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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 (SWMUs), 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:

•  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.
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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 (SRBTLs) 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.

•  In the 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:

•  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
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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.

•  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.
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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).  Soil

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.

1.1 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.

2.1 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).

2.5 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 89oF to an average minimum January temperature of 26oF.  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 I) are drained

by Furst Creek, the eastern portion (Basin III) is drained by the Sulphur Creek complex, the extreme eastern

portion (Basin II) 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 (SWMUs) 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.

2.7.2.1 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 (BG3SBA05; 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 Illinoian 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 Illinoian 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 (BG1SBL03; 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 (BG3SBM01, 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 Illinois 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).

2.9 FACILITY HISTORY

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

Management Units (SWMUs) 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 IA 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.

2.9.2.1 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 Old 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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Bedrock 
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Soil Series 

Bartle 
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Bonnie 

Burnside 

Haymond 

Pekin 

Wakeland 

Wilbur 

Hosmer 

Camden 

Neqley 

Parke 

Pike 

Johnsburq 

Udorthents 

Udorthents·Pits 
complex 

Wellston 

I'resem 
Soil a1 # of 

Type SWMUs 

Ba 0 

Bk 2 . 
Bo 0 

Bu 4 

Hd 3 

PeB 0 

Wa 4 

Wr 0 

HoB 2 

CaB 0 

NeE 2 

PaC2 1 

Pk 0 

Jo 0 

UhD 1 

Up 1 

WeB 1 

WeC2 5 
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TABLE 2-1 

USDAISCS SOIL CLASSIFICATIONS PRESENT AT NSWC CRAN!'!') 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 
PAGE 1 OF2 

Soil Classifica1ion(2
) Soil Classifica1ionl') 

Subsurlace Surface Subsurface 

Surface Soi1(4
) Soi1(5

) Soi1(4
) Soi1(5

) Descrip1ion 
silt loam to silty o to 2 percent slopes, gently sloping, deep, poorly 

silt loam clay loam CL, CL- ML CL, CL- ML drained 
frequently flooded, nearly level, deep, poorly 

silt loam silt loam CL CL drained; on broad bottom land. 
o to 2 percent slopes, gently sloping, deep, poorly 

silt loam silt loam CL CL drained 

loam to channery ML, CL, ML· ML·CL, SC, occassionally flooded, nearly level, deep, well 
loam loam CL GC, SM, GM drained; on flood plains 

frequently flooded, nearly level, deep, well drained; 
silt loam silt loam ML ML, SM on bottom land 

silt loam to silty 
silt loam clay loam CL-ML CL-ML 2 to 6 percent slopes, deep, well drained 

frequently flooded, nearly level, deep, somewhat 
silt loam silt loam ML ML I poorly drained 

silt loam silt loam ML, CL·ML ML, CL-ML o to 2 percent slopes, deep, poorlv drained 

silt loam to silty ML, ML·CL, ML, ML-CL, 2 to 6 degree slopes, gently sloping, deep, well 
silt loam clay loam CL CL drained 

silt loam,clay ML, CL, SM, 
silt loam loam, sandy loam CL, ML·CL SC 1 to 5 percent slopes, deep, well drained 

loam, clay loam, ML, ML·CL, 8 to 35 percent slopes, moderately steep to steep, 
sirt loam to loam gravely loam CL SM,ML deep, well drained 

silty clay loam to 
silt loam sandy clay loam CL·ML SC,CL 6 to 18 percent slopes 

silt loam to silty 
silt loam clay loam CL CL, SC 2 to 6 percent slopes, deep, well drained 

silty clay loam, sil 
loam, to sandy ML, CL, SM, 

silt loam loam CL, ML-CL SC o to 2 percent slopes, deep, poorlv drained 
shaly silty clay CL·ML, CL, CL-ML, CL, 6 to 14 percent slopes, moderately steep to steep, 

shaly silty clay loam loam ML ML moderately deep to deep, well drained 

qravelly sand gravel GM GM NA 
silt loam, silty cia) 
loam, to channery CL-ML, CL, 2 to 6 percent slopes, gently sloping, deep, well 

silt loam loam ML SC, SM·SC drained 
silt loam, silty clav 
loam, to channery CL·ML, CL, 6 to 12 percent slopes, eroded, moderately sloping, 

silt loam loam ML SC, SM-SC deep, well drained 

Loca1ion 

lowlands 

lowlands 

lowlands 

flood plains 

lowlands 

outwash terraces 

flood plains 

lowlands 
uplands & 
ridge tops and on 
loess-capped lake 

Iplains. 

stream terraces 

loess and outwash 

uplands & 
sides lopes 

outwash terraces 

uplands 

uplands 

uplands 

ridaetops' 
ridge tops and 
sideslopes in 
uplands 

• 
Type of Deposi1ion 

(McElra1h, 1988) 

Lake plains & stream terraces 
Alluvium derived from loess 
uplands 
Alluvium derived from loess 
uplands 

Alluvium derived from sandstone, 
siltstone, and shale 

Silty alluvium 

Loess and underlyinq alluvium 
Silty alluvium derived from loess 
uplands 
Alluvium derived from loess 
uplailds 

Loess 

Loess and underlying outwash 
material 
Loess capped and underlying' 
outwash material 

Loess capped and underlying 
outwash material 
Loess capped and underlying 
outwash material 

Loess and material weathered 
from SS, siltstone, shale. 
Excavated areas formerly used 
as landfills 

Material left from sandstone 
Iquarries and sand pits 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, Siltstone, shale. 
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TABLE 2-1 

USDAISCS SOIL CLASSIFICATIONS PRESENT AT NSWC CRANe') 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 
PAGE 2 OF2 

Soil Classification (2
) Soil Classification(3) 

t'resem 
Depositional Soil at # of Subsurface Surface Subsurface 

Environment Soil Series Type SWMUs Surface Soi1 (4
) Soil(5) Soil(4

) Soil(5) Description 
silt loam, silty cia 

Residual Soil from loam, to channery CL-ML, CL, 12 to 18 percent slopes, eroded, steeply sloping, 
Bedrock WeD2 8 silt loam loam ML SC, SM-SC deep, well drained 

silt loam, silty cia 
(both loam; to channery CL-ML, CL, 12 to 18 percent slopes, severly eroded, steeply 
Pennsylvanian & WeD3 3 silt loam bam ML SC, SM-SC slopinq, deep,well drained 

silt loam, silty cia CL-ML, CL, 
Mississippian)! loam, to SC, SM-SC, 
Colluvium Wellston-Ebal WID 0 silt loam channery loam ML CH,GC 10 to 18 percent slopes, deep, well drained 

silt loam, silty cia 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, 
Gilpin complex WqG 5 channery silt loam channery loam GC SC, SM-SC deep, well drained 

silt loam, 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 to steep, 

complex WnE 16 channery silt loam channery loam GC SC, SM-SC moderately dee~ 
Wellston-

Udorthents silt loam to silty clay silt clay loam to ML, CL, CL- CL-ML, CL, 12 to 18 percent slopes, strongly sloping, very 
complex WpD IS) 8 loam channery toam ML SC, SM-SC shallow to deep 

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, 

lanesville laB 6 loam sandy clay loam ML GM moderately to well drained 
CL-ML, CL, 

silt loam to silty clay silty loam, to CL-ML, CL, ML, SC, SM, 6 to 12 percent slopes, eroded, moderately sloping, 
laC2 7 loam sandy clay loam ML GM deep, moderately to well drained 

CL-ML, CL, 6 to 12 percent slopes, severally eroded, 
silt loam to silty clay silty loam, to CL-ML, CL, ML, SC, SM, moderately sloping, deep, moderately to well 

laC3 2 loam sandy clay loam ML GM drained 
lanesville- CL-ML, CL, 
Udorthents silt loam to silty clay silt loam, silty clay CL-ML, CL, ML, SC, SM, 2 to 6 percent slopes, gently sloping, moderately to 

complex lnB'6) 13 loam loam to loam ML GM well drained 
CL-ML, CL, . silt loam to s,lty clay silt loam, silty clay CL-ML, CL, ML, SC, SM, 6 to 12 percent slopes, gently sloping, moderately to 

lnC'S) 17 loam loam to loam ML GM well drained 
--- -

Notes. 
USDA United States Department of Agriculture SS - Sandstone SWMU - solid waste management units 
SCS Soil Conservation Service NA - Not available 
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 SM - Silty sands, poorly graded sand-silt mixtures 
ML - Inorganic silts and very fine sands, rock flour, silty or clayey fine sands with slight plasticity GM - Silty gravels, poorly graded gravel-sand-silt mixtures 
SC - Clayey sands, poorly graded sand-clay mixtures GC - Clayey gravels, poorly graded gravel-sand-clay mixtures. 

4 Surface soil is from 0 to 12 inclles 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), 

Location 

sideslopes in 
uplands 

sides lopes in 
uplands 

sideslopes in 
uplands 

sideslopes in 
uplands 

sideslopes in 
uplands 

sideslopes in 
uplands 

ridge tops in 
uplands 
ridge tops and' 
sideslopes in 
uplands 
ridgetops and 
sideslopes in 
uplands 

ridgetops in 
uplands 

ridge tops in 
uplands 

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, 

'. • 

Type of Deposition 
(McElrath, 1988) 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, siltstone, shale. 
Loess, colluvium, and material 
weathered from SS, siltstolle, 
shale. 

Loess and material weathered 
from SS, siltstone, shale, 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, Siltstone, shale. 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, siltstone, shale. 

Loess and material weathered 
from SS, Siltstone, shale, 

Loess and material weathered 
from SS, siltstone, shale. 
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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(4) 

No. SWMU Name Name Classification' Process (metals only) Source 
Mustard Gas Burial burial of mustard agent, pyrotechnic 

• 

01/12 Grounds MGBG Burial Area mixtures containingradioactive 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 NA2 Army. 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 burning/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 cobalt, copper, iron, lead, Nohrstedl, J.S .. et. al. 

04/02 McComish Gorge McCG Solid WastelDebris Landfill Unit shavings and industrial wastes). selenium, thallium, and zinc 1998a3 

antimony, arsenic, barium, 
beryllium, cadmium, chromium, 

open burning of solid and liquid wastes; cobalt, copper, iron, lead, 
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. ai, 19983 

arsenic, aluminum, beryllium, 
copper, lead, manganese, B&R Environmental, 1997a, 

06/09 Demolition Range DEMO Explosive Type Waste op_en burning/~en detonation nickel, vanadium, zinc 1997b 
arsenic, aluminum, barium, 

open burning/flashing of explosives, therma beryllium, manganese, lead, 
07/09 Old Rifle Range ORR Explosive Type Waste/Contamination destruction of e~osive 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, Nohrstedl, J.S., et. ai, 
09/03 150-Tank PCA Organic Type Waste/Contamination solvents underground stora,ge tanks nickel, selenium, and zinc 1998b3 

antimony, arsenic, barium, 
press-loading operation for projectiles and beryllium, cadmium, chromium, 
case-filling operation to produce cluster cobalt, copper, iron, lead, 

10115 Rockeye RKT Explosive Type Waste/Contamination bombs nickel, tin, and zinc. USACE, 19923 

Unique Explosive, Dye Type 
11100 Old Storage, B-255 B225 Waste/Contamination NA NA NA 

manufactured mines, depth charges, rocket 
12114 Mine Fill A MFA 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 

13/14 Mine Fill B MFB Explosive Type Waste/Contamination rework of munition items ~~ _L_. _. none _ Halliburton NUS, 1992 

o 
ru 
iii 

'Tl 
S· 
e?. 
OJ 
~ 
<P 
:;; 
a: 
<P 

OJ 
OJ 
(') 

" <0 

o 
c 
::J 
0. 
U) 

Q 

::J 
< 
<P 
~ 

i."" 

-0 L cO' Z 
OJ OJ]JOJU) 

<0 U)::J =.< 
<P(j)c~o< 
....... n e; en· ::J () 
(Jl =.,< _. ]J 0 
8.5.~5.-{gii3 
f\) 0 O::J 
Wf\)~~::l.(j) 



2 
o 
o 

"2 
\l 

r;.:> 
...... 
(j) 

(') .., 
0 
0 
0 
co 
w 

SWMU 
No. 

14/00 

15/06 

16/16 
17/04 

18/13 

19/00 
20/00 
21/00 
22/00 

23/00 
24/00 
24/00 
25/07 D 

26/08 D 
27/00 

28/00 
29/07 

30/00 

31/00 
32/00 

33/00 

Notes: 

NA 
1 
2 
3 
4 

• 

SWMU Name 

Sanitary Landfill/Lithium 
Batlery 

Roads and Grounds Area 

Cast High Explosive FilII 
Incinerator Bldg 146 
PCB Burial/Pole Yard 

Load & Fill Area Buildings 
Pyrotechnic Test Area/ 
Annex! Rocket Range/ 
Impact Area 
CAAA QA/QC Test Area 
DRMO Storage Lot 
Lead Azide 

Battery Shop 
Sludge Drying Beds A 
Sludge Drying Beds B 
Highway 58 DumpSite A 

Highway 58 DumpSite B 
IIluminant Building 

Maintenance Shop, B-1820 
PCP Dip Tank 
Landfarm (Sludge 
Application Area) 
Compressed Gas Cylinder 
Site 
Tank Farm 
Composting Unit 
(Biaremediation Facility) 

Not applicable 
Not Available 

Abbreviated 
Name 

SLF&LB 

R&GA 

B146 
PCB 

L&FAB 

PTA 
CAAA 
DRMO 
PbA 

BS 
SDBA 
SDBB 
H58DSA 

H58DSB 
IB 

MS 
PCP 

LF 

CGC 
TF 

COMP 

RCRA Permit. USEPA, July, 1995 

TABLE 2-2 

SUMMARY SOLID WASTE MANAGEMENT UNITS 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 
PAGE 2 OF 2 

Solid Waste Management Area (SWMA) 

Classification 1 Process 
receives trash and garbage from production 
operalions and residential and food 
preparation areas; also the burial of 

Burial Area neutralized lithium batteries 

asphalt production. steam generation. and 
Solid Waste/Debris Landfill Unit inert storage 

oil-fed rotary kiln incinerators; currently 
used for renovation and breakdown of 

EX)lIosive T}'£e Waste/Contamination munitions 
Burial Area NA 
Unique Explosive. Dye Type loading of ammunition. storage of paints, 
Waste/Contamination solvents, dyes, inks, wood perservatives, 

functional tests on flares, signals, other 
Explosive Type Waste/Contamination marking devices, and Rockeye bomblets 
Explosive Type Waste/Contamination Flare T estinq 
Heavy Metal Type Waste/Contamination NA 
Heavy Metal Type Waste/Contamination NA 

Solid Waste/Debris Landfill Unit NA 
Heavy Metal Type Waste/Contamination NA 
Heavy Metal Type Waste/Contamination NA 
Solid Waste/Debris Landfill Unit NA 

Solid Waste/Debris Landfill Unit NA 
Heavy Metal Type Waste/Contamination NA 

Organic Type Waste/Contamination NA 
Organic Type Waste/Contamination NA 

sludge application from waste water 
Heavy Metal Type Waste/Contamination treatment plant 

Removal of Materials Completed No Further Action Required' 
Organic Type Waste/Contamination NA 

Explosive Type Waste/Contamination __ remediation facility 

Soil analyses not conducted at site. RCRA cap prevents exposure to contaminated soil. 

Presumed Contaminants of 

Potential Concern(4) 

(metals only) 

barium. magnesium. lithium 
barium. chromium, lead, 
arsenic. barium, cadium, 
mercury. selenium, silver 

barium, cadmium. chromium, 
lead. mercury 

NA 

mercury~ chromium, cadmium 
lead, aluminum, magnesium, 

manganese, barium, 
chromium, copper, iron, zinc 

chromium and Lead 
NA 
lead 

arsenic. beryllium. cobalt and 
lead 
NA 
NA 

arsenic. beryllium, cobalt 
arsenic. barium, beryllium. 

cobalt, and lead 
NA 

NA 
NA 

barium, cadmium, chromium 

--
NA 

NA 

Contaminants of potential concern identified based on comparison of historical data to human health and ecological risk-based criteria. 
Metais iisted are based upon analytical data; also see nole 3 where applicable. 

• 

Source 

Halliburton NUS. 1992 

Halliburton NUS. 1992 

Halliburton NUS, 1992 
NA 

Army, 1978; NEESA 1983 

Halliburton NUS, 1992 
Army 1978 

NA 
NEESA.1983 

Morrison Knudsen. 1996 
NA 
NA 

Morrison Knudsen. 1999 

Morrison Knudsen, 1997 
NA 

NA 
NA 

USACE,1995 

USEPA,1995 
NA 

NA 
--
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Major Surface Drainage Basins
  I  Furst Creek Drainage Basin

 II  Indiana Creek Drainage Basin

III  Sulphur Creek Complex Drainage Basin

IV  Boggs & Turkey Creeks Drainage Basin
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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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1. Background areas must be within the NSWC Crane property boundary.

2. 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 0 to 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).

3. 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 BA1 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:

( )
42

2
1

2
11 α−β−α− +

+
==

zzz
nm

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 ∝  = 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.

3.3.4 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).

3.3.4.1 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 number 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)

3.3.5 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).

3.3.5.1 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.

3.4.1 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 (BG2SBG05 and BG3SBM03) 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.

3.4.2.1 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 Iwan 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) CTO83-1 (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).

3.4.3 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

•  Liquinox detergent wash

•  Potable water rinse

•  Deionized water rinse

•  Air dry

•  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 SWMUs 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.

 

3.5.1 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.

3.5.3 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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3.5.5 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.
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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

qualifications 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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3.7.5 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.

•  Aluminum

•  Arsenic

•  Barium

•  Calcium

•  Chromium

•  Cobalt

•  Copper

•  Iron

•  Lead

•  Lithium

•  Magnesium

•  Manganese

•  Nickel

•  Potassium

•  Strontium

•  Thallium

•  Thorium

•  Vanadium

•  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 BG1SBA0101.  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

SWMU 
No. SWMU Name

Abbreviated 
Name

Soil Background 
Data Available Background Sample Identifiers

Validity of 
Background 

SamplesA Source Remarks

01/12 Mustard Gas Burial 
Grounds MGBG no 1 no data/reports

02/11 Dye Burial Grounds DBG no 5

03/10 Ammunition Burning 
Grounds/Old Jeep Trail ABG/OJT yes invalid for RA 4, 12 Data rejected by USEPA, 1997

04/02 McCormish Gorge McCG no invalid for RA 6
no valid samples for McComish G.; 

bgnd samples from OBP used at both 
sites 

05/03 Old Burn Pit OBP yes 05/03-01-90, 05/03-02-90, 05/03-03-90 invalid for RA 7
3 samples are located very close to 

each other; treat as one datum.  Data 
rejected by USEPA, 1997.

06/09 Demolition Range DEMO yes
CR95-06SS-A01-01;  CR95-06SS-A01-01-AVG;  

CR95-06SS-A01-01-D;  CR95-06SS-A02-01;  
CR95-06SS-A03-01;  

invalid for the 
basewide 

background 
investigation

4

Data questionable due to proximity to 
nearby road. 1990 and 1993 data 

rejected by USEPA, 1997.  1995 data 
is suspect because soil may have 
been impacted by deposition from 

DR, and ORR

07/09 Old Rifle Range ORR yes CR95-07SS-A01-01;  CR95-07SS-A02-01;  
CR95-07SS-A03-01; 

invalid for the 
basewide 

background 
investigation

4

1990 and 1993 data rejected by 
USEPA, 1997. 1995 data 

questionable due to historical land 
use (Pistol Range) and possibility that 
soil had been impacted by deposition 

from the DR, and ORR

08/17 Load & Fill Area, Bldg 106 
Pond 106P no 2 source is most recent available for 

site

09/03 Pesticide Control Area/  R-
150-Tank PCA yes invalid for RA 8, 9

samples analyzed using an ASTM 
method (not an EPA method SW-

846). Data rejected by USEPA, 1997

10/15 Rockeye RKT yes BN#1(90), BN#2(90), and BN#3 (90) invalid for RA 10
no accurate sample location; only 
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

14/00 Sanitary Landfill/Lithium 
Battery SLF&LB yes NSWC-14/00-002

questionable 
due to 

uncertainty in 
data quality

3 validation status uncertain; incomplete 
target analyte list



TABLE 3-1

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

CRANE, INDIANA
PAGE 2 OF 3

SWMU 
No. SWMU Name

Abbreviated 
Name

Soil Background 
Data Available Background Sample Identifiers

Validity of 
Background 

SamplesA Source Remarks

15/06 Roads and Grounds Area R&GA no 3 source is most recent available for 
site

16/16 Cast High Explosive Fill/ 
Incinerator Bldg 146 B146 yes

B-146-BG1a-03140 thru B-146-BG1d-03140;  B-
146-BG2a-03140 thru B-146-BG2d-03140;  B-
146-BG3a-03140 thru B-146-BG4d-03140;  B-

146-BG4a-03140 thru B-146-BG4d-03140;

questionable 
due to reporting 3

uncertain if dry or wet weight analysis 
was reported; uncertainty in data 

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

19/00
Pyrotechnic Test Area/ 
Annex/ Rocket Range/ 
Impact Area

OTA or PTA no 2 source is most recent available for 
site

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 Illuminant Building IB 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 Compressed Gas Cylinder 
Site CGC no 1 no data/reports

32/00 Tank Farm TF no 1 no data/reports

33/00 Compositing Unit          
(Bioremediation Facility) COMP yes BIOF001 through BIOF014

questionable 
due to possible 

site 
contamination

1
Samples were not intended as 

background and may have been 
impacted by previous site activities

Borrow Pit BP yes BP/BF-001 through BP/BF-004,                            
02/11BP1 and 02/11BP2

questionable 
due to poor data 

quality

Several locations; Uncertainty in 
quality of data; analytical problems; 

possibility of impact due to site 
activities 
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SUMMARY OF HISTORICAL SOIL BACKGROUND DATA FOR METALS
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA
PAGE 3 OF 3

SWMU 
No. SWMU Name

Abbreviated 
Name

Soil Background 
Data Available Background Sample Identifiers

Validity of 
Background 

SamplesA 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 I, Environmental Montoring Report, SWMUs 19/00, 08/17. 12/14, 13/14, NorthDiv, CTO 15 
3 HNUS, November 1992, RFI Phase I, 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 III Groundwater Release Char., SWMU 02/11, Dye Burial Grounds, NSWC Crane, Final Report, USACE Waterways Experimental Station.
6 Nohrstedt, J.S.,  et al., 1998, RCRA Facility Investigation Phase II Soils Release Characterization, SWMU 04/02, McCormish Gorge, NSWC Crane, Final Report, USACE WES.
7 Albertson et al., September 1998, RCRA Facility Investigation Phase II 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 II and Phase III 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 II Soil Release Characterizatin, NSWC Crane
11 Nohrstedt, J.S.,  et al., September 1998, RCRA Facility Investigation Phase II 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 

Depositional 
Environment

Sample Tracking 
Number Source of Deposition(1) Topographic Location General Location

 Develop-
ment Map #

 of Martin 
County(2) Map # Soil Series(1,3)

Soil Map 
Units(1,3)

at # of 
SWMU Surface Soil(4) Subsurface Soil(5)

Loess/
 BG1SBL01 Loess deposits uplands & ridgetops west-southwest of Landfill 28 12 Hosmer HoB 2 silt loam
silt loam to silty clay 

loam

Glacial Outwash BG1SBL02 Loess deposits uplands & ridgetops south of Landfill 28 12 Hosmer HoB 2 silt loam
silt loam to silty clay 

loam

BG1SBL03 Loess deposits uplands & ridgetops southwest corner of base 28 20 Hosmer HoB 2 silt loam
silt loam to silty clay 

loam

BG1SBL04 Loess deposits uplands & ridgetops southwest corner of base 12 20 Hosmer HoB 2 silt loam
silt loam to silty clay 

loam

BG1SBL05 Loess deposits uplands & ridgetops south of Landfarm 28 12 Hosmer HoB 2 silt loam
silt loam to silty clay 

loam

Alluvium BG1SBA01 Alluvium lowlands
southwest of Pyrotechnic 

Test Areal 34 17 Haymond Hd 3 silt loam silt loam

BG1SBA02 Alluvium floodplains & lowlands
southwest of Pyrotechnic 

Test Areal 34 17 Wilbur Wr 0 silt loam silt loam

BG1SBA03

Alluvium derived from  
sandstone, siltstone, and 
shale floodplains & lowlands south of Landfill 33 16 Burnside Bu 4 loam

loam to channery 
loam

BG1SBA04
Silty alluvium derived from 
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

Residual Soil from BG1SBP01
material weathered from SS, 
siltstone, shale. sideslopes south of Landfill 28 12

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam
Pennsylvanian 
Bedrock/
Colluvium BG1SBP02

Loess and material 
weathered from SS, 
siltstone, shale. ridgetop in uplands East of Landfill 29 13 Zanesville ZaB 6

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

BG1SBP03
material weathered from 
SSs, siltstone, shale. toe of slope east of Landfill 29 13 Wellston WeD2 8 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP04

Loess and material 
weathered from SS, 
siltstone, shale. sideslope in uplands southeast of Landfill 29 13 Wellston WeD2 8 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP05

Loess and material 
weathered from SS, 
siltstone, shale. ridgetop in uplands southeast of Landfill 33 17 Zanesville ZaB 6

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

BG1SBP06

Loess and material 
weathered from SS, 
siltstone, shale. ridgetop in uplands south of Landfill 33 16

Zanesville-
Udorthents 

complex ZnC 17
silt loam to silty 

clay loam
silt loam, silty clay 

loam to loam

BG1SBP07
material weathered from SS, 
siltstone, shale. sideslope southwest of Annex 34 17

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam

BG1SBP08
material weathered from SS, 
siltstone, shale. sideslope near ridgetop Northwest of Rocket Range 34 16 Wellston WeC2 5 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP09
material weathered from SS, 
siltstone, shale. toe of slope West of Rocket Range 37 20

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam

BG1SBP10
material weathered from SS, 
siltstone, shale. toe of slope West of Rocket Range 37 20 Zanesville ZaC2 7

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

Soil Classification(1,3)

FIRST FIELD EVENT
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BACKGROUND SOIL SAMPLE LOCATIONS 
BACKGROUND AREA 1 

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 2 OF 2

Crane Soil Survey Present 

Depositional 
Environment

Sample Tracking 
Number Source of Deposition(1) Topographic Location General Location

 Develop-
ment Map #

 of Martin 
County(2) Map # Soil Series(1,3)

Soil Map 
Units(1,3)

at # of 
SWMU Surface Soil(4) Subsurface Soil(5)

Soil Classification(1,3)

Alluvium BG1SBA256
Silty alluvium derived from 
loess uplands floodplains & lowlands

App. 2500 feet southeast of 
storage bunker 1360 37 20 Wakeland Wa 4 silt loam silt loam

BG1SBA286
Loess and underlying 
alluvium outwash terraces

App. 2500 feet southeast of 
the Rocket Range 38 21 Pekin PeB NP silt loam

silt loam to silty clay 
loam

BG1SBA296
Alluvium derived from loess 
uplands floodplains & lowlands

App. 1000 feet north of 
storage bunker 1289 34 17 Wilbur Wr NP silt loam silt loam

BG1SBA386
Alluvium derived from loess 
uplands floodplains & lowlands

App. 5500 feet north of the 
Rocket Range 34 17 Wilbur Wr NP silt loam silt loam

Residual Soil from BG1SBP118
material weathered from ss, 
siltstone, shale. top of slope West of Pyrotechnic Area 28 13 Wellston WeD2 8 silt loam

silt loam, silty clay 
loam,  to channery 

loam
Pennsylvanian 
Bedrock/
Colluvium BG1SBP139

material weathered from ss, 
siltstone, shale. sideslope 

Northwest of Pyrotechnic 
Area 29 13 Wellston WeD2 8 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP169
material weathered from ss, 
siltstone, shale. sideslope Northwest of Rocket Range 34 17

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam

BG1SBP228

loess and material 
weathered from ss, siltstone, 
shale. sideslope of ridge West of Rocket Range 37 16 Zanesville ZaB 6

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

BG1SBP379
material weathered from ss, 
siltstone, shale. ridgetop Northwest of Rocket Range 34 17 Wellston WeC2 5 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP397
material weathered from ss, 
siltstone, shale. sideslope near ridgetop Northwest of Rocket Range 33 16

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam

BG1SBP409
material weathered from ss, 
siltstone, shale. sideslope near ridgetop South of Landfill 28 12

Wellston-Gilpin 
complex WnE 16

silt loam to 
channery silt 

loam

silt loam, silty clay 
loam,  to channery 

loam

BG1SBP427
material weathered from ss, 
siltstone, shale. sideslope West of Pyrotechnic Area 29 13 Zanesville ZaC2 7

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

BG1SBP438
material weathered from ss, 
siltstone, shale. ridgetop Southeast of Landfill 34 13 Wellston WeD2 8 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP448
material weathered from ss, 
siltstone, shale. ridgetop

Southwest of Pyrotechnic 
Area 34 13 Wellston WeC2 5 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP457
material weathered from ss, 
siltstone, shale. ridgetop

Northwest of Pyrotechnic 
Area 29 13 Wellston WeC2 5 silt loam

silt loam, silty clay 
loam, to channery 

loam

BG1SBP509

loess and material 
weathered from ss, siltstone, 
shale. sideslope of ridge

Northwest of Pyrotechnic 
Area 29 13 Zanesville ZaB 6

silt loam to silty 
clay loam

silty loam, to sandy 
clay loam

Notes:
SS - sandstone 5     Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock McElrath (1988).
1     Information taken from McElrath (1988). 6     Boring Set AB1 (see TtNUS, 2000b for more details).
2     No depth specified for surface soil samples 7     Boring Set PS1 (see TtNUS, 2000b for more details).
3     United States Department of Agriculture (USDA) classification system 8     Boring Set PS2 (see TtNUS, 2000b for more details).
4     Surface soil is from 0 to 12 inches below ground surface (bgs) based upon classification by McElrath (1988). 9     Boring Set PS3 (see TtNUS, 2000b for more details).

SUPPLEMENTAL FIELD EVENT



 

Soil Survey

Depositional 
Environment

Sample Tracking 
Number

Source of 
Deposition(1)

Topo-graphic 
Location

General 
Location

Crane 
Development 

Map #

of Martin 
County(2) Map 

# Soil Series(1,3) Soil Map Units(1,3)
Present at # of 

SWMUs Surface Soil(4) 
Subsurface 

Soil(5)

Background Area 2a

Loess/ Glacial 
Outwash BG2SBG1

Glacial outwash 
deposits sideslopes

south of Hwy 
5, West Gate 8 4 Parke PaC2 1 silt loam

silty clay loam 
to sandy clay 

loam

BG2SBG2
Glacial outwash 
deposits sideslopes

south of Hwy 
5, West Gate 8 4 Parke PaC2 2 silt loam

silty clay loam 
to sandy clay 

loam

BG2SBG3
Glacial outwash 
deposits sideslopes

south of Hwy 
5, West Gate 8 4 Parke PaC2 3 silt loam

silty clay loam 
to sandy clay 

loam

Background Area 2b

Loess/ Glacial 
Outwash BG2SBG4

Glacial outwash 
deposits sideslopes

north of Hwy 5, 
West Gate 8 4 Negley NeE 2 silt loam to loam

loam, clay 
loam, gravely 

loam

BG2SBG5
Glacial outwash 
deposits sideslopes

north of Hwy 5, 
West Gate 8 4 Negley NeE 2 silt loam to loam

loam, clay 
loam, gravely 

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).

