. This
means that one has a confidence level of 85% that the 95% Upper Tolerance Limit (95% UTL)
will contain at least 95% of the distribution of observations from background data.

The following equations present a step-by-step procedure for conducting the W-test on the data

Step 1. Take the mean, x_ and the standard deviation, Sg, calculated during the
Shapiro and Wilk W-test statistical analyses.

Step 2. Construct the one-sided upper Tolerance limit (UTLog5) as:
UTLogs =X + kSF;
where k is the one-sided normal Tolerance factor found in Table D-3.

D15 Non-parametric ANOVA: Wilcoxon Rank-Sum Test (a.k.a. Mann-Whitney
U Test)

The Wilcoxon Rank-Sum test was used to test the null hypothesis that the soil types come
from the same population distribution against the alternate hypothesis that they do not come from
the same distribution. This test makes no assumptions concerning the shape (e.g., normal or log-
normal) of the data distributions. The Wilcoxon Rank-Sum test is equivalent to the Mann-Whitney

U test. The following equations present a step-by-step procedure for conducting the Wilcoxon
Rank-Sum test.

The null hypothesis (Ho) that is tested is:
Ho The metal concentration distribution of soil type 1 IS THE SAME AS the metal
concentration distribution of soil type 2.
The alternate hypothesis (Ha) is:
H, The metal concentration distribution of soil type 1 IS NOT THE SAME AS the metal
concentration distribution of soil type 2.

If Ho is rejected, then Hy is accepted. If Hy is not rejected, the data set is consistent with the
Ho hypothesis.



W= 3 Ei——n(n+])
i=1 2

Step 2. Compute the Wilcoxon statistic W
where E; are the ranks of the soil type 1 samples (Large values of the statistic W give
evidence of higher concentrations in soil type 1).

Step 3. Compute an approximate Z-score. To find the critical value of W, a normal
approximation to its distribution is used. The expected value and standard deviation
of Wunder the null hypothesis (i.e., no contamination exists) are given by the

An approximate Z-score for the Wilcoxon Rank-Sum test may be calculated by the
following equations:

W - E(W) - 4
SD(W)

The factor of 1/2 in the numerator serves as a continuity correction since the discrete
distribution of the statistic W is being approximatéd by the continuous normal
distribution. If n,m > 10 and ties are present, an adjustment to the approximate Z-
score must be made:

W—E(W)-é

Z spiusTED =

S'D(W)



N |~

g
ti(12 - 1)
. J'
here: SD'(W)=| = | N + 1 =1
ere: = — -
" | 12 N(N -1)
g = the number of tied groups and ; is the number of tied data in the

M group:

Step 4. For a two-tailed 95% confidence level test for H, versus the, reject H, and
accept Ha if ZADJUSTED > 20,95 = +1.96.

D.1.6 95% Confidence interval

The 100(1-a) Confidence Interval of the population mean (;) consists of an Lower Confidence
Limit and an Upper Confidence Limit (LCL1og(1.0)) - UCL1001-0y)- When 00 = 0.05, the 95 percent
upper confidence limit (one-tailed test) may be calculated as follows:

Sx

W

UCLoos= X+ 109501

Sx

T

LCLoos= X~ toosn-1

— n
X = 2 x; = arithmetic mean
i=1

|~

3 (5% )

where: S
n-1

=the sample standard deviation

toosn. = Value fromt - distribution (Table 7))
Table D-3

It should be noted that the 85 percent confidence interval for a second sample of size n drawn
from the same population will most likely not be the same as that for the first sample. In theory if
an interval estimate is calculated for the means of a very large set of samples of size n, the true
population mean will be within 95 percent of this limit.

D.1.7 Satterwaite’s t Test



The Satterthwaite t test is an alternative to the Student’s t test, and is used when the assumption
that the two populations have equal variances seems unreasonable. It provides a t statistic that
asymptotically (that is, as the sample sizes become large) approaches a t distribution, allowing for
an approximate t test to be calculated when the population variances are not equal.

Compute the Satterwaite two-sample t statistic (Ts):
Ts=(X - y )/ (s, +s5,2n,)°

Where x = the arithmetic mean of n, site measurements

y = the arithmetic mean of n; background measurements

2 +
sx = the sample variance of the n, site measurements

= the sample variance of the n, background measurements

Compute the approximate degrees of freedom, f, as follows:

s S;
— ——
n, n,
f= 7 rounded down to nearest integer.
S, S

+
n.f (nx—l ) ni (ny—l )

For computation of minimal detectable difference the site standard deviation (sy) was assumed to
be twice the background standard deviation (s,) and the number of site samples (n,) was
assumed to be 5.

The minimal difference (; - —y- ) = A can be calculated by:

LetSy=25,andn,=5

;48]
+
n 5

X

=Lig,f)



Divide both sides by Sy and square both sides:

D.1.8 Binomial Probability

Given that 24 metal concentrations were analyzed in each soil sample, a large number of data set
comparisons were generated. With this many comparisons, random statistical fluctuations alone
would be likely to generate apparent differences between soil types where none exist. To counter
this effect, binomial probabilities were used to compute the tolerable number of observed
differences when the soil types being compared are the same. Assuming complete
independence between metal concentrations, there is a 22% chance that two metals could yield
statistically significant concentration differences in similar soil samples, there is a 9% chance that
three metal concentration differences would be observed, and so on. Recognizing that the metal
concentrations within a sample may not be independent, the conservative significance level of
22% was selected as a tolerable probability. Thus, up to two metals were allowed to show
statistically significant concentration differences before an actual difference in soil type was
inferred to exist. If three or more metals exhibited a difference at the 5% significance level, the
soil types were inferred to differ and were not combined into the same soil group.

A binomial experiment is an experiment which satisfies these four conditions

A fixed number of trials

Each trial is independent of the others

There are only two outcomes :

The probability of each outcome remains constant from trial to trial.

These can be summarized as: An experiment with a fixed number of independent trials, each
of which can only have two possible outcomes.

The fact that each trial is independent actually means that the probabilities remain constant.

The probability of getting exactly x success in n trials, with the probability of success on a single
trial being p is:

P(X=x) = nCx * p/x* g\(n-x)

Where nCx = the number of combinations of x out of n = n! / x!(n-x)!
p = probability of success of one event
q = probability of failure of one event = 1-p

For example:

24 metals from two soil groups are compared. What is the probability that exactly 21 of the metals
will ‘pass’ a 95% confidence Wilcoxon Rank-Sum test, 1.e., 3 metals will fail.



Success = "A metal from the two soil groups passes the Wilcoxon Rank-Sum test"
p=0.95
q=0.05

‘n=24

.o x=21

P(x=21) = 2,Cz * 0.95/21 * 0.0573 = ((22*23*24)/(1*2*3))* 0.34056 * 0.000125 = 0.0862

N

The probability that exactly 21 of the metals will ‘pass’.a 95% confidence Wilcoxon Rank-Sum test
is 0.0862 or approximately 9%.



