NO0164.AR.001183
NSWC CRANE
. 50903

DEPARTMENT OF THE NAVY
CRANE DIVISION N -
. P k- 20049
NAVAL SURFACE WARFARE CENTER ‘
300 HIGHWAY 361
CRANE INDIANA 475225001 5090/84.7.1
) Ser 0592/9041

IN REPLY REFER TO:

Indiana Department of Environmental Management
OLQ Permits Branch

Attn: Mr. Doug Griffin

Mail Code 64-45 IGCN 1101

100 N. Senate Avenue

Indianapolis, IN 46204

Attention: Chief, Hazardous Waste Permit Section

Dear Mr. Griffin:

'~ Crane Division, Naval Surface Warfare Center submits the
Draft Site Investigation (SI) Report for UXO 5 (Building 2044
Drop Tower and Test Rail). One copy is provided for your review
as enclosure 1. The permit required Certification Statement is
provided as enclosure 2.

If you require any further information, my point of contact
is Mr. Thomas J. Brent, PRCR43, at 812-854-6160,
email thomas.brent@navy.mil.

Sincerely,

3.2, Renasehan
J. M. HUNSICKER

Environmental Protection Mgr
By direction of the Commander

Enclosures: 1. Draft UXO 5 SI Report
2. Certification Statement

Copy to:

ADMINISTRATIVE RECORD

NAVFAC MW (Howard Hickey) (w/o encl)
USEPA (Pete Ramanauskas) ) '
TTNUS (Ralph Basinski) (w/o encl)



I certify under penalty of law that this document and all
attachments were prepared under my direction or supervision in
accordance with a system designed to assure that qualified
personnel properly gather and evaluate the information submitted.
Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware
that there are significant penalties for submitting false
information, including the possibility of fine and imprisonment
for knowing viclations.

cerae A _

IGNATURE
Environmental Protection Mgr Q 3/05 /O(f
TITLE DATE

Enclosure (2)



Comprehensive Long-term Environmental Action Navy

CONTRACT NUMBER N62467-04-D-0055

Rev. 0
02/09

Site Investigation Report
for

UXO 5
Building 2044 Drop Tower/Test Rail Site

Naval Surface Warfare Center
Crane Division
Crane, Indiana

Contract Task Order F272

February 2009
(1)
BNAYFAC
Naval Facilities Engineering Comman
Midwest

201 Decatur Avenue
Building |A, Code EV
Great Lakes, lllinois 60088

TETRA TECH NUS, Inc.



REVISION 0
FEBRUARY 2009

SITE INSPECTION REPORT
FOR
UXO 5
BUILDING 2044 DROP TOWER/TEST RAIL SITE

NAVAL SURFACE WARFARE CENTER
CRANE DIVISION ‘
CRANE, INDIANA

COMPREHENSIVE LONG-TERM
ENVIRONMENTAL ACTION NAVY (CLEAN) CONTRACT

Submitted to:
Naval Facilities Engineering Command Midwest
_ 201 Decatur Avenue
Building 1A, Code EV
Great Lakes, lllinois 60088

Submitted by:
Tetra Tech NUS, Inc.
234 Mall Boulevard, Suite 260
King of Prussia, Pennsylvania 13406

CONTRACT NUMBER N62467-04-D-0055
CONTRACT TASK ORDER F272

FEBRUARY 2009

PREPARED UNDER THE SUPERVISION OF: APPROVED FOR SUBMITTAL BY:

[ 4

¢ %&G;W—*-‘Q—\

RICK BARRINGER N J. TREPANOWSKI, P.E.
PROJECT MANAGER PROGRAM MANAGER

TETRA TECH NUS, INC. TETRA TECH NUS, INC.
PITTSBURGH, PENNSYLVANIA KING OF PRUSSIA, PENNSYLVANIA



NSWC Crane

UXO 5 - Site Inspection Report
Reyvision: 0

Date: February 2009

Section: Table of Contents

Page 10of5
TABLE OF CONTENTS

SECTION PAGE NO.
EXECUTIVE SUMMARY ...t e nisicrsssssscens s resscnsasms s ssnesss s e cesmmass sarsmmes smrease s samssasessmmssmemesmmssmmabn ES-1
ACRONYMS ... ccccrrr st rresesssesrrss st sa b s ba e s b s esseanmmer s b s b bnns boe b mn mbrnumes ams £ SRR R R RS SR EA PR S 048 sasmssnnssns masnnnen 4
1.0 INTRODUCGTION ... cicctirssrenssena s smrvsssmsnes s se s sesssnnes esmmar s sesssssssassssss s snnmsassmn s e smbas s snnsasnanersnss 11
1.4 PURPOSE AND SCOPE ..........o oottt e e s mea s e s s st assaseseeens neeesnneesseneens 1-1