NAVAL SURFACE WARFARE CENTER

Soil Classification(1,3)

CRANE, INDIANA

TABLE 3-3

BACKGROUND SOIL SAMPLE LOCATIONS 
BACKGROUND AREA 2
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BACKGROUND SOIL SAMPLE LOCATIONS 
BACKGROUND AREA 3 

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 1 OF 2

Crane Soil Survey Present 

Depositional 
Environment

Sample Tracking 
Number Source of Deposition(1)

Topo-graphic 
Location General Location

 Develop-
ment Map #

 of Martin 
County(2) Map #

Soil 
Series(1,3)

Soil Map 
Units4,5

at # of 
SWMU

Surface 
Soil(4) 

Subsurface 
Soil(5)

Alluvium BG3SBA01
Alluvium derived from SS, 
siltstone, and shale

floodplain & 
lowlands

Upper Sulphur Creek; 
northwest of intersection 

btwn JT-9 & H-162 12 3 Burnside Bu 4 loam
loam to channery 

loam

BG3SBA02
Alluvium derived from SS, 
siltstone, and shale

floodplain & 
lowlands

Upper Sulphur Creek; 
northwest of intersection 

btwn JT-9 & H-163 12 3 Burnside Bu 4 loam
loam to channery 

loam

BG3SBA03
Alluvium derived from SS, 
siltstone, and shale

floodplain & 
lowlands southwest of PT-9 6 3 Burnside Bu 4 loam

loam to channery 
loam

BG3SBA04
Alluvium derived from SS, 
siltstone, and shale

floodplain & 
lowlands

Boone Hollow; west of PT-
10A 14 3 Burnside Bu 4 loam

loam to channery 
loam

BG3SBA05
Alluvium derived from SS, 
siltstone, and shale

floodplain & 
lowlands

Boone Hollow; west of PT-
10A 14 3 Burnside Bu 4 loam

loam to channery 
loam

Residual Soil from BG3SBM01
material weathered from 
(M6) SS, siltstone, shale. sideslope

East of Roberts Cemetary, 
along PT-8 5 3

Wellston-
Ebal WID NP silt loam

silt loam, silty 
clay loam,  to 

channery loam
Mississippian 
Bedrock/
Colluvium BG3SBM02

material weathered from 
(M6) SS, siltstone, shale. sideslope

East of Roberts Cemetary, 
along PT-8 5 3 Zanesville ZaC3 2

silt loam to 
silty clay 

loam
silty loam, to 

sandy clay loam

BG3SBM03
material weathered from 
(M5) SS, siltstone, shale. sideslope

West of JT-9; Northeast of 
Bunker #1583 13 3

Wellston-
Berks-Gilpin 

complex WgG 6

silt loam to 
channery 
silt loam

silt loam, silty 
clay loam,  to 

channery loam

BG3SBM04
material weathered from 
(M5) SS, siltstone, shale. sideslope

N.east of JT-10 & JT-10A 
intersection 6 3 Zanesville ZaC2 7

silt loam to 
silty clay 

loam
silty loam, to 

sandy clay loam

BG3SBM05
material weathered from 
(M5) SS, siltstone, shale. ridgetop North of JT-10A 14 3 Johnsburg Jo NP silt loam

silty clay loam, 
silt loam, to 
sandy loam

BG3SBM06
material weathered from 
(M4) SS, siltstone, shale.

sideslope/lowlan
d

East of JT-9; north of 
intersection btwn JT-9 & H-

162 13 3

Wellston-
Berks-Gilpin 

complex WgG 5

silt loam to 
channery 
silt loam

silt loam, silty 
clay loam,  to 

channery loam

BG3SBM07
material weathered from 
(M5) SS, siltstone, shale. ridgetop South of JT-10A 14 3 Zanesville ZaB 6

silt loam to 
silty clay 

loam
silty loam, to 

sandy clay loam

BG3SBM08
material weathered from 
(M3) SS, siltstone, shale.

sideslope/lowlan
d 400 feet south of PT-9 6 3

Wellston-
Ebal WID NP silt loam

silt loam, silty 
clay loam,  to 

channery loam

BG3SBM09
material weathered from 
(M3) SS, siltstone, shale. sideslope 800 feet South of JT-10A 13 3

Wellston-
Berks-Gilpin 

complex WgG 5

silt loam to 
channery 
silt loam

silt loam, silty 
clay loam,  to 

channery loam

BG3SBM10
material weathered from 
(M2) SS, siltstone, shale.

sideslope/lowlan
d 400 feet West of PT-10A 14 3

Wellston-
Berks-Gilpin 

complex WgG 5

silt loam to 
channery 
silt loam

silt loam, silty 
clay loam,  to 

channery loam

Soil Classification(1,3)

FIRST FIELD EVENT
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BACKGROUND SOIL SAMPLE LOCATIONS 
BACKGROUND AREA 3 

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 2 OF 2

Crane Soil Survey Present 

Depositional 
Environment

Sample Tracking 
Number Source of Deposition(1)

Topo-graphic 
Location General Location

 Develop-
ment Map #

 of Martin 
County(2) Map #

Soil 
Series(1,3)

Soil Map 
Units4,5

at # of 
SWMU

Surface 
Soil(4) 

Subsurface 
Soil(5)

Soil Classification(1,3)

Alluvium
BG3SBA076

Alluviuim derived from 
sandstone, siltstone, and 
shale

fllodplain and 
lowlands

Upper Suilfur Creek: 
northwest intersection 

btwn JT-9  & H-162 12 3 Burnside Bu 4 loam
loam to channery 

loam

Residual Soil from BG3SBP017

Loess and material 
weathered from ss, 
siltstone, shale ridgetop

East of JT-10 and JT-10A 
intersection 6 3 Zanesville ZaC2 7

silt loam to 
silty clay 

loam
silty loam to 

sandy clay loam
Pennsylvanian 
Bedrock/
Colluvium

BG3SBP088

Loess and material 
weathered from ss, 
siltstone, shale sideslope

App. 1600 feet southest of 
JT-9 and PT-8 intersection 13 3

Wellston-
Berks-Gilpin 

Complex WgG 5

silt loam to 
channery 
silt loam

silt loam,silty 
clay loam to 

channery loam

BG3SBP097

Loess, colluvium, and 
material weathered from ss, 
siltstone, shale sideslope

App. 1600 feet west of JT-
9 and PT-8 intersection 5 3 Wellston-Ebal WID NP silt loam

silt loam,silty 
clay loam to 

channery loam
Notes:
SS - sandstone 5     Subsurface soil is between 12 to 70 inches bgs or to the top of bedrock McElrath (1988).
1     Information taken from McElrath (1988). 6     Boring Set AB1 (see TtNUS, 2000b for more details).
2     No depth specified for surface soil samples 7     Boring Set PS1 (see TtNUS, 2000b for more details).
3     United States Department of Agriculture (USDA) classification system 8     Boring Set PS2 (see TtNUS, 2000b for more details).
4     Surface soil is from 0 to 12 inches below ground surface (bgs) based upon classification by McElrath (1988). 9     Boring Set PS3 (see TtNUS, 2000b for more details).

SUPPLEMENTAL FIELD EVENT



TABLE 3-5

SAMPLING SUMMARY FOR CHEMICAL ANALYSIS 
BACKGROUND AREA 1 

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Depositional 
Environment

Background 
Sample 
Location

Background Sample 
Name

Depth 
(feet-bgs)

Analysis of TAL 
metals + Tin, Lithium, 

Strontium, and 
Thorium (1)

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 BG1SBA01 BG1SBA0101 0-1 X
BG1SBA0104 3-4 X

BG1SBA03 BG1SBA0306 5-6 X
BG1SBA04 BG1SBA0401 0-1 X

BG1SBA0405 4-5 X
BG1SBA05 BG1SBA0503 2-3 X

BG1SBA0504 3-4 X
Residual Soil BG1SBP01 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
BG1SBP07 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

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.

First Field Event

Supplement Field Event



TABLE 3-6

SAMPLING SUMMARY FOR CHEMICAL ANALYSIS
BACKGROUND AREA 2

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Depositional 
Environment

Background 
Sample 
Location

Background Sample 
Name

Depth 
(feet-bgs)

Analysis of TAL 
metals + Tin, Lithium, 

Strontium, and 
Thorium (1)

Loess/ BG2SBG01 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.



TABLE 3-7

SAMPLING SUMMARY FOR CHEMICAL ANALYSIS
BACKGROUND AREA 3 

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

Depositional 
Environment

Background 
Sample 

Location
Background Sample 

Name
Depth 

(feet-bgs)

Analysis of TAL 
metals + Tin, 

Lithium, Strontium, 
and Thorium (1)

Alluvium BG3SBA01 BG3SBA0101 0-1 X
BG3SBA02 BG3SBA0203 2-3 X
BG3SBA03 BG3SBA0301 0-1 X
BG3SBA04 BG3SBA0403 2-3 X

BG3SBA0404 3-4 X
BG3SBA05 BG3SBA0501 0-1 X

BG3SBA0504 3-4 X
BG3SBA0506 5-6 X

Residual Soil BG3SBM02 BG3SBM0201 0-1 X
from BG3SBM0203 2-3 X
Mississippian BG3SBM0206 5-6 X
Bedrock/ BG3SBM03 BG3SBM0305 4-5 X
Colluvium BG3SBM04 BG3SBM0401 0-1 X

BG3SBM0404 3-4 X
BG3SBM0406 5-6 X

BG3SBM05 BG3SBM0504 3-4 X
BG3SBM06 BG3SBM0601 0-1 X

BG3SBM0604 3-4 X
BG3SBM07 BG3SBM0701 0-1 X

BG3SBM0704 3-4 X
BG3SBM0706 5-6 X

BG3SBM08 BG3SBM0801 0-1 X
BG3SBM0803 2-3 X

BG3SBM09 BG3SBM0904 3-4 X
BG3SBM10 BG3SBM1003 2-3 X

No samples were collected

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

Supplement Field Event

First Field Event



Depositional Environment

Surface or 
Subsurface 

Soil

Gross Grain 
Size 

Classification
Number of Samples Sent for 

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

TABLE 3-8

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

CRANE, INDIANA



TABLE 3-9

COMPARISON OF FIELD AND LABORATORY DUPLICATE SAMPLE CONCENTRATIONS
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 1 OF 2

Metal
(units of mg/kg)

Laboratory
Duplicate

AVG%RPD

Laboratory
Duplicate

MAX%RPD

Number of
Laboratory

Duplicate Pairs
with 2 Detects

Field
Duplicate

AVG%RPD

Field
Duplicate

MAX%RPD

Number of Field
Duplicate Pairs
with 2 Detects

Ratio
(Lab Duplicate

AVG%RPD) / (Field
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



TABLE 3-9

COMPARISON OF FIELD AND LABORATORY DUPLICATE SAMPLE CONCENTRATIONS
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 2 OF 2

Metal
(units of mg/kg)

Laboratory
Duplicate

AVG%RPD

Laboratory
Duplicate

MAX%RPD

Number of
Laboratory

Duplicate Pairs
with 2 Detects

Field
Duplicate

AVG%RPD

Field
Duplicate

MAX%RPD

Number of Field
Duplicate Pairs
with 2 Detects

Ratio
(Lab Duplicate

AVG%RPD) / (Field
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

TABULATION OF REPORTED AND REQUESTED DETECTION LIMITS
AND NUMBERS OF NON-DETECTS

BASEWIDE BACKGROUND INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

Metal Minimum
Reported

Detection Limit
(mg/kg)

Maximum
Reported
Detection

Limit (mg/kg)

Average
Reported
Detection

Limit (mg/kg)

Number of
Non-

Detects

Planned
Detection

Limit
(mg/kg)

ANTIMONY 0.20* 5.5 0.77 59 0.15
BERYLLIUM 0.18* 1.4 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, α, equal to 5%; and

•  a number 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

α value of 5% was established in the Work Plan (1999a).

With α values and variances established, it was possible to compute minimum detectable concentration

differences without specifying false negative error rates, β.  Establishing β 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 β 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 β values ranging from 10% to 30% under the planning assumptions of this

project.  Given the actual computed minimum detectable differences the actual β 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.



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 5,020 17,400 11,290 11,100 BG1SBP0801 NORMAL 17,400 75,000
ANTIMONY 8/67 8/67 0.49 11.3 0.86 4.36 BG1SBP0505 LOGNORMAL 2.88 0.1423
ARSENIC 67/67 67/67 1.1 10.2 5.28 5.20 BG3SBM0701 NORMAL 9.60 0.38
BARIUM 67/67 67/67 24.8 155 69.7 68.8 BG1SBL0101 LOGNORMAL 147 1.04
BERYLLIUM 14/67 14/67 0.3 0.82 0.36 0.47 BG2SBG0401-MAX LOGNORMAL 0.85 0.10
CADMIUM 34/67 28/67 0.05 3.6 0.36 0.62 BG3SBM0201 LOGNORMAL 2.05 0.18095
CALCIUM 66/67 0/67 53.6 35,300 997 1,010 BG3SBM0601 LOGNORMAL 3,350 NA
CHROMIUM 67/67 67/67 7.7 30.6 16.4 16.1 BG3SBM0604 LOGNORMAL 29.1 0.4
COBALT 67/67 67/67 1.8 27.1 8.70 8.62 BG3SBM0701 LOGNORMAL 21.7 0.14033
COPPER 67/67 67/67 3.5 23.8 10.2 10.0 BG1SBP0305 LOGNORMAL 21.4 0.3132
IRON 67/67 17/67 7,140 40,800 18,100 17,800 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 7.8 46.6 16.1 15.7 BG1SBP0305 LOGNORMAL 29.4 1,500
MAGNESIUM 67/67 0/67 496 2,870 1,410 1,390 BG1SBP0204 LOGNORMAL 3,060 NA
MANGANESE 67/67 0/67 23.2 3,040 599 590 BG3SBM0701 LOGNORMAL 3,270 3,100
MERCURY 17/67 17/67 0.04 0.14 0.033 0.062 BG1SBP0103 LOGNORMAL 0.072 0.0079
NICKEL 67/67 63/67 4.6 23.7 11.9 11.7 BG1SBP0305 NORMAL 18.7 7
POTASSIUM 67/67 0/67 280 1,650 856 833 BG1SBA280304 NORMAL 1,370 NA
SELENIUM 15/67 15/67 0.28 0.88 0.33 0.53 BG1SBP0206 LOGNORMAL 0.83 0.02765
SILVER 48/67 0/67 0.04 0.11 0.049 0.055 BG1SBP0401 LOGNORMAL 0.10 2
SODIUM 32/67 0/67 3.7 205 33.0 56.2 BG1SBP0406-MAX LOGNORMAL 232 NA
STRONTIUM 66/66 0/67 4.2 63.2 12.3 12.1 BG3SBM0601 LOGNORMAL 25.3 45,000
THALLIUM 66/67 66/67 0.05 0.31 0.18 0.18 BG1SBL0101 NORMAL 0.29 0.04
TIN 0/67 0/67 NA NA 0.32 (3) NA NA NA NA 7.62
THORIUM 66/66 0/66 4.1 11.7 7.24 7.11 BG1SBP0305 LOGNORMAL 10.9 NA
VANADIUM 67/67 67/67 14.1 48.5 26.5 26.2 BG1SBP0206 LOGNORMAL 45.8 1.59
ZINC 50/67 50/67 9.4 60.2 28.1 32.0 BG3SBM0701 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 0.23 (3) NA NA NA NA 0.1423
ARSENIC 5/5 5/5 3.6 6.8 5.24 5.24 BG1SBL0101 NORMAL 10.61 0.38
BARIUM 5/5 5/5 90.8 155 119 119 BG1SBL0101 LOGNORMAL 262 1.04
BERYLLIUM 4/5 4/5 0.48 0.74 0.61 0.62 BG2SBG0401-MAX NORMAL 1.03 0.10
CADMIUM 0/5 0/5 NA NA 0.05 (3) NA NA NA NA 0.18095
CALCIUM 5/5 0/5 345 1,040 574 574 BG2SBG0401-MAX LOGNORMAL 3,070 NA
CHROMIUM 5/5 5/5 9.8 15.1 13.3 13.3 BG2SBG0101 NORMAL 22.2 0.4
COBALT 5/5 5/5 9.3 17.1 14.1 14.1 BG1SBL0101 NORMAL 27.4 0.14033
COPPER 5/5 5/5 6.5 11.3 9.00 9.00 BG2SBG0101 NORMAL 17.7 0.3132
IRON 5/5 0/5 10,100 17,400 14,200 14,200 BG2SBG0101 NORMAL 27,100 22,000
LEAD 5/5 5/5 12 17.1 14.6 14.6 BG1SBL0101 NORMAL 23.0 0.45053
LITHIUM 5/5 0/5 10 14.5 12.8 12.8 BG1SBL0501 NORMAL 19.9 1,500
MAGNESIUM 5/5 0/5 1,030 1,810 1,350 1,350 BG2SBG0101 LOGNORMAL 3,120 NA
MANGANESE 5/5 0/5 936 1,960 1,440 1,440 BG1SBL0101 LOGNORMAL 5,450 3,100
MERCURY 2/5 2/5 0.05 0.06 0.037 0.055 BG2SBG0401-MAX NORMAL 0.108 0.0079
NICKEL 5/5 5/5 11 17.4 15.0 15.0 BG1SBL0101 NORMAL 26.2 7
POTASSIUM 5/5 0/5 525 1,250 896 896 BG2SBG0101 NORMAL 2,000 NA
SELENIUM 0/5 0/5 NA NA 0.33 (3) NA NA NA NA 0.02765
SILVER 1/5 0/5 0.05 0.05 0.031 0.050 BG1SBL0101 LOGNORMAL 0.11 2
SODIUM 2/5 0/5 7.2 17.8 11.1 12.5 BG1SBL0501 LOGNORMAL 56 NA
STRONTIUM 5/5 0/5 9.7 17.3 12.9 12.9 BG2SBG0401-MAX LOGNORMAL 32.7 45,000
THALLIUM 5/5 5/5 0.22 0.31 0.27 0.27 BG1SBL0101 NORMAL 0.41 0.04
TIN 0/5 0/5 NA NA 0.28 (3) NA NA NA NA 7.62
THORIUM 5/5 0/5 6.4 8.7 7.42 7.42 BG1SBL0501 LOGNORMAL 12.2 NA
VANADIUM 5/5 5/5 19 32.2 26.8 26.8 BG2SBG0101 NORMAL 49.7 1.59
ZINC 3/5 3/5 29.7 49.6 32.3 39.2 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 10.8 10.8 1.18 10.8 BG1SBL0506 LOGNORMAL 10.1 0.1423
ARSENIC 13/13 13/13 1.1 6 4.15 4.15 BG2SBG0503 NORMAL 8.57 0.38
BARIUM 13/13 13/13 41.7 94.4 60.8 60.8 BG1SBL0305 LOGNORMAL 126 1.04
BERYLLIUM 7/13 7/13 0.3 0.69 0.29 0.41 BG1SBL0506 LOGNORMAL 1.32 0.10
CADMIUM 0/13 0/13 NA NA 0.05 (3) NA NA NA NA 0.18095
CALCIUM 13/13 0/13 122 710 404 404 BG1SBL0305 NORMAL 884 NA
CHROMIUM 13/13 13/13 9.2 25.5 18.0 18.0 BG1SBL0506 NORMAL 32.3 0.4
COBALT 13/13 13/13 1.8 9.2 4.98 4.98 BG2SBG0404 LOGNORMAL 14.7 0.14033
COPPER 13/13 13/13 4.3 16.4 10.3 10.3 BG1SBL0103 NORMAL 21.0 0.3132
IRON 13/13 3/13 7,140 27,700 18,100 18,100 BG1SBL0506 NORMAL 33,500 22,000
LEAD 13/13 13/13 6.9 11.7 9.60 9.60 BG1SBL0506, BG1SBL0504-MAX NORMAL 13.6 0.45053
LITHIUM 13/13 0/13 9.2 28.1 14.6 14.6 BG1SBL0506 LOGNORMAL 31.2 1,500
MAGNESIUM 13/13 0/13 760 2,350 1,550 1,550 BG1SBL0103 NORMAL 2,890 NA
MANGANESE 13/13 0/13 23.2 376 165 165 BG2SBG0104 LOGNORMAL 1,100 3,100
MERCURY 2/13 2/13 0.05 0.07 0.028 0.060 BG1SBL0403 LOGNORMAL 0.073 0.0079
NICKEL 13/13 11/13 4.9 13.1 9.80 9.80 BG2SBG0104 NORMAL 16.5 7
POTASSIUM 13/13 0/13 425 1,240 745 745 BG1SBL0103 LOGNORMAL 1,640 NA
SELENIUM 0/13 0/13 NA NA 0.16 (3) NA NA NA NA 0.02765
SILVER 3/13 0/13 0.04 0.05 0.028 0.043 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
THALLIUM 13/13 13/13 0.13 0.27 0.18 0.18 BG2SBG0206 LOGNORMAL 0.32 0.04
TIN 0/13 0/13 NA NA 0.32 (3) NA NA NA NA 7.62
THORIUM 13/13 0/13 5.2 9.1 7.24 7.24 BG1SBL0506 NORMAL 10.7 NA
VANADIUM 13/13 13/13 17.1 42.4 28.5 28.5 BG1SBL0506 NORMAL 47.3 1.59
ZINC 6/13 6/13 13.6 35.3 18.9 24.0 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.



TABLE 4-4
STATISTICAL SUMMARY OF ANALYTICAL RESULTS

SOIL GROUP 3 - ALLUVIAL, MISSISSIPPIAN, AND PENNSYLVANIAN 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 15/15 0/15 6,770 17,400 10,238 10,238 BG1SBP0801 LOGNORMAL 19,900 75,000
ANTIMONY 2/15 2/15 1.4 5.6 0.83 3.50 BG3SBM0401 LOGNORMAL 6.9 0.1423
ARSENIC 15/15 15/15 2.4 10.2 6.11 6.11 BG3SBM0701 NORMAL 11.83 0.38
BARIUM 15/15 15/15 46.1 153 89.0 89.0 BG3SBM0601 LOGNORMAL 211 1.04
BERYLLIUM 1/15 1/15 0.49 0.49 0.40 0.49 BG3SBA0101-MAX LOGNORMAL 0.93 0.10
CADMIUM 10/15 9/15 0.1 3.6 0.63 0.88 BG3SBM0201 LOGNORMAL 6.05 0.18095
CALCIUM 14/15 0/15 115 35,300 2,730 2,920 BG3SBM0601 LOGNORMAL 55,200 NA
CHROMIUM 15/15 15/15 8.5 21.7 14.6 14.6 BG1SBA0101 LOGNORMAL 28.7 0.4
COBALT 15/15 15/15 6 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
IRON 15/15 2/15 10,700 36,200 16,800 16,800 BG1SBA0101 LOGNORMAL 37,400 22,000
LEAD 15/15 15/15 9.4 21.5 15.0 15.0 BG1SBA0101 LOGNORMAL 27.0 0.45053
LITHIUM 14/14 0/14 9.1 29.9 14.8 14.8 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 0/15 268 3,040 1,140 1,140 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
POTASSIUM 15/15 0/15 418 1,490 847 847 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 0.05 0.11 0.065 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 BG3SBM0601 LOGNORMAL 46.4 45,000
THALLIUM 15/15 15/15 0.1 0.27 0.19 0.19 BG1SBP0601-MAX NORMAL 0.31 0.04
TIN 0/15 0/15 NA NA 0.36 (3) NA NA NA NA 7.62
THORIUM 14/14 0/14 5.3 8.5 6.86 6.86 BG1SBP0801 LOGNORMAL 10.2 NA
VANADIUM 15/15 15/15 17.1 40 25.4 25.4 BG1SBP0801 LOGNORMAL 51.2 1.59
ZINC 14/15 14/15 24.4 60.2 37.0 38.6 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 10 5.27 5.27 BG1SBA0504 LOGNORMAL 16.58 0.38
BARIUM 9/9 9/9 83.4 56.1 56.1 BG3SBA0203 LOGNORMAL 94 1.04
BERYLLIUM 0/9 0/9 NA 0.33 (3) NA NA NA NA 0.10
CADMIUM 0/9 0/9 NA 0.09 (3) NA NA NA NA 0.18095
CALCIUM 9/9 0/9 817 426 426 BG3SBA0404 NORMAL 991 NA
CHROMIUM 9/9 9/9 19.6 13.2 13.2 BG1SBA0504 LOGNORMAL 26.1 0.4
COBALT 9/9 9/9 18 9.10 9.10 BG1SBA0504 LOGNORMAL 21.8 0.14033
COPPER 9/9 9/9 9.9 7.31 7.31 BG1SBA0504 LOGNORMAL 10.5 0.3132
IRON 9/9 1/9 29,400 16,100 16,100 BG1SBA0504 LOGNORMAL 36,200 22,000
LEAD 9/9 9/9 14.5 10.2 10.2 BG1SBA0504 LOGNORMAL 16.2 0.45053
LITHIUM 9/9 0/9 17.1 13.1 13.1 BG1SBA0503 LOGNORMAL 24.3 1,500
MAGNESIUM 9/9 0/9 1,230 848 848 BG3SBA0404 LOGNORMAL 1,870 NA
MANGANESE 9/9 0/9 1,090 638 638 BG1SBA0504 NORMAL 1,300 3,100
MERCURY 1/9 1/9 0.11 0.033 0.11 BG1SBA0104 LOGNORMAL 0.114 0.0079
NICKEL 9/9 9/9 13.1 10.1 10.1 BG1SBA0504 LOGNORMAL 14.6 7
POTASSIUM 9/9 0/9 1,020 682 682 BG3SBA0404 LOGNORMAL 1,220 NA
SELENIUM 0/9 0/9 NA 0.25 (3) NA NA NA NA 0.02765
SILVER 9/9 0/9 0.05 0.048 0.048 7 LOCATIONS LOGNORMAL 0.062 2
SODIUM 3/9 0/9 5.2 2.40 4.40 BG3SBA0203 LOGNORMAL 12 NA
STRONTIUM 9/9 0/9 10.6 7.94 7.94 BG3SBA0504 NORMAL 12.4 45,000
THALLIUM 9/9 9/9 0.19 0.14 0.14 BG3SBA0504 LOGNORMAL 0.22 0.04
TIN 0/9 0/9 NA 0.26 NA NA NA NA 7.62
THORIUM 9/9 0/9 6.3 5.69 5.69 BG1SBA0503, BG1SBA0504 NORMAL 8.08 NA
VANADIUM 9/9 9/9 26.9 20.8 20.8 BG3SBA0404 LOGNORMAL 31.7 1.59
ZINC 2/9 2/9 26.5 15.2 24.4 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 0.49 0.30 0.49 BG1SBA250203-MAX LOGNORMAL 14.8 0.1423
ARSENIC 3/3 3/3 2.8 5.9 4.77 4.77 BG1SBA250203-MAX NORMAL 17.9 0.38
BARIUM 3/3 3/3 36.9 80.4 65.3 65.3 BG1SBA250203-MAX NORMAL 253 1.04
BERYLLIUM 2/3 3/3 0.54 0.82 0.56 0.68 BG1SBA250203-MAX LOGNORMAL 18.2 0.10
CADMIUM 3/3 2/3 0.15 0.44 0.31 0.31 BG1SBA250203-MAX NORMAL 1.43 0.18095
CALCIUM 3/3 0/3 108 406 276 276 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
IRON 3/3 2/3 9,680 28,900 20,427 20,427 BG1SBA280304 NORMAL 95,500 22,000
LEAD 3/3 3/3 7.8 13.1 10.3 10.3 BG1SBA250203-MAX LOGNORMAL 73.5 0.45053
LITHIUM 3/3 0/3 17.4 27.9 22.0 22.0 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 86.4 1030 540 540 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
POTASSIUM 3/3 0/3 640 1650 1,243 1,243 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 0.05 0.05 0.092 0.050 BG1SBA0405 NORMAL 0.37 2
SODIUM 2/3 0/3 80.3 97.8 63.48 89.05 BG1SBA280304 NORMAL 409 NA
STRONTIUM 3/3 0/3 11.6 12.8 12.20 12.20 BG1SBA250203-MAX NORMAL 16.8 45,000
THALLIUM 2/3 3/3 0.15 0.27 0.18 0.21 BG1SBA250203-MAX LOGNORMAL 5.40 0.04
TIN 0/3 0/3 NA NA 0.22 (3) NA NA NA NA 7.62
THORIUM 3/3 0/3 6.9 9 8.20 8.20 BG1SBA280304 NORMAL 16.9 NA
VANADIUM 3/3 3/3 16.7 26.3 21.0 21.0 BG1SBA250203-MAX LOGNORMAL 119 1.59
ZINC 3/3 3/3 25.4 42.9 32.5 32.5 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 7/7 0/7 5,020 17,000 10,600 10,600 BG3SBM0206 NORMAL 24,000 75,000
ANTIMONY 3/7 3/7 1.2 2.9 0.88 1.77 BG3SBM0404 LOGNORMAL 27.6 0.1423
ARSENIC 7/7 7/7 2 6.3 4.21 4.21 BG3SBM1003 NORMAL 10.5 0.38
BARIUM 7/7 7/7 27 87.9 53.2 53.2 BG3SBM0206 NORMAL 123 1.04
BERYLLIUM 0/7 0/7 NA NA 0.24 (3) NA NA NA NA 0.10
CADMIUM 7/7 6/7 0.06 2.8 0.65 0.65 BG3SBM0803-MAX LOGNORMAL 17.5 0.18095
CALCIUM 7/7 0/7 92.6 1260 404 404 BG3SBM0206 LOGNORMAL 5,270 NA
CHROMIUM 7/7 7/7 10.9 25.1 16.4 16.4 BG3SBM0206 LOGNORMAL 39.4 0.4
COBALT 7/7 7/7 3.3 8.2 5.10 5.10 BG3SBM0206 LOGNORMAL 13.6 0.14033
COPPER 7/7 7/7 3.5 12.9 9.06 9.06 BG3SBM0504, BG3SBM1003 LOGNORMAL 49.6 0.3132
IRON 7/7 1/7 8,850 26,400 15,900 15,900 BG3SBM0206 LOGNORMAL 57,200 22,000
LEAD 7/7 7/7 6.4 12.1 9.04 9.04 BG3SBM1003 LOGNORMAL 19.0 0.45053
LITHIUM 7/7 0/7 7.8 30.6 15.9 15.9 BG3SBM0206 LOGNORMAL 64.2 1,500
MAGNESIUM 7/7 0/7 496 2,070 1,520 1,520 BG3SBM0206 NORMAL 3,500 NA
MANGANESE 7/7 0/7 35.3 266 150 150 BG3SBM0406, BG3SBM1003 LOGNORMAL 1,420 3,100
MERCURY 0/7 0/7 NA NA 0.023 (3) NA NA NA NA 0.0079
NICKEL 7/7 6/7 4.6 14.7 10.5 10.5 BG3SBM0206 NORMAL 21.1 7
POTASSIUM 7/7 0/7 280 1270 862 862 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 0.044 0.050 5 LOCATIONS LOGNORMAL 0.12 2
SODIUM 3/7 0/7 7.8 182 47.7 103 BG3SBM0206 LOGNORMAL 5,460 NA
STRONTIUM 7/7 0/7 4.2 25.7 12.4 12.4 BG3SBM0206 LOGNORMAL 86.6 45,000
THALLIUM 7/7 7/7 0.05 0.21 0.13 0.13 BG3SBM1003 NORMAL 0.34 0.04
TIN 0/7 0/7 NA NA 0.34 (3) NA NA NA NA 7.62
THORIUM 7/7 0/7 4.1 10 6.79 6.79 BG3SBM0206 LOGNORMAL 17.7 NA
VANADIUM 7/7 7/7 14.1 33 24.2 24.2 BG3SBM0206 NORMAL 50.3 1.59
ZINC 7/7 7/7 9.4 36.2 21.4 21.4 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 NA NA 0.31 (3) NA NA NA NA 0.10
CADMIUM 5/5 5/5 0.25 2.1 0.97 0.97 BG3SBM0704 LOGNORMAL 19.6 0.18095
CALCIUM 5/5 0/5 131 5320 1,240 1,240 BG3SBM0604 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 6.4 11.8 7.66 7.66 BG3SBM0604 LOGNORMAL 22.2 0.14033
COPPER 5/5 5/5 7.5 19.7 14.3 14.3 BG3SBM0904 NORMAL 35.7 0.3132
IRON 5/5 3/5 20,100 25,400 22,200 22,200 BG3SBM0203 LOGNORMAL 32,100 22,000
LEAD 5/5 5/5 10.9 15.4 13.5 13.5 BG3SBM0604 NORMAL 21.0 0.45053
LITHIUM 5/5 0/5 14.8 20.8 17.9 17.9 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 0/5 192 1410 500 500 BG3SBM0604 LOGNORMAL 9,500 3,100
MERCURY 3/5 3/5 0.05 0.06 0.043 0.057 BG3SBM0203, BG3SBM0305 NORMAL 0.12 0.0079
NICKEL 5/5 5/5 9.8 17.3 13.5 13.5 BG3SBM0604 NORMAL 25.4 7
POTASSIUM 5/5 0/5 851 1330 1,100 1,100 BG3SBM0604 NORMAL 1,880 NA
SELENIUM 0/5 0/5 NA NA 0.25 (3) NA NA NA NA 0.02765
SILVER 5/5 0/5 0.05 0.05 0.050 0.050 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 8.5 16.3 14.3 14.3 BG3SBM0203 NORMAL 28.2 45,000