TABLE D-1

COEFFICIENTS A, FOR W TEST OF NORMALITY FOR N=2 to 50

Un 2 3 4 5 6 7 8 9 10
1 0.7071] 0.7071] 06872] 0.6646] 06431] 06233] 0.6052] 05888 05738
2 0.1677] 02413 0.2806] 0.3031] 0.3164] 0.3244]  0.3291
3 0.0875] 0.1401] 0.1743[ 01976 0.2141
a 0.0561] 00947] 0.1224
5 0.0399
in 11 12 13 14 15 16 17 18 | 19 20
1 0.5601] 05475] 05359 05261 05150] 0.5056] 0.4968] 0.4886] 0.4808| 0.4734
2 0.3315] 03325] 03325] 03318] 03308] 0.3280] 0.3273] 0.3253] 0.3232( 0.3211
3 0.2260] 0.2347] 0.2412] 02460] 0.2495] 02521] 0.2540] 0.2553] 0.2561| 0.2565
4 01429 0.1586] _ 0.1707] _0.1802] 0.1878] 0.1938] 01988] 0.2027] 0.2059] 0.2085
5 0.0695| 0.0922] 0.1098] 0.1240] 01353 0.1447] 01524 0.1587] 0.1641] 0.1686
3 0.0303] 0.0539] 00727 o0o0880[ 01005 01109] ©0.1197] 0.1271] 0.1334
7 0.0240] 0.0433] 0.0583] 00725, 0.0837] 00832] 01013
8 0.0196] 00359 0.0496] 0.0612] 0.0711
9 0.0163] _ 0.0303[  0.0422
10 0.0140
i 21 22 23 24 | 25 26 27 28 20 T 30
1 0.4643] _ 04590] 04542] 0.4493] 04450] 04407 04366 04328] 0.4291] 0.4254
2 0.3185]  0.3156] 0.3126] 0.3098] 0.3089] 0.3043| 0.3018] 0.2992| 0.2968]  0.2944
3 0.2578] 02571 02563] 0.2554] 02543] 0.2533] 0.2522] 0.2610[ 0.2499] 0.2487
4 02119] 02131} 02139] 02145 0.2148] 02151 02152] 0.2151]  0.2150] 0.2148
5 01736] 0.1764] 01787] 0.1807] 0.1822] 0.1836] 0.1848] .0.1857] 0.1864] 0.1870
3 01399 01443 01480] 01512 0.1539] 01563 0.1584] 0.1601] 0.1616] 0.1630
7 01092]  0.1150] 0.1201] 01245] 0.1283] 0.1316] 0.1346] 0.1372] 0.1385] 0.1415
8 0.0804] 00878 00941] 00997] 01046 0.1089] 0.1128] 0.1162] 0.1192] 0.1219
9 0.0530]  0.0618] 0.0696] 0.0764] 00823] 0.0876] 00923] 0.0965] 0.1002] 0.1036
10 0.0263] 0.0368] 0.0459] 00539] 0.0610] 0.0672[ 00728] 0.0778] 0.0822] 0.0862
11 0.0122] 00228] 00321 0.0403] 00476  0.0540[ 0.0598] 0.0850] 0.0697
12 0.0107] 00200} 00284[ 0.0358] 0.0424] 00483] 0.0537
13 0.0094] 0.0178] 00253 0.0320] 0.0381
14 0.0084] 0.0153] 0.0227
15 0.0076
in 31 32 33 34 35 36 37 38 39 40 |
1 0.4220] 0.4188] 04156] 04127] 0.4096] 04088{ 04040] 04015] 0.9683] 0.3964
2 0.2921] 02808 02876] 02854 0.2834] 02813} 0.2794] 0.2774] 0.2755] 0.2737
3 02475 02463] 02451 o02439] 02427 02415] 02403] 0.2301] 0.2380] 0.2368
4 02145] 02141 02137] 02132] 02127 0.2121] 02118] 02110 0.2104] 0.2098
5 01874] 0.1878] 0.1880] 0.1882] 0.1883[ 0.1883] 0.1883] 0.1881] 0.1880[ 0.1878
6 016411 0.1651] 0.1860] 0.1667] 0.1673] 0.1678] 0.1683] 0.1686] 0.1689]  0.1691
7 0.1433]  0.1449] 0.1463[ 01475 0.1487] 0.1496] 01503] 0.1513] 0.1520] 0.1526
8 01243] 0.1265] 01284 0.1301] 0.1317[ 0.1331] 01344] 0.1356] 0.1366]  0.1376
9 0.1066] 0.1083] 01118 01140] 0.1160] 0.1179] 01196] 0.1211] 01225 0.1237
10 0.0899] 0.0931} 00961 00988 0.1013] ©0.1036] 01086] 0.1075] 0.1092] 0.1108
11 '0.0738]  0.0777] 0.0821] 0.0844] 0.0873] 0.0900] 0.0924] 0.0947] 0.0967| 0.0986)
12 0.0585] 0.0829] 0.0669] 0.0706] 0.0739] 0.0770] 00798] 0.0824] 0.0848[ 0.0870
13 0.0435] 0.0485] 0.0530] 0.0572| 00610] 0.0845] 00677] 0.0706] 0.0733[ 0.0759
14 0.0289] 0.0344] 00395]  0.0441] 00484] 00523 0.0553| 0.0592] 0.0622] 0.0651
15 0.0144]  0.0208] 0.0262] 0.0314] 00361[  0.0404] 00444] 0.0481] 0.0515] 0.0546
16 0.0068] 0.0131] 0.0187] 0.0239] 00287] 00331] 0.0372] 0.0400] 0.0444
17 0.0062] 00119] 0.0172[ 0.0220] 0.0264] 0.0305] 0.0343
18 0.0057] 0.0110{ 0.0158] 0.0203[  0.0244)
19 0.0053] _ 0.0101] _ 0.0146
20 0.0049
Un 41 42 43 44 45 46 47 48 49 50
1 0.3940{ 03917 0.3894] 0.3872] 0.3850[ 0.3830] 0.3808] 0.3789] 0.3770]  0.3751
2 0.2719] 02701] 0.2684] 0.2667] 0.2651] 0.2635] 0.2620] 0.2604] 0.2589] 0.2574
3 0.2357] 0.2345] 02334] 02323] 02313] 02302 02291 02281 0.2271] 0.2260
4 0.2081] 0.2085] 02078] 02072] 0.2065] 0.2058] 02052] 0.2045] 0.2038] 0.2032
5 0.1876] 0.1874] 01871 o©.1868] 0.1865] 0.1862] 0.1859] 0.1855] 0.1851] 0.1847
3 0.1693] 0.1694] 0.1695] 0.1695] 0.1695[ 01695 01695] 0.1693] 01692 0.1691
7 0.1531] 0.1535] 0.1539] 0.1542] 0.1545] 0.1548] ©01550] 0.1551] 0.1553] 0.1554
8 0.1384] 0.1392{ 0.1398] 0.1405] 01410 "0.1415] 01420] 0.1423] 01427 0.1430]
) 01249] 01259 0.1289] 0.1278] 0.1286] 0.1293] 0.1300] 0.1306] 01312 0.1317
1 0.1123]  0.1136] 0.1149] 0.1160] 01170 01180 o0.1189] 01197 01205 0.1212
1 0.1004] 01020 0.1035| 0.1049] 0.1062] ©0.1073[ 01085 0.1005] 01105 0.1113
12 0.0891[ 0.0909] 0.0927] 0.0943] 0.0959] 0.0072] o00986] 00998 01010 0.1020]
13 00782] 0.0804] 0.0824] 0.0842]  0.0860[ 0.0876] 0.0892] 0.0906] 0.0919] 0.0932]
14 0.0677] 0.0701] - 0.0724] 00745 0.0775] 0.0785] 0.0801] 00817 00832 0.0846|
15 0.0575| 0.0602] 00628] 00651 00673 0.0694] 00713] 00731 0.0748] 0.0764
16 0.0476] 0.0506] 0.0534] 0.0560] 0.0584] 0.0607] 0.0628] 0.0648] 0.0667] 0.0685
17 00379] 0.0411] 00442] 00471] 00497 0.0522] 00546] 0.0568] 0.0588]  0.0608]
18 0.0283] 0.0318] 00352]  0.0383] 0.0412] 0.0439] 00465 00489 00511] 0.0532
19 00188] 0.0227] 00263] 0.0296] 00328 0.0357] 0.0385] 00411] 0.0436] 0.0459
20 0.0094] 0.0136] 00175] 0.0211] 0.0245] 00277 00307] 00335 00361]  0.0386
21 0.0045] 0.0087] 0.0126] 0.0163] 0.0197] 00229] ~0.0259] 00288 0.0314
22 0.0042] 00081 0.0188] 0.0153] 00185 0.0215]  0.0244
23 0.0033]  0.0076] 0.0111] 0.0143] 00174
24 0.0037]  00071] 00104
25 0.0350




PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50

TABLE D-2

0.01

n 0.05
31 0.902 0.929
32 0.904 0.930
33 0.906 0.931
34 0.908 0.933
35 0.910 0.934
36 0.912 0.935
37 0.914 0.936
38 0.916 0.938
39 0.917 0.939
40 0.919 0.940
41 0.820 0.941
42 0.922 0.942
43 0.923 0.943
44 0.924 0.944
45 0.926 0.945
46 0.927 0.945
47 0.928 0.946
48 0.929 0.947
49 0.929 0.947
0.930 0.947

n 0.01 0.05

3 0.753 0.767
4 0.687 0.748
5 0.686 0.762
6 0.713 0.788
7 0.730 0.803
8 0.749 0.818
9 0.764 0.829
10 0.781 0.842
11 0.792 0.850
12 0.805 0.859
13 0.814 0.866
14 0.825 0.874|
15 0.835 0.881
16 0.844 0.887
17 0.851 0.892
18 0.858 0.897
19 0.863 0.901
20 0.868 0.905
21 0.873 0.908
22 0.878 0.911
23 0.881 0.914
24 0.884 0.916
25 - 0.888 0.918
26 0.891 0.920
27 0.894 0.923
28 0.896 0.924
29 0.898 0.926
30 0.900 0.927

50




TABLE D-3 :
TOLERANCE FACTORS (K) FOR ONE-SIDED NORMAL TOLERANCE INTERVALS
WITH CONFIDENCE FACTOR Y=0.95 AND COVERAGE P=95%

1.868
1.850
1.836
1.824
1.814
1.806
1.799
1.792
1.787
1.782
1.777
1.773
1.769
1.766
1.763
~1.760
1.757
1.754
1.752
1.750
1.748
1.746
1.744
1.742
1.740
1.739
1.737
1.736
1.734
1.733
1.732
1.731
1.729
1.728
1.727




TABLE D-4
PERCENTILES OF STUDENT’s t-DISTRIBUTION WITH n DEGREES OF FREEDOM

n\F 0.60 0.75 0.90 0.95 0.975 0.99 0.995 0.9995
1 0.325 1.000 3.078 6.314 12.706 31.821 63.656| 636.578
2 0.289 0.816 1.886 2.920 4.303 6.965 9.925 31.600
3 0.277 0.765 1.638 2.353 3.182 4.541 5.841 12.924
4 0.271 0.741 1.533 2.132 2.776 3.747 4.604 8.610
5 0.267 0.727 1.476 2.015 2.571 3.365 4.032 6.869
6 0.265 0.718 1.440 1.943 2.447 3.143 3.707 5.959
7 0.263 0.711 1.415 1.895 2.365 2.998 3.499 5.408
8 0.262 0.706 1.397 1.860 2.306 2.896 3.355 5.041
9 0.261 0.703 1.383 1.833 2.262 2.821 3.250 4.781
10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 4.587
11 0.260 0.697 1.363 1.796 2.201 2.718 3.106 4.437
12 0.259 0.695 1.356 1.782 2.179 2.681 3.055 4.318
13 0.259 0.694 1.350 1.771 2.160 2.650 3.012 4.221
14 0.258 0.692 1.345 1.761 2.145 2.624 2.977 4.140
15 0.258 0.691 1.341 1.753 2.131 2.602 2.947 4.073
16 0.258 0.690 1.337 1.746 2.120 2.583 2.921 4.015
17 0.257 0.689 1.333 1.740 2.110 2.567 2.898 3.965
18 0.257 0.688 1.330 1.734 2.101 2.552 2.878 3.922
19 0.257 0.688 1.328 1.729 2.093 2.539 2.861 3.883
20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.850
21 0.257 0.686 1.323 1.721 2.080 2.518 2.831 3.819
22 0.256 0.686 1.321 1.717 2.074 2.508 2.819 3.792
23 0.256 0.685 1.319 1.714 2.069 2.500 2.807 3.768
24 0.256 0.685 1.318 1.711 2.064 2.492 2.797 3.745
25 0.256 0.684 1.316 1.708 2.060 2.485 2.787 3.725
26 0.256 0.684 1.315 1.706 2.056 2.479 2.779 3.707
27 0.256 0.684 1.314 1.703 2.052 2.473 2.771 3.689
28 0.256 0.683 1.313 1.701 2.048 2.467 2.763 3.674
29 0.256 0.683 1.311 1.699 2.045 2.462 2.756 3.660
30 0.256 0.683 1.310 1.697 2.042 2.457 2.750 3.646
40 0.255 0.681 1.303 1.684 2.021 2.423 2.704 3.551
60 0.254 0.679 1.296 1.671 2.000 2.390 2.660 3.460
120 0.254 0.677 1.289 1.658 1.980 2.358 2.617 3.373
1,000,000 0.253 0.674 1.282 1.645 1.960 2.326 2.576 3.290