1.2 FACILITY DESCRIPTION ...ttt e e e e sn e 141

1.3 SITE DESCRIPTION ..ottt e s s eerte et teseees e e s e aesee s e e smessemae e emseeananesane s 11

14 CHEMICALS OF CONCERN SELECTION.......ccii et eesvv e saina e o 1-2

1.5 SITE PHYSICAL CHARACTERISTICS.......coooei e eereearee e s e aanrees cvrerrene 1-3

1.6 SCOPE OF WORK ... e e e et e ety sesaaaeas e e e eaame e s e se e reaeae e e e s ananeas 1-3

1.7 REPORT ORGANIZATION ... ceereesiee s seee s e e sr e emasrssneans e s sae s s e s ce e 1-3

2.0 FIELD INSPECTION ACTIVITIES ... eeeetieeiirrns s neasssses s sessersssmssssmssessanmsesnses s sasasssssssmsnrsssns 2-1
2.1 OWVERVIEW ... oottt ee et ee et st e s s sane e e e e e bt r e e s e eentsss sannneaneearaan e sanrens 21

2.2 MOBILIZATION/DEMOBILIZATION. ......ooe ittt e e 2-1

23 SITE INSPECTION METHODOLOGIES AND PROCEDURES .........ccooioicieniicenne 2-2

2.31 Unexploded Ordnance CIearante .......c.veooecevvevcveeeeniiecireeeeeeeees et 2-2

232 HAND AUGEIING . ¢t ie e rrree e rane e es s neeresessee s aee e e s sraas e s s asserrees sessrannnsreesanssneeeenean 2-2

232 SAMPIE LOGUING .. e ottt i erreieee et et e ete e e esereestae e ee e esare bt ebsass reenre s snssnnnsereeeaseeeenran 2-2

2.4 SAMPLING OPERATIONS ...ttt s et e s e sne e e e s smr e e snar s 2-2

241 Surface Soil Sample ColleCtion ..........cccov i 2-3

25 FIELD SAMPLE DOCUMENTATION ...ttt e 2-4

26 SAMPLE HANDLING, PACKAGING, AND SHIPPING ..o e 2-4

27 QUALITY CONTROL SAMPLES ... ... .ottt eecasarsannee s s e nen e e 2-5

28 GPS SURVEYING ...ttt et e s sm e e e mnn e e s e e aeenns 2-5

2.9 DECONTAMINATION ..ottt e e e ee e e e e e ene s s ebnnnbben 2-5

2.10 INSPECTION-DERIVED WASTE HANDLING ..ot e 26

2.11 SITE MANAGEMENT AND FACILITY SUPPORT ...t creees e 26

2.12 RECORDKEEPING .......oooi oottt et ae e e enae s s s s s e s ss eeeenes smmneeeennesaas 2-6

3.0 DAT A REPORT e errrertrssrrsssssressnss st cessameras essmeeseseressvenmtesseessammnnsssnsmsersaseensassassssrasassan 341
3.1 51 | O VU U OUOt 3-1

4.0 DATA QUALITY REVIEW ... iicnirii v ssmessensssns st r st stnsmmsnsesmssastasss soessessssenssessnsassamans s erinne 4-1
4.1 DATA VALIDATION PROCESS AND DATA QUALITY REVIEW .........oociiie 4-1

4.1.1 Data Validation ProCesS ...ttt s e e e e e e e e a s saeaaaebanees 4-1

412 Data Validation OULPULS ..o et 4-2

41.3 Data QUality REVIEW ... et aeebaste e re e e e 4-2

414 Completeness..................... i reteeeiee et raetresieaea————————arrrrn—n.s etteereerireerre e eetnrern——n———arrstaanros 4-3

415 SIS VY 1ottt e et e et e ettt et e es e e aeaes 4-4

418 AACCUTACY Lottt iieicit et e e e e et saeesassme et s an e e ense s b ernesase s saa e seestneeasaseeanseasesssbeennens 4-4