THALLIUM 5/5 5/5 0.1 0.21 0.18 0.18
BG3SBM0203, BG3SBM0704, 

BG3SBM0904 NORMAL 0.39 0.04
TIN 0/5 0/5 NA NA 0.34 (3) NA NA NA NA 7.62
THORIUM 5/5 0/5 6.9 9.4 8.28 8.28 BG3SBM0203 NORMAL 12.4 NA
VANADIUM 5/5 5/5 26.1 37.7 31.8 31.8 BG3SBM0203 NORMAL 50.7 1.59
ZINC 5/5 5/5 28.5 47.7 38.0 38.0 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 11.3 11.3 1.83 11.30 BG1SBP0505 LOGNORMAL 40.3 0.1423
ARSENIC 9/9 9/9 1.4 8.5 5.51 5.51 BG1SBP0204 NORMAL 12.5 0.38
BARIUM 9/9 9/9 25.1 83.4 57.0 57.0 BG1SBP0505 NORMAL 115 1.04
BERYLLIUM 0/9 0/9 NA NA 0.36 (3) NA NA NA NA 0.10
CADMIUM 8/9 6/9 0.05 0.64 0.26 0.28 BG1SBP0206 NORMAL 0.8 0.18095
CALCIUM 9/9 0/9 85.2 970 470 470 BG1SBP0505 LOGNORMAL 4,640 NA
CHROMIUM 9/9 9/9 14.2 27.1 19.9 19.9 BG1SBP0206 NORMAL 33.0 0.4
COBALT 9/9 9/9 5.2 12.5 8.32 8.32 BG1SBP0206 LOGNORMAL 21.2 0.14033
COPPER 9/9 9/9 11 23.8 15.3 15.3 BG1SBP0305 LOGNORMAL 33.3 0.3132
IRON 9/9 5/9 14,800 40,800 24,422 24,422 BG1SBP0305 LOGNORMAL 60,200 22,000
LEAD 9/9 9/9 8.6 15.2 11.8 11.8 BG1SBP0603 NORMAL 19.6 0.45053
LITHIUM 9/9 0/9 13.7 46.6 23.2 23.2 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 29 457 263 263 BG1SBP0804 NORMAL 704 3,100
MERCURY 1/9 1/9 0.14 0.14 0.037 0.140 BG1SBP0103 LOGNORMAL 0.18 0.0079
NICKEL 9/9 9/9 10 23.7 13.6 13.6 BG1SBP0305 LOGNORMAL 29.6 7
POTASSIUM 9/9 0/9 718 1290 974 974 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 0.05 0.1 0.053 0.056 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
THALLIUM 9/9 0/9 0.14 0.25 0.20 0.20 BG1SBP0204, BG1SBP0206 LOGNORMAL 0.33 0.04
TIN 0/9 0/9 NA NA 0.35 (3) NA NA NA NA 7.62
THORIUM 9/9 9/9 7.1 11.7 9.02 9.02 BG1SBP0305 NORMAL 14.9 NA
VANADIUM 9/9 9/9 20.9 48.5 33.2 33.2 BG1SBP0206 LOGNORMAL 69.1 1.59
ZINC 9/9 9/9 24.3 58.2 37.1 37.1 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 0.38 (3) NA NA NA NA 0.1423
ARSENIC 1/1 1/1 2.9 2.9 2.90 2.90 BG1SBP0806 NA NA 0.38
BARIUM 1/1 1/1 24.8 24.8 24.8 24.8 BG1SBP0806 NA NA 1.04
BERYLLIUM 0/1 0/1 NA NA 0.14 (3) NA NA NA NA 0.10
CADMIUM 1/1 0/1 0.14 0.14 0.14 0.14 BG1SBP0806 NA NA 0.18095
CALCIUM 1/1 0/1 53.6 53.6 54 54 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 1/1 0/1 11,300 11,300 11,300 11,300 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 8.6 8.6 8.6 8.6 BG1SBP0806 NA NA 1,500
MAGNESIUM 1/1 0/1 654 654 654 654 BG1SBP0806 NA NA NA
MANGANESE 1/1 0/1 327 327 327 327 BG1SBP0806 NA NA 3,100
MERCURY 0/1 0/1 NA NA 0.02 (3) NA NA NA NA 0.0079
NICKEL 1/1 0/1 4.6 4.6 4.6 4.6 BG1SBP0806 NA NA 7
POTASSIUM 1/1 0/1 353 353 353 353 BG1SBP0806 NA NA NA
SELENIUM 1/1 1/1 0.28 0.28 0.28 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
THALLIUM 1/1 1/1 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 11.4 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 2.15 1.09 1.18 1.04
ANTIMONY 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
ARSENIC 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
BARIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
BERYLLIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
CADMIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
CALCIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
CHROMIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
COBALT 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
COPPER 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
IRON 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
LEAD 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
LITHIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
MAGNESIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
MANGANESE 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
MERCURY 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
NICKEL 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
POTASSIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
SELENIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
SILVER 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
SODIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
STRONTIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
THALLIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
THORIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
TIN 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
VANADIUM 1.18 1.15 1.20 1.04 2.15 1.09 1.18 1.04
ZINC 1.18 1.15 1.20 1.04 2.15 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 GROUPS1

BASEWIDE BACKGROUND SOIL INVESTIGATION REPORT
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

LOESS/GLACIAL Soil 
Residual soil from 

MISSISSIPPIAN Bedrock

Residual Soil from 
PENNSYLVANIAN 

Bedrock ALLUVIAL Soil 

LS MS PS AS

LBC MBC PBC ABC

LBL MBL PBL ABL

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 Soil

      Third Letter:
C - Clay S - Sand
L - Silt 

DEPOSITIONAL ENVIRONMENT

SURFACE

SUBSURFACE CLAY

SUBSURFACE SILT

SUBSURFACE SAND



TABLE 4-14

COMPLETENESS BY SOIL TYPE*
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

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 60 100 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 80 100 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 80 100 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 80 100 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
MANGANESE 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 80 100 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.

SOIL TYPE



TABLE 4-15

COMPLETENESS BY SOIL GROUP*
BASEWIDE BACKGROUND INVESTIGATION REPORT

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

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

SOIL GROUP
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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.

5.1 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. Identify 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).
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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 soil

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. Identify 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):

•  BG1SBL0101

•  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 soil

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

6.2 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.

•  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:

- 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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I I I 
1 HA 1 Ill/ 199 
I I I 
1 HA 1 Ill/ I99 
I I I 

HA II! I99 

HA II/ 199 

HA Ill I99 

HA Ill I99 

HA ll/ I99 

5 + +I z a I- - 
% - 
Y - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

VALYSES Al 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

LOCATION: &35&w 

SOIL DESCRIPTION 

ABORATORY: ( COC No.: 

Laucks Laboratory 
I 

Seattle, Washington 1 



MULTiPLE SAMPLE LOG SHEET PAGE1 OF1_ 

Tetra Tech NUS, Inc. 1 SURFACE SOIL [] SEDIMENT SIGNATURE(S): %-= 1. w 
fl SUBSURFACE SOIL [] LAGOON / POND 

[] OTHER 

PROJECT NAME: 
PROTECT NUMBER: 

NSWC Crane 
0087 CT0 83 

LOCATION: iQ&fPo a- 

ANALYSES 

HA II/ I99 

HA II/ I99 

HA II/ I99 

HA 111 I99 

HA II/ I99 

HA II/ 199 

HA ll/ I99 

HA II/ I99 

HA II/ I99 

HA ll/ I99 

REMARKS: o*‘> &-/ %vyb\ +tir cl-c &o &s~ ( c-k 4. % e - 

HA - Hand Auger 

c 

LABORATORY: COC No.: 

Laucks Laboratory 

Seattle, Washington 
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MULTIPLE SAMPLE LOG SHEET PAGE1 OF1 

T&a Tech NUS, Inc. a SURFACE SOIL 
i SUBSURFACE SOIL 

[] OTHER 

[] SEDIMENT SIGNATURE(S): - 
[] IAGOON I POND 

PROJECT NAME: NSWC Crane 
PROTECT NUMBER: 0087 CT0 83 

LOCATION: &J35iw ci 

I ANALY?=Q I 



MULTIPLE SAMPLE LOG SHEET PAGE/ OF_11. 

I’ltl Tetra Tech NUS, Inc. [] SURFACE SOIL 
[] SUBSURFACE SOIL 

[] OTHER 

[] SEDIMENT SIGNATURE(S): ?+= L. &L&9 
[] LAGOON / POND 

LOCATION: ~5&&3JFu5 PROJECT NAME: 
PROTECT NUMBER: 

NSWC Crane 
0087 CT0 83 

NALYSES 

1 

SOIL DESCRIPTION SAMPLE No. 

8 
E 
2 

-K 
HA 
HA 
HA 
HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 
HA 

c 6 

XC No.: ABOFIATORY: 3EhtARKS: 
Laucks Laboratory 
Seattle, Washington 



Tetra Tech NUS, Inc. 

MULTIPLE SAMPLE LOG SHEET PAGE / OF f 

R SURFACE SOIL [] SEDIMENT SIGNATURE(S): 
*w -- 

1 SUBSURFACE SOIL [] LAGOON / POND 
(IOTHER 

PROJECT NAME: PROJECT NAME: NSWC Crane NSWC Crane LOCATION: LOCATION: Efssg~O/ Efssg~O/ 
PROTECT NUMBER: PROTECT NUMBER: 0097 CT0 83 0097 CT0 83 

ANALYSES ANALYSES 

8 8 
; ; &. &. 

$3 $3 

SAMPLE No. SAMPLE No. 
6 6 

i i4 i i4 

g y ; g g! ;I ; g y ; g g! ;I ; 
F F 22 22 

gg gg EC8 EC8 bg bg 
3 3 

SDIL DESCRlPllON SDIL DESCRlPllON 

;f ;f 
5 5 

E E 2 2 
;f ;f 

&3S&lvlDP I &3S&lvlDP I HA o- I 111 J/99 07% ICY L 6 ( k HA o- I 111 J/99 07% ICY L 6 ( k c c+\r si/d c c+\r si/d / , / , 
B6r3SBf4Q I 0% B6r3SBf4Q I 0% HA ,- 3 lll~l99 07% Sd L 6 ( X HA ,- 3 lll~l99 07% Sd L 6 ( X CL+ 4, w k n-45. CL+ 4, w k n-45. / / / I / I 

HA HA II/ 199 II/ 199 

HA HA 111 I99 111 I99 

HA HA 111 I99 111 I99 

HA HA II/ I99 II/ I99 

HA HA 111 I99 111 I99 

HA HA 111 I99 111 I99 

HA HA 111 I99 111 I99 

HA HA 11/ I99 11/ I99 

HA HA II/ I99 II/ I99 

HA HA ll/ I99 ll/ I99 

HA HA 111 I99 111 I99 

HA II/ I99 

REMARKS: C%(J ‘2 zj,cm$.e~ =+3%‘b & -Q &c~( @ 3 -c;ck. LABORATORY: LABORATORY: COC No.: COC No.: 

Laucks Laboratory Laucks Laboratory 

HA - Hand Auaer HA - Hand Auger Seattle. Washinaton Seattle, Washington 



0 7% MULTIPLE SAMPLE LOG SHEET 
Tetra Tech NUS, Inc. 1 SURFACE SOIL [] SEDIMENT SIGNATURE(S): 

1 SUBSURFACE SOIL [] LAGOON / POND 
[] OTHER 

& 
PROJECT NAME: NSWC Crane LOCATION: jhaor 
PROTECT NUMBER: 0087 CT0 83 

ANALYSES 

8 5% i! 25 Q + 
e 

4 g g ;j gg T8 225 E 
SAMPLE No. $2 4 SOIL DESCRIPTION 

FE gg sz 2 
w P 

x 3 gs -- gg is! a 0 + 
2 5 

f3wgnn~rol HA 6-\ 11/,&99 C&33 v\ t (3 (: x c&l, SAC 

&535eww3 HA 2-3 ii/&99 &rtO 1 ! % c&y s/-h5 
I I , 

~b393mw.j HA s-‘i Ii/ A/99 0w% [ I Y c&e.,‘ silt: 7rac s-d 1 / 
&+&%*~cc HA 4-r ii/&/99 C’%= Y clG-(m.j r&; J/o.* AId5 

I I 
f&393 WorOb~ \ t 

HA 5-6 iuA/w tic% 4 ‘V V * x wky C(cy -&et ne&& I / J 
HA 11/ I99 

HA 111 I99 

HA ll/ I99 

HA II/ I99 

HA Ii/ I99 

HA Ii/ I99 

HA Ii/ I99 

HA ii/ I99 

HA ll/ I99 

IEMARKS: LABORATORY: COC No.: 

Laucks Laboratory 

IA - Hand Auger Seattle, Washington 
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Tetra Tech NUS, Inc. 

PROJECT NAME: 
PROTECT NUMBER: 

MULTIPLE SAMPLE LOG SHEET PAGE 1 OF 1 
y SURFACE SOIL [] SEDIMENT SIGNATURE(S): yj5-w -- 
[ SUBSURFACE SOIL [] LAGOON / POND 

[] OTHER 

NSWC Crane 
0087 CT0 83 

I I I I I 

/ SAMPLENo. ! g !i! g !; 

REMARKS: 

LOCATION: &3swq 

I ANA1 YSFS I . . . - .- . _ _ _ 

SOIL DESCRlPllON 

I LABORATORY: COC No.: 

Laucks Laboratory 

pA-HafldAl~~~~ I Seattle, Washington 



IRI Tetra Tech NUS, Inc. 

MULTIPLE SAMPLE LOG SHEET 
a SURFACE SOIL [] SEDIMENT SIGNATURE(S): ?ff+ w 

PAGE/ OFA 

fl SUBSURFACE SOIL 
[] OTHER 

[] LAGOON / POND 

PROJECT NAME: 
PROTECT NUMBER: 

NSWC Crane 
0087 CT0 83 

LOCATION: &3s&lA OS- 

SOIL DESCRIPTION 

I REMARKS: 

I 

LABORATORY: COC No.: 

Laucks Laborslofy 



0 R Tetra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
PROTECT NUMBER: 0087 CT0 83 

MULTIPLE SAMPLE LOG SHEET 
1 SURFACE SOIL 
1 SUBSURFACE SOIL 

[] OTHER 

PAGE ( OF ( 
[] SEDIMENT SIGNATURE(S): -- 
[] LAGOON I POND 

LOCATION: &jS&uO& 

ANALY! 

SAMPLE No. SOIL DESCRIPTION 

6 t 

~ 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

---I-- II/ I99 

II/ 199 

II/ /99 

II/ I99 

II/ 199 

II/ I99 

II/ I99 

II/ I99 

L 

HA 

HA 

EMARKS: :OC No.: ABORATORY: 

Laucks Laboratory 
Seattle. Washinaton A - Hand Al-r 



Ed Tetra Tech NUS. Inc. 

PROJECT NAME: NSWC Crane 
PROTECT NUMBER: 0087 CT0 83 

MULTIPLE SAMPLE LOG SHEET PAGE-L OF1 
1 SURFACE SOIL [] SEDIMENT SIGNATURE(S): ti w 
n SUBSURFACE SOIL [] LAGOON I POND 

[] OTHER 

LOCATION: i363S6fuO7 

t ANA1 W2F.c: I 

SOIL DESCRIPTION 

t 

I# 0-i 11/3/00 IdlO -=C+J L G ’ K 514 b-4 sap-z CL&./ I 
HA b-3 II/ 3100 162~ 4~ i 6 I F SILT k/foy*lt c@Y 74 VF&%cwJ!h / 
HA 3-4 11/3/99 IL4 9 L- G l ): 
HA 4-c ll/~/OO f63i sd L G ’ c iLocw uh wl5~mtT/Lr 76 VFMJa@Q I I * 
HA S-b 11/3/00 ld4& sfd L fh 1 x 

HA ii! IO0 

HA ll! IO0 

HA II! /oo 

HA il! 100 I 

HA II! IO0 

HA ll/ 100 

HA ll/ IO0 

HA ll/ IO0 
HA II! IO0 

LABORATORY: COC No.: 
laucks Laboratory 
Seattle, Washington 



0 R Tetra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
PROTECT NUMBER: UO87 CT0 83 

SAMPLE No. 

8 
6 
3 

.-L 
HA 
HA 

HA 

HA 

HA 

HA 

HA 

MULTIPLE SAMPLE LOG SHEET PAGEL OF-f 

[I SURFACE SOIL 
1 SUBSURFACE SOIL 

[] OTHER 

[] SEDIMENT SIGNATURE(S): %= \f2ed 
[] LAGOON I POND 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

2 

i 
n 

O-\ 

r-3 L 6 

LOCATION: g3G 3Spf~f 

I LABORATORY: 

SOIL DESCRIPTION 

I Seattle, Washington 



0’ R: T&a Tech NUS, inc. 

MULTIPLE SAMPLE LOG SHEET PAGEI OF1 

fl SURFACE SOIL [] SEDIMENT SIGNATURE(S): NW-D 
a SUBSURFACE SOIL [] LAGOON I POND 

[] OTHER 

PROJECT NAME: NSWCCrane 
PROTECT NUMBER: 0087CTO93 

I 
HA 0-I 11/3/99 

HA J-3 ll/ 3199 

HA 3-4 ll/ p/99 

HA 111 I99 

HA 111 199 

HA 111 I99 

f'" /99 HA i 

HA 1 1111 I99 I I 
p 199 HA ] 

HA I Ill/ I99 I I 
HA I II/ I99 

HA 111 I99 

~ 

HA Ill I99 

HA Ill I99 

LOCATION: 

I ANALYSES 
I I I 

! 

SOIL DESCRlPllON 

LABORATORY: COC No.: 

LaucksLaboratory 

Seattle, Washington 



Tetra Tech NUS, Inc. 

MULTIPLE SAMPLE LOG SHEET PAGE 1 OFL 

[] SURFACE SOIL [] SEDIMENT SIGNATURE(S): %=u - 
[) SUBSURFACE SOIL [] LAGOON I POND 

[] OTHER 

PROJECT NAME: NSWC Crane LOCATION: &mm1 0 
PROTECT NUMBER: 0087 CT0 93 

SAMPLE No. 

HA II/ I99 

HA ill IQ9 

HA II/ I99 

HA ll! IQ9 

NALYSES 1 
I I I 

SOIL DESCRIPTION 

LABORATORY: COC No.: 

Laucks Laboratory 
Seattle, Washington I 



SUPPLEMENTAL FIELD EVENT 



Telra Tech NUS, Inc. 

PROJECT NAME: 
PROTECT NUMBER: 

MULTIPLE SAMPLE LOG SHEET 
JQURFACE SOIL [] SEDIMENT SIGNATURE(S): 
[] SUBSURFACE SOIL [] LAGOON I POND 

[] OTHER 

NSWC Crane LOCATION: csJvE, iI4 
0087 CT0 83 

ANALYSES 
I I I I I I I I .-- I I 

SAMPLE No. 

HA 

HA 

SOIL DESCRIPTION 

nn 

HA 
, I. 

I LABORATORY: 
I COCNo.: 01 00 

I Laucks Laboratory I 
! - Hand Auger I Seattle, Washington 





FIRST FIELD EVENT 



0 R TETRA TECH NUS, INC. 
661 Andcrwn Drive * Pillsburgh. PA I5220 

Ci HAIN OF CUSTODY RECORD 

1 
J/ I+\c jPrk-nRMcrr* \ 

RELINQUISHED BY (SlGNATUREb: 

I 

NSWC CRANE, INDIANA 

- 

I J RMOIO 

I J &.A017 
I J l-w 0x9 
\ J RMOl4- 

I J i-+4037 _ 
I / m I, 

I I I I I Il.1 I I 1 1 ! ! ! IV 1 
L I ! I I ,,. I -. 

I 
I !I--- 

II I I I I I I 
I J RPh~10 

I J 

DATIWME RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATEf-llME AIRBILLNO.: 8117 3683 q3f9) 

REMARKS 

r+sq 1w TEMP. BLANK: AT SHIPMENT .4-q AT LAS- % 

RELINQUISHED BY (SIGNATURE): DATEtTlME RECEIVED FOR LAB BY (SIGNATURE): DATEtllYE COOLER CUSTODY SEAL ND(I: 01, 01 
REMARKS: 

5tt3~0 70 LAucts w3 



cl Its TETRA TECH NUS, INC. 
MI Andemen Drive-Pittsburgh, PA 15220 

CHAIN OF CUSTODY RECORD 

.., 1. .*,,.. a./ ,J 

NSWC CRANE, INDIANA 

I .*..“, 

0095 

FROJECTNO.: cm 83 

I 
j J RM 031 
I RM 034- - 

I 1 I /2Mo36 
I I I J 

I 

I I I I -1-1 1 7 I I I ,I I I I I 
DATE/TIME RECElVED BY (SIGNATURE): @ELlNQUlSHED BY (SIGNATURE): DATEfllMB 

AIR BlLL NO.: 8117 3L33 5-381 
3i4.94 lb40 i=co 6 % TEMP. BLANK: AT SHIFMENT ‘c + ‘CATLAB 

RELINQUISHED BY (SIGNATURE): DATEfTlYE RECEIVED FOR IA6 BY (SIGNATURE): DATE/TIME COOLER CUSTODY SEAL NOS: 01. ox 
- REMARKS: 

, 

5Jfrma 7-O UWCK~ cfv% 

REMARKS 

1 



NSWC CRANE! , INDIANA 
(rGJ 661’ Andesen Drive-Pittsburgh, PA I5220 

CHAIN OF CUSTODY RECORD 

PRoJEGTwo.: cl72 83 

REMARKS 

~)(~~~~~~~~~~ 
r /,A @(Jo &MM440l 1 x x Qcoo8 f.wPwAn of&56&4%0, 

iit, IRK p,r #!%wdP03eL. LJ X x ALUS L/n/ Pa flu I 
I’;93 &~8rloGqfOl I % % 4COlL I s.5. Es4 

- " & ooio BGFDi1ObWOl I x % QCOll DUP t~=a61foW6 
I '/ 1 w-u rs35fGw~3 I % % AW3X 1 

L Is30 f!b3sBAolol I $ % Am.6 I 
y3 o&q RG3s8ho3ol I x X’ Aao3b 
Ir4 ofnQNr3seAm3 I % % AGtP+L I 

08#~%3AW4- I I x % A@+3 
@IO k3b3Mf5d 1 x 

-_ % Aoo46 I 

0710 f%W3AK@t~ t- % I x A@4-8 ,I 
1 093% IsG-3s0M-~- I I y I x Aooso 1 I 

f+ks 0G1~040101 I 
1435 f%)Sf3Aoro+ 1 ’ 

x AOWl 
I $ 

x I ti AwO3 I 

IW? rw%Aom3 1 % x A-x 

v I@55 f935bK* I I % 1 x Ao02.3 1 

\‘/F OtD!! f3%f3Ao4ol . ! I % % AtXJlb 

AIRBILLNO.: 8161 4-8 q131 

, 
RELlNQUlSHED BY (SIGNATURE): DATE/TIME RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATWIlME 

,7/g,? & il.t3-W u340 Fig) 6% TEMP. BLANK: AT SHIPMENT ‘C AT LAB- If- % 

RECEIVED BY (SIGNATURE): RELINGUISHED BY (SIGNATURE): DATE/TIME RECEIVED FOR LAB BY (SIGNATURE): DATUTIYE COOLER CUSTODY SEAL NOS: '3_.O4 
REMARKS: 



0 -ts TETRA TECH NW, INC. 
661 Andersen Drive * Pittsburgh. PA I5220 

CHAIN OF CUSTODY RECORD NSWC CRANE, INDIANA 

lb37 
of@7 

RELIN$iUlSHED BY (SIGNATURE): 1 DATE!TlME 1 RECEIVED BY (SIGNATURE): 

RECEIVED BY (SIGNATURE): REUNPUlSHED BY (SIGNATURE): DATEITIME 

L‘s 
I 

.” 1; , 

0097 

REMARKS 

&pa! puw Fr . 
RELINGUISHED BY (SIGNATURE): A,RBlLLNO.: @/bl *%6 9x31 

TEMP. BUNK: AT SHIPMENT ‘C +%ATLAB 

RECEIVED FOR LAB BY (SIGNATURE): DAT!ZfTiME COOLER CUSTODY SEAL N09: or, Ob 

I 
REWR)UI: ! 



. c *rr.* -- 

0 it TETRA TECH NUS, iNC\ 
661 Anderwn Urive * Pillsburgh. PA 152201 

CHAIN OF CUSTODY RECORD NSWC CRANE, INDIANA 0098 

REMARKS 

ll+Pr? 1840 TEMP. BLANK: AT SHIPMENT ‘C +%ATLAB 

RECEIVED BY (SIGNATURE): RELINGUISHED BY (SIGNATURE): DATEhE RECEIVED FOR LAB BY (SIGNATURE): DATE/TIME COOLER CUSTOdY SEAL NOS: O3.. of- 
I I REMARKS: 



A. ,iE;nF- i *1 I ,I . I p-r* . . ,. . .d ,.-. : ,,“- .I 

0 
R 

TETRA TECH NW, INC. 
661 Andersm Drive*Pitlsburgh. PA 15220 00?9 

CHAIN OF CUSTODY RECORD NSWC CRANE, INDIANA t 
PROJECTNO.: m m No. OF 
MS* 0087 

y!qJy!!p 1 

CtL 
D wj TIME S#tkPLE ID REMARKS 

“/6 lOI 0 k?G-lsew-~r;- I s I( Lwq 
I3w &rls5~0l0l I % % LUOOi 
13H- f3&I50LOlO3 I >( % coool- 

‘# 1-7 qG~YjCot0~ I x >( Loo04 
c 

I I ‘< 
I 

1 

I 
! 
I 

I 

I 
UISHED BY (StGNATURE): DAT&‘TlME RECEIVED BY (SIGNATURE): RELINCWISHED BY (SIGNATURE): OATuRME A,R B,u NO.: 816 1 +i- c8 7x3 1 

/.yLL,, lw$@@ FGD l+ TEMP. BUNK: AT SHIPMENT 4 ‘c AT LAB OC 

RECEIVED BY (SIGNA+URE): RELINPUISHED BY (SIGNATURE): DATEITIYE RECEIVED FOR IAB BY (SIGNATURE): DATE/TIME COOLER CUSTODY SEAL NOS: *T 0 (3 
RURKS: 

slftPPco -Iv L&Q!s *q-wJ CAB 



SUPPLEMENTAL FIELD EVENT 



0 R 
TETRA TECH NUS, INC. 
661 Anderson Drive- Pinsburgh. PA 15220 

CHAIN OF CUSTODY RECORD NSWC CRANE; INDIANA 

REMARKS 

I 
DATE/TIME RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATEfllME AIR BILL NO.: ti-4 (, c;w 

!o.q.‘Jo Cy-fV~ j:gfi t’ y’ 
TEMP. BLANK: ATSHIPMENT r;n ‘C ATLAB Nh ‘C 

RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATEJWE RECEIVED FOR LAB BY (SIGNATURE): DATE/TIME COOLER CUSTODY SEAL NOS: /j iocl; 
REMARKS: 





FIRST FIELD EVENT 



I 

PROJECT NO. L’Q 87 
i 

_-_-__- - 

_- 

------- 

- __---.- 

-.__- -- 

NDwi PIOD”ctIOHS C”Kt.00 60605 
~__L-.L-I-II- 

Work continue& to Page .--a- -c- &.---.-+.~--~--“- ,_1 
-- 

DATE 

u-l- v 
DATE 

PROJECI ~~1. 00 8 7 



1 Work continued from Page 

-- .-_.---~- ---- -lil-l~~ 
-- .-- ~- - _ ~ -..- -- 

1 Wo$continued to !QgF : : 1 
DATE 

II*3 l gq 
DATE 21 



PROJECT NO. MC7 . I 

', H--tm--t-ttt1 --n--rrt-t--t t- 

I ! : I ! I I I I I I I Work continued to Paae SCIIHWlC I)!Hcllr(” PrlOD”CTIONS CHICAGO 60605 

i 

-- ..-- 
; I 
I 

_- .-_ 
, 

1 
1 

- i 

-.- 1 

I 
I 

Work 

DATE 

DATE 



Work continued from Pageweq, nrrc, a x,‘L 7 

644 
I 

I@! -h&~~- 

-- 

-. 

- .~ 

_- 

- 

- 

-~ 

- 

- 



.-----. .-----. 

- - 

i 

__- . j 

I 1 1 Work continued to Page _ ~- _~-. .+.- ~.L.---C--L -..- t----e- ---.. --c 1 

BOOK -4-p 

DATE DATE 

DATE / DAIE 
/ 



.I\Ro flOAJ. y-s: 7;9 7- 
Work continued from Page -T--l-l 

PROJECT NO. 00 8 7 
BOOK 24-c1;6 

Nork continued to Page c- I --c- -1. ~-+-..-‘- _&.. 

TITLE pJ S@C mANG PROJECT NO. 0037 

DATE DATE 

OATE 



SUPPLEMENTAL FIELD EVENT 



ITLE ra “, dRAr\(~ PROJECT NO. 0087 
JghrlbM+( rp*x*qo BOOK 2+& 

Work continued from Parre 1 

DATE 

30 
DATE 

Work continued to Page 
DATE 

10 83 *ou 

WITNESS DATE 

3, 



yql ~l0..~.00 
1 Work contmued from Pagw 

~ \‘-,- , 

\cc I ( 1 1 1 Etzll i i i i i i it-W LFFI I I I I I - 
/ j j j j j 

I I ! I I I I ! ! I ! ! 1 ! ! ! ! ! ! II 
SCltNTIIIC ilNDWiPRODU~TlONS’ CHlc,iGO 65605 1. I I I I ! I ,I I 1 Work continued to Page , , , . . 1 

DATE 

32 10. q-40 
DATE 

Work continued from Page 

%. %. 

--- --- 
-..-__ - -..-__ - 

-JJUL-L -JJUL-L . 

1 Work continued to Page t .-- - I 
DATE 

. 
VITNESS / DATE 



1~ 
I I 

,/ 
1 I I 

SCIENTIFIC BINDERY PROD"CT,ONS CHICAGO 60605 
! I I I j 1 1 Work continued to Page 

.- 
DATE 

1’3. s-CD 

DATE 

PROJECT ~* cm37 

continued from Pagew 
BOOK 244-10 

In--rrr-l 

PROJECT NQ. 008-7 WC elIA6 

DATE 

DATE 



i. - 

TITLE IJS~C &RlG 

Work continued from Page 

I DATE I 
f /a-q-c13 

WITNESS / DATE 37 



- BOOK 24”Fd 
Page--~-7--r-lTr 

TITLE PROJEC’ 3. 