F=1-a
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Sample Calculations Table 1
COEFFICIENTS A, FOR W TEST OF NORMALITY FOR N=2 to 50

in 2 3 4 5 6 7 8 ) 10

1 07071] 0.7071] 06872] 06646 0.6431] 06233 06052] 05888]  0.5739

2 0.1677] 02413| 0.2806]  0.3031| 0.3164] 0.3244] 0.3291

3 0.0875]  0.1401]  0.1743] 01976] 02141

4 0.0561] 00947] 0.1224

5 0.0399

in 11 12 13 14 [ 15 | 16 17 18 19 20

1 0.5601] 05475 05359 0.5251] 05150] 05056] 0.4968]  0.4886] 04808 04734
2 0.3315] 03325 03325 03318] 03306] 03290 0.3273] 0.3253] 0.3232] 0.3211
3 0.2260] 0.2347] 02412 02460 02495] 02521] 02540] 0.2553] 0.2561] 02565
4 01429] 0.1586] 01707 01802 0.1878] 0.1939] 0.1988] 0.2027] 0.2059] 0.2085
5 0.0695] 00922 01099 01240 0.1353] 0.1447] 0.1524] 0.1587} 0.1641]  0.1686)
6 0.0303] 00539 00727 00880 01005 0.4108] 0.4197] 01271 0.1334
7 . 0.0240]  00433]  0.0593]  0.0725] 0.0837] 0.0933] 0.1013]
8 i 0.0196] 00358] 0.0496] 0.0612{ 00711
9 0.0163]  0.0303]  0.0422]
10 0.0140
iin 21 22 23 24 25 26 27 ] 28 29 30

1 0.4643] 0.4590] 04542 0.4493] 04450] 04407] 04366] 04328] 04201] 04254
2 0.3185] 0.3156] 0.3126] 0.3098] 0.3069] 0.3043[ 0.3018] 0.2992] 002968 0.2944
3 02578 02571] 0.2563] 0.2554] 0.2543] 0.2533] 0.2522] 02510 02499 0.2487
4 02119] ~ 02131] 02139] 02145] 0.2148] 0.2151] 0.2162] 02151] 02150] 02148
B 01736] 0.1764] 0.1787] 0.1807] 0.1822] 0.1836] 0.1848] 0.1857] 0.1864] _ 0.1870
[ 0.1399] ~ 0.1443] 0.1480] 01512 01533] 0.1563] _ 0.1584] _ 0.1601] _ 0.1616] _ 0.1630
7 01092] 01150 0.1201] 0.1245| 0.1283] 0.1316] 0.1346] 0.1372[ 0.1395] 0.1415
8 0.0804] 00878 0.0941] 00997 01046] 0.1089] 0.1128] o.1162] 0.1192] 0.1219
) 0.0530] 0.0618] 00696 0.0764] 00823 0.0876] 0.0923] 00965 01002] 0.1036
10 0.0263] 00368 0.0459] 0.0533] 00610 0.0672] 0.0728] 0.0778] 00822] 0.0862
11 0.0122] 0.0228] 00321 0.0403] 0.0476] 0.0540] 00588 0.0650] 0.0697,
12 0.0107] 0.0200] 0.0284] 0.0358] 0.0424{ 00483 00537
13 0.0004] 0.0178] 0.0253] 0.0320] 00381
14 | 00084 00159 0.0227
15 I 0.0076]
Un 31 32 | 33 34 35 36 37 38 39 40

1 04220 0.4188] 04156] 04127] 04096 0.4068] 04040] 04015 09683 0.3964
2 02921} 02898 02876] 02854] 02834] 0.2813] 02794 02774 02755 02737
3 0.2475] 02463 02451 02439 0.2427]| 0.2415] 0.2403] 0.23%1] 0.2380] 0.2368
4 02145 02141 021371 02132] 02127] 0.2121] 0.2116] 02110] 0.2104] 0.2098
5 0.1874] 0.1878] _0.1880] 0.1882] 01883 0.1883] 0.1883] _0.1881] 0.1880]  0.1878
6 0.1641] 01651 0.1660] ~ 0.1667] 0.1673| 0.1678] 0.1683] 0.1686] 0.1689] 0.1691
7 0.1433] 01449 01463 0.1475] 01487] 0.1496] 0.1503] 0.1513] 0.1520]  0.1526|
8 0.1243] 01265 01284] 0.1301] 01317] 0.1331] 0.1344] 01356] 0.1366]  0.1376]
[ 0.1068] 01093 01118] 0.1140] 01160 0.117¢] 0.1196] 0.1211] 0.1225]  0.1237|
10 0.0899] 00931 00961] 00988] 01013 0.1036] o0.10s6] 0.1075{ 0.1092] 0.1108
11 0.0738] 00777] 0.0821] 00844] 00873 0.0900| 0.0924] 0.0347] 00967|  0.0986)
12 0.0585] 0.0629] 0.0668] 0.0706] 0.0738] 0.0770] 0.0798] 00824} 0.0848]  0.0870
13 0.0435] 0.0485] 00530] 00572] 0.0610[ 0.0645] 0.0677] 0.0706{ 0.0733]  0.0759
14 0.0289] 0.0344] 0.0395] 0.0441} 00484 0.0523[ 0.0559] 0.0592] 00622 0.0651
15 0.0144]  00208] 0.0262] 00314} 0.0361] 0.0404] 0.0444] 0.0481] 0.0515 _ 0.0546
16 0.0068] 0.0131] 0.0187] 00233] 00287] 00331] 00372] 0.0409] 0.0444
17 0.0062] 0.0119{ 0.0172] 00220 0.0264] 0.0305] 0.0343
18 0.0057] _0.0110] 0.0158] 0.0203] 0.0244
19 0.0053] _0.0101] _ 0.0146
20 0.0049
iin 4 42 43 a4 45 46 47 | a8 49 50

1 0.3940] 03917] 03894 03872] 0.3850[ 0.3830] 0.3808] 0.3789] 0.3770] 0.3751
2 02719] 02701} 0.2684] 02667] 0.2651] 0.2635] 0.2620{ 0.2604f 0.2589] 0.2574
3 0.2357] 02345 0.2334] 02323 02313] 02302] 020917  02281] 02271 0.2260
4 0.2091] 0.2085] 0.2078] - 0.2072| 0.2065] 0.2058] 0.2052] 0.2045( 0.2038]  0.2032
5 0.1876] 0.1874] 0.1871] 0.1868] 01865] 0.1862] 0.1859] 0.1855{ 0.1851] 0.1847
6 0.1693] 0.1694] 0.1695] ©0.1695] 0.1695[ 0.1695] ©0.1695] 0.1693] 0.1692] 0.1691
7 0.1531] 0.1535] 01539 0.1542] 0.1545] 0.1548] 0.1650] 0.1551] 0.1553] 0.1554
8 0.1384] 0.1392] 0.1398] 01405 0.4410[ 0.1415] 0.1420] 0.1423] 01427] 01430
9 01249] 01259] 01269] 01278[ 0.1286] 0.1293[ 0.1300] 0.1306] 0.1312] 01317
10 0.1123] 0.1136] 0.1149] 0.1160] 01170 0.1180[ 0.1189] 01197 0.1205{ _0.1212
11 0.1004] 0.1020] 0.1035] 01048  0.1062] 0.1073] 0.1085] 01095 0.1105] 0.1113
12 0.0891]  00909] 00927 00943[ 0.0959] 0.0972] 0.0986] 0.0998] 0.1010]  0.1020
13 0.0782] 00804] 00824 00842 0.0860] 0.0876] 00892] 0.0906] 00918 0.0932
14 00677] 0.0701] 00724] 00745 0.0775] 0.0785] 0.0801] 0.0817] 0.0832] 0.0846
15 0.0575] 0.0802] 00628] 00651 0.0673] 0.0684] 00713 0.0731] 00748 0.0764
16 0.0476] 00506] 00534] 00560 00584 0.0607] 0.0628] 0.0648] 0.0667] 0.0685
17 0.0379] 00411 00442] 00471] 00497] 00522 00546 00568 0.0588] 00608
18 0.0283] 00318] 00352] 00383 00412 0.0439] 0.0465 0.0489] 0.0511] 0.0532
19 00188] 0.0227] 00263] 0.0296] 0.0328] 0.0357{ 0.0385]  0.0411] 0.0436] 00459
20 00094] 0.0136] 00175] 00211] 00245 0.0277] 00307] 0.0335] 0.0361] 0.0386
21 0.0045] 00087] 00126] 0.0163[ 00197 0.0229] 0.0259] 0.0288] 0.0314
22 0.0042] 00081 00188 001531 00185 0.0215] 0.0244
23 0.0039] 0.0076] 00111 0.0143[ _ 0.0174
24 [ 00037 0.0071] ©0.0104
25 [ 0.0350