41.7 PrECISION ..ttt ettt e e e e se et e e s s er e e e et e eeaemte st e e eabaee s rebeeeetee e saarnees 4-6

4.1.8 Comparability.........ccooviir ittt s ne 4-6

419 RepresentaliVeNesS ... ..o e 4-7
040805/P CTO F272



NSWC Crane

UX0O 5 - Site Inspection Report
Revision: 0

Date: February 2009

Section: Table of Contents

Page 20f5
TABLE OF CONTENTS

SECTION PAGE NQ.
5.0 HU-MAN HEALTH SCREENING EVALUATION .........ooriircreeiseeesesenssssssrmsnsessssssassessarssessassansens 5-1
5.1 SELECTION OF CHEMICALS OF POTENTIAL CONCERN...............ccoiiiiieeee e, 5-1

52 EXPOSURE ASSESSMENT ...ttt et e e e neas 5-3

53 RISK CHARACTERIZATION ...ttt e e eab b e me e e e e e amnens 54

5.31 Background EValuation............c.ciiii et e ee e 54

532 Risk Caleulation EValUuation ..o it ssea e e ennnmearsessssen s besn can 5-6

54 UNCERTAINTY ANALYSIS .......coiieee, et eeiteeresmttesssetieesaasseeseeettensnreeaattreneesinnnenn 5-8

55 SUMMARY AND CONCLUSIONS .........oececceeecceee e creeer e e e eeesssneans s ssenennsens 5-9

6.0 ECOLOGICAL RISK SCREENING EVALUATION ... eeerrerecccvmee s s s meeessnas e sassenanees 6-1
6.1 SITE DESCRIPTION ..ot ettt ettt e e e e e e e e e e e esnbbms e s srbreae s seasn e e neaees 6-1

6.2 POTENTIAL ECOLOGICAL RECEPTORS AND EXPOSURE PATHWAYS .............. 6-2

6.3 ECOLOGICAL SCREENING ..ot ciiteee e e e e et e e e eennenane s eeresannes 6-2

6.4 UNCERTAINTY ANALYSIS Lottt n s ee e e e rme e e asbse e s 6-6

6.5 SUMMARY AND CONCLUSIONS ...t cemra e ee e eneesaasesns b ae e e s e 6-7

7.0 CONCLUSIONS .. eisrvrtsectr e it te e s e st arers s erest e s essssstaasassssrsse baneetsekanessnnsstesnnnnnt anares srasnbiusd 71
REFERENUES ..ot irtveriimiiiiirssreerssas tescaassssssismessissssmssssassansasassart sos sovesss ans an s maarasssssssmasasss s sannas s enessans R-1

APPENDICES
A FIELD SAMPLE LOGS
B MISCELLANEQUS FIELD DOCUMENTATION
c SITE PHOTOS
D STATISTICAL EVALUATIONS
E ECOLOGICAL RISK SUPPORTING DOCUMENTATION
F DATA VALIDATION REPORTS

040805/P CTO F272



040805/P

NSWC Crane

UXO 5 - Site Inspection Report

TABLES

Soil Boring Summary

Summary of Environmental Samples and Analytical Methods

Analytical Results

Summary of Descriptive Statistics

Background Concentrations

Summary of Data Qualifications

Human Health COPC Selection

Quantitative Risk Estimates

Ecological Risk Screening Evaluation COPC Selection

Food Chain Model Results - Soil invertivorous and herbivorous Receptors

FIGURES

General Location Map

UXO 5 Site Location Map

UXO 5 2003 Aerial Photograph
Sample Location Map

Ravision: 0

Date: February 2009
Section: Table of Contenls
Page 3of 5

CTOF272



%R
amsl
bgs
CAD
CLEAN
COPC
CT0
CTPB
DaQl
DV

DI
EEQ
EPC
ERSE
ESL
FOL
HASP
HHRSE
HQ
IDEM
IUPPS
LCS
LCSD
MC
MDL
mg/kg
MEC
mm
MRP
MS
MSD
NAVFAC
NSWC

040805/P

ACRONYMS

Percent Recovery

above mean sea level
below ground surface
Cartridge Actuated Device

Comprehensive Long-Term Environmental Action Navy

' Chemical of Potential Concern

Contract Task Order

carboxy terminated polybutadiene

Data Quality Indicator

Data Validation

Deionized

Ecological Effects Quotient

Exposure Point Concentration

Ecological Risk Screening Evaluation
Ecological Screening Level

Field Operations Leader

Health and Safety Plan

Human Health Risk Screening Evaiuation
Hazard Quotient

Indiana Depariment of Environmental Management
Indiana Underground Plant Protection Services
Laboratory Control Sample