BOOK 

SIGNATURE DATE 

WITNESS DATE 39 





FIRST FIELD EVENT 



EQUIPMENT CALIBRATION LOG 

NSWC Cnna 
Field Form 
Revlson: 0 

January 1999 

INSTRUMENT NAME/MODEL : Pm pl-v-mc/AC lu20 PROJECT NAME : NSWC Crane 

ED c-f2 zLo4- PROJECT NUMBER : ‘0087 CT0 083 SERIAL NUMBER: 

MANUFACTURER : 

Instrument Rented From: 

A- 1 



SUPPLEMENTAL FIELD EVENT 



EQUIPMENT CALIBRAI~ON LOG 

INSTRUMENT NAME/MODEL : PROJECT NAME : NSWC Crane 

SERIAL NUMBER: 

MANUFACTURER : 

j-%GPROJECT NUMBER : CT0 83 

Instrument Rented From: Pgf #/~fl~ 





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: Nor-thing-Easting Distance: US ft 

location surveyed but 
not recorded; used 1 

Trimble Model TSCl 
State Plane 1983 
NAD 1983, Indiana West 
Coord: Nor-thing-Easting Distance: US ft 

PointName IY (ft) x (fo comments PointName IV (ft) x (fi) comments 
First Field Event Supplemental Field Event 
BGlSBAOl 1 1287335.4 3014555.6 BGI SBA25 455908.9 556534.1 

BGl SBA28 45 i6398.51 565075.81 
BGI SBA29 465981.8 564055.01 
BGI SBA38 464336.0 56608 
BGlSBPll 472252.7 55949 ‘X.0 

1 472648.51 564180.01 BGlSBP13 , 
BGlSBP16 4678313Clf FiGlnddG1 --_._ -- .- ..- 
BGI SBP22 45 i9648.51 553888.31 
BGI SBP37 4E i4013.11 559419.61 
BGISB P39 j 468263.1 557950.8 
BGlSBP40 47 ‘0106.8 556211.2 
BGlSBP42 47 ‘2950.6 560502.9 
BG1 SBP43 4696Of ~, ~. __._, 3.8 561138.3 
BGI SBP44 47wi44 31 !=A7544 cl 
BGlSBP45 46 
BGlSBP50 47 

__ ..- ----. ..- 
19096.41 562461.21 
‘3929.81 560482.11 

BG3SBA07 507275.9 599846.2 
BGJSBPOl 510719.7 609427.4 
BG3SBP08 508563.4 600346.2 
BG3SBPO9 509807.2 599314.9 

Notes: 
GPS - Global Positioning System 



APPENDIX B 

BORING LOGS 





c!kb etra Tech NUS, Inc. BORING LOG Page 1 of I -_I_ 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 

BORING NUMBER: $&i J(% 1 
CODATE: 

DRILLING COMPANY: not applicable 
lI\9\4% 

GEOLOGIST: 5, tJf.1~ 
DRILLING METHOD: hand auger DRILLER: 

l When rock coring. enter mck brokenerr;. 
** Indude monitor rending in 6 fool intervals QD borehole. Increase reading fmqwncy if elevated mponsa read. Drilling Area 

I Remarks: S-I = &ISbcorol: s-3 = fig(~&LcjO~ ‘, Background 
&j&v/ ‘\;a/ olbc./. 

(ppm): by] 

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



I R etra Tech NUS, Inc. BORING LOG Page i of -/- 

PROJECT NAME: NSWC Crane BORING NUMBER: &/2&o A 
PROJECT NUMBER: -0087 DATE: 11 1 F/q+ 
DRILLING COMPANY: not applicable GEOLOGIST: 5. ?JfIL 
DRILLING METHOD: hand auger DRILLER: & .S/ru&n/ /s /r/f/L 

MATERIAL DESCRIPTION - RW @Pm 
-* Wlolopy U 

RecOVuy S 
I 

Jlmw 1 cnnalrbrm C 
Lmlgm or Y cokw mterlaf- S 

Remarks 
Scmmd or . li11 

h 

I-d Rack d! 

I 

I I I I I I I 

d 
** Include mondor readii in 6 foal intervOls QD bwehok~ lncmqe mading frequency if elevated rmponse read. Drilling Area 
Remark S-t : &~%LsALQ,J~~ : s-2 = &,(s&o,o~ : Background 

- 5 IsALexigsJ! s-c=+ &&$CO~~* 9-6 = ~GdS&OJe~ 
(ppm): [03] 

J I 
Converted to Well: Yes No J Well I.D. t: 



etra Tech NUS, Inc. BORING LOG 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

\ 
MATERIAL DESCRIPTION 

Sample Dam Blows/ SampI* wl0lagy 
No.anO (Ft) 5” or Racovwy Change Bd 
Typoor or ROD I f- -ulyl 

RQO Run I%) SampI ) COfUhtWtC 
NO. or Y color 

PIWFID Rudtnp (mm) 

U 
S 
C Remarks 
s 

+ 

” Include monitor madiyl in 6 foot intervals @ bomhok Incmssa madiqfreqwncyifelevatedmpoclMmad. 
Remarks: S- ( - &~cQ$Lolo I *. $- 3 = 

Drilling Area 
Is&03 04; Background 

.s-s= &tc&,3~13<, 
(ppm): F] 

/ 
Converted to Well: Yes No cI WeU I.D. #I 



etra Tech NUS, Inc. BORING LOG Page 1 of 1 e- 

PROJECT NAME: NSWC Crane BORING NUMBER: /&, / >&.s4 
PROJECT NUMBER: U087 DATE: ,I/ k[V 
DRILLING COMPANY: not applicable GEOLOGIST: 5 * FJClC 

* When rodr caring. enter rock bmtmees. 

DRILLING METHOD: hand auger DRILLER: 
MATERIAL DESCRIPTION 

I 6tewsl smepte Lmwegy 
6-w Recevefy Clung* 6etl 
ROD I I- - 
1%) -mti I- 

Y cobr MRtertelC~ . 
Remarks 

** include monitor reedlg in 6 foot tntewalr 0 bar&de. Incmase reading fmquency if elevated rq~~nse read. Drilling Area 
Remarks: S-1 = /j&fS&o+~~. S-2: &ds&oLi03-. s-t/= ,$&rSbwi04; Background (pPm):E\ ~ - % BClrEACo40r-: S-6 = d6lSJ~4,L I I 
Converted to Well: Yes No Well I.D. %: 



P!+ etra Tech NUS, Inc. 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY 
DRILLING METHOD: 

l When rock cwing. en 

BORING LOG Page f of f wm 

NSWC Crane BORING NUMBER: &IS,& ac; 
UOS70083TE: /1/O/94 

: not applicable GEOLOGIST: 5’ &f/L 
hand auqer DRILLER: p. .)/F‘A- 5 OF4 / s ’ /r/ nc 

MATERIAL DESCRIPTION PDJFID RucUnO (PPW 
Llm0locv I 1 II 

or 
senm0d or .I 

Y cot0 MataftJl ClruMutlon 

Inarval Rock 
Ha(r3nas II 

S 
. 

Remarks 

M Include mmilcr wading in 6 fod intervals 0 borehole. I- reading frequency if ekwated mponse read. Drilling Area 
Background (ppm): ml 

Converted to Well: Yes - No 4 Well I.D. #I 



0 R Tetra Tech NUS, Inc. BORING LOG Page 1, of / 
BORING NUMBER: &I/ 5,Po I PROJECT NAME: NSWC Crane 

PROJECT NUMBER: 008 1770 083 DATE: f&/L;S 
DRILLING COMPANY: not applicable GEOLOGIST: S.&f/C 
DRILLING METHOD: hand auger DRILLER: L, 5/fwPpJ~~J c I /J f/L 

t MATERIAL DESCRIPTION PIDIFID Rud~ng Wm) 
Sample Depth BlowsI Sample Ltlhmology II I I I I I 
No.and (Ft.) 6- or Raeovwy Chant SOlt 
Typa or or ROD I IDwiluFt D.-w 

S 

ROD RUl3 IX1 SamvIm I COIUISWIIC II c RemarLr 

” Includo monitor reading in 6 foot intewak 0 bomho&. I- reading fmqwnq if devated qonse read. Drilling Area 
Remarks: S-l = &rSgpora, ’ 5 -3 7 &I Sdpolo3 * S+ = &&I&; I Background (ppm): lo.1 ~ 

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



L ‘It Tetra Tech NUS, Inc. BORING LOG Paw -- IOf 1 

PROJECT NAME: NSWC Crane BORING NUMBER: &(splo> 
PROJECT NUMBER: 0087 Cm 083 DATE: “(Lc\ClS 
DRILLING COMPANY: not applicable GEOLOGIST: 5 +fiL 
DRILLING METHOD: hand auger DRILLER: 

L 
MATERIAL DESCRIPTION I 

, I 1 

Material Class- 
Remarks t T6 

B 

0 , 

- 

- 

- 

- 

- 

- 

- 

- 

i 
B 

- 
J1 I 

- 
- 

I 

- 

- 

w 7 

Ir 
t e 
6 

0 

- 

l When rock mrir~. enter rock kdmness. 
” Include monitor reading in 6 foc4 intewals 0 burehule. I -.--. Increase reading fmqueny if elevated reponse read. Drilling Area- 

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



P&b etra Tech NUS, Inc. BORING LOG Page J- of f 

PROJECT NAME: NSWC Crane BORING NUMBER: 
PROJECT NUMBER: 0087 DATE: ~=7$%?-- ~ 
DRILLING COMPANY: not applicable GEOLOGIST: s, ?dP/L 
DRILLING METHOD: hand auger DRILLER: 

MATERIAL DESCRIPTION 

- 

- 

- 

- 

- 

- 

- 

PlDmD RudN lDp( 

w Include monilor reading in 6 fool inlewals QD bomb&. Immase~ madii fmqlmnq if cdbvalad mponse read. Drilling Area 

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



EL etra Tech NUS, Inc. BORING LOG Page 1 of _I 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY 
DRILLING METHOD: 

NSWC Crane 
008/ C-i’0 083 

BORING NUMBER: &IS&h ‘/ 
DATE: ” Is; tc;r; 

: not applicable GEOLOGIST: 
hand auger DRILLER: 3d /S./vft/c 

MATERIAL DESCRIPTION PWFQ RW (PPW 
U I 1 I I.1 
S 
C 
.S Remarks 

l 

I I I I I/ I I/ I I I 
’ When rock coring. enfor mdr bmkcmex. ’ When rock coring. enfor mdr bmkame~ 
m Indudo monitor reDding in 6 fool intewak @ bomhok. Increase madiifreqlMncyifdevotedmponscr~. Drilling Area, ~ 



Ekl Tetra Tech NUS, Inc. BORING LOG Page i of 1 -- 

PROJECT NAME: NSWC Crane BORING NUMBER: &/.5&l or- 
PROJECT NUMBER: 0087 DATE: ‘l/y’/95 
DRILLING COMPANY: not applicable GEOLOGIST: s, d<r~ 
DRILLING METHOD: hand auger DRILLER: 14, S/flf-J--J / s. d f/L 

MATERIAL DESCRIPTION P’MWJ -adme Ippn) 

Samph Depm 8lows/ Simple LltRology U 
NO. and (Ft) b” or Rrovwy CRepe 8M c I I ; _ Remarks 

e Include monitor reading in 6 fool intervals @ bred~~&. lnasore reading freqwwy If olevaied mponse mad. Drilling Area 

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



bia etra Tech NUS, Inc. BORING LOG Page A of I 

PROJECT NAME: NSWC Crane BORING NUMBER: @\4bpo I 
PROJECT NUMBER: 0087 no 083 DATE: tk\b)4r, 
DRILLING COMPANY: not applicable GEOLOGIST: < tit IC 
DRILLING METHOD: hand auger DRILLER: ic ~~,psw / l*(rlf/L 

MATERIAL DESCRIPTION mm0 R.-w Im) 
Sample Depth Blows/ Sample Lithokgy U 
No.and (Ft.) 6 or Racovmy Ctmnpe 
Typeor or ROD I (DapwFL zw 

s 

ROD Run (Xl Ympk I CWUhWnC C Rmlllrlr~ 

m Indud monitor reading in 6 foot intedvak @ bomhob. Inor reding fmqumcy if dmmfad reponse mad. Drilling Area 
Remarks: S-I = &mVo~‘, (4 = &1%6~03 I &d~&pO roq *. Background 

1F6fO\bt:. 
(ppm): FI 

(a-dL R&i46po\D’~ v&i\ ,t- bbr*. &a tap C.-Q/ r-e&r. (. 
J 

- No J Well I.D. #: 



IMEt etra Tech NUS, Inc. BORING LOG Page / of / -- 

PROJECT NAME: NSWC Crane BORING NUMBER: &II s&k $ 
PROJECT NUMBER: 0087 DATE: IIj(I(r;c 
DRILLING COMPANY: not applicable GEOLOGIST: 5. ml/~ 
DRILLING METHOD: hand auaer 

I I 

Sample DopUn Blows/ Sampk 
NO. and (Ft) 6’0, Rocovy 
Typo0 or ROD I 

1 RQD I Run I 1%) I Ram* 

MATERIAL 
I I 

- , DESCRIPTION 
u 

Drilling Area 
Background (ppm): 1’1 



BORING LOG w etra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 008/ CT0 083 

BORING NUMBER: &4{5@o3 
DATE: rtlc /44 

,,DLOGIST: c. rlilr DRILLING COMPANY: not applicable 
ILLING METHOD: hand auoer 

I 

DR -DRILLER: - -- I - 

M8t8rl8I cl888mc8tlon 
Remarks 

8cmnsd or . 
Intsrval ROCk 

tl8mnas 

” Includ8 monilor reading in 6 foot inlafvals 0 borehok I- reading frequency if elevated rqaonsa rd. Drilling Area 
Remarks:5-( -- ~t~.&%o~~, 5-2, = &W56@23 03 ; q-q : &15@33~qj 

-i rrbPoao<, -5 c, &KS@ 
Background (ppm): 1=1 . - -- O?O(n. I 

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



Tetra Tech NUS. Inc. BORING LOG Page I of L 

PROJECT NAME: NSWC Crane BORING NUMBER: &#I~@~ 
PROJECT NUMBER: 008/ CT0 083 DATE: /Ilk&f, 
DRILLING COMPANY: not applicable GEOLOGIST: 5.. &I L 
DRILLING METHOD: hand auger DRILLER: Y. 5 I@-PSCJ /S./y f-4 

MATERIAL DESCRIPTION PWRD RW (pm) 

Sample LRholopy I I 
Boll 

DemnYl 

Color MeterhI clruMutl00 
Remarks 

Y 
or 

Reck 
llwenns 

r-l 

*When reek coring, enter rotx uacena~. 
” Include monitor reading in 6 foot intends 0 boreh&t. Increase 

Remarks: s- I c- k;lscJFb40~ as 5 - 3 2 
mdhg fmquency If e+evated mponse reed. Drilling Area 

5 -b = &&ctaPo4o&a. s-5: t%(~o’qos’ 
&&b&q03 *, 5-4 -- &aj&ka~u. 

/ 
Background (ppm):F] 

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



etra Tech NUS, Inc. BORING LOG Page i of 1 -- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: U087 083 

BORING NUMBER: s\‘j&&& 
DATE: (1 Is I44 

DRILLING COMPANY: not applicable GEOLOGIST: J . tit 1~ 
DRILLING METHOD: hand auger DRILLER: jL*S/b-P~N / S-&f/i 

I I I I I I MATERIAL DESCRIPTION PtWflD Rudtng (ppcn) 
11 I 1 I I 1 

“Includa~dingin6footinlawakB)~. Incmasa rmdingfmqlJancyifelavNtdnponremNd. Drilling Area 
Remarks: 5- I = f?h( S6Por0r *. C- 3 : &166Pcgtq: 5-q. &.ls&pofq~ 

j 
Background 

PCYDF’. C-b t bc;rfS&&‘OC‘b~ . 
(ppm): FI 

I 

Converted to Well: Yes . No 4 Well I.D. #I 



etra Tech NUS, Inc. BORING LOG Page 1 of I -- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 006= 
DRILLING COMPANY: not aoolicable 

BORING NUMBER: &IV% 3POb 
53 DATE: ,f(S(4c; 

-GEOLOGIST: 5% c)JfL 
DRILLING METHOD: hand auaer DRILLER: Ic. / 1. /f/L 

s 
C 
s . 

l Whon rock cwtng, enter rock brownew. 
“IncludemanilorrwdiiinBfootintends~bomhole. lncmrbse roadingfmqlbonoylf-ropolmorrod. Drilling Area 
Remarks: 5-\ = &~~.&?oLo(-, s- 3% Wdf;&p~03; ~,+..,QLc~ -PQG,J 

%?- Otz\brwcCC &-t.tlrL. I Background (ppm): fii 

Converted to Well: Yes . No J Well I.D. #z 



B etra Tech NUS, Inc. BORING LOG Page I of -- 

PROJECT NAME: NSWC Crane BORING NUMBER: &56?0- 
PROJECT NUMBER: B DATE: 4rl5 144 
DRILLING COMPANY: not applicable GEOLOGIST: < 
DRILLING METHOD: hand auger DRILLER: 

6 MATERIAL DESCRIPTION 
LampI* Depth Blows/ Sample Umolqy 
40. and [Ft) 6” or RKOVwy cmmg* SW 
ryp or 0, RDD I 1-t D-=wf 
ROD RUI? /‘Al SampI* 1 cwsmwc 

NO. Lwlgm or Y CDiDf MRtulal c%wsmwtlon 
scmnod 01 
Intorv8l Ram 

Hamnas 

PIWFID Roadtnp (ppn 
U 
S 
C 
.S Remarks K 
. 

” Include monitor reading in 6 fool inkwvak (p bcdde. Incr6aw madii fraquemcy il d&d reponw read. Drilling Area . > , - , 1 



E!+ etra Tech NUS, Inc. BQRING LOG Page 4 of I -- 

PROJECT NAME: NSWC Crane BORING NUMBER: (5uiS@OS 
PROJECT NUMBER: iDATE: ‘( l(of4r\ 
DRILLING COMPANY: not applicable GEOLOGIST: 5. cl< IL 
DRILLING METHOD: hand auger DRILLER: 

*When rock awing, enter rock bmbmss. 

Drilling Area 
Background (ppm): IFI 



etra Tech NUS, Inc. BORING LOG Page I of I -- 

PROJECT 
PROJECT 
DRILLING 
DRILLING 

NAME: NSWC Crane 
NUMBER: 0087 
COMPANY: not applicable 
METHOD: hand auger 

I I MATERIAL DESCRIPT 

BORING NUMBER: EOGIST. 
5 CJflC 

DRILLER: ’ li. ‘&FP~J / 
‘ION I I 

‘When rock coring, ml rrockbmkmess. 

U 
s 
C 
S 
. 

!! 

i 

- 

- 

- 

- 

- 

L 



0 R Tetra Tech NM. tnc. BORING LOG Page- - 1 of I 

PROJECT NAME: NSWC Crane BORING NUMBER: &,I w 629 lO4* 
PROJECT NUMBER: 0087 DATE: 11 ‘5 \q< 
DRILLING COMPANY: not aaolicable GEOLOGIST. c hi4 Id 
DRILLING METI iOD: hand auger _ . . ___. _. 

. 
MATERIAL DESCRIPTION 

SampI0 Llthology 
Rammy Change w 1 

----- -.- . . >I I- ,,L 

DRILLER: g* 5 /flf 3rd /S./d‘ 
l- I Pmm Rudcng (PPW 

U 
s 
C 
S 

Remarks % 8 
. 

Converted to Welt: Yes -No J Well I.D. #: 



etra Tech NUS, Inc. BORING LOG Page- - i of I 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING METHOD: 

NSWC Crane 
087 DO 083 

BORING NUMBER: &s&L’, I 
DATE: ff/-rlfCt 

not applicable GEOLOGIST: y. IJ 2 IL 
hand auger DRILLER: Jd~ 5/,f9Ld,c, /L/drc 

7 I MATERIAL DESCRIPTION PIDIFID RUdhlp (ppn) 

G 

” . 
S 

Y ololl C 
I -’ 

Cl MRtollal cl8ssKkauon I I .S 
Remarks Ml% 

or I I l I I::lel61 
b 
t = 6 

- 

‘When red axing. enlsr rook brokemoss. 
I I I I I I I I I 

” In&do monitor mading in 6 fad intends 0 bomhob. Incmasa mading fmquey if &n&d mponsa mad. 

Remarks: 5-l = &>5&orot: 5-q= 6695~Lncw~~, 5-4 = &J$~c~o\oc~. 
Drilling Area 

(-<i&&&,0\ 4 lp ‘&&<&&a --. - ‘1 
, Background (ppm): by1 

DtOb 
J 

Converted to Well: Yes No Well I.D. R / 



lrtl Tetra Tech NUS, inc. BORING LOG Page I of / m- 

PROJECT NAME: NSWC Crane BORING NUMBER: RG/S&,o,. 
PROJECT NUMBER: U DATE: ill7lSci 
DRILLING COMPANY: not applicable GEOLOGIST: 5 .r/+/~ 
DRILLING 

Sample Depth 
No. and (FL) 

n 
Type0 or 

RQD RUII 
NO. 

METHOD: hand auger DRILLER: _ 

m Includa monitor fending in 6 fad inkvak Cp bofehok. I- madIng freque~ If CJbvRled mponsa read. 

Remarks: ‘j-l= 6c13S&G0~[: s- 3 z &,y~b~OLo %, 
Drilling Area 

‘j-4 5 f3G+sbcC;cpY* s-c= &aJ.EXc;O;1&~i s-c; 
Background (ppm): l=i 

I &bcua. 
~ 

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



etra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
BORING LOG Page L of I 

BORING NUMBER: 24, II <R&6 4 
PROJECT NUMBER: 00870 083 

II R JY -- - 
DATE: 

DRILLING COMPANY: not 
l1/3GS 

aoolicable 
DRILLING METHOD: hand 

GEOLOGIST: s. Al7 IL 
aer DRILLER: Iv, S~F~SQd /I. /l/f/c 

I I I N lATERll 4L DESCRIPTION 
1 I I I I I 1 Sample Depfh 

No.md (R) 

m 

Typo0 or 
ROD Run 

NO. 

S II C Remarks 

I I Ui . Fe- I, ,I \ T 
-i. L IL 

LIII I 
‘R’ux I I I _\. -, -- I , v , V 

l/l 1 
lay, WV 

1 
IId-,” I ‘C, v 

I I I I I I I 

m Include monitor reading in 6 fad ithvah @ bnmhob. Increase reading fnqv if md m d. Drilling Area 
Remarks:ssr- 1 -. &>‘%%GI~~o\‘, 5-3 L &c n~S&e0~03 : Background 

?r7; * <-to i g&lLS&O~Ob 
(ppm): 1x1 

J 
Converted to Well: Yes . No .A Well I.D. * 



Fii 2 I; etra Tech NUS, Inc. BORING tivv 2 I nc Page f of e- 

PROJECT NAME: NSWC Crane .BORlNG NUMBER: k&+5&274 
PROJECT NUMBER: UOS7CTo083 DATE: /r/q 19’; 
DRILLING COMPANY: not applicable GEOLOGIST: 5 r\i?L 
DRILLING METHOD: hand auger DRILLER: g. S(#wPS w 15, At TIC 

MATERIAL DESCRIPTION PIWPID Roaolng 
I I u I I I I 

* When rook ming. enter mdc br0k~~~. 
n Indude monitor reading in 6 fad infemls (p bor&de. I- mixfiiffewKmYif~repa8emad. Drilling Area _ 
Remarks: S- \ = 6bXBcSaCo1; S - 3= bbXb6DrfO3 

T-d-- &\EA6734h\. 
Background @pm): WI 

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



‘ml Tetra Tech NUS, Inc. BORING LOG Page i of I -- 

DRILLING COMPANY: 
DRILLING METHOD: 

PROJECT NAME: NSWC Crane BORING NUM 
PROJECT NUMBER: 00870 083 DATE: 

not applicable GEOLOGIST: I. dtlL 
hand auger DRILLER: y. s/fl/B,L’n’ / s ./v-?-/L 

MATERIAL DESCRIPTION T I FWFID RmHltng (ppm) 
U 
S 
C 
.S 
. 

!I 

E 

g 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Blows/ 
No.and (Pt) 6” or 

or I 
RQD Run WI 

NO. 

* Include monitor madlng in 6 foot intwh @ bomhob. Increase rending fmqwncy if ehwated rep read. Drilling Area 
Rema*: j- i = &~%GIOC;OC a, s- 3 = &a-~&~~ Background (ppm): -1 

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



etra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane BORING NUMBER: &.+siS A o I 
PROJECT NUMBER: OT)87 DATE: II /h/45 
DRILLING COMPANY: not aoplicable GEOLOGIST: 
DRILLING METHOD: hand 

5. N’ II& 
auger DRILLER: g. $,Pv7p.s-J / id. f-f40wu 

‘ERIAL DESCRIPTION PDJPID RW (PpnJ 
Bampla Owth Blows/ Sampb Llthology I U ,ll--n-l 

BORING LOG Page I of 2 

s 
I-I C Remarks I 

t’ i v t I i I-. I 1 ,- - .-.---, , , 
L /I I\ I I I III 1 

l When tuck Cain& enter rock brokw~~~ 

“Inciudemodormadhgin6fodivtknds~~. I- rcrodingfmqw~ifchvat~raponselapd. Drilling Area 
Remarks: S-I = &.35&~~0t * s-3 f ,563~4,~~~3 Background (ppm): [El 

Converted to Well: Yes No Well I.D. * 



II!!!+ etra Tech NUS, Inc. BORING LOG Page 1 of 1 m- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 3087 m 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

MATERI/ 
S8mph Lltholagy I I 

BORING NUMBER: &I ? \RAo ,k 
DATE: IllA 
GEOLOGIST: 4, ,.i f 
DRILLER: z. St. 

PIDIFID RoWlog (pp~ 

I I I I 

NO. 

U 
s 
C 
s 
t 

i 

I 

;r! 

i 

22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

l When mck coring. 



etra Tech NUS, Inc. BORING LOG Page I of I 

PROJECT NAME: NSWC Crane BORING NUMBER: :.:+ ;j;i, 3 
PROJECT NUMBER: 0087 DATE: itI4 14% 
DRILLING COMPANY: not applicable GEOLOGIST: . *IalL 
DRILLING METHOD: c S,/r/j@F’/ z, c&-J& 

I 
hand auger DRILLER: 

MATERIAL DESCRIPTION 
L&W I I U 

s 
C 
S 
. 

!!L 

t 

E 

- 

- 

Drilling Area 



etra Tech NUS, Inc. BORING LOG Page ( of 1 -- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 3087 mO83 
DRILLING COMPANY: not applicable 
DRILLING METI IOD: hand auaer 

BORING NUM 

A 



BORING LOG Page 1 of 1 m- P&J Tetra Tech NUS, Inc. 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING METHOD: 

I Blows/ SampI* 

NSWC Crane BORING Nl 
B DATE: 

: not applicable GEOLOGIS 
hand auger DRILLER: 

MATERIAL DESCRIPTION 
brow I I 

‘1 -J I/ 
I I /I II I 

I i i5-i 

* When rock coring, enter rock bmkemss. 



I-Rb etra Tech NUS, Inc. BORING LOG Page f of 1 mm 

DRILLING METHOD: 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 3087 m0 083 
DRILLING COMPANY: not appiicable 

hand auger 

BORING NUMBER: 66 =A MO / 
DATE: /I AM4 
GEOLOGIST: 5, &f/L 
DRILLER: BQ I,rr/lW/ d. /&H 

. DESCRIPTION PIDIFID RoaOtng (ppcn) 
U I I 1 I 1 

*When reck coring, enter mck bmkanss. 
” Include monitor reading in S fod intm @ borehole. Incmnsa ruadlw fmquency if ehvald npanre read. Drilling Area, , 

Background (ppm):l 0 .Q 1 



0 R Tetra Tech NUS, Inc. RfiRING I LOG Page I of f --. .I.-- e- 
n .n . . 

PROJECT NAME: NSWC Crane BORING NUMBER: /%q >&Nor 
PROJECT NUMBER: 0087 DATE: &II r\+* 
DRILLING COMPANY: not applicable GEOLOGIST: S. r-41~ 
DRILLING METHOD: hand auger DRILLER: /e4++ /L. S/r-t-~//L. 

----- .--.. --....-, -...-. .--- _._.._. 

ffqmnqlfi3kwaledmponseread. 



I3 etra Tech NUS, Inc. BORING LOG Page- __ 1 of I 

PROJECT NAME: NSWC Crane 
0087 m 083 

BORING NUMBER: &3SgMo 3 
PROJECT NUMBER: DATE: -_ -_-. ItlLlsc , - . . , 
DRILLING COMPANY: not applicable GEOLOGIST: 5. ,451~ 
DRILLING METHOD: hand auger DRILLER: 2. S/d++ / /r . df@J 

MATERIAL DESra 
tllows/ 6smplo LHnsbgy 

6” or 
RQD 
(%I 

- 
v, .IPTION 

I 
I PIED Rudm 

U 
S 
c 
S Remarks 

l 

*When rmk caring, enter rock bmkmess. 
” Include monitor reading in 6 fool intervals 0 bomhok Inaw8e rodngfmqw~6~odmponsomad. Drilling Area 

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



etra Tech NUS, Inc. BORING LOG Page 1 of 1 -- 

PROJECT NAME: NSWC Crane BORING NUMBER: i&35& CJWLI 
PROJECT NUMBER: 1 DATE: 1\\3\S 
DRILLING COMPANY: not applicable GEOLOGIST: 5. + iiL 
DRILLING METHOD: hand auger DRILLER: 

MATERIAL DESCRIPTION 
I I 

Converted to Well: Yes . No w’ Well I.D. t: 



I-&hem -reti Nus, Inc. BORING LOG Page 1 of 1 me 

PROJECT NAME: NSWC Crane BORING NUMBER- i?f.2<& FJ\oC 
PROJECT NUMBER: 76i 387 DATE: 

- r'+* --> 
,, IIICC' 

DRILLING COMPANY: 
DRI 

I/ I I I I I I I 
. 

I I I I 
’ When rock cartng. enter mck brokenew 

~ 
n Include monitw reading in 6 foot intervah @ borehohx Increase mding freqwny if ahatd mfmnw read. Drilling Area 

5 
-3= 

t$693%zoAorcj’ 5-q = f&&$-y+ 
w*& r 9- 6 ‘z &#~c;~~or;oc: ; Background (ppm): F[ 

I 
Converted to Well: Yes No ,/ Well I.D. #I 



IITtfi etra Tech NUS, Inc. BORING LOG Page 1 of / 

)87 DATE: 41 />pFl 
wplicabte GEOLOGIST: 5 PJflL 

lger DRILLER: ;c. L4J.J / 44. / fP.d 
II MATERIAL DESCRIPTION PlDlRD RW (pm1 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: m 
DRILLING COMPANY: =. . 
DRILLING METHOD: hand aL 

BORING NUMBER: &3S&wo & 

Blows1 Sample LRhology I I I I Id 

” Include monitor reading in 6 fool intervals QD borti. Incmasa reading frqumq if elev&d mponse read. 

Remarks: 5-t = &4$&406of : S-3 = &35&t&,03 : 
Drilling Area 

Background 
WI/. O~Ulh$ 7 S1wpG\ 4x-l &u 6 

@pm): ml 
(Pu f&&Q 4 Y f%c / I 

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



EL etra Tech NUS, Inc. BORING LOG Page 4 of i m- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: (30870 083 
DRILLING COMPANY: 

= When rock coring, enler rodr brokeness. 
u Include monitor reading in 6 fool intervah @ bomhola. lncrmse mading frequency if dwated myoma read. Drilling Area 
Remarks: 5-i’: BGijsgfvIoloI; 5-3= &&q3,~w0~33: s-4=&63Q%wwf; Background (ppm): lo-01 

- = UMWILC. c L * - .Z’ LsG3vM-07 alp . I - 
Converted to Well: Yt$S No Well I.D. #: 



etra Tech NUS, Inc. 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING METHOD: 

Sample Dqth Blows 
lo.md (FL) 4 6” 0, 
‘ype0 or ROD 
RDD RW (W 

NSWC Crane 
OO&/ c; ITI 083 

BORING NUMBER: &,35$ \yZZq 
DATE: 1\13Wi 

not applicable GEOLOGIST: < ,ri ‘r \L 
hand auger DRILLER: g. $tipwd / y. (#frN 

I I MATERIAL DESCRIPTION I I POPID R--w IPPW 

NO. 