Sample Calculations Table 2 ,
PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50

n 0.01 0.05
31 0.902 0.929
32 0.904 0.930
33 0.906 0.931
34 0.908 0.933
35 0.910 0.934
36 0912  0.935
37 0.914 0.936
38 0.916 0.938
39 0.917 0.939
40 0.918 0.940
41 0.920 0.941
42 0.922 0.942
43 0.923 0.943
44 0.924 0.944
45 0.926 0.945
46 0.927 0.945
47 0.928 0.946
48 0.929 0.947
49 0.929 0.947
50 0.930 0.947

n 0.01 0.05
3 0.753 -0.767
4 0.687 0.748
.5 0.686 0.762
6 0.713 0.788
7 0.730 0.803
8 0.749 0.818
9 0.764 0.829
10 0.781 0.842
11 0.792 0.850
12 0.805 0.859
13 0.814 0.866
14 0.825 0.874
15 0.835 0.881
16 0.844 0.887
17 0.851 0.892
18 0.858 0.897
19 0.863 0.901
20 0.868 0.905
21 0.873 0.908
22 0.878 0.911
23 0.881 0.914
24 0.884 0.916
25 0.888 0.918
26 0.891 0.920
27 0.894 0.923
28 0.896 0.924
29 0.898 0.926
30 0.900 0.927




Sample Calculation Table 3
p Levels from Z Scores for 2 Sided Tests

4 p 4 p Z P 4 p 2 p Z p 4 p 4 p -
0.00 1.0000 0.50 0.6171 1.00 0.3173 1.50 0.1336 2.00 0.0455 250 0.0124 3.00 0.0027 3.50 0.0005
0.01 0.9920 0.51 0.6101 1.01 03125 151 0.1310 2.01 0.0444 251 0.0121 30 0.0026 3.51 0.0004
0.02 0.9840 0.52 0.6031 102 0.3077 1.62 0.1285 2.02 0.0434 2.52 0.0117 3.02 0.0025 3.52 0.0004
0.03 0.9761 0.53 0.5961 1.03 0.3030 1.53 0.1260 2.03 0.0424 2.53 0.0114 3.03 0.0024 3.53 0.0004
0.04 0.9681 0.54 0.5892 1.04 0.2983 1.54 0.1236 2.04 0.0414 2.54 0.0111 3.04 0.0024 3.54 0.0004
0.05 0.9601 0.55 0.5823 1.05 0.2937 1.55 0.1211 2.05 0.0404 2.55 0.0108 3.05 0.0023 355 0.0004
0.06 0.9522 0.56 0.5755 1.06 0.2891 1.56 0.1188 2.06 0.0394 2.56 0.0105 3.06 0.0022 356 0.0004
0.07 0.9442 057 0.5687 1.07 0.2846 1.57 0.1164 207 0.0385 257 0.0102 3.07 0.0021 357 0.0004
0.08 0.9362 0.58 0.5619 1.08 0.2801 1.58 0.1141 2.08 0.0375 258 0.0099 3.08 0.0021 3.58 0.0003
0.09 0.9283 0.59 0.5552 1.09 0.2757 1.59 0.1118 2.09 0.0366 2.59 0.0036 | - 3.09 0.0020 359 0.0003
0.10 0.9203 0.60 0.5485 1.10 0.2713 1.60 0.1096 2.10 0.0357 2.60 0.0093 3.10 0.0019 3.60 0.0003
0.1 0.9124 0.61 0.5419 1.1 0.2670 1.61 0.1074 211 0.0349 261 0.0091 311 0.0019 361 0.0003
0.12 0.9045 0.62 05353 1.12 0.2627 162 0.1052 212 0.0340 262 0.0088 3.12 0.0018 3.62 0.0003
0.13 0.8966 0.63 0.5287 1.13 0.2585 1.63 0.1031 213 0.0332 2.63 0.0085 3.13 0.0017 3.63 0.0003
0.14 0.8687 0.64 0.5222 1.14 0.2543 1.64 0.1010 2.14 0.0324 2.64 0.0083 3.4 0.0017 3.64 0.0003
0.15 0.8808 0.65 0.5157 1.15 0.2501 1.65 0.0989 2.15 0.0316 2.65 0.0080 3.15 0.0016 3.65 0.0003
0.16 0.8729 0.66 0.5093 1.16 0.2460 1.66 0.0969 2.16 0.0308 2.66 0.0078 3.16 0.0016 3.66 0.0003
0.17 0.8650 0.67 0.5029 117 0.2420 1.67 0.0949 217 0.0300 267 0.0076 317 0.0015 367 0.0002
0.18 0.8572 0.68 0.4365 1.18 0.2380 1.68 0.0930 2.18 0.0293 2.68 0.0074 3.18 0.0015 3.68 0.0002
0.19 0.8493 0.69 0.4902 1.19 0.2340 1.69 0.0810 2.19 0.0285 2.69 0.0071 3.19 0.0014 3.69 0.0002
0.20 0.8415 0.70 0.4839 1.20 0.2301 1.70 0.0891 2.20 0.0278 2.70 0.0069 3.20 0.0014 370 0.0002
0.21 0.8337 0.71 04777 1.21 0.2263 1.71 0.0873 2.21 0.0271 27 0.0067 321 0.0013 3N 0.0002
0.22 0.8259 0.72 04715 1.22 0.2225 1.72 0.0854 222 0.0264 272 0.0065 322 0.0013 3.72 0.0002
0.23 0.8181 073 0.4654 1.23 0.2187 1.73 0.0836 223 0.0257 273 0.0063 3.23 0.0012 373 0.0002
0.24 0.8103 0.74 0.4593 1.24 0.2150 1.74 0.0819 2.24 0.0251 274 0.0061 324 0.0012 3.74 0.0002
0.25 0.8026 0.75 0.4533 1.25 02113 1.75 0.0801 225 0.0244 2.75 0.0060 3.25 0.0012 3.75 0.0002
0.26 0.7949 0.76 04473 1.26 0.2077 1.76 0.0784 2.26 00238 2.76 0.0058 326 0.0011 3.76 0.0002
0.27 0.7872 0.77 04413 1.27 0.2041 1.77 0.0767 227 0.0232 2.77 0.0056 327 0.0011 3.77 0.0002
0.28 0.7795 0.78 0.4354 1.28 0.2005 1.78 0.0751 2.28 0.0226 2.78 0.0054 3.28 0.0010 3.78 0.0002
0.29 0.7718 0.79 0.4295 1.29 0.1971 1.79 0.0735 229 0.0220 2.79 0.0053 3.29 0.0010 3.79 0.0002
0.30 0.7642 0.80 0.4237 1.30 0.1936 1.80 0.0719 2.30 0.0214 2.80 0.0051 3.30 0.0010 3.80 0.0001
0.31 0.7566 0.81 04179 1.31 0.1902 1.81 0.0703 23 0.0209 2.81 0.0050 33 0.0009 3.81 0.0001
0.32 0.7490 0.82 0.4122 1.32 0.1868 1.82 0.0688 232 0.0203 2.82 0.0048 3.32 0.0009 3.82 0.0001
0.33 0.7414 0.83 0.4065 133 0.1835 1.83 0.0672 2.33 0.0198 2.83 0.0047 333 0.0009 3.83 0.0001
0.34 0.7339 0.84 0.4009 1.34 0.1802 1.84 0.0658 234 0.0193 2.84 0.0045 3.34 0.0008 3.84 0.0001
0.35 0.7263 0.85 0.3953 1.35 0.1770 1.85 0.0643 2.35 0.0188 2.85 0.0044 3.35 0.0008 3.85 0.0001
0.36 0.7188 0.86 0.3898 1.36 0.1738 1.86 0.0629 2.36 0.0183 2.86 0.0042 3.36 0.0008 3.86 0.0001
0.37 0.7114 0.87 0.3843 1.37 0.1707 1.87 0.0615 2.37 0.0178 2.87 0.0041 3.37 0.0008 3.87 0.0001
0.38 0.7039 0.88 0.3789 1.38 0.1676 1.88 0.0601 2.38 0.0173 2.88 0.0040 3.38 0.0007 3.88 0.0001
0.39 0.6365 0.89 0.3735 1.39 0.1645 1.89 0.0588 2.39 0.0168 2.89 0.0033 3.39 0.0007 3.89 0.0001
0.40 0.6892 0.90 0.3681 1.40 0.1615 1.90 0.0574 240 0.0164 2.90 0.0037 340 0.0007 | 3.90 0.0001
041 0.6818 091 0.3628 1.41 0.1585 1.91 0.0561 241 0.0160 291 0.0036 341 0.0006 3.91 0.0001
0.42 0.6745 0.92 0.3576 142 0.1556 1.92 0.0549 242 | 00155 2.92 0.0035 3.42 0.0006 3.92 0.0001
0.43 0.6672 0.93 0.3524 1.43 0.1527 1.93 0.0536 2.43 0.0151 2.93 0.0034 3.43 0.0006 3.93 0.0001
0.44 0.6599 0.94 0.3472 1.44 0.1499 1.94 0.0524 244 0.0147 2.94 0.0033 344 0.0006 3.94 0.0001
0.45 0.6527 0.95 0.3421 1.45 0.1471 1.95 0.0512 245 0.0143 2.95 0.0032 3.45 0.0006 3.95 0.0001
0.46 0.6455 0.96 0.3371 1.46 0.1443 1.96 0.0500 2.46 0.0139 2.96 0.0031 3.46 0.0005 3.96 0.0001
0.47 0.6384 0.97 0.3320 1.47 0.1416 1.97 0.0488 247 0.0135 2.97 0.0030 347 0.0005 3.97 0.0001
0.48 0.6312 0.98 0.3271 148 0.1389 1.98 0.0477 248 0.0131 298 0.0029 348 0.0005 3.98 0.0001
0.49 0.6241 0.99 0.3222 1.49 0.1362 1.99 0.0466 2.49 0.0128 2.99 0.0028 3.49 0.0005 3.99 0.0001