Laboratory Control Sample Dupiicale
Munitions Constituents

Method Detection Limit

milligram per Kilogram

Munitions and Explosives of Concern
millimeter

Munitions Response Program

Matrix Spike

Matrix Spike Duplicate

Naval Facilities Engineering Command
Naval Surface Warfare Center

NSWC Crane

UXO 5 - Site Inspection Report
Revision: 0

Date: February 2009

Section: Table of Contents
Page 4 of 5

CToF272



OPPTS
OSWER
PA
PAD
PPE
PRG
QA
QAPP
Qc

RL
RPD

Sl

SOP
SSL
SV
TAL
Tetra Tech
TOM
TRw
TV
ucL
USEPA
uxo

040805/P

Office of Prevention, Pesticides, and Toxic Substances
Office of Solid Waste and Emergency Response
Preliminary Assessment

Propellant Actuated Device

Personal Protective Equipment

Preliminary Remediation Goal

Quality Assurance

Quality Assurance Project Plan

Quality Control

Reparting Limit

Relative Percent Difference

Site Inspection

Standard Operating Procedure

Soil Screening Level

Screening Value

Target Analyte List

Tetra Tech NUS, Inc.

Task Order Manager

Technical Review Workgroup

Threshold Vaiue

Upper Confidence Limit

United States Environmental Protection Agency

Unexploded Ordnance

NSWC Crane

UXO 5 - Site Inspection Repaort
Revision: 0

Date: February 2009

Section: Table of Contents
Page 50f 5

CTO F272



NSWC Crane

UX0O 5 - Site Inspection Report
Revision: 0

Date: February 2009

Section: Executive Summary
Page 1 of 2

EXECUTIVE SUMMARY

The former Building 2044 Drop Tower/Test Rail Site at UXO 5 is located at the Naval Surface Warfare
Center (NSWC) Crane in Crane, Indiana. The drop tower was used to petiodically drop 20-mm cartridges
onto a thick metal sheet to verify that cartridges would not detonate if mishandled. The test rail was used
to test cartridge actuated devices (CADs) and propellant actuated devices (PADs) in ejection seats. The
site was used from January 1951 through December 1983, with average actual site usage reported to be

approximately 9 days per month. The site is currently not used for any purpose.

This Site Inspection (SI) Repoert presents the results of the surface soil investigation. The purpose of the
surface scil investigation was to evaluate and compare the results to the human heaith and ecological
screening benchmarks. The chemicals of concern (COCs) in soil for this investigation are metals

{metallic compenents and cartridge casings) and explosives.

This Sl included surface scil sampling using hand augering methods. The areas within the site that were
identified as having the highest probability of containing COCs were the areas immediately adjacent to
the base of the drop tower, the area along the length of the test rail, and the drainage area located on the

south side of the site. Sampling locations were subsequently identified in these three areas.

A total of 19 sample location grids were laid out and subsequently sampled at depths from ground surface
to 2 feet below ground surface {bgs). Each of the 19 grids was divided into four equal quadrants and a
portion of the sample from each quadrant was homogenized into a composite sample for explosives
analysis, and a portion of a sample from a single quadrant was collected for metals analysis, The

samples were then sent to a Navy-approved fixed-base laboratory for chemical analyses.

Under current and anticipated future land use at UXO 5, base personnel engaged in site maintenance
aclivities and potential frespassers were selected as the most likely receptors to be exposed to any
chemicals of potential concern {COPCs). A human health risk screening evaluation (HHRSE) for
chemicals present in surface soil at UXO S was conducted. No risks from cancer and non-cancer causing -
hazards were found to exist at UXO 5. Based on this assessment no further action (NFA) regarding
human health is warranted at this site.