BORING LOG Page l of i -- 

When rock wring. enfar rock brwmma. 
w Inch& monitor read in 6 foot inlewals 

Remarks: 

Converted to Well: Well I.D. ##I 

Drilling Area 
Background @pm): lo.01 ~ 



I!!@ etra Tech NUS, Inc. BORING LOG Page i of I m- 

PROJECT NAME: NSWC Crane BORING NUMBER: &+350” oci 
PROJECT NUMBER: 0087 DATE: I( ‘3\% 
DRILLING COMPANY: not applicable GEOLOGIST: < G<lL 
DRILLING METHOD: hand auqer DRILLER: ti. S/~crwc/ / 5: rf/c 4 

I I MATERIAL DESCRIPTION 1 I RDlFlD Ru41(lq Ip~(n) 
U 

-r 

S 
c I 

MaterId ce S 
Remarks 

I * 
I 

*When rock coring, enter rock brokeness. 

Converted to Well: Yes - No / Well I.D. #I 



IRt, etra Tech NUS, Inc. 

# l 

Page ( of I BORING LOG 
AM/O -- 

)087cToD~~: /I /c/ /44 
lot applicable GEOLOGIST: s. &f/c 

ger DRILLER: g* srbwp5b-J / 5 -r/ f/L 

I I I I I I MATERIAL DESCRIPTION MD Rud)np t~(ul 
U I I I I .I 

\ / 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 7 
DRILLING COMPANY: 7 
DRILLING METHOD: hand au! 

BORING NUMBER: & 35 

/ / 

l When rock wring, enter radr bmbnms. l When rock wring, enter radr bmbnms. 

Drilling Area 
Background (ppm): E] 





Page 1 of I -- Tetra Tech NUS, Inc. BORING LOG 
BORING NUMBER: B c- 1 S B A 17 

387 CT0 083 DATE: if-l . 7 .’ m 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: m 
IRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

/ IL /bvv?ysm 
DRILLER: NA 

TERIAL DESCRIPTION I I PIDFID Reading (ppm) 

U I 
S 
C 

Material ClassifiGalim S Remarks 
l 

. When rock c :ori ing, enter rock brakenees. 
Include monitor reading in 6 foot intervals 0 borehole. increase reading frequency if elevated reponse read. Drilling Area 

Remarks: t\lO$Q+ %$91 Background 
fzt+Y s 

(pprn):FI 
- 

Converted to Well: Yes No i,‘- Well I.D. #: 



Tetra Tech NUS, Inc. Page J- of J- 

O- 

* 

4- 

0 Ilt BORING LOG 
PROJECT NAME: NSWC Crane BORING NUMBER: Bc-1 $8 A 22 8 
PROJECT NUMBER: 0087 CT0 083 DATE: if) n & -’ 00 
DRILLING COMPANY: not applicable GEOLOGIST: k srrr\&W$/ K. rAhfi37 
DRILLING METHOD: hand auaer DRILLER: ‘N A 

T! 

l * Include monitor reading in 6 fool intervals f3 borehole. Increase reading Cequency if elevated reponse read. Drilling Area 
Background (ppm):lI 

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



tI!!!J Tetra Tech NUS, Inc. Page 1 of I -- BORING LOG 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auaer 

Depth Blows/ 
Ft.) 6” or 
or Rtxl 

T 
Run (“4 
NO. 

BORING NUMBER: B G 1 56 &I? 
DATE: i0 8 7 -I 00 
GEOLOGIST: ti, srr@4oM / K. /%MPj~~ 
DRILLER: 

_ 
NA 

PlD!FlD Fleeding (ppm) 
- 

iUllPl’ 
NO. 
and 

YPe 0 
RQD 

- 

IRIAL DESCRIPTION ‘1. MATE 
Sample Lttholw 
?ecovery Change 

I (DeptM=t 
SWIIPIS 1 
Length or 

SCWllE!C 

lntervsl 

o- 

- 

IlIz a 

Soil 
Den&Y/ 
43nrktac 

i 

Y CO10 
or 

Rock 
iwdocss 

b- 

r/ 
2/ 
3/ 

s-/ 
6/ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
l When rock coring, en rock brokeness. 
‘* Include monitor reading in 6 fool intervals Q borehole. Increase reading frequency if elevated reponse read. 

2 
t 
E 
E 
8 

- 

- 

- 

- 

- 

- 

- 

L 

- 

- 

t 22 
8 
3 

- 
- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 

- 

- 

- 

r 
Remarks i 

8 

Drilling Area 
Remarks: t\lOQyf swyl Background 

El+?&- %.-6w%q- 
(ppm):ld 

Converted to Well: Yes No p’- Well I.D. #: 



etra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auaer 

BORING LOG Page I of 1 

BORING NUMBER: (3 G/ sg A 3 (cj 
DATE: 
GEOLOGIST 
DRILLER: 

I I I MATERIAL DESCRIPTION I 

Nlaterkl Classiflcafim 

I Blows/ Snmplc Lithokgy 
6” or Rcovefy Change 
ROD I 

i-4 sample 
Length or 

Remarks 

PlD/FiD Reading (pp 

l When rock coring. erner rocr oro*enese. 
l * Include monitor reading in 6 fool intervals 0 borehole. Increase reading frequency if elevated reponse read. Drilling Area 

Background (ppm):cl 

Converted to Well: Yes No / Well I.D. #; 



b 

PROJECT 
PROJECT 
3RILLING 
DRILLING 

Nhen rock Q 

‘etra Tech NUS, Inc. BORING LOG 
NAME: NSWC Crane BORING NI 
NUMBER: ? CT0 083 

JMBER: a c-1 % p I\ 
DATE: if-J . 5- .’ CQ 

COMPANY: not applicable GE01 OGIS -.-----v-T: K 
METHOD: hand au1 aer DRILLER: 

MATERIAL DESCRIPTION I I PIDSID Resding (ppm) 
I Sample Litholqy 

Recovery Change Soil 
I (DeptWPt. OcmsiJ S 

Sampla 1 r2nlaletenc C Remarks iTi g 
$8 d R 

Length or Y COlW Material Clasei&ation S a 

Page 1 of I -- 

7’ 

7’ 

7- 

7’ 

7’ 

7’ 

7’ 

7’ 

7’ 

7- 

7’ 

7’ 

7’ 

7- 

7- 

7’ 

7’ 

7’ 

7- 

MUI> 1 ‘--’ - 

’ Include monitor reading in 6 foot intervals 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Background (ppm):wl 

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



ITtcc etra Tech NUS, inc. BORING LOG Page -!,- of 1 
\ / 

PROJECT NAME: NSWC Crane BORING NUMBER: B 6-- 1 58 p i : 
PROJECT NUMBER: 0087 CT0 083 DATE: 

2 

DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

io, (&I.00 
GEOLOGIST: k, sr&sO($ / j& fpym-5 
DRILLER: NA 

l * Include monitor reading in 6 foot intervals Q borehole. increase reading frequency if elevated reponse read. - Drilling Area 

r 

Background (ppm): I] 

Converted to Well: Yes No t/l Well l.D, #; 



Page 1 of I -- ‘etra Tech NUS, Inc. BORING LOG \ J 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: & 
DRILLING COMPANY:= , , 
DRILLING METHOD: hand auaer 

087 CT0 083 
acolicable 

BORING NUMBER: B c-1 G.6 ? i % 

I I MATE 

DATE: io , fi 1. 00 . 
GEOLOGIST: L(, s~rr\(‘SO($ / j& f?@yv-s 
DRILLER: NA 

I PIIYFID ReAng (ppm) AL DESCRIPTION U S C s 
l 

I; 

> 

- 

- 

- 
- - 
- 

Remarks 

O- 

b- 

: 
2 
z 4r s e - - - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I 
/hen rocx r rock brokeness. 

** Include monitor reading in 6 fool intervals 0 borehole. Increase reading frequency if elevaled reponse read. 

Remarks: I\lOcm 407 s%# 
tkC?r- 1;‘~406S 

Drilling Area 
Background (ppm):lT] 

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



I% Tetra Tech NUS, Inc. BORING LOG 
PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 I 
DRILLING COMPANY: not applil 
nau I I~IC hmzrunn- hnnr-i 

383 
zable 

BORING NUMBER: fs 

I-IRII I FR. r\lA ’ 

T! 

rl 
l 

- . ..-.. .--.. -- . . . . -, “...“. .““” “I”..Y.,YI1. 

l * Include monitor reading in 6 fool intervals @ borehole. 

Remarks: N0Qy-f 
&/VW- 

Drilling Area 
Background (ppm):lT] 

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



@I Tetra Tech NUS, inc. BORING LOG Page 1 of I -~ 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applic( 
DRILLING METHOD: hand auger 

BORING NUMBER: B G-1 56 P -c 7 
DATE: if) . 6 .’ 

DRILLER: NA r 

ll 
s 
C 
s 
* 

I 

3 

i 

RL 

ii 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2 
- 

- 

I 

MATERIAL DESCRIPTION 
Llthdogy 
Change salt 

(DeplNTt. lIeneil@ I 
I CMSl$lCne 

or Y mat Mate&at Clastl5lsa@2n 

Interval REk 

PID/!30 Rec&ing (ppm) 

No. 
and 

.YPC c 
RQD 

acplt 
(R.) 
or 

Run 
NO. 

Blows I 
6” or 
ROD 
I%) 

7 

/ 

/ 

7 
7 
/ 

7 

/ 

7 
/ 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Remarks 

- 
rock brl ’ When rock coring, entt 

l * include monitor reading in 6 fool intervals 6 bofehole. Increase reading ftequency if elevaled reponse read. Drilling Area 
Remarks: I\lOrw won3 

tt+%f- c-9yki4 
Background (ppm):ll 

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



Tetra Tech NUS, Inc. BORING LOG Page i of J- 

unple Deptt 
NO. W.) 
and or 
‘pear Run 
Km NO. 

PROJECT NAME: NSWC Crane BORING NUMBER: 66-1 s& ? 39 
PROJECT NUMBER: 0087 CT0 083 DATE: /O. +.0-i) 
DRILLING COMPANY: not applicable GEOLOGIST: g S cw\PSo~% 
DRILLING METHOD: hand auger DRILLER: NA 

1 I MATERIAL DESCRIPTION I I PlDmD Reading (ppr 

r rocK orowness. 

Remarks 

l * Include monitor reading in 6 foot intervals 6 borehole. Increase reading frequency if elevated reponse read. 

Remarks: Ha&+& -$$? 4/brzt$ 7 
t=n%- c’P79547 

Drilling Area 
Background (ppm):l[ 

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



IRS etra Tech NUS, Inc. Page 1 of I -- BORING LOG 
PROJECT NAME: NSWC Crane BORING NUMBER: 8361 % p 4 0 
PROJECT NUMBER: 0087 CT0 083 DATE: jjJ \ & .‘(Jc) 
DRILLING COMPANY: not applicable GEOLOGIST: k P / IL. t+Qym-5t 
DRILLING METHOD: hand auger DRILLER: 

- e 
I I MATERIAL DESCRIPTION 1 (I: 

1cptt 
m 
or 

Run 
NO. 

- 
Slows/ 6” or ROD (“4 

7 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
7 
7 
7 
/ 
7 
/ 
7 
/ 
7 
7 
7 
7 
7 

Sample 
ikcover 

I 
SOmplS 
Length 

Remarks 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

lhlhen rook CI 

L 

L 

L 

L 
orir 

- 
19, enter rock brokeness 

‘* Include monitor reading in 6 foot intervals @I borehole. increase reading frequency if elevated reponse read. 

Remarks: t\lO&jyj q’ i 0 q 
l5tk$-r- cTL1jY, 

Drilling Area 
Background (ppm):R 

Converted to Well: Yes No i/l Well I.D. #: 



IRI Tetra Tech NUS, Inc. BORING LOG Page 1_ of 1 

RORING NIIMRFR. PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY 
DRILLING METHOD: 

I.“..V Vlllll” --, . . . . - ..- 

0087 CT0 083 DATE: 
‘: not applicable GEOLOGIS 

hand auger DRILLER: 
. 

MATERIAL DE,“, I,, , IV,. 

-._.-- - 

T: - - 
_. ..---. . 

mplc Depth 
No. (Ft.) 
and w 

ypear Run 
RQD NO. 

- ib30 

- wnen locK coring. el !I rock brokeness. 
l * lnciude monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. 

Remarks: N 8 f fi I-in 24,v Background (ppm):ll 
SliJ O%lW 

Drilling Area 

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



4- 

Is etra Tech NUS, Inc. BORING LOG Page 1 of I -- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 

BORING NUMBER: j3 G-1 56 p +3 
DATE: 

DRILLING COMPANY: not applicable 
io ’ ,?T .’ 00 

GEOLOGIST: 
DRILLING METHOD: hand auger 

k, sr~hPSoN / i.(. ~~QyS7-7-% 
DRILLER: NA 

T 

MATERIAL DESCRIPTION 1 PlDmD Rending (ppm) 
ampI Dcptl h Blows/ Sample Litholagy 
No. (W 6” or Recovery Change sett- I’ 

and or ROD I (DepwPt. Density/ 
ypecl Run plb) Sample 1 CondSlalc 
ROD NO. hsth w Y Ct3krt’ hwetiar classll~iozl Remarks 

screened 
lntervd r?zk 

liardnsss 

* When rock ci 19. enter rock brokeness. 

* Include monitor reading in 6 fool intervals 0 bo(ehole. Increase reading frequency if elevated teponse read. ..- - Drilling Area 
Background (ppm):lTI 

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



‘etra Tech NUS, Inc. Page .L. of 1 BORING LOG 
PROJECT NAME: NSWC Crane BORING NUMBER: B c-i 5 z’s)> il q 
PROJECT NUMBER: 0087 C,TO 083 DATE: i0 l 6 -‘OO 
DRILLING COMPANY: not applicable GEOLOGIST: K, 51&%Oru: / K, tiArz”1c6 

.ING METHOD: hand auger DRILLER: NA 
I I I I MATERIAL DESCRIPTION 

1 u 
PlDmD Rending (ppm) 

Remarks 

? 
2 
2 
Ii s 

- 

- 

- 

- 

6 - 
- 
- 

L 

L 

z 

L 

L 

L 

L 

L 

4 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 
ori 

I 
I I I I I 

“9. enter rock brokeness. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

l ’ Include monitor reading in 6 foot intervals 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: r\rO&yj nossz 

f5kSrt-- . * R 
Background (ppm):lTl 

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



Tetra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
OROJECT NUMBER: 0087 CT0 083 
)RlLLlNG COMPANY: not applicable 

BORING LOG Page + of f 

BORING NUMBER:f$&I s& f 6 
DATE: /Q 4‘• 00 
GEOLOGIST: g. StMYGOti 

DRILLING METHOD: hand a 
PIWFID Reading (ppm) 

DRILLER: 
3IAL DESCRIPTION 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

kpth 
w 
or 

Run 
NO. 

(D 
B 
E 
d 

0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IMllPlN 
NO. 
and 

YP= 0 
ROD Remarks 

fk 3- z - - - 
- 

- 

- 

- 

- 

- 

- 

- 

* When rock coring , enter rock 
Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponee read. Drilling Area 

Remarks: r(c&ti 4b 40%- 
LTzz+</ 4s-7 ~mzf+ ~CS%d f 

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



0 -Ri Tetra Tech NUS, Inc. Page J- of J- BORING LOG 
NAME: NSWC Crane BORING NUMBER: 13 c-1 sg P s”o 
NUMBER: 0087 CT0 083 DATE: jQ ’ 6, .’ 00 
COMPANY: not applicable GEOLOGIST: K, .srr@%N / K, fvff%?fj~7 
METHOD: hand auger DRILLER: NA 

I I I MATERIAL DESCRIPTION I PlDmD Remding (ppr n) 

PROJECT 
PROJECT 
DRILLING 
DRILLING 

\ocoverf 
I 

Smnple 
Length 

Remarks 

l When rock c rock brakenese. 
l ’ Include monitor reading in 6 foot intewak B borehole. 

Remarks: 1\10&j+ +73 93 7 
Increase reading frequency if elevated reponse read. Drilling Area 

tk5tL TLC 50 
Background (ppm):rI 

. I 6’ 

Converted to Well: Yes No / Well I.D. #; 



Tetra Tech NUS, Inc. BORING LOG Page 1 of I ~- 

b 

0 =R 
PROJECT NAME: 
PROJECT NUMBER: 
XIILLING COMPANY 
DRILLING METHOD: 

NSWC Crane 
0087 CT0 083 

‘: not applicable 

BORINGNUMBER: i3~39.9) 07 
DATE: iQ * 7 -’ 00 
GEOLOGIST: k4. s;&QIN: / & ~/jQy 

hand auger DRILLER: NA c 
MATERIAL DESCRIPTION PIDFID Reading (ppn 

Lithdcgy U 
y Change Sail 

(DepthiFt. Densih// 
S 

1 rzenrlstsne C 
Color MaterM ClassMcation S Remarks $ or Y 

s,cremed Of l 

Interval Rock 
Hsrdocss 

* When rock coring, enter rock brokeness. 
‘* Include monitor reading in 6 foot intervals 8 borehole. increase readling frequency if elevated reponse read. Drilling Area 

Background (ppm):F[ 

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



0 R Tetra Tech NUS, Inc. 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

BORING LOG Page I of 1 

BORING NUMBER: 0G3 $8 p o 1 
DATE: 4 0 
GEOLOGIST: 1c. ‘: -w;&t\/ 
DRILLER: w+ 

r 

wnen rocK coring, enter rocK 0roKeness. 
l * Include mon 

Remarks: 

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



@I Tetra Tech NUS, Inc. BORING LOG Page 1 of I -- 

PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applicable 
DRILLING METHOD: hand auger 

BORING NUMBER: B GLj sg p 0 8 
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Background (ppm):lO] 

Converted to Well: Yes No i/’ Well I.D. #: 
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PROJECT NAME: NSWC Crane 
PROJECT NUMBER: 0087 CT0 083 
DRILLING COMPANY: not applicable 

BORING NUMBER: 663 SR PO 9 
GEOLOGIST: 

DRILLING METHOD: hand 
PIDFID Reeling (ppm) 

SMlpb2 
becoveq 

I 
SMlpl.2 
Length 
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When rock coring, en 

- 

.rock 
*’ Include monitor reading in 6 foot intervale @ borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: rfi=5T w 4.31 b 

Norma &ii7 %w~ 

Converted to Well: Yes 

Yr\nE (sFw(N4 rP4 

No - Well I.D. #: 
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ANALYTICAL DATABASE 

C-l ANALYTICAL DATABASE 

C-2 DATA VALIDATION SUMMARY 



TABLE C-l 
APPENDIX C-l First Field Event 

SUMMARY OF BACKGROUND SAMPLES 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 

BGSSBAOl 
BG3SBA02 
BG3SBA03 
BG3SBA04 
BG3SBAOS 

silt 
silt 
silt 
silt 
silt 

silt 
sand 
N/A 
silt 
silt 

N/A 
sand 
N/A 
sand 
silt 

N/A N/A 1 
sand N/A 1 
N/A N/A 1 
sand sand 2 
sand sand 3 

lBG3SBMlO 1 clay Iclay Isilt Isilt 1 

Total Number of Samples Collected for Chemical Analysis1 65 

Notes: 
sand .=Samples 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). 
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TABLE C-l 
APPENDIX C-l 

Supplemental Field Event 

SUMMARY OF BACKGROUND SAMPLES 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 

Background Area/ 
Depositional Envir.1 
Sample Location 

3ackground Area 1 
Alluvium 

Soil Samples Collected in the Field Number of Sample 
Collecteed for 

Depth in Feet Below Ground Surface Chemical Analysis 
O-l 1 2-3 1 3-4 1 4-5 1 5-6 

Pennsylvanian 

3ack 
Alluvium 

1 BG3SBA07 silt silt I silt 1 N/A 1 N/A 1 
Residual Soil from 
Pennsylvanian 
BedrocWColluvium 
BG3SBPOl silt clay clay silt N/A 
BG3SBP08 clay clay clay clay clay 
BG3SBPO9 clay clay clay clay clay 

I Total number of samples Collected for Chemical Analysis 1 

Total number of samples Collected for Chemical Analysis (All Field Events)1 67 
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Location 
nsample 
sample 
Sample Date 
QC Type 
Deposit. Env. 
Grain Size 
depth 
Duplicate 
Matrix 
Top Depth 
Bottom Depth 1 1 

BGl SBAOl 
BGlSBAOlOl 
BGl SBAOl 01 

1 l/04/99 
NM 

ALLUVIUM 
SILT 
ss 

NORMAL 
so 
0 

TABLE C-2 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

Page 1 of 9 

BGlSBAOl 1 BGlSBA03 
BGlSBA0104 
BGlSBA0104 

1 i/04/99 
NM 

ALLUVIUM 
SILT 
SB 

NORMAL 
so 
3 
4 

BGl SBAO306 
BGlSBA0306 

1 l/05/99 
NM 

ALLUVIUM 
SILT 
SB 

NORMAL 
so 
5 
fi 

BGl SBA04 
BGlSBA0401 
BGl SBAO401 

1 l/05/99 
NM 

ALLUVIUM 
CLAY 

ss 
NORMAL 

so 
0 
1 

BGl SBA04 
BGl SBAO405 
BGl SBA0405 

1 l/05/99 
NM 

ALLUVIUM 
CLAY 

SB 
NORMAL 

so 
4 
5 

BGlSBA05 
BGl SBA0503 
BGl SBA0503 

1 l/04/99 
NM 

ALLUVIUM 
SILT 
SB 

NORMAL 
so 
2 
3 

BGISBAOS 
BGlSBA0504 
BGlSBA0504 

1 l/04/99 
NM 

ALLUVIUM 
SAND 

SB 
NORMAL 

so 
3 
4 

BGl SBA25 
BGlSBA250203 
BGl SBA250203 

1 O/09/00 
NM 

ALLUVIUM 
CLAY 

SB 
DUP 
so 
2 
3 

BGlSBA25 
BGlSBA250203-D 
BGFD10070001 

1 o/07/00 
NM 

ALLUVIUM 
CLAY 

SB 
DUP 
so 
2 
3 

BGlSBA25 
GlSBA250203.MA 
BGlSBA250203 

10/05/00 
NM 

ALLUVIUM 
CLAY 

SB 
MAX 
so 
2 
3 

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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BGl SBA29 BGlSBLOl 
BGl SBA280304 BGlSBLOlOl 
BGlSBA280304 BGlSBLOlOl 

1 O/07/00 1 l/08/99 
NM NM 

ALLUVIUM LOESS 
CLAY SILT 

SB ss 
NORMAL NORMAL 

so so 
3 0 
6 1 

BGlSBLOl BGlSBLOl 
BGlSBL0103 BGlSBL0105 
BGlSBL0103 BGlSBLOlO5 

1 l/08/99 1 l/08/99 
NM NM 

LOESS LOESS 
CLAY SILT 

SB SB 
NORMAL NORMAL 

so so 
2 4 
3 5 

Metal (mgncg) 
IALUMINUM I 12000 J 13600 J 1 16’ 100 J 12400 J 12500 14700 10900 J 13000 12800 
ANTIMONY 0.46 u 0.44 u 0.53 u 0.4 u 3.3 u 1.7 u 0.43 u 0.5 u 0.35 u 
ARSENIC 5.6 6.8 3.8 4.9 3.8 4.4 4.8 5.7 4.9 
BARIUM 36.9 J 155 J 72.4 J 52.9 J 94.4 J 55.8 J 47.5 J 122 J 80.8 J 
BERYLLIUM 0.54 1.1 u 0.3 u 0.36 U 0.51 J 0.2 u 0.43 u 0.67 J 0.31 J 
CADMIUM 0.33 J 0.26 U 0.3 u 0.21 u 0.04 u 0.05 u 0.17 u 0.05 CALCIUM 108 547 506 316 1. 

BGl SBLO3 
BGlSBL0305 
BGl SBLO305 

1 l/08/99 
NM 

LOESS 
CLAY 

SB 
NORMAL 

so 
4 
5 

BGlSBL04 
BGlSBLO403 
BGlSBL0403 

1 l/08/99 
NM 

LOESS 
CLAY 

SB 
NORMAL 

so 
2 
3 

BGl SBLW 
BGlSBL0405 
BGlSBLO405 

11/08/99 
NM 

LOESS 
SILT 
SE 

NORMAL 
so 
4 
5 

BGlSBLO5 
BGl SBLO501 
BGI SBLO501 

1 l/08/99 
NM 

LOESS 
SILT 
ss 

NORMAL 
so 
0 
1 

BGlSBL05 
BGlSBL0594 
BGlSBL0504 

1 l/09/99 
NM 

LOESS 
SILT 
SB 

DUP 
so 
3 
6 

I 20.9 J I 14.3 J I 19.6 J 
2.2 17.1 4.1 t 

16.4 J I 
3.6 

ICOPPER I 10 J I 10.3 I 16.4 I Iis I 11.6 I 9.8 

1.1 J ! 12.4 J ! EZ.J J I 14.1 J 1U.M J I 

t -w-l- 

BGlSBLO5 
BGlSBL0504-D 
BGFDllO89901 

1 l/08/99 
NM 

LOESS 
SILT 
SB 

DUP 
so 
3 
4 

__.. _ .___ _ __.- _ 
0.05 u 0.05 u 0.05 0.04 u 6.65 u 0.97. I 0.04 u I 0.05 I 0.05 u I 

..J ‘KEL 9.5 17.4 J 10.3 J 7.3 J 11.8 J 8.8 J 
POTASSIUM 1650 J 978 1240 496 729 830 -629. 896. 0 
SELENIUM 0.44 u 0.94 u 0.34 u 0.52 U 0.26 U 0.29 u 0.43 u 0.58 U 0.27 U 0.25 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 7.2 J 54.1 90.2 129 81.9 133 17.8 J 98.1 92.6 
STRONTIUM 12.2 12.6 J 16.2 J 9.7 J 17.0 J 10.5 J 11.4 J 10.9 J 13.3 J 14.3 J 
THALLIUM 0.22 u 0.31 J 0.26 J 0.15 J 0.13 J 0.2 J 0.17 J 0.29 J 0.18 J 0.17 J 
THORIUM 9J 7.2 J 8.6 J 6.3 J 8.7 J 8.4 J 7.2 J 8.7 J 7.8 J 7.7 J 
TIN 0.4 u 0.55 u 0.83 U 0.55 u 0.66 u 0.66 u 0.59 u 0.64 u 0.68 u 0.62 U 
VANADIUM 19.9 J 30.7 31 29.8 34.3 31.4 25.4 28.6 30 31.1 
ZINC 25.4 44.8 U 38.8 U 15.3 u 25.8 U 34.8 U 27.1 U 43.5 u 36.7 U 32.8 U 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
FIB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGlKG - mill:--7m per kilogram 



TABLE C-Z 

Location 
nsample 
sample 
Sample Date 
QC Type 
Deposit. Env. 
Grain Size 
depth 
Duplicate 
Matrix 
Top Depth 

BGl SBLOS 
BGlSBLOXkI-MA: 

BGlSBL0504 
1 l/06/99 

NM 
LOESS 
SILT 
SB 

MAX 
so 
3 

(. 

I 
IBottom Depth 1 4 I ..-.-. 

BGl SBLOS 
BGlSBL0506 
BGlSBL0506 

1 l/06/99 
NM 

LOESS 
CLAY 

SB 
NORMAL 

so 
5 
6 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 
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BGlSBPOl BGlSBPO2 
BGlSBP0103 BGlSBP0204 
BGlSBP0103 BGlSBP0204 

1 l/06/99 1 l/06/99 
NM NM 

PENNSYLVANIAN PENNSYLVANIAN 
SILT CLAY 
SB SB 

NORMAL NORMAL 
so so 
2 3 
3 4 

BGl SBP02 
BGlSBP0206 
BGl SBPO206 

1 l/06/99 
NM 

PENNSYLVANIAN 
SILT 
SB 

NORMAL 
so 
5 
6 

BGlSBPO3 
BGlSBP0305 
BGlSBP0305 

1 l/06/99 
NM 

PENNSYLVANIAN 
CLAY 

SB 
NORMAL 

so 
4 
5 

BGlSBP04 
BGlSBPO401 
BGlSBPO401 

1 l/06/99 
NM 

‘ENNSYLVANIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BGlSBPO4 BGlSBPW 
BGlSBPO406 BGl SBPO406D 
BGlSBP0406 BGFDllO69901 

1 l/06/99 1 l/O6199 
NM NM 

‘ENNSYLVANIAN PENNSYLVANIAN 
CLAY CLAY 

SB SB 
DUP DUP 
so so 
5 5 
6 6 

BGlSBPO4 
BGlSBP0406MAX 

BGlSBPO466 
1 l/06/99 

NM 
PENNSYLVANIAN 

CLAY 
SB 

MAX 
so 
5 
6 

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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PENNSYLVANIAN 

BGlSBP09 
BGl SBPO901 
BGl SBPO901 

1 l/06/99 
NM 

PENNSYLVANIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BGlSBP08 
BGl SBPO804 
BGl SBPO804 

1 l/06/99 
NM 

PENNSYLVANIAN 
SILT 
SB 

NORMAL 
so 
3 

BGl SBPOE 
BGlSBPOBOl 
BGl SBPO801 

1 t/06/99 
NM 

PENNSYLVANIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BGlSBPO7 
BGI SBPO701 
BGlSBP0701 

11105799 
NM 

PENNSYLVANIAN 
SAND 

ss 
NORMAL 

so 
0 
1 

BGISBPOS BGl SBP06 
BGlSBP0505 BGl SBPO601 
BGlSBP0505 BGlSBP0601 

1 l/05/99 11105799 
NM NM 

PENNSYLVANIAN PENNSYLVANIAN 
CLAY CLAY 

SB ss 
NORMAL DUP 

so so 
4 0 

IBottom Depth 1 5 I 1 I 1 1 3 L ..-.-I ,-.-,I.-\ 

BGl SBPOG BGlSBPO6 BGlSBPO6 
BGlSBP0601-D BGlSBP0601MAX BGl SBPO603 
BGFDllO59901 BGl SBPO601 BGlSBPO603 

1 i/05/99 1 l/05/99 1 l/05/99 
NM NM NM 

PENNSYLVANIAN PENNSYLVANIAN PENNSYLVANIAN 
CLAY CLAY SILT 

ss ss SB 
DUP MAX NORMAL 
so so so 
0 0 2 

5430 9300 
!U I 0.76 u 3.2 U 
IJ 2.9 J 4.7 J 

77.1 J 
0.84 u 
A. I 

3J 11.7 J 13.7 J 
5J 8.6 J 29.9 J 

[MAGNESIUM I 1800 J I 1910 J I 1880 J 1910 J 1810 J I 712 J 2250 J I 1960 J 654 __- J . 1.“” 988 J . 