Sample Calculations Table 4
TOLERANCE FACTORS (K) FOR ONE-SIDED NORMAL TOLERANCE INTERVALS
WITH CONFIDENCE FACTOR Y=0.95 AND COVERAGE P=95%

n K n K
3 7.655 150 1.868
4 5.145 175 1.850
5 4,202 200 1.836
6 3.707 225 1.824
7 3.399 250 1.814
8 3.188 275 1.806
9 3.031 300 1.799
10 2.911 325 1.792
11 2.815 350 1.787
12 2.736 375 1.782
13 - 2.670 400 1.777
14 2.614 425 1.773
15 2.566 450 1.769
16 2,523 475 1.766
17 2.486 500 1.763
18 2.543 525 1.760
19 2.423 550 1.757
20 2.396 575 1.754
21 2.371 600 1.752
22 2.350 625 1.750
23 2.329 650 1.748
24 2.309 675 1.746
25 2.292 700 1.744
30 2.220 725 1.742
35 2.166 750 1.740
40 2.126 775 1.739
45 2.092 800 1.737
50 2.065 825 1.736
55 2.036 850 | 1.734
60 2.017 875 1.733
65 2.000 900 1.732
70 1.986 925 1.731
75 1.972 950 1.729
100 1.924 975 1.728
125 1.891 1000 1.727




Sample Calculations Table 5
PERCENTILES OF STUDENT’s t-DISTRIBUTION WITH n DEGREES OF FREEDOM

n\F 0.60 0.75 0.90 0.95 0.975 0.99 0.995 0.9995
1 0.325 1.000 3.078 6.314 12.706 31.821 63.656] 636.578
2 0.289 0.816 1.886 2.920 4.303 6.965 9.925 31.600
3 0.277 0.765 1.638 2.353 3.182 4.541 5.841 12.924
4 0.271 0.741 1.533 2.132 2.776 3.747 4.604 8.610
5 0.267 0.727 1.476 2.015 2.571 3.365 4.032 6.869
6 0.265 0.718 1.440 1.943 2.447 3.143 3.707 5.959
7 0.263 0.711 1.415 1.895 2.365 2.998 3.499 5.408
8 0.262 0.706 1.397 1.860 2.306 2.896 3.355 5.041
9 0.261 0.703 1.383 1.833 2.262 2.821 3.250 4.781
10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 4.587
11 0.260 0.697 1.363 1.796 2.201 2.718 3.106 4.437
12 0.259 0.695 1.356 1.782 2.179 2.681 3.055] = 4.318
13 0.259 0.694 1.350 1.771 2.160 2.650 3.012 4.221
14 0.258 0.692 1.345 1.761 2.145 2.624 2.977 4.140
15 0.258 0.691 1.341 1.753 2.131 2.602 2.947 4.073
16 0.258 0.690 1.337 1.746 2.120 2.583 2.921 4.015
17 0.257 0.689 1.333 1.740 2.110 2.567 2.898 3.965
18 0.257 0.688 1.330 1.734 2.101 2.552 2.878 3.922
19 0.257 0.688 1.328 1.729 2.093 2.539 2.861 3.883
20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.850
21 0.257 0.686 1.323 1.721 2.080 2.518 2.831 3.819
22 0.256 0.686 1.321 1.717 2.074 2.508 2.819 3.792
23 0.256 0.685 1.319 1.714 2.069 2.500 2.807 3.768
24 0.256 0685  1.318 1.711 2.064 2.492 2.797 3.745
25 0.256 0.684 1.316 1.708 2.060 2.485 2.787 3.725
26 0.256 0.684 1.315 1.706 2.056 2.479 2.779 3.707
27 0.256 0.684 _1.314 1.703 2.052 2.473 2.771 3.689
28 0.256 0.683 1.313 1.701 2.048 2.467 2.763 3.674
29 0.256 0.683 1.311 1.699 2.045 2.462 2.756 3.660
30 0.256 0.683} - 1.310 1.697 2.042 2.457 2.750 3.646
40 0.255 0.681 1.303 1.684 2.021 2.423 2.704 3.551
60 0.254 0.679 1.296 1.671 2.000 2.390 2.660 3.460
120 0.254 0.677 1.289 1.658 1.980 2.358 2.617 3.373
1,000,000 0.253 0.674 1.282 1.645 1.960 2.326 2.576 3.290

F=1-a



D-2 STATISTICAL ANALYSIS OF ENVIRONMENTAL DATA



Appendix D-2

D.2.1

D.2.2

D.2.3

D24

D.2.5

Examples of Shapiro-Wilk Test of Normality Result

48 Test result (Normal & Lognormal for 27 metals) for Alluvial Subsurface Siit
Examples of Normal Probability Plot

27 plots (Normal or Lognormal for 24 metals) for Alluvial Subsurface Silt

Examples of 95% Confidence Interval Results

27 comparisons (one for each of 27 metals) of Pennsylvanian Subsurface Sand
results With the 95% Confidence Interval of combined Pennsylvanian Subsurface
Clay / Pennsylvanian Subsurface Silt

Example of Wilcoxon Rank-Sum Test Results

27 comparisons (one for each of 27 metals) of combined Pennsylvanian Subsurface
Clay versus Pennsylvanian Subsurface Silt '

Matrices Conveying Combinations of Soil Types due to Wilcoxon Rank-
Sum Test Resuits

Note: The remainder of the statistical analysis results are available on request.



D.2.1 Examples of Shapiro-Wilk Test of Normality Result
48 Test result (Normal & Lognormal for 27 metals) for Alluvial Subsurface Silt
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D.2.2 Examples of Normal Probability Plot
27 plots (Normal or Lognormal for 27 metals) for Alluvial Subsurface Silt



Expected Normal Value

2.5

2.0

1.5

1.0

0.5}

50 | 8.75 9.00 0.25 9.50

Normal Probability Plot of ABL ALUMINUM LOGNORMAL
y=-40.687+4.513"x+eps

T LT L LERT PRTEE: :- ......... Best_fit Linear Regression Lin ..: .............................................. A

95% Confidence Elhpse

.....................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................

Statlstical outliers fall outside 95% Confidence Elhpse

Observed Value



Expected Normal Value

Normal Probability Plot of ABL ANTIMONY LOGNORMAL
y=1.403+1.135"x+eps

1.4 ; i i i , ,
-1.8° -1.4 -1.0 -0.6 -0.2 0.2

Observéd Value



Expected Normal Value

Normal Probability Plot of ABL ARSENIC LOGNORMAL
y=-2.973+2.045*x+eps

1.4 H i i i i
0.9 1.1 1.3 1.5 1.7 1.9 2.1

Observed Value



Expected Normal Value

Normal Probability Plot of ABL BARIUM NORMAL
y=-6.21+0.114*x+eps

42 46 50 54 58 62 66 70
Observed Value



Expected Normal Value

Normal Probability Plot of ABL BERYLLIUM LOGNORMAL
y=4.492+4.363"x+eps

g 2 4 £

J T T S T T T T S P

-1.4 =— :
-1.35 -1.25

-1.05 -0.95 -0.85 -0.75 -0.65
Observed Value |

-1.15



Expected Normal Value

Normal Probability Plot of ABL CADMIUM LOGNORMAL
y=3.512+1.414*x+eps

1.4

e
o

o
o))

o
N

-3.2 -3.0 - -2.8 2.6 -2.4 2.2 -2.0 -1.8 -1.6
Observed Value



Expected Normal Value

Normal Probability Plot of ABL CALCIUM NORMAL
y=-1.67+0.005*x+eps

50 150 250 350 450 550 650
| Observed Value



Expected Normal Value

Normal Probability Plot of ABL CHROMIUM LOGNORMAL
y=-17.6+7.387*x+eps

1.0

0.6}

o
(V)

222 2.28 2.34 ' 2.40 2.46 252
Observed Value



Expected Normal Value

Normal Probability Plot of ABL COBALT NORMAL
' y=-4.571+0.618*x+eps

14 i i i i i , i i
5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

Observed Value




Expected Normal Value

Normal Probability Plot of ABL COPPER LOGNORMAL
y=-82.256+42.971"x+eps

1.0

0.6}

o
(V)

1.88 1.89 1.90 1.91 1.92 1.93 1.94
Observed Value



Expected Normal Value

9.2 9.3 9.4 9.5 9.6 9.7 0.8 9.9 10.0

Normal Probability Plot of ABL IRON LOGNORMAL
y=-34.258+3.61*x+eps

0 < LTI LRIy O T e R Ry R R L R AL SRS AR

...........................................................................................................................................................................................................................................

S < S O SO o R T L R LR LR R L e R e e e AL AL E AL LI AL At AL AR

.........................................................................................................................