Ecolegical receptors could be exposed‘ to chemicals in surface soil at UXO 5; therefore, risk screening

was performed by comparing maximum and aritbmetic mean chemical concentrations to ecological

screening benchmarks for surface soil. Based on the ecclegical screening assessment, all ecological

040805/ ES-1 CTO F272
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COPCs were eliminated from guantitative consideration based on comparisons of site concentrations to
background concentrations, frequencies of detection, number of ecological screening level exceedances,
and lack of suitable ecological habitat. Therefore, ecological risks at UXO 5 from explosives and

inorganics are expected to be minimal and NF A regarding ecological risk is warranted at this site.
Based on the apalytical results from this S| and the human health and ecological risk screening

evaluations, additional soil sampling at UXO 5 is not warranted, and a site status of NFA is

recommended.

040805/P ES-2 CTCF272
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of the Site Inspection (S1} was to determine whether specific chemicals of potential concern
{COPCs) that may have originated from previous site operations are present and potentially contributing
to environmental impacts associated with surface soil at the Building 2044 (B-2044) Drop Tower/Test Rail
Site, Naval Surface Warfare Center (NSWC) Crane, located in Crane, Indiana.

This report describes the field activities performed during the Sl and the subsequent taboratory analyses.
Field activities included the sampiing of surface soit that may have been impacted by past operations at
the site. This work was performed for the United States Navy {the Navy), Naval Facilities Engineering
Command (NAVFAC) Midwest by Tetra Tech NUS, Inc. (Tetra Tech) under Contract Task Order (CTO)
0034 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number
N62467-04-D-0055.

1.2 FACILITY DESCRIPTION

NSWC Crane is located in the southern portion of Indiana, approximately 75 miles southwest of
indianapolis and 71 miles northwest of Louisville, Kentucky, immediately east of Crane Village and Burns
City (Figure 1-1). NSWC Crane encompasses 62,463 acres (approximately 98 square miles), most of
which are located in the northern portion of Martin County. Smaller portions of NSWC Crane are located
in Greene, Daviess, and Lawrence Counties. NSWC Crane is located in a rural, sparsely populated area.
Most of NSWC Crane is forested, and the surrounding area is wooded or farmed land.

NSWC Crane provides material, technical, and logistical support to the Navy for equipment, shipboard
weapons systems, and nonexpendable ordnance items. In addition, NSWC Crane supports the Crane
Army Ammunition Activity (CAAA) with production, renovation, storage, shipment, demilitarization, and
disposal of conventional ammunition.

13 SITE DESCRIPTION

UXC 5 (B-2044 Drop Tower/Test Rail Site) is located in the north-central part of NSWC Crane
(Figure 1-2) and is adjacent to Highway 304 and consists of two areas, the drop tower and test rail. The
test site is located east of B-2044 in an area maintained by periodic mowing. UXO 5 is bordered to the
north, south, and east by woods and to the west by Highway 45. The test site currently consists of a drop

040805/P 1-1 CTOQ F272
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tower that is approximately 100 feet tall with a 6- by 9-foot by 0.5 inch thick sheet of metal on the
southwestern side of the base of the tower. Periodically, 20-millimeter {mm) cartridges were dropped
from the top of the tower onto the metal sheet to verify that cartridges would not detonate if mishandled.
Therefore, it has been assumed that a relatively small portion (i.e., fewer than 1 percent} of the 20-mm
cariridges would have actually detonated. Approximately 75 feet southeast of the drop tower is a test rail
that is approximately 97 feet in length from east and west. The test rail was used to test cartridge
actuated devices (CADs) and propellant actuated devices (PADs) in ejection seats. CADs and PADs are
itemns that release precise explosive or propellant energy to perform controlled work functions in a variety
of applications. The site was used from January 1951 through December 1983, with average actual site
usage reported to be approximateiy 9 days per month.

A Munitions Response Program {MRP) Preliminary Assessment (PA) was conducted, and no evidence
was observed indicating munitions and explosives of concern (MEC) on the ground surface. During
testing periods, it was the Navy's policy to remove all retrievable MEC after testing. If munitions
constituents (MCs) were present, they were expected to consist of trace explosives and metals near the
drop tower,. test rail, and possibly in the nearby grassy drainageway. Based on the known tesling
operations conducted at the site, any MCs present would be primarily in surface soil. Site features for
UXO 5 are presented on Figure 1-3.