4.6 
R5 yv 

w-5 J 

11.7 
10.0 J 
0.2 J 
8.0 J 

jU 
)J 
5J - 

I 14.1 J 20.4 J 
11.4 J I 36.2 J 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGIKG - rr. lrn per kilogram 



TABLE C-2 

I Bottom De th 

BGlSBPlO 
BGlSBP1004 
BGlSBP1004 

1 l/05/99 
NM 

PENNSYLVANIAN 
SILT 
SB 

NORMAL 
so 
3 
4 

BGZSBGOl 
BGZSBGOlOl 
BGPSBGOlOl 

11107199 
NM 

GLACIAL 
CLAY 

ss 
NORMAL 

so 
0 
1 

BGZSBGOl 
BG2SBG0104 
BG2SBG0104 

1 l/07/99 
NM 

GLACIAL 
SAND 

SB 
NORMAL 

so 
3 
4 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

BG2SBG02 
BG2SBG0201 
BG2SBG0201 

1 l/07/99 
NM 

GLACIAL 
SILT 
ss 

NORMAL 
so 
0 
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BG2SBG02 BG2SBG02 
BG2SBG0203 BG2SBG0206 
BG2SBG0203 BG2SBG0206 

1 l/07/99 1 l/07/99 
NM NM 

GLACIAL GLACIAL 
SILT CLAY 
SB SB 

NORMAL NORMAL 
so so 
2 5 
3 6 

BG2SBG03 
BG2SBG0303 
BG2SBG0303 

1 l/07/99 
NM 

GLACIAL 
SAND 

SB 
DUP 
so 

BG2SBG03 
BG2SBG0303-D 
BGFDllO79901 

1 l/07/99 
NM 

GLACIAL 
SAND 

SB 
DUP 
so 
2 

BG2SBG03 
BG2SBG0303-MAX 

BG2SBG0303 
1 l/07/99 

NM 

r 
GLACIAL 

SAND 
SB 

MAX 
so 
2 

BG2SBG04 
BG2SBG0401 
BG2SBG0401 

1 l/07/99 
NM 

GLACIAL 
SILT 
ss 

DUP 
so 
0 
1 

15.7 J I 9.8 J I 92 J I 14.7 J I 9 

8.9 J 13.5 J 8.9 J 12 J 6.9 J 10.8 J 6.8 J 7.3 J 7.3 J 11 
13.7 J 13.2 J 14.5 J 10.0 J 9.2 J 10.8 J 9.7 J 11.3 J 11.3 J 12.3 J 
1900 J 1810 J 1900 J 1030 J 760 J 959 J 847 J 930 J 930 J 1180 J 
249 J 1060 J 376 J 936 J 268 J 23.2 J 56.3 J 40.3 J 56.3 J 1410 J 

0.05 u 0.04 u 0.05 u 0.04 u 0.05 u 0.04 u 0.05 u 0.05 u 0.05 
17.1 J 13.1 J 11 J 6.1 J 10 J 4.6 J 4.9 J 4.9 J 13.9 J 

IJ 921 J 525 J 425 J 552 J 438 J 474 J 474 J 699 J 
U 0.3 u 0.43 u 0.28 U 0.32 U 0.25 U 0.29 u 0.29 u 0.47 u 

u 0.05 u 0.05 u 0.05 u 0.05 u 0.04 u 0.05 u 0.05 u 0.05 u 
U 9.1 u 19 u 4.8 U 31.1 u 69.6 U 94.2 u 94.2 u 27.7 U 

14.2 J 11.7 J 9.7 J 8.1 J 10.0 J 9.7 J 10.8 J 10.8 J 17.0 J 
0.14 J 0.27 J 0.15 J 0.22 J 0.14 J 0.27 J 0.12 J 0.14 J 0.14 J 0.21 J 

J 5.7 J 6.4 J 5.8 J 6.3 J 5.2 J 5.0 J 5.2 J 6.9 J 
u 0.59 u 0.48 U 0.43 u 0.54 u 0.64 U 0.46 U 0.84 u 0.55 u 
!J 30.4 J 19 J 18.1 J 19.3 J 15.6 J 17.1 J 17.1 J 21.7 J 
iJ 34.6 J 29.7 J 16.2 J 15.8 J 13.3 J 13.6 J 13.6 J 38.2 J 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGlKG - milligram per kilogram 



TABLE C-2 

BG2SBG04 BG2SBG04 
BG2SBG0401-D BG2SBG0401-MAX 
BGFDllO79902 BG2SBG0401 

1 l/07/99 1 l/07/99 
NM NM 

GLACIAL GLACIAL 
SILT SILT 
ss ss 

DUP MAX 
so so 
0 0 

BG2SBG04 
BG2SBG0404 
BG2SBG0404 

1 l/07/99 
NM 

GLACIAL 
SILT 
SB 

NORMAL 
so 
3 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 
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BG2SBG05 EG3SBAOl 
BG2SBG0503 BGBSBAOIOI 
BG2SBG0503 BG3SBAOlOl 

11107199 1 l/02/99 
NM NM 

GLACIAL ALLUVIUM 
SAND SILT 

SB ss 
NORMAL DUP 

so so 
2 0 

BGBSBAOI BG3SBAOl 
BG3SBAOlOl-D BG3SBAOlOl-MAX 
BGFDI 1029901 BG3SBAOlOl 

1 l/02/99 1 l/02/99 
NM NM 

ALLUVIUM ALLUVIUM 
SILT SILT 
ss ss 

DUP MAX 
so so 
0 0 

BG3SBA02 
BG3SBA0203 
BG3SBA0203 

11102199 
NM 

ALLUVIUM 
SAND 

SB 
NORMAL 

so 
2 

IBottom Depth 1 1 I 1 I 4 I 3 I 1 I 1 I 1 3 I 1 I 3 
Metal (mgIkg) 
ALUMINUM 1 10700 J 1 10700 J 1 12300 J 1 
ANTIMONY 1 0.49 u I 
ARSENIP I II AI *- 

BAR6 ” ’ 

0.42-U 
10500 J 8240 J 7780 8240 J 9060 J 9600 J 9770 J 

0.49 u 0.45 u 0.71 u 1.1 u 1.1 u 1.1 u 0.71 u 0.5 u 
b 4.5 4.9 3.d 6 3.7 4.2 4.2 7.5 3.1 

JNI 111 J 115 J 45.8 J 51.6 J 74.3 J 75.6 J 75.6 J 03.4 J 64.8 J 
IBERYLLIUM 0.74 J 0.74 J 0.32 J 0.4 J 0.64 U 0.49 J 0.49 J 0.63 U 0.69 U 0.66 u 

IM 0.05 u 0.1 u 0.04 u 0.05 u 0.2 u 0.04 u 0.2 u 0.15 u 0.29 u 0.33 u ~ 
YL4 J 1040 J 157 J 122 J 334 313 J 334 570 957 J 576 J 

IUM ( 13.1 J 13.1 J 24.3 J 24 J 9.2 J 11.3 J 11.3 J 19.1 J 15 J 10.1 J 
HLI I 13.8 14.1 9.2 6.7 8.6 9.6 9.6 11.9 14.4 0.1 
F.-m _^ _^ .^ .._ _- hC 7. n I nc - 

COPktn 12 I.2 I 12.1 I 11.6 I 6.5 I 5.7 I 0.a I ,.I 0.0 
IRON 12000 J 12ooc 

IJ I 
_.___ 
21200 J 1 

__.-- 
22100 J 1 9340 J I 11600 I 

rrnnn I IO"" I “‘500 J IX 16:OJ0 J 11900 J 
LEAD 14.8 J 14.8 J 

__ 
9.6 J I 11.4 J I 12.3 J I 13.1 J I 10. I l.3.l J I .n rd.2 J 19 J 9.3 J 

LITHIUM 12.8 J 12.8 J 14.9 .I 1 I 157 .I ..,.h ” I R7 .I I._ ” I cl1 I “!I ” 9.1 J 12.1 J 10.2 J 10.9 J 
MAGNESIUM 1260 J 1260 J 1510 J I 1480 J 876 J I 846 J I sl7R I “I” ” I I 71 .:2 J 1310 J 1100 J 
MANGANESE 1360 J 1410 J 351 J 110 I .I” Y I 771 .I 1-1 Y 77fi I II” ” 776 J 861 J 1560 J 720 J MERCURY 0.06 0.06 0.05 u 0.05 u 0.05 u 0.c 15 I II nr u.u3 t ^^- . . u.u3 u ^ ^- u.u3 ^^‘ 6, 

u.u4 u 
1 

NICKEL 13.8 J 13.9 J 10.6 J 11.6 J 8.8 J 9.2 J 9.2 J 12.3 J 13.2 J 9.8 J 
POTASSIUM 831 J 831 J _ 814 J 896 J 584 49 6 584 768 1060 676 
SELENIUM 0.79 u 0.79 u 0.24 U 0.3 u 0.64 U 0.4 U 0.64 U 0.39 u IU 0.43 u 
SILVER 0.05 u 0.05 u 0.04 u 0.05 u 0.05 J 0.04 u 1 ,...- * u.u3 J I ^^_ * 

U.US J I ^^^ * 
U.Ub J I 

^A- I 
U.U3 J I 

SODIUM 24 U 2.9 u 2.3 U 
STRONTIUM 17.3 J 17.3 J I 9.1 
THALLIUM 0.28 J 0.26 J 0.16 
THORIt”’ ,I”, ,.n I In I I -.n 
-.. 

BG3SBA04 
BG3SBA0403 
BG3SBA0403 

1 l/04/99 
NM 

ALLUVIUM 
SILT 
SB 

NORMAL 
so 
2 

E 
27.7 U I 16.8 u 17.1 u 2.5 U 11.9 J 11.9 J 5.2 J 

J 8.0 J 7.4 J 7.8 J 7.8 J 7. 
‘J 0.15 J 0.15 J 0.18 J 0.18 J 0: 

0.0 J 0.Y J I.0 J 7.4 J 4.8 J 5.9 J 5.9 J 5 
0.57 u 0.57 u 0.6 U 0.64 U 0.66 u 0.62 U 0.66 u 0.6 U 
23.6 J 23.6 J 31.5 J 28.9 J 16.9 18.2 18.2 23.9 
36.2 J 38.2 J 28.4 J 35.3 J 34.1 J 31.2 J 34.1 J 26.5 J 

0.w u 
23.5 

37.7 J 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGlKG - mrr“ -rn per kilogram 

- 



TABLE C-2 

BG3SBA04 
BG3SBA0404 
BG3SBA0404 

1 l/04/99 
NM 

ALLUVIUM 
SAND 

SB 
NORMAL 

so 
3 

(Bottom Depth 1 4 . . . . . “. 

l- BG3SBA05 
BG3SBA0501 
BG3SBA0501 

1 l/04/99 
NM 

ALLUVIUM 
SILT 
ss 

NORMAL 
so 
0 
1 

BG3SBA05 [ BG3SBM02 
BG3SBA0504 BG3SBM0206 
BG3SBA0504 BG3SBM0206 

11104199 1 l/02/99 
NM NM 

ALLUVIUM MISSISSIPPIAN 
SILT CLAY 
SE SB 

NORMAL NORMAL 
so so 
3 5 
4 I 6 

BGBSBAOS 
BG3SBA0506 
BG3SBA0506 

1 l/04/99 
NM 

ALLUVIUM 
SAND 

SB 
NORMAL 

so 
5 
6 

BG3SBM02 
BG3SBM0201 
BG3SBM0201 

1 l/02/99 
NM 

MISSISSIPPIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BG3SBM02 
BG3SBMO203 
BG3SBMO203 

1 l/02/99 
NM 

MISSISSIPPIAN 
SILT 
SB 

NORMAL 
so 
2 
3 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 
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Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGlKG - milligram per kilogram 

BG3SBM03 BG3SBM04 
BG3SBM0305 BG3SBM0401 
BG3SBM0305 BG3SBM0401 

1 l/02/99 1 l/03/99 
NM NM 

MISSISSIPPIAN MISSISSIPPIAN 
SILT SILT 
SB ss 

NORMAL NORMAL 
so so 
4 0 
5 1 

BG3SBMO4 
BG3SBMO404 
BG3SBMO404 

1 l/03/99 
NM 

MISSISSIPPIAN 
CLAY 

SB 
NORMAL 

so 
3 
4 



Location BG3SBM04 
nsampie BG3SBMO406 
sample BG3SBMO406 
Sample Date 1 l/03/99 
QC Type NM 
Deposit. Env. MISSISSIPPIAN 
Grain Size SAND 
depth SB 
Duplicate NORMAL 
Matrix so 
Top Depth 5 
Bottom Depth 6 . . 

BG3SBM05 
BG3SBi60504 
BG3SBM0504 

1 l/03/99 
NM 

MISSISSIPPIAN 
SAND 

SB 
NORMAL 

so 
3 
A 

BG3SBM06 
BG3SBM0601 
BG3SBM0601 

1 l/02/99 
NM 

MISSISSIPPIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

TABLE C-2 

ANALYTICAL DATABASE 
SOIL RESULTS 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

Notes: 

BGBSBMOG 
BG3SBM0604 
BG3SBM0604 

11102199 
NM 

MISSISSIPPIAN 
SILT 
SB 

NORMAL 
so 
3 
A 

Page 8 of 

BG3SBM07 
BG3SBM0701 
BG3SBM0701 

1 l/03/99 
NM 

MISSISSIPPIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BG3SBM06 
BG3SBM0801 
BG3SBM0601 

1 l/03/99 
NM 

MISSISSIPPIAN 
SILT 
ss 

NORMAL 
so 
0 
1 

BG3SBM07 
BG3SBM0704 
BG3SBM0704 

1 l/03/99 
NM 

MISSISSIPPIAN 
SILT 
SB 

NORMAL 
so 
3 
4 

BG3SBM07 
BG3SBM0706 
BG3SBM0706 

11103199 
NM 

MISSISSIPPIAN 
CLAY 

SB 
NORMAL 

so 
5 
6 

BG3SBM06 
BG3SBM0803 
BG3SBMO803 

1 l/03/99 
NM 

MISSISSIPPIAN 
SAND 

SB 
DUP 
so 
2 
3 

BG3SBM08 
BG3SBM0803-D 
BGFDllO39901 

1 i/03/99 
NM 

MISSISSIPPIAN 
SAND 

SB 
DUP 
so 
2 
3 

NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MC/KG - II+” -?m per kilogram 



TABLE C-2 

BG3SBM08 
BG3SBM0893-MAX 

BG3SBM0803 
1 l/03/99 

NM 
MISSISSIPPIAN 

SAND 
SB 

MAX 
so 
2 
3 IBottom Depth 1 

Metal (mg/k( 
ALUMINUM , 
ANTIMONY 1 
ARSENfr: ,.- I 
BARIUI.. d I 
BI ERYLLIUM 
CC 4DMIUM 
6 ALCIUM 
Cl HROMIUM 
Cl 3BALT 
Cl 3PPER 
I!%. . !ON 
LEAD I 
LITHIUM 
MAGNI 
MANGANES 
MERCURY 1 
Nl 
PI 
SELENIUM 1 
SILVEF, > 
SODIUM 
STRONTIUM 
THALLIUM 
THORIUM [ 

BG3SBM09 
BG3SBM0904 
BG3SBM0904 

11103199 
NM 

MISSISSIPPIAN 
SILT 
SB 

NORMAL 
so 
3 
4 

BG3SBMlO 
BG3SBMl003 
BG3SBMl003 

1 l/04/99 
NM 

MISSISSIPPIAN 
CLAY 

SB 
NORMAL 

so 
2 
3 

“1 
--I 

I 14300 I 13600 J 
0.23 U ^A-. II U.YI u I 

P.n II u.0 u 
7 .I -- I 8.5 J 6.3 J 

3no .I --.- - I 56.6 .I __._ I 55.8 J 
0.35 u 0.59 
2.8 J 0.75 J 
133 J 131 J 312 J 
14.5 J 19.4 J 16.7 J 

3.3 6.4 6.4 
5.7 J 19.7 J 12.9 
RRAn _- .- 72300 --... 18500 J 
6A .I -.. ” I 14.9 J I 12.1 J 
II-IA .I .-.. _ I 15.4 J ._. _ 16.4 J 

I ii40 II 
I 
I 

0.04 u I 

0.3 u 0.54 u 0.88 U 
0.05 J 0.05 J 0.05 J 
16.5 U 14.8 u 7.0 J 
5.6 J 14.4 J 10.1 J 
0.05 J 0.21 J 0.21 J 
5.1 J I 9.0 J I 7.0 J 
AC II 0.66 u 0.65 U 

I 33.7 31.5 J 1 
46.6 J I 36.2 J I 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
MGlKG - milligram per kilogram 
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ANALYTICALDATABASE 
QCSAMPLES 

NAVALSURFACEWARFARECENTER 
CRANE.INDIANA 

Pagelofz 

BGlSBA0306S 
BGlSBAO306S 

II/O!%9 
MS 

ALLUVIUM 
5 
6 

97.9 
83.0 
89.9 

802 
84.6 

81 
88.6 
94.2 
96.8 
85.5 

74.1 N 

BGlSBA280304 
BGlSBA260304 

10/06/00 
MS 

ALLUVIUM 
3 
4 

103 
91.6 
108.9 
92.7 
96.6 

135.2 N 
78.8 
118 

98 
94.8 

73.1 N 
95.5 
80.4 

93.4 
94.7 

117.5 
91.2 
87.2 
89 

104.7 
108.1 

79.4 84.1 
85.9 92.1 

106 105 
86.8 88.6 
108 116 
93.1 92.8 
77.1 74.5 N 
75.3 81.2 

BG3SBM0603S 
BG3SBM0603S 

11103199 
MS 

MISSISSIPPIAN 
2 
3 

94.5 
94.1 
944 
116 

36.0 N 

62.9 N 
98.9 
92.4 

94.6 
a79 

105 
89.5 
105 
84.6 
89.4 

BGRBI 1029901 S 
BGRBll02990lS 

11/02/99 
RBlMS 

103 
111 
111 
106 
104 
106 
112 
103 
109 
108 
109 
10.5 

102 
102 
94.8 
194 
98.8 
107 
104 
95.4 

BGSWll02990iS 
BGSWll02990lS 

11102199 
MS 

LCSSl-C6301 Lcssl-c63o3 
LCSSI-C6301 Lcssl-c63o3 

11103199 11116199 
LC LC 

99.7 

102 

91.2 88.2 
98.7 98.1 
96.3 93.4 
95.8 93.8 
112 98.0 
86.0 80.0 
96.8 99.7 
97.0 96.0 
95.8 92.4 
99.6 99.2 
101 95.1 
96.4 92.2 

94.1 94.3 
96.0 94.4 
100 96.0 
96.4 92.4 
93.2 93.5 
99.2 90.9 
86.0 92.0 
102 82.7 

90.5 91.0 

93.2 84.8 
98.0 97.0 
94.0 92.8 

NM -Normal soil sample 
LD -Lab duplcate 
MS-Matrix spike 
RB - Rinsale Blank 
LC -Lab Control Sample 
PB - Lab Prep Blank 
UG/L - microgram per liter 



TABLE C-3 

lnsample 
sampie 
sample-dat 
qc-type 
samp-type 
Depos. Envim. 
top-depth 
bottom-dep 
dups 
M ALUMINUM % 
M ANTIMONY % 
M ARSENIC % 
M BARIUM % 
h4 BERYLLIUM % 
M CADMIUM % 
M CALCIUM % 
M CHROMIUM % 
M COBALT 46 
M COPPER % 
M IRON 56 
M LEAD % 
M LITHIUM % 
M MAGNESIUM % 
M MANGANESE 56 
h4 MERCURY % 
M NICKEL % 
M POTASSIUM % 
M SELENIUM % 
I.4 SILVER % 
M SODIUM % 
M STRONTIUM % 
M THALLIUM % 
M THORIUM % 
M TIN % 
M VANADIUM % 
M ZINC % 

Lcss1-c8304 
Lcssl-c83o4 

11118199 
LC 

03.7 
103 
06.0 
66.1 
120 
96.0 
93.1 
09.5 
07.2 
91.2 
93.0 
07.4 

00.1 
00.6 
96.0 
87.2 
66.1 
116 
106 
66.1 

105 

92.5 
90.0 
07.4 

ANALYTICAL DATABASE 
QC SAMPLES 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 
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Lcswl-c83o2 
LCSWlX8302 

11/11/99 
LC 

89.0 
107 
92.2 
93.0 
00.0 
04.0 
97.9 
94.5 
93.0 
90.4 
90.2 
94.4 

94.0 
93.0 
96.0 
93.0 
93.2 
93.2 
96.0 

93.6 

ini 99.6 

106 
109 
108 

Notes 
NM -Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB _ Rinsate Blank 
LC - Lab Control Sample 
PB -Lab Prep Blank 
UGIL -microgram per liter 



TABLE C-4 

ANALYTICAL DATABASE 
QC SAMPLES 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

Page 1 of2 

nsample 
sample 
sample-dat 

BGRB11029901 BGRB11029901D BGRB11039901 BGRBl1049901 BGRB11059901 BGRBl1069901’ BGRB11079901 
BGRB11029901 BGRB1102990lD BGRB11039901 BGRB11049901 BGRB11059901 BGRB11069901 BGRB11079901 

11102199 11102199 11103199 11104199 11105199 11106199 11107199 

M SELENIUM UGlL 0.67 U 1.1 u 
M SILVER UGlL 0.11 u 3.3 u 
M SODIUM UGlL 13.6 U 111 u 
M STRONTIUM UGlL 0.22 UJ 
M THALLIUM UGlL 0.11 u 1.1 u 
M THORUM UGlL 0.33 J 
M TIN UG/L . 0.11 u 11.1 u 
M VANADIUM UGlL 0.11 u 2.2 u 
M ZINC UGlL 5.8 J 11.1 u 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
UGlL - microgram per liter 

RB I RB RB RB RB 
27.4 U 1 104 I 114 I 27.4 U t 369 

0.33 J 0.11 u I 0.11 u 0.11 u 1 0.11 u 1 
0.22 u 0.78 J I 0.22 u I 0.22 u I 0.22 u 

0.11 u 1 0.11 u 
99.4 I 1.8 J 



TABLE C-4 

ANALYTICAL DATABASE 
QC SAMPLES 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

Page 2 of 2 

nsample BGSWIIOZ PBWl-C8302 PBWI-C8310 BGRB10080001 BGRB10070001 
sample BGSWll02990lD PBWI-C8302 PBWI-C8310 BGRB10060001 BGRB10070001 
sample-dat 11/02/99 Ill1 1199 05/05/00 10/06/00 10/06/00 

IM THALLIUM UGlL 
I 
I 1.1 II 

M THOI .- - -.- _._- - 
M TIN UGlL 11 1 II 
M VANADIUM UGlL 
M ZINC UGlL 

Notes: 
NM - Normal soil sample 
LD - Lab duplicate 
MS - Matrix spike 
RB - Rinsate Blank 
LC - Lab Control Sample 
PB - Lab Prep Blank 
UGlL - microgram per liter 





0 Tt 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

K. HENN DATE: OCTOBER 23,200O 

GRETCHEN A. PHIPPS COPIES: DV FILE / REV 2 

INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CT0 083 - NSWC CRANE 
SDG - C8301 

18/Sails/ 

BG3SBM0201 BG3SBM0203 BG3SBM0206 
BG3SBM0305 BG3SBM0401 BG3SBM0404 
BG3SBM0406 BG3SBM0504 BG3SBM0601 
BG3SBM0604 BG3SBM0701 BG3SBM0704 
BG3SBM0706 BG3SBM0801 BG3SBM0803 
BG3SBM0904 BG3SBM1003 BGFD11039901 

Overview 

‘he sample set for CT0 083, NSWC Crane, SDG C8301, consists of eighteen (18) soil environmental samples. One (1) 
.,eld duplicate pair (BG3SBM0803 / BGFDllO39901) 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 
60109 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 



MEMO TO: K. HENN - PAGE 2 
DATE: OCTOBER 23,200O 

* - 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 

Analvte 
Antimony”’ 
Arsenic 
Beryllium”’ 
Selenium 
Tin”’ 

Maximum 
Concentration 
0.150 mg/kg 
0.2pg/L _ 
0.250 mg/kg 
0.6pgIL 
0.210 mg/kg 

Action 
Level (soil) 
0.75 mg/kg 
0.10 mg/kg 
1.25 mg/kg 
0.300 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 ‘If”. 
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”. 

Laboratorv 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 Summar\! 

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 %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. 

“I 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 / I” 

Gretchen A. Phipps 

l&&a Ted 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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YO: 

FROM: 

SUBJECT: 

SAMPLES: 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

K. HENN DATE: JANUARY 26,200O 

GRETCHEN A. PHIPPS COPIES: DV FILE 

INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CT0 083 - NSWC CRANE 
SDG - C8302 

0IAqueoud 

BGRBI 1029901 BGRBl1039901 BGRBI 1049901 
BGRBI 1059901 BGRBI 1069901 BGRBI 1079901 
BGRBllO89901 BGSWl1029901 

Overview 

The sample set for CT0 083, NSWC Crane, SDG C8302, consists of seven (7) rinsate blanks and one (1) source water 
blank (BGSWllO29901). 

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 (QAKIC) criteria. All metals analyses, with the exception of mercury, w( 
conducted using SW 646 method 6020 via ICPlMS instrumentation. Mercury analyses were conducted using SW 64, 
method 7471A via CVAA instrumentation. 

These data were evaluated based on the following parameters: 

* . Data Completeness 
* . Holding Times 

l Calibration Verifications 
* . ICP Interference Check Sample Results 
* l Laboratory Duplicate Results 
* l Matrix Spike/ Matrix Spike Duplicate Analyses 

l Post Digestion Spike Analyses 
* . Laboratory Control Sample Results 
* . Sample Quanitation 

l Detection Limits 

* - All quality control criteria were met for this parameter. 

Post Diaestion Spike Analvses 

The Post Digestion Spike (PDS) Percent Recovery (%R) for cadmium was >125% quality control limit. The positive results 
reported for cadmium were qualified as estimated, “J”. 
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The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for arsenic cobalt and selenium were outside 
the 80-120% quality control limits. No validation action is required per regional guidance. 

Please, note that field quality control samples 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 included in Appendix C. It was requested that mercury be reported to 0.06pglL. 
The laboratory reported mercury at 0.2ug/L. No changes were made to adapt the data to meet the QAPP requested IDLs. 
Results, as submitted by the laboratory were used for data validation purposes. 

Executive Summarv 

Laboratory Performance: None. 

Other Factors Affecting Data Quality: The PDS %R for cadmium was ~125% 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. 

“I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and theQuality Assurance Project Plan (QAPP).” 

Tetra Tech NUS 

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: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 

.U 
v 
W 
x 
Y 

= Lab Blank Contamination 
= Fiild Blank Contamination 
= Calibration (Le., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance 
= MS/MD Noncornpliince 
= LCS/LCSD Noncompliince 
= Lab Duplicate Imprecision 
= Fiild Dupliite Imprecision 
= Holding Time Exceedance 
= ICP Serial Dilution Noncompliance 
= GFAAPDS-GFAA MA’s rc0.995 
= ICP Interference - include ICSAB % R’s 
= Instrument Calibration Range Exceedance 
= Sample Preservation 
= Internal Standard Noncompliance 
= Poor Instrument Performance (i.e., base-time driffing) 
= Uncertainty near detection limit (c 2 x IDL for inorganics and <CRQL for organic4 
= Other problems (can encompass a number of issues) 
= Surrogates Recovery Noncompliance 
= PesticideIPCB Resolution 
= % Breakdown Noncompliince for DOT and Endrin 
= Pest/PCB D% between columns for positive results 
=‘ Non-linear calibrations, tuning r < 0.995 (correlation coefficient) 
= EMPC result 
= Signal to noise response drop 
= % Solid content is less than 30% 



CT0083-NSWC CRANE 
WATER DATA 
LAUCKS 
SDG: C8302 

Page 1 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGRBI 1029901 BGRBI 1039901 BGRBI 1049901 BGRBI 1059901 
1 l/02/99 11103/99 11104/99 11/05/99 
9911159-01 9911159-03 9911159-04 9911195-01 
NORMAL NORMAL NORMAL NORMAL 
0.0% 0.0 % 0.0 % 0.0 % 
UGIL UGlL UGIL UGlL 

RESULT QUAL CODE RESULT QUAL CODE RESULT QUAL CODE RESULT QUAL CODE 
INORGANICS 
ALUMINUM 27.4 U 27.4 u 104 114 
ANTIMONY 0.11 U 0.11 U 0.11 U 0.11 U 
ARSENIC 0.22 U 0.22 U 0.70 J P 0.22 U 
BARIUM 0.11 U 0.56 J P 0.11 U 1.0 J P 
BERYLLIUM 0.11 U 0.11 U 0.11 U 0.11 U 
CADMIUM 0.11 U 0.11 U 0.11 U 0.11 U 
CALCIUM 18 J P 14.2 J P 12.6 J P 25.6 J P 
CHROMIUM 0.22 J P 0.22 J P 0.22 J P 033 J P 
COBALT 0.11 U 0.11 U 0.11 U 0.11 U 
COPPER 0.22 U 0.33 J P 0.22 U 0.22 U 
IRON 15.6 U 15.6 U 54.6 30.9 
LEAD 0.11 U 0.33 J P 0.11 U 0.11 U 
MAGNESIUM 12.7 J P 5.4 J P 9.9 J P 13.4 J P 
MANGANESE 0.22 J P 0.11 J P 0.33 J P 0.44 J P 
MERCURY 0.20 J P 0.20 U 0.20 U 0.20 U 
NICKEL 0.11 J P 0.11 U 0.11 J P 0.11 J P 
POTASSIUM 21.4 U 21.4 U 21.4 U 64.7 J P 
SELENIUM 0.67 U 0.67 U 0.67 U 0.67 U 
SILVER 0.11 U 0.11 U 0.11 U 0.11 U 
SODIUM 13.6 U 16.7 J P 13.6 U 76.3 J P 
THALLIUM 0.11 U 0.11 U 0.11 U 0.11 U 

P TIN 0.11 U 0.11 J P 0.11 U 0.22 J 

VANADIUM 0.11 U 0.11 U 0.11 J P 0.11 
J P 

ZINC 5.6 J P 1.4 J P 160.3 7.6 J P 
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WATER DATA 
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BGRBI 1079901 BGRBI 1089901 
1 l/07/99 1 flO0l99 
9911195-03 9911195-04 
NORMAL NORMAL 
0.0 % 0.0 % 
UGlL UGlL 

BGSWl1029901 
1 If02199 
9911159-02 
NORMAL 
0.0 % 
UGIL 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
56 SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGRBI 1069901 
1 l/06/99 
9911195-02 
NORMAL 
0.0 % 
UGlL 

INORGANICS 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 

NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 

THALLIUM 
TIN 
VANADIUM 
ZINC 

RESULT QUAL CODE RESULT QUAL CODE RESULT QUAL CODE RESULT QUAL CODE 

u 27.4 U 369 27.4 U 27.4 
0.11 U 0.33 J P 0.11 U 0.11 U 
0.22 U 0.22 U 0.22 U 0.22 U 
0.11 3.8 0.89 J P 4.7 
0.11 U 0.11 U 0.11 U 0.11 U 
0.11 U 0.11 J DP 0.11 J DP O.?i U 
10.8 U 36.2 J P 0.11 U 0.11 U 
0.11 J P 0.44 J P 0.22 J P 0.22 J P 
0.11 U 0.11 U 0.22 U 0.22 u 
0.22 U 0.22 U 0.11 U 0.11 U 
15.6 U 99.4 0.22 U 0.22 U 
0.11 U 0.11 J P 0.11 J P 0.11 J P 
3.0 J P 44.4 J P 5.6 J P 5.6 U 
0.11 U 1.0 J P 0.22 J P 0.22 U 
0.20 U 0.20 U 0.20 U 0.20 U 
0.11 J P 0.11 J P 0.11 J P 0.11 J P 
21.4 U 41.3 J P 21.4 U 21.4 U 
0.67 U 0.67 U 0.78 J P 0.67 J P 
0.11 U 0.11 U 0.11 U 0.11 U 
13.6 U 53.1 J P 13.6 U 13.6 U 
0.11 U 0.11 U 0.11 U 1.1 U 
0.11 U 2.3 J P 0.11 J P 0.33 J P 
0.11 U 0.44 J P 0.11 U 0.11 U 
2.2 J P 1.9 J P 99.4 1.8 J P 



TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Overview 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

K. HENN DATE: OCTOBER 24,200O 

GRETCHEN A. PHIPPS COPIES: DV FILE / REV 2 

INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CT0 083 - NSWC CRANE 
SDG - C8303 

2O/Soils/ 

BGl SBAOl 01 BG 1 SBAO104 BG 1 SBA0306 
BGl SBA0401 BG 1 SBA0503 BG 1 SBA0504 
BGlSLOlOl BGlSL0103 BGl SLO105 
BGl SL0405 BG3SBAOlOl BG3SBA0203 
BG3SBA0301 BG3SBA0403 BG3SBA0404 
BG3SBA0501 BG3SBA0504 BG3SBA0506 
BGFDllO59901 BGFDllO69901 

The sample set for CT0 083, NSWC Crane, SDG C8303, consists of twenty .(20) soil environmental samples. Two (2) 
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 
60108 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: 

* . 
* . 

. 

. 

. 
* . 

. 

. 
* . 
* . 

. 
* l 

. 

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 

Analvte 
Antimony”’ 
Beryllium(‘) 
Cadmium 
Tin”’ 

Maximum 
Concentration 
0.250 mg/kg 
0.150 mg/kg 
0.2pglL 
0.2mg/kg 

Action 
Level (soil) 
1.25 mg/kg 
0.75 mg/kg 
0.10 mg/kg 
1 .O 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 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 >lO% 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 control 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 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. 

“I 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).” 