Observed Value



Expected Normal Value

Normal Probability Plot of ABL LEAD NORMAL
y=-8.678+0.929"x+eps

14 i P I i i I
7.6 8.0 8.4 8.8 9.2 ' 9.6 10.0 - 104

Observed Value



Expected Normal Value

1.4

-
o

o
»

o
N

©
Ao

o
o

t
—_
o

-1.4

| #BL)
Normal Probability Plot of Alluvail Subsurface Silt - Normal

Lf%ft’m

o

10

11

12

13

14

Observed Value

15

16

17

18



Expected Normal Value

-1.4

6.2 6.4 6.6 6.8 7.0 7.2

Normal Probability Plot of ABL MAGNESIUM LOGNORMAL
y=-17.913+2.668*x+eps

E T T T T LT T R L T T LT R S T L LIRS TP TP T P P Py P PR TR RERPR PRT TP RPETR R

T o 2 T R T T D P TR P TR LYY PRRPPRPRRTE

Observed Value



Expected Normal Value

Normal Probability Plot of ABL MANGANESE LOGNORMAL
y=-17.78+2. 824*x+eps

5.8 5.9 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7
Observed Value



Expected Normal Value

Normal Probability Plot of ABL MERCURY LOGNORMAL
y=3.422+0.979*x+eps

1.4

1.0}

o
o)

0.2F

o
N

-4.2 -3.8 -3.4 -3.0 -2.6 2.2 . -1.8
Observed Value



Expected Normal Value

14 i H H i H i ;
' 8.4 8.6 8.8 9.0 9.2 9.4 9.6 0.8 10.0

1.4

1.0}

06

0.2

O
S

©
o

-1.0

Normal Probability Plot of ABL NICKEL NORMAL
y=-14.736+1.574*x+eps

Observed Value



Expected Normal Value

Normal Probability Plot of ABL POTASSIUM NORMAL
y=-5.155+0.008*x+eps

14 i H i i ‘ i i i
440 480 520 560 600 640 680 720 760

Observed Value



Expected Normal Value

Normal Probability Plot of ABL SELENIUM LOGNORMAL
y=4.469+3.239*x+eps

S
R

o
o

-1.0 ¢

1.4 . ; ; i i . .
-1.65 -1.50 -1.35 -1.20 -1.05 -0.90

Observed Value




Expected Normal Value

Normal Probability Plot of ABL SODIUM NORMAL
y=-1.551+0.592*x+eps

1.4 i i i i i H i i
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Observed Value



Expected Normal Value

@8

Normal Probability Plot of Alluvial Subsurface Silt - Strontium - Normal

6 7 8 9 10 11

Observed Value



Expected Normal Value

Normal Probability Plot of ABL THALLIUM NORMAL
y=-3.785+26.301*x+eps

'14 i i i i - H
0.09 0.11 0.13 0.15 0.17 019 - 0.21

Observed Value



Expected Normal Value

-1.4
4.0

(4Bv)

Normal Probability Plot of Alluvial Subsurface Silt - Thorium - Normal

4.4 4.8 5.2 5.6 6.0 6.4 6.8

Observed Value



Expected Normal Value

1.4

b
o

o
o

o
(V)

-1.0 |

-1.4

-1.52 -1.48 -1.44 -1.40 -1.36 -1.32 -1.28 -1.24

Normal Probability Plot of ABL TIN LOGNORMAL
y=13.161+9.609*x+eps

Observed Value



Expected Normal Value

Normal Probability Plot of ABL VANADIUM NORMAL
y=-7.258+0.378*x+eps

-1.4

15 16 17 18 19 20 21 22
Observed Value



Expected Normal Value

Normal Probability Plot of ABL ZINC LOGNORMAL
y=-7.16+2.737*x+eps

1.4

Y
()

o
o

0.2

-1.0}

14 i f i i i i ; i
2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 - 341 3.2

Observed Value




D.2.3 Examples of 95% Confidence Interval Results
27 comparisons (one for each of 27 metals) of Pennsylvanian Subsurface Sand
results with the 95% Confidence Interval of combined Pennsylvanian Subsurface
Clay / Pennsylvanian Subsurface Silt



Appendix D.2.3

Comparison of Pennsylvanian Subsurface Sand {(PBS) Resuits

with 95% Confidence Intervals of Penssylvanian Subsurface Clay and Sand (PB)

PBS Group PB 95% Group PB PB Result PB Resuit
PARAMETER Result Confidence Interval {95% CR) Range (Min - Max) Within PB 95% CI? Within PB Range?
ALUMINUM 5,430 11,500 14,200 9,070 16,200 NO (LOW) NO (LOW)
ANTIMONY 0.38 0 3.00 0.155 1.3 YES YES
ARSENIC 2.9 5.03 7.57 1.4 9.0 NO (LOW) YES
BARIUM . 24.8 47.7 73.6 25.1 116 NO (LOW) NO (LOW)
BERYLLIUM 0.14 0.258 0.423 0.21 0.60 NO (LOW) NO (LOW)
CADMIUM 0.14 0.200 0.826 0.04 2.1 NO (LOW) YES
CALCIUM 53.6 0 1,520 85.2 5,320 YES NO (LOW)
CHROMIUM 7.7 17.9 23.2 14.2 30.6 NO {LOW) NO (LOW)
COBALT 8.8 6.62 9.55 5.2 12.5 YES YES
COPPER _ 5.6 12.4 17.8 7.5 23.8 NO (LOW) NO (LOW)
IRON 11,300 19,900 27,400 14,800 40,800 NO {(LOW) NO (LOW)
LEAD 11.7 11.1 13.8 8.6 15.4 YES YES
LITHIUM 8.6 16.0 26.6 13.7 46.6 NO (LOW) NO (LOW)
MAGNESIUM 654 1,660 2,250 1,100 2,870 NO (LOW) NO (LOW)
MANGANESE 327 159 537 29 1,410 ~ "YES YES
MERCURY 0.02 0.0202 0.0576 0.02 0.14 NO (LOW) YES
NICKEL 46 11.5 15.7 9.8 23.7 NO (LOW) NO (LOW)
POTASSIUM 353 894 1,140 718 1,330 NO (LOW) NO (LOW)
SELENIUM 0.28 0.278 0.501 0.14 0.88 YES YES
SILVER 0.05 0.0429 0.0607 0.025 0.1 YES YES
SODIUM 1.15 13.4 81.3 7.4 205 NO (LOW) NO (LOW)
STRONTIUM 5.4 11.8 16.1 8.5 20.3 NO (LOW) ‘NO (LOW)
THALLIUM 0.09 0.162 0.215 0.1 0.25 NO (LOW) NO (LOW)
THORIUM 4.9 7.96 9.56 6.9 11.70 NO (LOW) NO (LOW)
TIN 0.215 0.310 0.382 0.25 0.455 NO (LOW) NO (LOW)
VANADIUM 14.1 28.6 36.7 20.9 48.5 NO (LOW) NO (LOW)
ZINC 11.4 31.7 431 24.3 58.2 NO (LOW) NO (LOW)

If the PBS results are statistically similar to the 15 PB results, the probability that PBS
would exhibit 18 or more of the 27 lowest values is 1.76 x 10™'° % (1 in 567 trillion).




D24 Example of Wilcoxon Rank-Sum Test Resuits
27 comparisons (one for each of 27 metals) of combined Pennsylvanian Subsurface
Clay versus Pennsylvanian Subsurface Silt



Appendix D.2.4
Wilcoxon Rank-Sum (WRS) Resulits of
Pennsylvanian Subsurface Clay versus Pennsylvanian Subsurface Silt

Rank Sum | Rank Sum | Valid N | Valid N ] Rank Avg| Rank Avg Z PBC and PBL
PARAMETER PBC PBL PBC PBL PBC PBL U y4 p-level | adjusted | p-level Similar?
ALUMINUM 16 29 4 5 4.00 5.80 6 |-0.9798| 0.3272 | -0.9798 | 0.3272 YES
ANTIMONY 24 21 4 5 6.00 4.20 6 109798 03272 | 0.9798 | 0.3272 YES
ARSENIC 16 29 4 5 4.00 5.80 6 |-0.9798] 0.3272 | -0.9798 | 0.3272 YES
BARIUM 22 23 4 5 5.50 4.60 8 [04899| 0.6242 | 0.4899 0.6242 YES
BERYLLIUM 26 19 4 5 6.50 3.80 4 14697 ] 0.1417 | 1.4697 0.1417 YES
CADMIUM 14 31 4 5 3.50 6.20 4 |-1.4697]| 01417 | -1.4697 | 0.1417 YES
CALCIUM 24 21 4 5 6.00 4.20 6 ]0.9798{ 0.3272 | 0.9798 | 0.3272 YES
CHROMIUM 18 27 4 5 4.50 5.40 8 |-0.4899{ 0.6242 | -0.4899 | 0.6242 YES
COBALT 18 27 4 5 4.50 5.40 8 |[-0.4899] 0.6242 | -0.4899 | 0.6242 YES
COPPER 21 24 4 5 5.25 4.80 9 02443} 0.8065 | 0.2449 | 0.8065 YES
IRON 20 25 4 5 5.00 5.00 10 {0.0000 1.0000 § 0.0000 | 1.0000 YES
LEAD 15 30 4 5 3.75 6.00 5 |-1.2247| 0.2207 { -1.2247 | 0.2207 YES
LITHIUM 25 20 4 5 6.25 4.00 5 ]1.2247| 02207 | 1.2247 | 0.2207 YES
MAGNESIUM 15 30 4 5 3.75 6.00 5 |-1.2247] 0.2207 | -1.2247 | 0.2207 YES
MANGANESE 13 32 4 5 3.25 6.40 3 ]-1.7146) 0.0864 | -1.7146 | 0.0864 YES
MERCURY 14 31 4 5 3.50 6.20 4 1-1.4697| 0.1417 | -1.7566 | 0.0790 YES
NICKEL 18 27 4 5 4.50 5.40 8 1-0.4899] 0.6242 | -0.4920 | 0.6228 YES
POTASSIUM 21 - 24 4 5 5.25 4.80 9 102449 0.8065 | 0.2460 | 0.8057 YES
SELENIUM 20 25 4 5 5.00 5.00 10 | 0.0000| 1.0000 { 0.0000 | 1.0000 YES
SILVER 16 29 4 5 4.00 5.80 6 {-0.9798| 0.3272 | -1.3416 | 0.1797 YES
SODIUM 27 18 4 5 .75 3.60 3 171461 0.0864 | 1.7146 | 0.0864 YES
STRONTIUM 29 16 4 5 7.25 3.20 1 ]22045] 0.0275 | 2.2045 | 0.0275 NO
THALLIUM 17 28 4 5 4.25 5.60 7 1-0.7348] 0.4624 | -0.7442 | 0.4568 YES
THORIUM 28.5 16.5 4 5 7.13 3.30 1.5 |2.0821{ 0.0373 | 2.0908 | 0.0366 NO
TIN 29 16 4 5 7.25 3.20 -1 | 22045] 0.0275 | 22138 | 0.0269 NO
VANADIUM 14.5 30.5 -4 5 3.63 6.10 45 |-1.3472] 01779 | -1.3529 | 0.1761 YES
ZINC 21 24 4 5 525" 4.80 9 102449 0.8065 | 0.2449 | 0.8085 YES




D25 Matrices Conveying Combinations of Soil Types due to Wilcoxon Rank-
Sum Test Results



TABLE D-5
SUMMARY OF WILCOXON RANK-SUM RESULTS OF COMPARISONS OF
SUBSURFACE SOIL TYPES WITHIN DEPOSITIONAL ENVIRONMENTS

ABS and ABL combined MBC and MBS combined

LBC, LBL, and LBS combined PBC and PBL combined

LBC LBL LBS PBC PBL PBS

LBC PBC X
LBL PBL X
LBS | _PBS

# IN MATRIX INDICATES # OF THE 24 METALS THAT WHERE STATISTICALLY DIFFERENT
X INDICATES THAT SAMPLE SIZE TOO SMALL FOR COMPARISON



Table D-6

Number of Statistically Different Metals (out of 27) between Soil Groups Across Depositional Environments

AB ABC AS B LS MB. MBL MS PB PBS PS.