14 CHEMICALS OF CONCERN SELECTION

The COCs for this S| were selected based on the known use of the site as a former test area for 20-mm
cartridges. The Final PA indicated that black powder and black powder plus carboxy terminated
polybutadiene (CTPB), and National N300 Master Part Number N-53 were the primary MCs of CADs and
PADs tested at UXO 5 (Malcolm Pirnie, Inc, 2005). Although, not explicitly identified as such, the CTPB
appears to have been a binder added to the black powder to slow the combustion for a controlled burning
of the MCs. In this capacity, the purpose of the CTPB would have been to provide a uniform matrix
throughout which the black powder was dispersed.

Black powder is comprised of potassium nitrate [approximately 75 wgt % (weight percent)], charcgal
(approximately 15 wgt %), and sulfur (approximately 10 wgt %). thus potassium accounts for
approximately 25 percent of the mass of black powder.

In addition to black powder, other propellants and explosives were used in CADs and PADs to provide the

energy that aliows the device to function. Therefore, the soils were analyzed using SW-846 Methed 8330
for explosives and propellants.

040805/P 1-2 CTO F272
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Because other propellants and explosives were used, the ability to detect sulfur compounds that were
released from the combusted black powder is limited. Furthermore, most sulfur compounds probably
transformed through oxidation into sulfates; which naturally occur in native soil. Nevertheless, the
combustion products containing sulfur that were added to the native soil from the testing at UXO 5 will be
less significant than that for potassium compounds. All other black powder constituents that remain after
combustion are considered insignificant. Because rhetals may have been released from projectiles or
cartridge casings during testing, metals analyses were performed to determine if they significantly added

to the native soil concentrations.

1.5 SITE PHYSICAL CHARACTERISTICS

The physical characteristics of the site are discussed in Sections 1.3.2 through 1.3.6 of the Quality
Assurance Project Plan {QAPP) (Tetra Tech, 2004).

1.6 SCOPE OF WORK

The Sl was conducted to identify COCs (i.e., explosives and metals) that may exist as a result of past
operations at the site. If contaminants were present at concentrations posing a risk to human or
ecological receptors, further investigation may be warranted. Surface soil samples [0 to 2 feet below
ground surface {bgs)] were collected within defined grid areas that were placed around the drop tower
and the test rail. Samples for explosive analyses consisted of composite soil samples and samples for
Target Analyte List (TAL) metals analysis weré grab samples collected from a single location within each
grid.

Because surface water and sediment are not present at the site, no sampling of these media occurred
during the SI.

1.7 REPORT ORGANIZATION

The following information is contained in the remainder of this document:

¢ Section 2.0 discusses the field activities associated with this SI.
* Section 3.0 presents the analytical data from this SI.

= Section 4.0 presents the data quality review.

040805/P 1-3 CTOF272
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e Section 5.0 presents the Human Health Risk Assessment {HHRA) based on data from this Sl.

» Section 6.0 presents the Ecological Risk Assessment (ERA) based on data from this Si.

The following appendices are included in this report and provide the technical information compiled during
the St at UXO &:

o Appendix A - Field Soil Sample Log sheets

e Appendix B - Miscellaneous Field Documentation

s« Appendix C - Site Photos

« Appendix D - Statistical Evaluations

» Appendix E - Ecological Risk Supporting Documentation
» Appendix F - Data Validation Reports

040805/P 1-4 CTO F272
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2.0 FIELD INSPECTION ACTIVITIES

This section describes the sampling activities, procedures, and documentation utilized during the Sl
fieldwork performed in October 2007 at NSWC Crane, UXO 5,

21 OVERVIEW

This S| was completed at UXO 5 in areas where metals and explosives contamination were presumed to
have been released to the environment during site operations at élrop tower and the test rail. Surface soil

samples (0 to 2 feet bgs) were collected from 19 separate 10- by 10-feet grid areas within UXO 5.

All work performed for this S| was conducted in accordance with the procedures and methodologies
described in the United States Environmental Protection Agency (USEPA)-approved QAPP Addendum
No. 2 (Tetra Tech, 2007). Standard Operating Procedures {SOPs) that governed the field work are
included in Appendix A of the approved QAPP. Select photographs of UXO 5, copies of all field forms,
records, field logbooks, and health and safety documentation associated with the Sl are provided in

Appendices A through F of this document.

2.2 MOBILIZATION/DEMOBILIZATION

Following approval of the QAPP, Tetra Tech began mobilization activities. All field teamm members
reviewed the approved QAPP, associated appendices, and the Health and Safety Plan (HASP) prior to the
start of project activities. In addition, the Field Operations Leader (FOL) held field team orientati’on
meetings to ensure that personnel were familar with the scope of field activities. Health and safety
documentation is contained in Appendix B.