. Gretchen A. Phipps 

/;g/ 

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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K. HENN DATE: OCTOBER 24,200O 

GRETCHEN A. PHIPPS COPIES: DV FILE / REV 2 

INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CT0 083 - NSWC CRANE 
SDG - C8304 

1 G/Soils/ 

BG 1 SBA0405 
BG 1 SBPO206 
BG 1 SBP0406 
BGl SBP0603 
BGl SBP0804 
BGlSBP1004 

BGl SBPO103 
BG 1 SBPO305 
BGl SBP0505 
BGl SBPO701 
BGl SBP0806 

BG 1 SBP0204 
BGl SBPO401 
BGl SBPO601 
BGl SBPO801 
BGl SBPO901 

Overview 

he sample set for CT0 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 
60108 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 7471 A 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 

* - 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 
Analvte Concentration 
Antimony”’ 0.20 mg/kg 
Arsenic 
Ber#ium”’ 

0.2pgIL 
0.05 mg/kg 

Tin 0.350 mg/kg 

(‘) Maximum concentration found in a soil preparation blank. 

Action 
ygJeus&;) 

0.10 mg/kg 
0.25 mg/kg 
I .75 mgtkg 

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 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 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. 

Executive Summarv 

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. 

“I 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 I 

Gretchen A. Phipps 

T&a Tech%US 
Joseph A. Samchuck 
Quality Assurance Officer 

‘ttachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix 6 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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18lSoilsl 

BGl SBLO305 BGl SBLO403 BGl SBLO501 
BGl SBLO504 BG 1 SBL0506 BG2SBGOlOl 
BG2SBGO104 BG2SBG0201 BG2SBG0203 
BG2SBG0206 BG2SBG0303 BG2SBG0401 
BG2SBG0404 BG2SBG0503 BGFDllO29901 
BGFD11079901 BGFDllO79902 BGFD11089901 

Overview 

The sample set for CT0 083, NSWC Crane, SDG C8305, consists of eighteen (18) soil environmental samples. 
Three (3) field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and BGl SBL0504 / 
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 
60108 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: 

* . 
* . 

l 

. 

. 

* . 

. 

* . 

* . 

* . 

* . 

* . 

. 

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 
Analvte Concentration 
Antimony”) 0.3 mg/kg 
Beryllium 0.1 pg/L 
Cadmium 1.6ugfL 
Silver 
Tin”’ 

0.1 ug/L 
0.40 mg/kg 

(‘) Maximum concentration found in a soil preparation blank. 

Action 
Level (soil) 
1.5 mg/kg 
0.05 mg/kg 
0.80 mg/kg 
0.05 mg/kg 
2.0 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 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”. 

4atrix 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 
BGl SBLO504 / BGFDllO89901) is included in Appendix C. 

The metals analyzed via MSllCP 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 
were qualified as estimated, “J”. Several analytes were 
chromium was ~75% quality control limit. 

reported for any analyte present in a field quality control blank 
present in the field quality control blanks. The MS %R for 

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. 

“I 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).” 

Gretchen A. Phipps 

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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K. HENN 
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INTERNAL CORRESPONDENCE 

DATE: JUNE 1,200O 

COPIES: DV FILE 

INORGANIC DATA VALIDATION - LITHIUM, STRONTIUM AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8306 

18iSoilsl 

BG3SBM0201 BG3SBM0203 BG3SBM0206 
BG3SBM0305 BG3SBM0401 BG3SBM0404 
BG3SBM0406 BG3SBM0504 BG3SBM0601 
BG3SBM0604 BG3SBM0701 BG3SBM0704 
BG3SBM0706 BG3SBM0801 BG3SBM0803 
BG3SBM0904 BGBSBMlOO3 BGFD11039901 

The sample set for CT0 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 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 
Field Duplicate Results 
Post Digestion Spike Results 
Laboratory Control Sample Results 
ICP Serial Dilution Results 
Sample Quantitation 
Detection Limits 

* - All quality control criteria were met for this parameter. 
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Holdina 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, 
“ 9, J. 

Laboratorv Blank Analvses 

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum 
concentrations: 

Samples affected: All 

Analvte 
Lithium 
Thorium 

Maximum 
Concentration 
0.2pglL 
0.4pglL 

Action 
(soil) Level 

0.10 mglkg 
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 >lO% quality control limit. The 
positive results reported for lithium, strontium and thorium were qualified as estimated, “J”. 

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 >lO% 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 ‘I (NFESC 2/96). 
The text of this report has been formulated to address only those problem areas affecting data quality. 

“4 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).” I 
Lz!sLEL~ 

Tetra Tech NUS 
Gretchen A. Phipps 

%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: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
v 
W 
X 

= 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 c 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 4RQL 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 -z 0.995 (correlation coefficient) 
= EMPC result 
= Signal to noise response drop 



CT00834’dSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8308 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
CICTYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG3SBM0201 
1 l/02/99 
0004692-02 
NORMAL 
82.0 % 
MGIKG 

RESULT QUAL CODI 
INORGANICS 
LITHIUM 13.8 J AHI 

STRONTIUM 8.6 J HI 

THORIUM 7.1 J AHI 

BG3SBM0203 
11 m/99 
0004692-03 
NORMAL 
86.4 % 
MGIKG 

IESULT QUAL CODE 

BG3SBM0206 
11 io2l99 
0004692-04 
NORMAL 
82.2 % 
MGIKG 

IESULT QUAL CODE 

IO.6 J 1 AHI 
!5.7 J 1 HI 
0.0 J 1 AHI 

Page 1 

BG3SBM0305 
1 l/02/99 
0004692-07 
NORMAL 
90.5 % 
MGlKG 

IESULT QUAL CODE 

. 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8306 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG3SBM0401 
1 i/03/99 
0004692-l 0 
NORMAL 
84.4 % 
MGIKG 

RESULT QUAL CODI 
INORGANICS 
LITHIUM 14.8 J AHI 

STRONTIUM 13.3 J HI 

THORIUM 7.3 J AHI 

BG3SBM0404 
11 I03199 
0004692-l 1 
NORMAL 
88.6 % 
MG/KG 

:ESULT QUAL CODE 

3.3 J 1 AHI 

BG3SBM0406 BG3SBM0504 
11 I03199 11 I03199 
0004692-l 2 0004692-l 3 
NORMAL NORMAL 
93.8 % 87.9 % 
MGIKG MGlKG 

ESULT QUAL CODE 

‘.0 J [ AHI 

2ESULT DUAL CODE : I 

I 

Page 2 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8306 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG3SBM0601 
I l/02/99 
0004692-05 
NORMAL 
60.3% 
MO/KG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 13.9 J AHI 

STRONTIUM 63.2 J HI 

THORIUM 5.9 J AHI 

BG3SBM0604 
11/02/99 
0004692-06 
NORMAL 
90.3 % 
MGlKG 

ESULT QUAL CODE 

BG3SBM0701. 
11 I03199 
0004692-l 5 
NORMAL 
63.4 % 
MGIKG 

ESULT QUAL CODE 

Page 

BG3SBM0704 
11 I03199 
0004692-I 6 
NORMAL 
67.2 % 
MG/KG 

3 

RESULT OUAL CODE 



CTOO8SNSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8306 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG3SBM0706 
11/03/99 
0004692-l 7 
NORMAL 
90.2 % 
MGlKG 

RESULT OUAL CODE 
INORGANICS 
LITHIUM 18.4 J AHI 

STRONTIUM 16.4 J HI 

THORIUM 8.1 J AHI 

BG3SBM0801 BG3SBM0803 
11/03/99 1 l/03/99 
0004692-08 0004692-09 
NORMAL NORMAL 
84.9 % 92.0 % 
MGIKG MGlKG 

ESULT QUAL CODE 

1.2 J 1 AHI 
.4 .I 1 HI 

.8 J 1 AHI 

IESULT QUAL CODE 

I 
i F 

1 
1 
E 

Page 4 

BG3SBM0904 
11 I03199 
0004692-l 4 
NORMAL 
87.1 % 
MGlKG 

IESULT QUAL CODE 

15.4 J 1 AHI 
4.4 J 1 HI 
LO J 1 AHI 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8306 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELO DUPLICATE OF: 

BGSSBMI 003 
11 lO4lQ9 
0004692-l 6 
NORMAL 
00.3 % 
MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 16.4 J ( AHI 

STRONTIUM 10.1 J ) HI 

THORIUM 7.0 J ( AHI 

BGFDI 1039901 
1 i/03/99 
0004692-01 
NORMAL 
91.9% 
MGlKG 
BG3SBMO803 

ESULT QUAL CODE 

0.3 J 1 AHI 

f-G-++ 

Page 5 

II 

100.0 % 

ESULT QUAL CODE 1 RESULT OUAL CODE 
I 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: 

FROM: 

K. HENN 

GRETCHEN A. PHIPPS 

DATE: 

COPIES: 

JUNE 7,200O 

DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - LITHIUM, STRONTIUM AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8307 

SAMPLES: 1 S/Soils/ 

BGl SBA0104 BGl SBA0306 BGl SEA0401 
BG 1 %A0503 BGl SBA0504 BGlSBLOlOl 
BGl SBLOlO3 BG1 SBLOlO5 BGl SBLO405 
BGBSBAOl 01 BG3SBA0203 BG3SBA0301 
BG3SBA0403 BG3SBA0404 BG3SBA0501 
BG3SBA0504 BG3SBA0506 BGFD11059901 
BGFDllO69901 

Overview 

The sample set for CT0 083, NSWC Crane, SDG C8307, consists nineteen (19) soil environmental samples. Two (2) 
field duplicate samples (BGFD11059901 and BGFDllO69901) were included within this SDG. The corresponding sample 
duplicates (BGl SBPO601 and BGl SBPO406) 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: 

. 

. 
* . 

l 

* . 

* . 

* . 

* . 

* . 

* . 

* . 

* . 

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 

* - All quality control criteria were met for this parameter. 



MEMO TO: K. HENN - PAGE 2 
DATE: JUNE 7,200O 

Holdinq 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, 
“J”. 

Laboratorv Blank Analyses 

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum 
concentrations: 

Samples affected: All 

Maximum 
Analvte Concentration 
Lithium 
Strontium”’ 

0.2J.lglL 
0.02 mg/kg 

Thorium 0.4pglL 

(‘) Maximum concentration found in a soil preparation blank. 

Action 
Level (soil) 
0.1 mg/kg 
0.1 mg/kg 
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, strontium and thorium were qualified 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 BGl SBAl 01 was not analyzed because the laboratory 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. 



MEMO TO: K. HENN - PAGE 3 
‘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. 

“I 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).” 

Gretchen A. Phipps 
Chemist ,/’ -1 

Quaky 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: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
v 
W 
X 

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 (C 2 x IDL for inorganics and 4RQL for organic@ 
Other problems (can encompass a number of issues) 
Surrogates Recovery Noncompliance 
Pesticide/PCB Resolution 
% Breakdown Noncompliance for DDT and Endrin 
PesVPCD% between columns for positive results 
Non-linear calibrations, tuning r c 0.995 (correlation coefficient) 
EMPC result 
Signal to noise response drop 



CTOO8SNSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8307 

Page 1 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGiSBA0104 BGI SBA0306 
11 I04199 1 l/05/99 
000469513 000469502 
NORMAL NORMAL 
91.2% 60.7 % 
MGlKG MGlKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 15.6 J AH 
STRONTIUM 7.0 J AH 
THORIUM 6.2 J AH 

RESULT QUAL CODE 

BGl SBA0401 
1 l/05/99 
0004695-i 6 
NORMAL 
60.3 % 
MGIKG 

RESULT QUAL CODE 

BGI SBA0503 
1 l/04/99 
0004695-l 4 
NORMAL 
89.5 % 
MGlKG 

RESULT QUAL CODE 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8307 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
?L SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BCil SBAO504 
1 l/04/99 
000469515 
NORMAL 
91 .o % 
MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 16.3 J AH 

STRONTIUM 8.2 J AH 

THORIUM 6.3 J AH 

BGlSBLOlOl 
11 I08199 
0004695-l 8 
NORMAL 
80.5 % 
MGlKG 

IESULT QUAL CODE 

BGlSBL0103 
1 l/08/99 
000469519 
NORMAL 
85.2 % 
MGIKG 

IESULT QUAL CODE 

Page 2 

BGlSBL0105 
11/08/99 
0004695-20 
NORMAL 
89.0 % 
MGlKG 

?ESULT QUAL CODE 
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CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8307 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGlSBL0405 BG3SBAOlOi BG3SBA0203 BG3SBA0301 
1 l/08/00 11/02/99 11/02/99 11 I03199 
0004695-I 7 0004695-05 000469504 0004695-06 
NORMAL NORMAL NORMAL NORMAL 
87.7 % 84.3 % 89.2 % 80.1 % 
MG/KG MGIKG MGlKG MGlKG 

RESULT QUAL CODE RESULT QUAL COP’. RESULT QUAL CODE RESULT QUAL CODE 
INORGANICS 
LITHIUM 10.8 J AH 8.2 J AH 12.1 J AH 10.2 J AH 
STRONTIUM 11.4 J AH 7.4 J AH 7.1 J AH 10.1 J AH 
THORIUM 7.2 J AH 4.8 J AH 5.9 J AH 6.4 J AH 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8307 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
PC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG3SBA0403 
11/04/99 
000469507 
NORMAL 
90.3% 
MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 10.9 J AH 

STRONTIUM 6.8 J AH 

THORIUM 6.2 J AH 

BG3SBA0404 I BG3SBA0501 
11 fO4f99 11/04/99 
000469506 0004695-09 
NORMAL NORMAL 
68.9 % 62.9 % 
MGlKG MGIKG 

IESULT QUAL CODE IRESULT QUAL CODE 
I 

Il.5 J AH 11.5 J AH 
b.2 J AH 9.9 J AH 
i.9 J AH 5.3 J AH 

Page 4 

BG3SBA0504 
1 l/04/99 
0004695-l 0 
NORMAL 
85.2 % 
MGfKG 

IESULT QUAL CODE 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8307 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGXiBA0506 
11/04/99 
0004695-11 
NORMAL 
00.9 % 
MG/KG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 9.6 J AH 
STRONTIUM ‘7.2 J AH 
THORIUM 4.5 J AH 

BGFDllO59901 
11 lO5lSS 
000469501 
NORMAL 
62.6 % 
MGlKG 
BGlSBP0601 

ESULT QUAL CODE 

a.1 J AH 
1.4 J AH 
.3 J AH 

BGFDI 1069901 
11/06/99 
0004695-03 
NORMAL 
09.8 % 
MGIKG 
BGI SBPO406 

IESULT DUAL CODE 

Page 5 

ll 

100.0 % 

IEiWLT DUAL CODE 



TO: 

FROM: GRETCHEN A. PHIPPS 

SUBJECT: INORGANIC DATA VALIDATION - LITHIUM, STRONIUM, AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8308 

SAMPLES: 

Tetra Tech NUS 

K. HENN 

INTERNAL CORRESPONDENCE 

DATE: 

COPIES: 

JUNE 7,200O 

DV FILE 

1 G/Soils/ 

BGl SBA0405 
BGl SBPO206 
BGl SBP0406 
BG 1 SBP0603 
BGl SBPO804 
BG 1 SBP1004 

BGI SBPO103 
BGl SBPO305 
BGl SBP0505 
BGI SBP0701 
BGl SBP0806 

BGl SBP0204 
BGl SBPO401 
BGl SBP0601 
BGl SBPO801 
BGl SBPO901 

Overview 

The sample set for CT0 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 

* - All quality control criteria were met for this parameter. 



MEMO TO: K. HENN - PAGE 2 
DATE: JUNE 7,200O 

Holdina 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, “ II J. 

Laboratorv Blank Analvses 

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum 
concentrations: 

Samples affected: All 

Analvte 
Lithium 
Thorium 

Maximum 
Concentration 
0.2pglL 
0.4ug/L 

Action 

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”. 

The metals analyzed via ICP/MS instrumentation were conducted at a 5X dilution, 

Executive Summary 

Laboratory Performance: Lithium and thorium were present in the 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 7,200O 

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. 

“I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the gality Assurance Project Plan (QAPP).” 

Tetra Tech NUS 
Gretchen A. Phipps 

zTt!-s2g~Z 

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: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
v 
W 
X 

Lab Blank Contamination 
Field Blank Contamination 
Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance 
MSIMSD 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 drjfting) 
Uncertainty near detection limit (c 2 x IDL for inorganics and cCRQL for organics) 
Other problems (can encompass a number of issues) 
Surrogates Recovery Noncompliance 
Pesticide/PCB Resolution 
% Breakdown Noncompliance for DDT and Endrin 
PestlPCD% between columns for positive results 
Non-linear calibrations, tuning r < 0.995 (correlation coefficient) 
.EMPC result 
Signal to noise response drop 



CTOQ83-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8308 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
(X-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGI SBAO405 
11 I05199 
0004699-01 
NORMAL 
80.2 % 
MGIKG 

RESULT QUAL CODE 
INORGANIC% 
LITHIUM 17.4 J ADH 
STRONTIUM 11.6 J H 
THORIUM 6.9 J AH 

BGlSBPOlO3 
1 i/06/99 
0004699-I 1 
NORMAL 
87.7 % 
MGlKG 

IESULT QUAL CODE 

19.6 J ADH 
IO.3 J H 

J AH I 
iF 

1 
1 
z 

BGiSBP0204 
1 l/06/99 
0004699-12 
NORMAL 
85.5 % 
MGIKG 

IESULT QUAL CODE 

13.8 J 1 ADH 

Page 1 

BGlSBP0206 
1 l/06/99 
0004699-l 3 
NORMAL 
90.1 % 
MGIKG 

IESULT QUAL CODE 

15.1 J 1 ADH 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8308 

Page 2 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGlSBP0305 BGiSBP0401 
1 l/06/99 11 I06199 
0004699-l 6 0004699-l 4 
NORMAL NORMAL 
06.7 % 85.5 % 
MGIKG MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 46.6 J ADH 

STRONTIUM 11.8 J H 

THORIUM 11.7 J AH 

BGlSBP0406 
1 l/06/99 
0004699-l 5 
NORMAL 
90.9 % 
MGIKG 

RESULT QUAL CODE IRESULT QUAL CODE 
I 

15.0 J ADH 24.8 J ADH 
9.4 J H 20.3 J H 
7.5 J AH 11.1 J AH 

BGlSBP0505 
11 low99 
0004699-06 
NORMAL 
89.6 % 
MG/KG 

RESULT QUAL CODE 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8308 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGlSBP0601 BGiSBP0603 
1 l/05/99 11/05/99 
0004699-04 0004699-05 
NORMAL NORMAL 
62.7 % 89.6 % 
MGIKG ‘MGIKG 

RESULT QUAL CODEIRESULT QUAL CODE 
INORGANICS I 
LITHIUM 19.0 J ADH 20.7 J ADH 
STRONTIUM 13.7 J H 13.0 J H 
THORIUM 0.4 J AH 0.6 J AH I 

i F 

1 
t 
E 

BGlSBP0701 
1 i/05/99 
0004699-03 
NORMAL 
67.9 % 
MGIKG 

IESULT QUAL CODE 

14.7 J 1 ADH 

Page 

BGlSBP0601 
1 i/06/99 
0004699-0.9 
NORMAL 
83.9 % 
MGIKG 

3 

IESULT QUAL CODE 

4.5 J 1 ADH 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8308 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
OC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGI SBPO804 
1 l/06/99 
0004699-09 
NORMAL 
90.4 % 
MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 14.5 J ADH 

STRONTIUM 10.0 J H 

THORIUM El.0 J AH 

BGI SBPO806 
11 /ofi/99 
0004699-l 0 
NORMAL 
94.1 % 
MGIKG 

ESULT QUAL CODE 

BGlSBP0901 
1 l/06/99 
0004699-07 
NORMAL 
02.3 % 
MGIKG 

IESULT QUAL CODE 
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BGlSBP1004 
1 l/05/99 
0004699-02 
NORMAL 
09.2 % 
MGlKG 

1ESULT QUAL CODE 



0 ‘ct 
TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Overview 

Tetra Tech NUS 

K. HENN 

GRETCHEN A. PHIPPS 

INTERNAL CORRESPONDENCE 

DATE: JUNE 8,200O 

COPIES: DV FILE 

INORGANIC DATA VALIDATION - LITHIUM, STRONTIUM AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8309 

18/Sails/ 

BGl SBLO305 BGl SBLO403 BGl SBL0501 
BGl SBL0504 BGl SBLO506 BG2SBGOlOl 
BG2SBGO104 BG2SBG0201 BG2SBG0203 
BG2SBG0206 BG2SBG0303 BG2SBG0401 
BG2SBG0404 BG2SBG0503 BGFDllO29901 
BGFDllO79901 BGFDllO79902 BGFD11089901 

The sample set for CT0 083, NSWC Crane, SDG C8309, consists of eighteen (18) soil environmental samples. 
Three (3) field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFD11079902 and BGlSBL0504 / 
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 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: 

* l Data Completeness ,, 
l Holding Times 

* . Calibration Verifications 
l Laboratory Blank Analyses 

* . ICP Interference Check Sample Results 
* l Matrix Spike Results 
* l Laboratory Duplicate Results 
* l Field Duplicate Results 
* l Post Digestion Spike Results 
* l Laboratory Control Sample Results 
* . ICP Serial Dilution Results 
* l Sample Quantitation 
* . Detection Limits 

* - All quality control criteria were met for this parameter. 
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Holdinq 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 results reported were qualified as estimated, I‘ II J. 

Laboratorv Blank Analyses 

The following contaminants were detected in the laboratory method / preparation blanks at the following maximum 
concentrations: 

Samples affected: All 

Analvte 
Lithium 
Thorium 

Maximum 
Concentration 
0.2pgIL 
0.4dL 

Action 
(soil) Level 

0.1 mg/kg 
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 >lO% quality control limit. The positive results reported for 
lithium were qualified as estimated, “J”. 

A comparison of field duplicate pairs (BG2SBG0303 / BGFD11079901, BG2SBG0401 / BGFDllO79902 and 
BGl SBLO504 / BGFDI! 089901) 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 Summarv 

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 210% 
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 7994, “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. 

. 
“I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines a he Quality Assurance Project Plan (QAPP).” 

& , 

Tetra Tech NUS ’ iv 
Gretchen A. Phipps 

<~.fggy 

T ‘ra Tech N 
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 



APPENDIX A 
QUALIFIED ANALYTICAL RESULTS 



Qualifier Codes: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
v 
W 
X 

Lab Blank Contamination 
Field Blank Contamination 
Calibration (i.e., % RSDs, %Ds, ICVs, CC& 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 c 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 (c 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 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8309 

Page 1 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGI SBLO305 
11 I08199 
0004698-l 6 
NORMAL 
87.5 % 
MGIKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 22.3 J AHI 

STRONTIUM 17.0 J H 

THORIUM 8.7 J AH 

BGI SBLO403 
1 l/08/99 
0004698-l 7 
NORMAL 
85.3 % 
MGIKG 

IESULT QUAL CODE RESULT QUAL CODE 

BGI SBLO501 
1 l/08/99 
0004698-i 3 
NORMAL 
82.0 % 
MGIKG 

BGI SBLO504 
1 l/08/99 
0004698-l 4 
NORMAL 
89.3 % 
MGlKG 

RESULT QUAL CODE 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8309 

Page 2 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
W-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGI SBL0506 BG2SBGOiOl 
11 IO8199 1 l/07/99 
0004698-I 5 0004698-05 
NORMAL NORMAL 
69.3 % 80.5 % 
MGlKG MGIKG 

RESULT QUAL CODE RESULT QUA& CODE 
INORGANICS 
LITHIUM 28.1 J AHI 13.2 J AHI 
STRONTIUM 17.0 J H 14.2 J H 
THORIUM 9.1 J AH 7.9 J AH 

BG2SBG0104 
1 l/07/99 
0004698-06 
NORMAL 
89.7 % 
MGlKG 

BG2SBG0201 
1 l/07/99 
0004698-07 
NORMAL 
81.5 % 
MGlKG 

RESULT QUAL CODE 1 RESULT QUAL CODE 
I 

14.5 J 1 AHI 
11.7 J H 
5.7 J t AH 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8309 

Page 3 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
Cc-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG2SBG0203 BG2SBG0206 
11 I07199 1 i/07/99 
0004698-08 0004698-09 
NORMAL NORMAL 
91.9% 82.1 % 
MGIKG MGIKG 

RESULT QUAL CODE RESULT QUAL CODE 
INORGANICS 
LITHIUM 9.2 J AHI 10.8 J AHI 

STRONTIUM 8.1 J H 10.0 J H 

THORIUM 5.8 J AH 6.3 J AH 

BG2SBG0303 BG2SBG0401 
11 IO7199 1 l/07/99 
0004698-04 0004698-l 1 
NORMAL NORMAL 
90.2 % 82.0 % 
MGIKG MGlKG 

RESULT OUAL CODE RESULT QUAL CODE 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8309 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BG2SBG0404 BG2SBG0503 
11 I07199 1 l/07/99 
0004696-l 2 0004696-i 0 
NORMAL NORMAL 
66.6 % 66.9 % 
MGlKG MGlKG 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 14.9 J AHI 
STRONTIUM 9.1 J H 
THORIUM 7.6 J AH 

ESULT OUAL CODE 

BGFDllO29961 
I i ro2r99 
0004696-l 6 
NORMAL 
64.7 % 
MGIKG 
BGSSBAOiOl 

Page 4 

BGFDI 1079901 
I I ro7r99 
0004696-01 
NORMAL 
89.6 % 
MGIKG 

IESULT QUAL CODE 1 RESULT QUAL CODE 
I 



CT0083-NSJ/VC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8309 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QCJYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGFDllO79902 
11 to7199 
0004698-02 
NORMAL 
81.4 % 
MGIKG 
BG2SSGO401 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 12.8 J AHI 

STRONTIUM 17.3 J H 
THORIUM 6.6 J AH 

BGFDllO89901 
1 l/08/99 
0004698-03 
NORMAL 
89.2 % 
MGlKG 
EiGiSBL0504 

II 

100.0 % 

IESULT QUAL CODE IESULT QUAL CODE 

,3.6 J 1 AHI 
4.3 J H 
‘.7 J 1 AH 

Page 5 

II 

100.0 % 

?ESULT QUAL CODE 



0 =k 
TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

K. HENN DATE: 

GRETCHEN A. PHIPPS COPIES: 

JUNE 7,200O 

DV, FILE 

INORGANIC DATA VALIDATION - LITHIUM, STRONTIUM AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8310 

a/Aqueous/ 

BGRB11029901 
BGRBllO59901 
BGRB11089901 

BGRBllO39901 BGRB11049901 
BGRBllO69901 BGRBllO79901 
BGSW11029901 

The sample set for CT0 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 (QAKX) criteria. Metals analyses were conducted using SW 846 method 6020 via 
ICP/MS instrumentation. 

These data were evaluated based on the following parameters: 

* l Data Completeness 
l Holding Times 

* . Calibration Verifications 
* l ICP Interference Check Sample Results 
* l Laboratory Duplicate Results 
* l Matrix Spike/ Matrix Spike Duplicate Analyses 
* l Post Digestion Spike Analyses 
* l Laboratory Control Sample Results 
* l Sample Quanitation 

l Detection Limits 

* - All quality control criteria were met for this parameter. 

Holdina Times 

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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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 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. 

“I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the QLality Assurance Project Plan (QAPP).” 

Gretchen A. Phipps 

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: 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
v 
W 
X 

Lab Blank Contamination 
Field Blank Contamination 
Calibration (i.e., % RSDs, %Ds, ICVs, CCVs, RPDs, RRFs, etc.) Noncompliance 
MWMSD 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 (c 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 
PestfPCD% between columns for positive results 
Non-linear calibrations, tuning r < 0.995 (correlation coefficient) 
EMPC result 
Signal to noise response drop 



CT0083-NSWC CRANE 
WATER DATA 
LAUCKS Page 1 

SDG: C831b 

SAMPLE NUMBER: BGRBllO29901 BGRBI 1039901 BGRBI 1049901 BGRBI 1059901 
SAMPLE DATE: 1 l/02/99 1 l/03/99 I l/04/99 11/05/99 
LABORATORY ID: 0004700-0 1 0004700-03 0004700-04 0004700-05 
%-TYPE: NORMAL NORMAL NORMAL NORMAL 
% SOLIDS: 0.0 % 0.0 % 0.0 % 0.0 % 
UNITS: UGR UG/L UG/L UG/L 
FIELD DUPLICATE OF: 

RESULT QUAL CODE RESULT OUAL CODE RESULT QUAL CODE RESULT QUAL CODE 
INORGANICS 
LITHIUM 0.22 UJ H 0.22 J HP 0.22 UJ H 0.22 UJ H 

STRONTIUM 0.22 UJ H 0.22 UJ H 0.22 UJ H 0.22 UJ H 

THORIUM 0.33 J HP 0.22 UJ H (0.22 UJ H 0.22 UJ H 



CTOO83-NSWC CRANE 
WATER DATA 
LAUCKS 
SDG: C8310 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGRBI 1069901 BGRBI 1079901 
1 l/06/99 1 l/07/99 
0004700-06 0004700-07 
NORMAL NORMAL 
0.0 % 0.0 % 
UGIL UGR 

RESULT QUAL CODE 
INORGANICS 
LITHIUM 0.22 UJ H 

STRONTIUM 0.22 UJ H 

THORIUM 0.22 UJ H 

lESULT QUAL CODE 

I.22 UJ H 

E-t++ 

BGRB11089901 
1 f/00/99 
0004700-08 
NORMAL 
0.0 % 
UG/L 

IESULT QUAL CODE 

Page 2 

BGSWI 1029901 
1 l/02/99 
0004700-02 
NORMAL 
0.0 % 
UGIL 

IESULT QUAL CODE 



0 -k 
TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

K. HENN DATE: JANUARY lo,2001 

JENNIFER M. MALLE COPIES: REVlSldN 1 
DV FILE 

INORGANIC DATA VALIDATION - TAL METALS,TIN, LITHIUM, STRONTIUM AND THORIUM 
CT0 083 - NSWC CRANE 
SDG - C8311 

S/Soil/ 

BG 1 SBA250203 BG 1 SBA280304 BGFD10070001 

2/Aqueous/ 

BGRB10060001 BGRB10070001 

Overview 

The sample set for CT0 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 (BGl SBA250203 / BGFDlOO70001) 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 (OA/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 
l . Laboratory Duplicate Results 
* . Field Duplicate Results 
* . Laboratory Control Sample Results 

. ICP Serial Dilution Results 
l 

.’ Sample Quantitation 

. Detection Limits 

* - 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 
Analvte Concentration 
Chromium (‘) 0.088 mg/kg 
Copper 1.7 ug/L 
Iron 
Magnesium (‘) 

27.9 ug/L 
52.8 ug/L 

Sodium 
Tin (‘) 

88.9 ug/L 
0.072 mg/kg 

Thorium 0.2 ug/L 

(‘) Maximum concentration found in a soil preparation blank. 

Action 
Level (soil) 
0.44 mg/kg 
0.85 mgikg 
13.9 mg/kg 
26.4 mglkg 
44.4 mg/kg 
0.36 mg/kg 
NA 

Action 
Level (aaueous) 
NA 
NA 
NA 
NA 
NA 
NA 
0.10 ug/L 

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”. 

It 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 Soike/Post Diaestion Soike 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, although 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 aq.ueous 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 (BGl SBA250203 / BGFDlOO70001) 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 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 Chemical Data Quality Manual”.(NFESC 9/99). 
The text of this report has been formulated to address only those problem areas affecting data quality. 

“I 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).” 

LL & 
Tetra Tech MS 
Jennifer M. Malle 
Environmental Scientist 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. , 
3: 

Appendix A - Qualified Analytical Results 
Appendix B - Results as reported by the Laboratory 
Appendix C - Support Documentation 
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Qualified Analytical Results, 
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43ualifier Codes: 

1 

= Lab Blank Contamination 
= Field Blank Contamination r 

= Cali.ixation (i.e., %‘kSDs, %Ds, ICVs, CCVS, RPDs, RRFs, etc.) Noncompliance 
= Ms/MSD Noncompliance ’ ,. . 