AB 13 12 6 13 12 15 9 AB
ABC 10 8 5 10 6 1 5 ABC
AS 9 5 6 8 8 1SE0.009 | AS

3.CD 0.0008
SE 0.01
LB AG0.007 | 10 12 9 8 LB
LS 8 10 4 13 7 LS
MB 4 8 MB
3 AS 0.028
CD 0.020 .
MBL SE 0.020 18E0.009 |MBL
3CD 0.009
PB 0.022
MS 10 MN0.047 | MS
PB PB
PBS PBS
PS , PS
AB ABC AS B LS MB MBL MS PB PBS PS
METALS
AS = ARSENIC
AG = SILVER
CD = CADMIUM

MN = MANGANESE

PB =LEAD
SE = SELENIUM



D-3 DETAILED DISCUSSION OF SOIL TYPE
CHARACTERIZATION AND CONSOLIDATION



Appendix D-3
Detailed Discussion of Soil Type Characterization and Consolidation

Two different data analyses were conducted in an effort to identify unique soil groups that could
be used for background comparisons during site investigations. The first analysis included 24
metals and identified nine different soil groups. Later, three metals were added to the list of
original 24 metals. The analyses were then repeated with the entire set of 27 metals. The result
of the second analysis was seven (compare to nine) different soil groups. How each analysis
was conducted and how the difference in the number of soil groups generated by each analysis
was reconciled is described below. These descriptions apply to each of the two data analyses
unless otherwise indicated.

As planned, an attempt was made to combine analytical data sets from different soil types for two
reasons: (1) to increase the statistical power achievable when performing comparisons of site
data to background data, and (2) to minimize, if warranted, the number of background data sets
that would be required when performing background comparisons as part of site investigations.
Combinations of analytical data from different soil types into groups are referred to herein as soil
groups.

Initially, data sets were compared for each of 24 metals within a DE for different grain sizes using
a non-parametric Wilcoxon Rank Sum comparison method (methodology outlined in Appendix D-
1). The data distribution of each soil type was compared against the data distribution for each of
the other 15 soil types (if available), metal by metal, to determine whether a difference exists at
the 5% significance level.

With the many comparisons that were done, random statistical fluctuations alone were likely to
generate apparent differences between soil types where none exist. To counter this effect,
binomial probabilities were used to compute the tolerable number of observed differences when
the soil types being compared are the same (methodology in Appendix D-1). When considering
data for just 24 metals, those probabilities allowed up to two metals to show statistically
significant concentration differences before an actual difference in soil type was inferred to exist.
If three or more metals exhibited a difference at the 5% significance level, the soil types were
inferred to differ and were not combined into the same soil group. When data for 27 metals were
considered, the allowable number of differences for soil types combined into a single soil group
changed from two to three. The significance of this is explained below, where appropriate.

Based on the Wilcoxon Rank Sum (WRS) comparisons for 24 metals, two or three data sets,
each representing soil types, were combined within each DE because the two or three data sets
were statistically similar (i.e., not statistically different). The new data sets within a DE were then
compared to similarly generated data sets in the other DEs. Based upon a comparison of data
sets for statistical similarity, those soil types which were similar were combined into soif groups.
These groups are illustrated in Figure 4-1 and the number of soil samples in the comblned s0il
group data sets are displayed on the bottom portion of the figure.

Analysis after the First Field Event

Combination of soil types resulted in nine soil groups. A total of 5 soil groups were derived from
the combination of two to three soil types showing statistically similar data distributions, as
discussed above. However, loess/glacial outwash surface soil (LS) and residual soil from
Mississippian subsurface silt (MBL) soil types exhibited no statistical similarities with other soil
types. As a result these fwo soil types are maintained as separate soil groups. Finally, two soil
types, alluvial subsurface clay (ABC) and residual Pennsylvanian subsurface sand (PBS), each
had only one sample. Because statistical comparisons could not be performed on data sets of
only one sample, these two soil types were not compared with other soil types, resulting in the
two remaining soil groups.



The infrequency of encountering the ABC and PBS soil types during the first field investigation
(tabuiated in page 1, Table C-1, Appendix C-1) explains why each soil type is represented by only
one sample. Statistically, there also were numerous metal concentration differences between
these two soil types and the other soil types. A 95% confidence interval (Cl; see Appendix D-1)
was calculated for each metal in the combined alluvial subsurface (ABL and ABS) and )
Pennsylvanian subsurface (PBC and PBL) soil groups. The ABC and PBS data sets were then
compared to their counterpart Cis to determine whether the values fell within the interval. In both
cases a large proportion of the results (11 of 24 for ABC; and 17 of 24 for PBS) fell outside of
their respective confidence interval. Even though incorporating these soil data sets into other
data sets would have simplified the data analysis, the numerous differences between these data
sets and the other data sets were too significant to justify this consolidation. The significance of
the lack of sufficient samples for the ABC and PBS soil types is discussed further in Section 4.3.

The soil groups established for the first 24 metals using statistical analyses were evaluated from
a geological/geochemical perspective to ensure that the soil groups are logical. Because the soil
parent material largely determines the chemical composition it is likely that soil from similar DEs
will exhibit similar metals concentrations. The statistical evaluation of surface soil and several
subsurface soil type combinations are consistent with this expectation. In addition to the
geological/geochemical evaluation, box and whisker plots (shown in Appendix D-2) were also
used to aid in this review. Those plots provide a visual aid for inspecting the data sets to
determine whether significant differences exist.

The statistical evaluations indicate that surface soil exhibits similar metal concentration data
distributions across three of four DEs and that the similar data sets can be combined into soil
group 3 shown in Figure 4-1. This conclusion is supported by accounts that describe surface soil
as having been deposited in a similar manner over the entire facility (McElrath, 1988; see Section
2.7.2.2). Because the parent material is likely the same, the soil metals concentrations are also
similar. It is also noted that the surface soil results were statistically different from the subsurface
soil results. This is also supported geologically because the parent material is likely different for
the surface and subsurface soil. Unexpectedly, the loess/glacial surface soil (LS) is not
statistically similar to the metals concentrations of surface soil from the other DEs. This
dissimilarity does not appear to be an artifact of the chemical analyses. Because of the
differences between the LS soil type and the other surface soil types, the LS soil type is referred
to as separate soil group (soil group 1). Also notable is that all of the loess/glacial outwash
subsurface soil types have been grouped into one soil group (soil group 2). This indicates that
the metals concentrations are similar in this DE'’s subsurface soil irrespective of soil grain size.
Because these samples originated from the same parent material it is likely that they would have
simifar metals concentrations.

Subsurface soil within the Mississippian DE was also combined. In this DE subsurface
Mississippian residual clay (MBC) and subsurface residual Mississippian sand (MBS) were
combined into soil group 6 because of their chemical similarity. However, the Mississipian
subsurface sift (MBL) in the same DE, which would be expected to exhibit metal concentrations
intermediate to clay and sand, is measurably different from the clay and sand. It is unclear why
the metals concentrations of subsurface silt in this DE are measurably different. This difference
does not appear to be an artifact of the chemical analyses. With no basis for maintaining
separation between the MBC and MBS soil types, they were combined. Because of the
differences between the MBL soil type and the other soil types within the Mississipian DE, it is
referred to as a unique soil group (soil group 7). From the observed data set differences, it is
clear that soil grain size has an affect on how the subsurface soil from the Mississippian DE is
grouped.

Other examples of subsurface soil type combinations according to DE include the subsurface soil
frpm the alluvium DE and the subsurface residual soil from the Pennsylvanian DE. As expected,
similarity between soil within each DE was apparent. Two out of the three subsurface soil types



in each of these DEs were combined. However, one soil type in each DE (i.e., alluvial subsurface
clay or ABC and Pennsylvanian subsurface sand or PBS) was statistically dissimilar to the other
soil types within each respective DE. Coincidentally, only one sample was collected for chemical
analysis for each of these two soil types. ’

As introduced above, with the increase from 24 metals to 27 metals, the cutoff for declaring
statistically significant differences between soil groups was increased from 3 metals with
statistically significant differences to 4 metals with statistically significant differences. If soil data
sets are statistically similar there is a 11.6 % chance of obtaining 3 or more differences out of 24
metals and there is a 3.0% chance of obtaining 4 or more differences out of 24 metals. There is a
15.0 % chance of detecting 3 or more differences out of 27 metals and there is a 4.4% chance of
detecting 4 or more differences out of 27 metals if the soil groups are actually statistically similar.
Setting the acceptance criterion for detectable differences at the 5% significance level, 3
differences out of 24 and 4 differences out of 27 were selected as the cutoff points for detectable
differences between data sets.