Prior to the initiation of fieldwork, the FOL arrived at the site and began on-site mobilization activities.
These activities included coordination with base personnel and utility clearance of all proposed boring
locations through the Indiana Underground Plant Protection Services (IUPPS). The equipment required
for the field activities was shipped to the si?é. Al the conclusion of the field activity, the FOL completed the
decontamination and demobitization of all equipment.
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2.3 SITE INSPECTION METHODOLOGIES AND PROCEDURES
2.31 Unexploded Ordnance Clearance

Prior to sampling activities at UXO 5, all sample grids were measured and the four corners of each grid
were marked with colored pin flags. A UXO Technician then cleared each sample grid using a
Schoenstadt 72x Magnetometer. If an anomaly was detected within a sample grid, that specific location
was marked with a different colored pin flag and those locations were avoided by a minimum of 12 inches
laterally when sampling the grid. No UXO was observed on the ground surface or in any soil sample
material during field activities at UXO 5.

2.3.2 Hand Augering

All borings at UXO 5 were completed by hand auger techniques during this field inspection. Hand
augering involved manually turning a 2% inch stainless steei auger bucket into the ground to the desired
sampie depth. All hand augered soi! borings at UXO 5 were advanced to a maximum depth of 2 feet bgs.
Sample depths for all UXO 5 soil samples are listed in Table 2-1.

The auger bucket was decontaminated in the field between each sample location as outlined in Section
2.9 and in accordance with SOP CTO0034-04. Soil sample collection information is provided in Section
24.1.

2.3.2 Sampie Loqgqing

Individual soil sample log sheets were maintained for sample locations that were collected at UXO 5. The
sample log sheets can be found in Appendix A and contain the following information as appropriate:

* Boring identification
* Name of person(s} callecting the sample
= Sample number, depth, date, and time

e Brief soil description

2.4 SAMPLING OPERATIONS

This section discusses the methodology for the soil sampling activities performed at UXQO 5. Table 2-2
provides a summary of samples collected and analyses performed.
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During the Si field activities, surface soil sampies were collected from the ground surface to a maximum
depth of 2 feet bgs or until refusal was reached using a hand auger. Nineteen sample grids were laid out
at UXO 5. Each grid was approximately 10 by 10 feet and was divided into four equal quadrants. Within
each quadrant, a soil sample was collected and homogenized with samples from the other three
guadrants to comprise a composite sample for explosives analysis. A grab sample was collected from
one of the four quadrants within each grid for metal analyses. Soil samples were collected in accordance
with SOP CT00034-05 {Tetra Tech, 2007). See Figure 2-1 for soil boring locations. Soil sampie log

sheets are included in Appendix A of this document.

241 Surface Soil Sample Coliection

Building 2044/Drop Tower

Seven sample grids were measured with the 4 corners of each grid marked by pushing a colored pin flag
in the area of the Drop Tower. Section 1.3.1 of the approved QAPP (Tetra Tech, 2007) states that an 8-
by 8-foot concrete pad existed on the southwestern side of the base of the tower where the 20-mm~
cartridges were dropped from the tower to verify the cartridges would not detonate if mishandled.
However, field observations determined that the concrete pad was actually a large sheet of steel
measuring 6 feet wide by 9 feet long and having a thickness of 0.5 inch. This steel “pad” is located
directly southwest of the base of the tower. Sample grid X5-SB001 was located directly north of the steel
pad, and grid X5-SB002 was located directly south. Sample grid X5-SB003 was located northeast of the
steel test pad and partially within the footprint of the tower base. All three locations were covered with
heavy gravel down o B to 8 inches bgs. Sample grids X5-SB004, X5-SB005, X5-SB006, and X5-SB007
were located northeast, east, southeast, and southwest of the drop tower, respectively. There was still a
large amount of gravel in these locations although not as much as the previous three sample grids. See

Figure 2-1 for sample grid locations.