. . 
= LCSACSD. Noncompli&e 

A 
B 
C 
D 
E 
F 
G 
Ii 
I 
J 
K 
L 
M 
N 
0 
P 
.Q 
R 
S 
T 
U 
v * = won-linear =librations,, tuning r < q.gps. (correlation coeffcient) . 

= E,tulPC result W 
X’ t Signal to noise response dr& . . 
Y = % solid content is less than 30% . . 

= Lab Duplicate imprecision . 
= Field Dupiiicate !mprecision 
= H,olding lime EX+danca 
= ICP Serial Dilution Noircornpiiin~~ 
= GFAA PDS -.QFAA MA’s r < 0.995 
z ‘]Cp lnterfem& - include JCSAB % R’s . ’ . 
=, Instrument Calibration .Range Exceedam 
5 ,Sample Preservatiqn . 

= Internal Standard Noncompiiincte 
= Pbor Instrument PerfOtinw (Le., base-time driting) 
‘= ‘Uncei-taintY neai detection limit (* 2 x IDL for inorganics and (CRQL for organics) 
= Other problem (=n encompass a number of issues) 
= Surrogates R=wery NonF&piiince I 
= pe~tjc&/PCB Reioiution 

. . 

= % Breakdown Noncompliance foi DD7: and Endrin _ . 

= P&PCB D% between columns for positive results 

. 

. 



CT0083-NSWC CRANE 
SOIL DATA 
LAUCKS 
SDG: C8311 

Page 1 

BGI SW280304 SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGl SBA250203 
10107/00 
0010266-04 
NORMAL 
79.1 % 
MGIKG 

INORGANICS 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 

RESULT QUAL CODI 

16000 J / B 
0.45 U I 

5.9 
80.4 J / B 
0.82 
0.44 J P 
313 
17.3 J BAID 
7.5 

BGFDl0070001 
1 o/07/00 
0010266-03 
NORMAL 
79.5 % 
MGIKG 
BGl SBA250203 

fESULT QUAL CODE 

1 O/06/00 
0010266-02 
NORMAL 
85.7 % 
MG/KG 

II 

100.0 % 

2ESULT QUAL CODE 3ESULT QUAL CODE 

12000 J I6700 J / B 
0.46 u j 
5.6 
36.9 J ‘7.2 J 

0.54 
0.33 J j P 
108 

I.74 
j.41 J ; P 
!87 

20.9 J i BAID 14.6 J ; BAID 
3.1 / 

10.3 J / A 
2.2 
10 J ; A 
28900 J / AB 

COPPER 
IRON 

10.1 J ! 
I A 

22700 J 1 AB I7200 J 
10.1 
27.9 J j IB 
755 J : Al 

Il.4 
!0.7 J i IB 
I470 J / Al 

LITHIUM 20.3 J IB 

MAGNESIUM 1400 J Al 

MANGANESE 1030 J D 

MERCURY 0.04 
86.4 J j D 
3.05 u i 
9.5 

‘13 J 

I.04 
I2 NICKEL 

POTASSIUM 
SELENIUM 

13 I 

1370 J j I 
0.46 U 

1650 J / 1 
3.44 u : 
3.22 U SILVER 0.23 U / 

J i AKP SODIUM 
STRONTIUM 
THALLIUM 
THORIUM 
TIN 
VANADIUM 
ZINC 

80.3 J ! AKP 
12.7 
0.25. J P 
8.4 J j B 
0.38 U / A 
26.3 J I 
42.9 

97.8 J. : AKP 

b.27 J 

3 J ; B 
3.4 U i A 
19.9 J i I 

1.7 J ! B 
j.36 U I A 
!6.1 J 
Il.7 25.4 



CTOt’ ,NSWC CRANE 
WATE. ATA 
LAUCKS 
SDG: C8311 

Page 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QCJYPE: 
% SOLIDS: 
UNITS: 
FIELD DUPLICATE OF: 

BGRB10060001 BGRBl0070001 
1 O/06/00 
0010266-01 
NORMAL 
0.0 % 
UGA 

IRON 24.9 J 
LEAD 0.56 U 
LITHIUM 0.36 J 
MAGNESIUM 36.7 U 
MANGANESE 1.7 U 
MERCURY 0.20 U 
NICKEL 0.56 U 
POTASSIUM 163 U 
SELENIUM 1.1 U 
SILVER 0.56 U 
SODIUM 31.1 U 
STRONTIUM 0.22 U 
THALLIUM 0.56 U 
THORIUM 0.43 J 
TIN 0.11 U 
VANADIUM 0.56 U 
ZINC 5.6 U 

P 20.2 J P 
0.56 U 

P 0.22 U 
36.7 U 
1.7 U 
0.20 U 
0.56 U 
163 U 
1.1 U 
0.56 U 
31.1 U 
0.22 U 
0.56 U 

AP 0.22 U 
0.11 U 
0.56 U 
5.6 U 

WAM-RES.DBF 



APPENDIX D 

METHODOLOGY and SUMMARY OF STATISTICAL ANALYSIS 





Appendix D-1 

D.l.l 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 wrth 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. 

I 
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 distribution. The null hypothesis (HO) that is 
tested is: 

Ho The popu/ation has a normal (of lognormal when the data is log-transformed) 
distribution. 

The alternate hypothesis (HA) is: 
HA The population does not have a normal (or lognormal when the data is log- 

transformed) distribution. 

If Ho is rejected, then HA is accepted. If H,, is not rejected, the data set is consistent with the HO 
distribution. 

A “W” statistic (kV,,,J is computed for a data set (or a log transformed data set) and compared to 
a test statistic (W,,,). If VV,,, 1 VI&, 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 ~JV,,~ ckVtest, 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 distributed if log 
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 ’ 
w = talc [ 1 s,lGi 

where 

b = i ai (R/n-i+ll - Ri) = i bi 
i=l id 



and n is the total number of samples. 

. Step 1. Order the n samples from smallest to largest to obtain the sample order 
statistics: 

. Step 2. Compute the standard deviation by: 

SR = 
. Step 3. Determine the coefficients a,, +,a+., ak for the sample size n using Table D- 

1 where: 

k = 5 if n is even ; and 

k 
n-l = - ifnisodd 

2 

* Step 4. Determine b by the formula: 

b = 2 ai (Rln-;+I] - Ri) = i bi 
i=l i=l 

* Step 5. Calculate kV,,G using b from above: 

W talc = 

. Step 6. Determine W,,, at the 5% significance level from Table D-2. 

* Step 7. Reject Ho at the 5% significance level if W,,, is less than Wtesr. 

To test the null hypothesis that the data set has been drawn from an underlying lognormal 
distribution, transform the data to Ylj, ya,y+...,yk,where yii = In &. Repeat steps 1 through 7 as 
described in the preceding paragraphs. 

D.1.3 Normal Probability Plots 
The expected normal probability for the j’h value ranked from lowest to highest (ZJ is defined as: 



x;= 0 -' {(3j- 1)/(3N+ 1)) 

Where: 
Q -’ denotes the inverse of the cumulative normal distribution function (from Table 1) 
j is the rank of the value from lowest to highest 
N denotes the total number of samples in the dataset 
{(3j- 1)/(3N + 1)) = p is the probability that a value falls below that result 
bidenotes the probability p normalized to a Zscore 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 outlier 
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 ellipse 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 line). 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. 

D.1.4 95% Upper Tolerance Limits (UTLs) 
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 includes 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 95% 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, Sa, calculated during the 
Shapiro and Wilk W-test statistical analyses. 

* Step 2. Construct the one-sided upper Tolerance limit (UTL& as: - 
UTLO.95 = x + k Sa 

where k is the one-sided normal Tolerance factor found in Table D-3. 

D.1.5 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 (Hn) is: 

HA 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 HA is accepted. If Ho is not rejected, the data set is consistent with the 
Ho hypothesis. 



W = $s Ei - ~TI.(FT, + I) 
i=l 

1 

. Step 2. Compute the Wilcoxon statistic W: 

where ,!$ are the ranks of the soil type 1 samples (Large values of the statistic Wgive 
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 W under the null hypothesis (i.e., no contamination exists) are given by the 
formulas 

1 
E(W) = Tmn; SD(W) = 

J 
kmn(iV+l) 

2 

An approximate Z-score for the Wilcoxon Rank-Sum test may be calculated by the 
following equations: 

3 

z- W-E(W)- 3 
SD(W) 

The factor of l/2 in the numerator serves as a continuity correction since the discrete 
distribution of the statistic W is being approximated by the continuous normal 
distribution. If n,m > 10 and ties are present, an adjustment to the approximate Z- 
score must be made: 

4 

ZADJUSTED= 

W-E(W)-; 

S/D(W) 



: 

inn 
where: SD’(W) ,= 12 

8 tj(t: - 1) 

N+l- 
j=l 

N(N -I) 

I 
2 

11 
9 = the number of tied groups and ti is the number of tied data in the 

Eh group. 

. Step 4. For a two-tailed 95% confidence level test for Ho versus the, reject Ho and 
accept HA if ZAoJusTEo > ZO., = + 1.96. 

D.1.6 95% Confidence Interval 
The 100(1-a) Confidence Interval of the population mean (i) consists of an Lower Confidence 
Limit and an Upper Confidence Limit (LCL1OO~l-~~) - UCL1O,,o-o~). When II = 0.05, the 95 percent 
upper confidence limit (one-tailed test) may be calculated as follows: 

- 
ucLo.95 = x + t0.95.n-I x 

Fn 

5 

- 
LCLo.9s = x - t0.95,n-1 x 

2 

?? 1 n =- c xi = arithmetic mean 
n i=l 

where: 

n 

C( 
Xi - Ii )’ 

s, = i=l 
n-l 

= the sample standard deviation 

t0.95.n-1 = Value fYom t - distribution (Table ?) 
Table D-3 

It should be noted that the 95 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 at 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=(; - j ) / (s,*/n, + sy2/ny)0~5 

Where x = the arithmetic mean of n, site measurements 
j = the arithmetic mean of nY background measurements 

s,* = the sample variance of the n, site measurements 
s,* = the sample variance of the nY background measurements 

Compute the approximate degrees of freedom, f, as follows: 

f= 
r 

rounded down to nearest integer. 

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 (i - i ) = A can be calculated by: 

t(1-a.f) = X-Y-S, 
2 2 

J- 
S.x I SY 

12, ny 

Let u. = 0. Then: 

J 
2 2 

* = t(w) 
L+sY 
Iz 

x 
n 

Y 

Let S, = 25, and nu = 5: 

* = Q-~,~) 
s2 4s2 d e + +- 

x 



Divide both sides by S, and square both sides: 

Take the square root of both sides: 

D.1.8 6inomial 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 

e A fixed number of trials 
e Each trial is independent of the others 
0 There are only two outcomes 
0 The probability of each outcome remains constant from trial to trial. 
0 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 l pAx * q*(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. 



1. Success = “A metal from the two soil groups passes the Wilcoxon Rank-Sum test” 
2. p = 0.95 
3. q = 0.05 
4. n =24 
5. x=21 

P(x=21) = 2462, * 0.95”21 * 0.05”3 = ((22*23*24)/(1 l 2*3))* 0.34056 * 0.000125 = 0.0862 

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-l 
COEFFICIENTS 4 FOR W TEST OF NORMALITY FOR N=Z to 50 



TABLE D-2 
PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50 

22 0.878 0.911 
23 0.881 0.914 

49 I 0.9291 0.947 
50 0.930 I 0.947 

29 I 0.8981 0.926 
30 0.9001 0.927 



TABLE D-3 
TOLERANCE FACTORS (K) FOR ONE-SIDED NORMAL TOLERANCE INTERVALS 

WITH CONFIDENCE FACTOR YzzO.95 AND COVERAGE P=g!j% 



TABLE D-4 
PERCENTILES OF STUDENT’s t-DISTRIBUTION WITH n DEGREES OF FREEDOM 

n\F 1 0.60 1 0.75 1 0.90 1 0.95 1 0.975 1 0.99 1 0.995 1 0.9995 1 
I 1 I n R75l 3.0781 6.3141 12.7061 31.8211 63.6561 636.578 

161 1.8861 2.9201 4.3031 6.9651 9.9251 31.600 

I 7 I 0.2631 0.711 I 1.4151 1.8951 2.3651 2.9981 3.4991 5.4081 
6 I 0.2621 0.7061 
9 0.2611 0.7031 

1.397 1.860 2.306 2.896 3.355 5.041 
1.383 1.833 2.262 2.821 3.250 4.781 

10 I 0.2601 0.7001 1.372 1.812 2.228 2.764 3.169 4.587 
I I 

I 

I I I 
11 I 0.2601 0.697 1.363 1.796 2.201 2.718 3.106 4.437 
49 
;; 

I t-l QCOI “.LJJ, n C95 
ii:; 

1.356 1.782 2.179 2.681 3.055 4.318 

I 
0.259 I .~_94 1.350 1.771 2.160 2.650 3.012 4.221 

1A n 7ml n 692 1.345 1.761 2.145 2.624 2.977 4.140 
91 1.341 1.753 2.131 2.602 2.947 4.073 ii 

- .--- 
0.258 ii , 

I I I I I I 

I 
I I 

21 I 0.2571 0.6861 1.3231 1.7211 2.0801 2.5181 2.8311 3.8191 

I 23 0.2561 0.6851 1.3191 1.7141 2.069 1 2.5001 

25 I 0.2561 0.6841 1.3161 1.708) 2.0601 
I I I I I 

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 ,ooo,ooo 0.253 0.674 1.282 1.645 1.960 2.326 2.576 3.290 

F=l-a 
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Sample Calculations Table 1 
COEFFICIENTS A, FOR W TEST OF NORMALIlY FOR N=2 to 50 



Sample Calculations Table 2 
PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50 

9 1 0.7641 0.8291 

13 I 0.8141 0.866 
14 0.8251 0.874 
15 I 0.8351 0.881 
16 0.8441 0.887 

I 
I 

17 I I m51 -.. 0.892 

t 
ii3 I 0.1 358 0.897 

I 
19 
20 

I I 0.883 -.--- n-901 
I 0.8681 iii 305 

21 0.873 0.908 
22 0.878 0.911 
23 0.881 0.914 

I 24 1 

n 1 0.01 I 0.05 
31 ,I 0.9021 0.929 

49 I 0.929 1 0.947 
50 0.9301 0.947 



Sample Calculation Table 3 
p Levels from 2 Scores for 2 Sided Tests 



Sample Calculations Table 4 
TOLERANCE FACTORS (K) FOR ONE-SIDED NORMAL TOLERANCE INTERVALS 

WITH CONFIDENCE FACTOR YsO.95 AND COVERAGE P=95% 

13 1. 2.6701 1 400 1 1.7771 
I 14 I 2.6141 I 425 I 1.7731 

60 I 
65 

I 
I 

70 I 
75 

I 1.986l .--- 
I 

I 100 I 
1.9721 
1.9241 

I 

1 125 1 
.-- 

1.8911 



Sample Calculations Table 5 
PERCENTILES OF STUDENT’s t-DISTRIBUTION WITH n DEGREES OF FREEDOM 

I n\F 1 

1 -.--- -.-- - 

0.259 0.694 ____ . . . -. _ _ 
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 

F=l-a 





Appendix D-2 

D.2.1 Examples of Shapiro-Wilk Test of Normality Result 

0.2.2 

D.2.3 

D.2.4 

D.2.5 

48 Test result (Normal & Lognormal for 27 metals) for Alluvial Subsurface Silt 

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 Results 

Note: The remainder of the statistical analysis results are available on request. 
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Shapiro-Wilk W=.89957, ~~4044 
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ABL ALUMINUM LOGNORMAL 
Shapiro-Wilk W=.90447, ~~4314 
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- 
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Normal 
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ABL ANTIMONY NORMAL 
Shapiro-Wilk W=.61836, pc.0010 

- Expected 
Normal 



ABL ANTIMONY LOGNORMAL 
Shapiro-Wilk W=.69251, PC.0094 
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ABL ARSENIC NORMAL 
Shapiro-Wilk W=.90324, pc.4245 
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ABL ARSENIC LOGNOR 
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ABL BARIUM NORMAL 
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ABL BARIUM LOGNORMAL 
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ABL BERYLLIUM NORMAL 
Shapiro-Wilk W=.94367, PC.6998 
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Normal 
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ABL BERYLLIU 
Shapiro-\/\/ilk W=.97454, PC.8924 

- Expected 
Normal 

Upper Boundaries (x <= boundary) 



ABL CADMIUM NORMAL 
Shapiro-Wilk W=.85574, pc.2101 
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Upper Boundaries (x c= boundary) 
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Normal 



ABL CADMtUM LOGNORMAL 
Shapiro-Wilk W=.88089, ~~3107 
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ABL CALCIUM NORMAL 
Shapiro-Wilk W=.94296, PC.6948 

0 100 200 300 400 500 600 
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ABL CHROMIUM NORMAL 
Shapiro-Wilk W=.88605, pc.3350 
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ABL CHROMIUM LOGNORMAL 
Shapiro-Wilk W=.89478, pc.3790 
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ABL COBALT NORMAL 
Shapiro-Wilk W=.89988, pc.4061 
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ABL COBALT LOGNORMAL 
Shapiro-Wilk W=.87152, PC.2697 
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ABL COPPER NORMAL 
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Shapiro-Wilk W=.90192, pc.4173 
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ABL COPPER LOGNORMAL 
Shapiro-Wilk W=.90165, pc.4158 
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Normal 0 
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ABL IRON NORMAL 
Shapiro-Wilk W=.81910, pc.1129 
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ABL IRON LOGNORMAL 
Shapiro-Wilk W=.87384, PC.2795 
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0 

ABL LEAD NORMAL 
Shapiro-Wilk W=.86053, PC.2269 
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................................................ 

7.5 8.0 8.5 9.0 9.5 10.0 10.5 
Upper Boundaries (x <= boundary) 

- Expected 
Normal 



ABL LEAD LOGNORMAL 

r 
Shapiro-Wilk W=.84235, ~~1684 

2.00 2.05 2.10 2.15 2.20 2.25 

Upper Boundaries (x C= boundary) 

2.30 2.35 
- Expected 

Normal 



(;qla 
Alluvail Subsurface Silt - Normal Li‘k v@. 

Shapiro-Wilk W=.90357 

9 10 11 12 13 14 15 16 17 18 
- Expected 

Normal 5 

Upper Boundaries (x <= boundary) 



Alluvial Sub\surfaceSilt - Lithium - Lognormal 
Shapiro-Wilk W=.89210 

2 

1 

0 
2.3 2.4 2.5 2.6 2.7 2.8 2.9 

- Expected 
Normal 

Upper Boundaries (x <= boundary) 



ABL MAGNESIU 
Shapiro-Wilk W=.89369, ~~3733 

500 600 700 800 900 1000 1100 1200 
Expected 
Normal 

Upper Boundaries (x <= boundary) 



ABL MAGNESIUM LOGNORMAL 
Shapiro-Wilk W=.91600, pc.5061 

............................ .................... .............................................................. 

6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 
Upper Boundaries (x c= bouridary) 

- Expected 
Normal 



2 

1 

0 

ABL MANGANESE NORMAL 
Shapiro-Wilk W=.90433, ~~4306 

300 350 400 450 500 550 600 650 700 750 
Upper Boundaries (x C= boundary) 

- Expected 
Normal 



ABL MANGANESE LOGNORMAL 
Shapiro-Wilk W=.90981, pc.4617 

5.8 6.0 6.1 6.2 6.3 6.4 
Upper Boundaries (x <= boundary) 

6.5 6.6 
- Expected 

Normal 



ABL MERCURY NORMAL 
Shapiro-Wilk W=.60562, pc.0005 

2 

0 
0.02 0.04 0.06 0.08 0.10 0.12 

Upper Boundaries (x c= boundary) 

- Expected 
Ndrmal 



ABL SODIUM LOGNORMAL 
Shapiro-Wilk W=.84931, pc.1891 

Expected 
Normal 1.0 1.2 

Upper Boundaries (x <= boundary) 



Al3L NICKEL NORMAL 
Shapiro-Wilk W=.82251, pc.1199 

8.2 8.4 8.6 8.8 9.0 9.2 9.4 

Upper Boundaries (x c= boundary) 

9.6 9.8 
- Expected 

Normal 



ABL NICKEL LOGNORMAL 
Shapiro-Wilk W=.80961, p<.O955 

2.12 2.14 2.16 2.18 2.20 2.22 2.24 2.26 2.28 2.30 
- Expected 

Normal 

Upper Boundaries (x c= boundary) 



2 

1 

0 

ABL POTASSIUM NORMAL 
Shapiro-Wilk W=.91429, PC.4953 

- Expected 
Normal 650 

Upper Boundaries (x <= boundary) 



ABL POTASSIUM LOGNORMAL 
Shapiro-Wilk W=.87888, ~~3016 

6.1 6.2 6.3 6.4 

Upper Boundaries (x C= boundary) 

6.5 6.6 
- Expected 

Normal 



0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400 

Upper Boundaries (x <= boundary) 

ABL SELENIUM NORMAL 
Shapiro-Wilk W=.74022, ~~0260 

- Expected 
Normal 



ABL SELENIUM LOGNORMAL 
Shapiro-Wilk W=.78685, pc.0633 

-1.7 -1.6 -1.5 -1.4 -1.3 -1.2 -1 .l -1 .o -0.9 
Expected 
Normal 

Upper Boundaries (x C= boundary) 



ABL SODIUM NORMAL 
Shapiro-Wilk W=.88876, pc.3484 

1.0 1.5 2.0 2.5 3.0 3.5 
Upper Boundaries (x <= boundary) 

4.0 4.5 
- Expected 

Normal 



ABL SODIUM LOGNORMAL 
Shapiro-Wilk W=.84931, pc.1891 

Expected 
Normal 1.0 1.2 

Upper Boundaries (x <= boundary) 



4) a 
Alluvial Subsurface Silt - Strontium - Normal 

Shapiro-Wilk W=.99809 

- Expected 
Normal 6 7 8 9 

Upper Boundaries (x <= boundary) 



Alluvial Subsurface Silt - Strontium - Lognormal 
Shapiro-Wilk W=.99537 

1.6 1.7 1.8 1.9 2.0 2.1 2.2 

Upper Boundaries (x <= boundary) 

2.3 2.4 
- Expected 

Normal 



ABL THALLIUM NORMAL 
Shapiro-Wilk W=.94010, pc.6744 

0.08 0.16 0.18 
- Expected 

Normal 

Upper Boundaries (x C= boundary) 



2 

-2.4 -2.3 -2.2 -2.1 -2.0 -1.9 -1.8 

Upper Boundaries (x c= boundary) 

-1.7 -1.6 

ABL THALLIUM LQGNORMAL 
Shapiro-Wilk W=.93152, ~~6128 

Expected 
Normal 



(4%) 
Alluvial Sub/surface Silt - Thorium - Lognormal 

Shapiro-Wilk W=.71693 

1.6 1.8 
- Expected 

Normal 

Upper Boundaries (x <= boundary) 



3.5 4.0 4.5 5.0 5.5 6.0 6.5 

t@d ,i 
Alluvial Subsurface Silt - Thorium - Normal 

Shapiro-Wilk W=.73992 

- Expected 
Normal 

Upper Boundaries (x <= boundary) 



2 

1 

0 

ABL TIN NORMAL 
Shapiro-Wilk W=.93559, ~~6421 

- Expected 
0.23 0.24 0.25 0.26 0.27 0.28 Normal 

Upper Boundaries (x <= boundary) 



ABL TIN LOGNORMAL 
Shapiro-Wilk W=.93607, ~~6455 

2 

- Expected 
Normal 

Upper Boundaries (x C= boundary) 



ABL VANADIU 
Shapiro-Wilk W=.90881, ~~4560 

17 18 19 20 

Upper Boundaries (x <= boundary) 

- Expected 
Normal 



2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 

ABL VANADIUM LOGNORMAL 
Shapiro-Wilk W=.88214, pc.3165 

- Expected 
Normal 

Upper Boundaries (x c= boundary) 



ABL ZINC NORMAL 
Shapiro-Wilk W=.73300, pc.0225 

12 14 20 22 24 
- Expected 

Ndrmal 

Upper Boundaries (x c= boundary) 



2 

1 

0 

ABL ZINC LOGNORMAL 
Shapiro-Wilk W=.78325, PC.0593 

2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 
Upper Boundaries (x c= boundary) 

- Expected 
Normal 
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Appendix D.2.3 
Comparison of Pennsylvanian Subsurface Sand (PBS) Results 

with 95% Confidence Intervals of Penssylvanian Subsurface Clay and Sand (P5) 

I PBS Group PB 95% Group PB I PB Result I PB Result I 
1 PARAMETER 

NUM 
IONY 

INIC 

IBARIUM 

Result Confidence Interval (95% CR) 
5,430 11,500 14,200 
0.38 0 3.00 
2.9 5.03 7.57 

24.8 47.7 73.6 

Range (Min - Max) 
9,070 16,200 
0.155 11.3 

1.4 9.0 

25.1 116 

Within PB 95% Cl? 1 Within PB Range? 
NO (LOW) I NO (LOW) 

YES YES 
NO (LOW) I YES 

NO (LOW) NO (LOW) i 
BERYLLIUM l 0.14 I 0.258 I 0.423 I 0.21 I 0.60 I NO (LOW) I NO fLOWl I 
CADMIUL 

IRON 11,300 19,900 27,400 14,800 40,800 1 NO (LOW) NO (LOW) 
LEAD 11.7 11.1 13.8 8.6 15.4 I YES YES 
LITHIUM 8.6 16.0 26.6 13.7 46.6 NO (LOW) NO (LOW) 

NO /LOW) 

/MERCURY 1 0.02 0.0202 1 0.0576 1 0.02 

I YES 
0.1 YES YES SILVER 0.05 0.0429 0.0607 0.025 

SODIUM 1.15 13.4 81.3 7.4 205 NO (LOW) NO (LOW) 
STRnNTll IM 5.4 11.6 16.1 8.5 20.3 NO (LOW) 1 NO (LOW) - . . - . - . 

ITHALLIUM I ii9 
I .._ I 
I 0.162 I 0.215 I 0.1 I 0.25 I NO (LOW) I NO (LOW) I 

4.9 I 7.96 I 9.56 ! 6.9 ! 11.70 1 NO (LOW) NO (LOW) 
0.215 ! 0.310 ! 0.382 ! 0.25 ! 0.455 1 NO (LOW) NO (LOW) 
14.1 I 28.6 I 36.7 I 20.9 I 48.5 I NO (LOW) NO (LOW) 
11.4 31.7 43.1 24.3 58.2 NO (LOW) NO (LOW) 

probability that PBS If the PBS results are statistically similar to the 15 PB results, the 
would exhibit18 or more of the 27 lowest values is 1.76 x lOWi % (1 in 567trillion). 

ITHORIUM 





Appendix D.2.4 
Wilcoxon Rank-Sum (WRS) Results of 

Pennsylvanian Subsurface Clay versus Pennsylvanian Subsurface Silt 

Rank Sum Rank Sum Valid N 1 Valid N 1 Rank AvgI Rank Avgl I PBC and PBL 1 

IANTIMONY 1 24 21 4 5 6.00 4.20 6 1 0.9798 1 0.3272 

IBARIUM 22 23 4 5 1 5.50 1 4.60 1 0.4899 1 0.6242 1 0.4899 

ICADMIUM 1 14 31 5 3.50 6.20 4 I-1.46971 0.1417 -1.4697 0.1417 YES 
ICALCIUM ! 24 21 0.9798 0.3272 YES 
I CHRTIMIIIM I 

1 4 1 5 1 6.00 1 4.20 1 6 1 0.9798 1 0.3272 
18 I 27 I 4 I 5 I 4.50 I 5.40 I 8 I -0.48991 0.6242 -0.4899 0.6242 

t 
YES - . . . . - . . . . - . . 

COBALT 1.8 a; 4 
I 

5 4.50 j.4, 8 -0.4899 0.6242 1 i.4899 1 0.6242 
COPPER 21 24 4 5 5.25 4.80 9 0.2449 0.8065 
IRON 20 25 4 5 5.00 5.00 

0.6228 1 YES 
..*-. 

INICKEL .--. . * 18 . . I I 27 . . 

I -.-_ ------ ------ 

I 1 4 1 1 1 5.40 1 8 1 l-0.48991 ------I 0.6242 I 1 -0.4920 
0.8057 YES 

10 0.0000 1.0000 0.0000 1 .oooo YES 
ISILVER I 16 I 29 4 1 5 1 4.00 1 5.80 6 -0.9798 0.3272 -1.3416 0.1797 YES 

POTASSIUM 21 24 4 5 1 5.25 4.80 1 9 1 0.2449 1 0.8065 1 0.2460 
SELENIUM 20 25 4 5 1 5.00 5.00 

SODIUM 27 18 4 5 6.75 3.60 1 3 1 1.7146 1 0.0864 1 1.7146 1 0.0864 1 YES 1 
STRONTIUM 29 16 4 5 7.25 3.20 1 1 1 2.2045 1 0.0275 1 2.2045 1 0.0275 1 NO 
THALLIUM 17 28 4 5 4.25 5.60 7 -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 

1 2.2045 0.0275 2.2138 0.0269 NO ITIN ! 29 ! 16 I4 1 5 1 7.25 1 3.20 
IVANADIUM I 14.5 1 30.5 1 4 1 5 1 3.63 1 6.10 1 4.5 j-1.34721 0.1779 1 -1.3529 1 0.1761 1 YES I 
IZINC I 21 I 24 1 4 1 5 1 5.25 1 4.80 1 9 1 0.2449 1 0.8065 1 0.2449 1 0.8065 1 YES 



lue to Wilcoxon Rank- 



TABLE D-5 
SUMMARY OF WILCOXON RANK-SUM RESULTS OF COMPARISONS OF 

SUBSURFACE SOIL TYPES WITHIN DEPOSITIONAL ENVIRONMENTS 

ABS and ABL combined 

3C, LBL, and LBS combined 

LBC 

LBL 

LBS 

I vlBC and MBS combined 

MBC 

MBL 

MBS 

BC and PBL combined 

# 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 

ABC AS LB LS MB. MBL MS PB 

/ 

\ 13 6 12 15 

/\ / 

'IVIVI 1 I2 I I I3 I I 

PBS 1 PS. I 

9 

1 10 1 6 

W W 
3C 1 AS 1 LB 1 LS 1 MB 1 

METALS 
AS = ARSENIC 
AG = SILVER 
CD = CADMIUM 
MN = MANGANESE 
PB = LEAD 
SE = SELENIUM 





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 I 
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 metalswithin 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-l). 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 soil groups. 
These groups are illustrated in Figure 4-l and the number of soil samples in the combined soil 
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 two 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. 
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The infrequency of encountering the ABC and PBS soil types during the first field investigation 
(tabulated in page 1, Table C-l, Appendix C-l) 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-l) 
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 Cls 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 geologicaI/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 
similar 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 silt (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 
from 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 
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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-l 3). 

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-l 3). 

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-l 3). 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 ? 1) 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 MBClMBS (3 metals statistically different) were combined into 
a group (see Table 4-l 3). 

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 
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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 PBCYPBUMBL group while ABC had 15 out of the 27 metals outside the 95% confidence 
interval for the PBClPBLlMBL 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-l 3 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-l) 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. 

4 



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 SWMU 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 soil 
group #9, Figure 4-l) remains which does not have a sufficient number of samples for 
background comparison. Please refer to Sections 4.4 and Section 6.2 for more information on 
the data collection in these soil groups. 



APPENDIX E 

HUMAN HEALTH AND ECOLOGICAL RISK-BASED CRITERIA 



TABLE E-l 

HUMAN HEALTH AND ECOLOGICAL RISK-BASED CRITERIA 
BASEWIDE BACKGROUND SOIL INVESTIGATION REPORT 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

[Zinc 23000 1 I 620 22000 1 100000 I 1000 I 1000 1000 1 

1 U.S. EPA Soil Screening Levels. (Soil Screening Guidance Technical Background Document. EPA/540/R-95028. 
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. 

2 U.S. EPA Region 9 Preliminary Remediation Goal. (U.S. EPA Region 9, May 1998.) 
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. 

1000 6.62 1 

6 OSWER soil screening level for residential land use (U.S. EPA, July 1994). 
7 Thallium carbonate. 
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