The primary Wilcoxon Rank-Sum (WRS) tests were repeated on data from 27 metals within each
depositional environment (DE). Within the Loess/Glacial DE, all the subsurface soils are similar
to each other (0 - 2 metals statistically different) while the surface soil is different (7 - 10 metals
statistically different) the subsurface soils. So groups LBS, LBL, and LBS were combined into one
group LB while group LS remains its own group (see Table 4-13).

Within the Mississippian DE, MBC is similar to both MBS and MBL (1 and 3 metals statistically
different respectively) while MBL and MBS are dissimilar (9 metals statistically different).
Because MBC is more similar to MBS than to MBL, MBC and MBS were combined into one
group, MB, while MBL was relegated to its own group (see Table 4-13). The surface soil in this
DE (i.e., MS) is different (7 - 9 metals statistically different) from the subsurface soils so MS
remains its own group (see Table 4-13).

Within the Pennsylvanian DE, PBL is similar to both PBC and PS (3 and 0 metals that are
statistically different, respectively) while PBC and PS are dissimilar (4 metals that are statistically
different). PBL and PBC were combined into one group, AB, with preference to combining soil
types at different depths within a DE rather than combining soil types of similar grain size across
DEs. PS and PBS (only one sample) remain in their own groups (see Table 4-13).

Within the Alluvial DE, ABS is similar to both ABL and AS (1 metal statistically different) while
ABL and AS are dissimilar (4 metals statistically different). ABS and ABL were combined into one
group, AB, again with preference given to combining data within a DE rather than across DEs
(see Table 4-13). AS and PBC (only one sample) remain in their own groups.

At this point, 11 soil groups had been generated based on the analysis of data for 27 metals.
Two of the soil groups contained only one sample whereas the other nine groups each contained
more than one sample. - A secondary WRS comparison was made to determine whether any of
the soil groupings were similar enough that they could be consolidated.

In the secondary WRS comparisons, the 9 (out of 11) remaining soil groupings with more than 1
sample were all compared to each other. PS was similar to AS, MS, MBL, and PB. While AS
and MS are similar to each other and MBL and PB are similar to each other, neither MBL nor PB
are similar to AS (10 and 9 metals statistically different, respectively) or MS (9 and 12 metals
statistically different, respectively). On this basis PS, AS, and MS were combined into group S,
while PBC/PBL and MBL (3 metals statistically different) were combined into a group (see Table
4-13). Groups LBC/LBL/LBC and MBC/MBS (3 metals statistically different) were combined into
a group (see Table 4-13).

The two soil groups containing one sample (PBS and ABC) each were then compared to the
remaining soil groups using a 95% confidence limit test to determine whether they could be



combined statistically with any other group. Both soil groups had more than ten differences from
the other soil groups. PBS had 17 out of the 27 metals outside the 95% confidence interval for
the PBC/PBL/MBL group while ABC had 15 out of the 27 metals outside the 95% confidence
interval for the PBC/PBL/MBL group. Because these values didn't seem similar to the other
groups from their DE they were retained as their own soil groups.

At this point 7 combined soil groups remained (also see Table 4-13):

1. LS = Loess/Glacial Surface Soil (LS)

2. L/MB = Loess/Glacial Subsurface Clay (LBC), Loess/Glacial Subsurface Silt (LBL),
Loess/Glacial Subsurface Sand (LBS), Mississippian Subsurface Clay (MBC) and
Mississippian Subsurface Sand (MBS)

3. S'= Mississippian Surface Soil (MS}, Pennsylvanian Surface Soil (PS), and Alluvial Surface
Soil (AS) '

4. PB/MBL = Pennsylvanian Subsurface Clay (PBC),Pennsylvanian Subsurface Silt (PBL), and
Mississippian Subsurface Silt (MBS

5. PBS = Pennsylvanian Subsurface Sand (PBS) [only 1 sample]

6. ABC = Alluvial Subsurface Clay (ABC) ) [only 1 sample] »

7. AB = Alluvial Subsurface Silt (ABL) and Alluvial Subsurface Sand (ABS)

The seven soil groups illustrated in Table 4-13 appears to be valid from a purely statistical
perspective. However, combining the subsurface loess/glacial soil with subsurface Mississippian
clay and sand soil (MBC and MBS) to form a soil group and combining subsurface Pennsylvanian
clay and silt (PBC and PBL) to form a soil group is problematic from a geological point of view.
As stated above and in Sections 3 and 4, soil within a DE are expected to have similar metal
concentrations and as a result group together because they have a similar parent material. On
the other hand, because the parent material is different from DE to DE it is less likely these soil
types would be similar. This is especially the case for the loess/glacial soil and the
Pennsylvanian and Mississippian derived soil because their parent material is expected to be
geochemically different. It is noted that the differences between the alluvial soil and the soil in
other DEs would be less different because the alluvial soil may be derived, at least in part, from
soil in other DEs. Furthermore, it is unlikely that certain soil grain sizes would be similar to other
grains sizes across DEs, while others would not as was shown by the pure statistical result (i.e.,
outcome of 7 soil groups).

It is also noted that the three additional metals analyzed (lithium, strontium, and thorium) did not
generate any statistically detectable differences among metals in various soil types. Instead, the
reclassifications of soil types into different soil groups resulted from a change in the acceptance
criterion for detectable differences (i.e., three differences instead of four). This criterion was used
as a guide to accommodate the realization that the number of observed differences among
metals is likely to increase with the number of metals included in the data analysis. As such it is
not considered to carry the same importance as similarities or differences among DEs. Finally,
the differences between the two soil grouping schemes (7 versus 9 soil groups) are relatively
minor. Thus, the outcome of background comparisons during site investigations should be similar
no matter which of the two grouping schemes is used. Given all of these considerations, the
original nine soil groupings determined using only the 24 metals (Figure 4-1) were selected as the
final soil groupings because the geological considerations were judged to outweigh the purely
statistical evaluations.

Analysis after the Supplemental Field Event

Two additional samples of type ABC were collected and analyzed during the supplemental field
event in October 2000. With the addition of these two samples the ABC soil group now had three
samples, enough for WRS comparisons to the other soil groups. Comparisons of the ABC metals
to each Alluvial soil type (AS, ABS, and ABL) as well as each soil type in the other DEs produced
at least 5 of 27 metals statistically different, so the ABC remained in its own soil group.



Summary

A summary of analytical results table was generated for each of the nine soil groups to provide an
overview of each soil group. These tables are numbered Tables 4-2 through 4-10. Each group
represents soil types that have similar metal concentration distributions. Four of the soil types
could not be combined with any other soil type. Within a DE a maximum of three soil groups
exists. Thus, for any SWMLU that lies entirely within a single DE, no more than three background
data sets will be needed for comparisons with site data to determine whether the site metal
concentrations exceed background concentrations. For each DE two of the soil groups exist
solely because of differences between surface and subsurface soil. One soil group (PBS or sail
group #9, Figure 4-1) remains which does not have a sufficient number of samples for
background comparison. Please refer to Sections 4.4 and Sectlon 6.2 for more information on
the data collection in these soil groups.



APPENDIX E

HUMAN HEALTH AND ECOLOGICAL RISK-BASED CRITERIA



TABLE E-1

HUMAN HEALTH AND ECOLOGICAL RISK-BASED CRITERIA
BASEWIDE BACKGROUND SOIL INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

u.S. EPA ssL Region 9 PRG® IDEM Tier 1 Default Cleanup Level®
Migration to | Residential | Industrial Residential Land Use Non-Residential Land Use [ Region 5

Ingestion | Inhalation | Ground Water | Land Use | Land Use| Surface Soil [ Subsurface Soil | Surface Soil | Subsurface Soil | EDQLY
Chemical| (mg/kg) | (mg/kg) (mg/kg) (mg/kg) | (mglkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Aluminum 75000 100000
Antimony 31 0.3 © 30 750 0.1423
Arsenic 0.4 750 1 0.38 3 3.9 29.2 19.6 29.2 5.7
Barium 5500 690000 82 5200 100000 1000 1000 1000 1000 1.04
Beryllium 0.1 1300 3 0.14 1.2 1.87 63.2 10.1 63.2 1.06
Cadmium 78 1800 0.4 37 930 24 7.52 1000 154 0.18095
Calcium
Chromium| 390 270 2 308 84" 1000 38.4 1000 196 0.4
Cobalt 3300 29000 0.14033
Copper 2800 70000 0.3132
fron N 22000 100000
Lead 400® 400 1000 0.45053
Lithium 1,500 37,000
Magnesium
Manganes 3100 45000
Mercury 23 10 0.1 22 560 54.7 2.09 147 32 0.0079
Nickel 1600 13000 7 1500 37000 1000 130 1000 1000 13.6
Potassium
Selenium 390 0.3 370 9400 1000 5.2 1000 53.1 0.02765
Silver 390 2 370 9400 1000 31 1000 86.9 4.04
Sodium
Strontium 45,000 100,000
Thallium 0.04 6" 150" 1000 2.85 1000 1000 0.05692
Thorium
Tin 45000 100000 7.62
Vanadium| 550 300 520 13000 1.59
Zinc 23000 620 22000 100000 1000 1000 1000 1000 6.62

1 U.S. EPA Soil Screening Levels. (Soil Screening Guidance Technical Background Document. EPA/540/R-95/128.
Office of Solid Waste and Emergency Response, Washington, D.C. Directive 9355.4-17A, May 1996.} For migration to

ground water, values associated with a dilution and attenuation factor (DAF) of 1 are used.

U.S. EPA Region 9 Preliminary Remediation Goal. (U.S. EPA Region 9, May 1998.)

2
3 Risk-Integrated System of Cleanups. Indiana Department of Environmental Management. October 21, 1997,
4

U.S. EPA Region 5 Ecological Data Quality Levels (April 1998).
5 Hexavalent chromium.
6 OSWER soil screening level for residential land use (U.S. EPA, July 1994).

7 Thallium carbonate,
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