Test Rail

Seven sample grids {X5-SB012 through X5-SB018) were positioned along the entire length of the test rail.
These sample grids, X5-SB012 through X5-SB018, were parallel to the test rail and positioned alternately
on either side of the test rail. Each grid overlapped the underside of the test rail-by approximately 1 foot to
allow for adequate coverage (Figure 2-1). Sample grids X5-SB012, X5-SB013, and X5-SB014 were
heavily graveled to a depth of approximately 2 feet bgs. Sampling of these locations required manual
digging with a pick ax prior to sample collection at a total depth of 4 feet bgs. The direction that the testing
materials traveled down the test rail was west to east.
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Drainageway

Five sample grids were positioned in the drainage areas at UXO 5 to determine if surface water runoff had

transported any contaminants downgradient that were associated with past operations at the site

(Figure 2-1). Sample grid X5-SB008 was located just north of the western end of the test rail in an area

downgradient of the drop tower. Sample grids X5-SB009, X5-SB-010, X5-SB011, and X5-SB019 were
- established downgradient (south and southwest) of the test rail.

25 FIELD SAMPLE DCOCCUMENTATICN

Sample documentation consisted of the completion of sampie log sheets, sample bottle tags, chain-of-
custody records, field logbooks, and health and safety documentation. Field documentation was
conducted in accordance with SOP CT00034-03. The sample log sheets contain information such as
sample location and sample identification number, container requirements and analyses to be performed,
sample type, time, and date. Any unusual circumstances encountered during sampie collection were
noted on the form. Sample log sheets can be found in Appendix A of this document. Chain-of-custody
records (found in Appendix B) were used to track each sample from collection to receipt and analysis at

the laboratory.

2.6 SAMPLE HANDLING, PACKAGING, AND SHIPPING

Sample handling activities included field-related considerations concerning the selection of sample
containers, allowable holding times, sample custedy, and maintaining samples at the appropriate storage
temperature. All sample containers sent to the fixed-base laboratory were sealed in Ziploc® plastic bags
to minimize the possibility of breakage during transport. The sample containers were then placed in a
cooler lined with a large plastic garbage bag. Samples were cooled immediately after co"ection with ice
placed over the sample containers. A temperature blank was placed in each cooler prior to shipment.
The plastic garbage bag was sealed with a knot and the chain-of-custody form was sealed in a Ziploc®
bag and taped to the inside of the cooler lid. A signed and dated custody seal was applied to each end of
the cooler and then covered with strapping tape to provide a tamper-evident seal. A Federal Express®
airbill was applied to the shipping cooler. Tetra Tech maintained custody of the samples until they were
relinquished to Federal Express®. The Federal Express® tracking number (airbill number) was recorded
on the chain-of-custody form and the sender's copy of the airbill was maintained for shipment tracking, if
needed. All samples were shipped to the laboratory for overnight defivery and were received within
sample holding times.
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2.7 QUALITY CONTROL SAMPLES

Quality assurance (QA)/quality control (QC) samples were generated and collected during sampling
activities to monitor both field and laboratory procedures. These procedures are detailed in the approved
QAFPP. QA/QC samples included field duplicates, equipment rinsate bianks, and temperature blanks.
These types of QA/QC samples are briefly described below:

= Field Duplicates - Field duplicates consisted of a single sample split into two portions. Field duplicates
were collected at the rate of 1 in 20 during the S| to assess the overall precision of the sampling and

analysis program. One duplicate sample was collected in the field during the SI.

o Equipment Rinsate Blanks - Equipment rinsate blanks were obtained under representative field

canditions by collecting the rinse water generated by running analyte-free water through or over
sample collection equipment after decontamination and before use. When pre-cleaned, dedicated, or
disposabile sampling equipment was used {no decontamination was required), one equipment rinsate
blank was collected as a batch blank. Equipment rinsate blanks were analyzed for the same chemical

constituents as the associated environmental samples.

» Temperature blanks - Temperature blanks were used to determine if samples were adequately cooled
during shipment. Temperature blanks consisted of analyte-free water poured into a clean sample
container at the site or supplied by the fixed-based laboratory. One temperature blank was submitted

to the laboratory in each cooler, and the temperature was checked upon receipt at the laboratory.

2.8 GPS SURVEYING

Northing and easting coordinates of the center of each sample grid were logged by Tetra Tech personnel
utilizing a Trimbie XT Global Positioning Unit. This information is retained in the Tetra Tech main

database and can be used as a reference if repeat sampling is required at any of the Sl sample locations.

29 DECONTAMINATION

The non-dedicated, non-disposable equipment involved in field sampling activities was decontaminated
before beginning work, during sampling activities, and at the completion of field activities in accordance
with SOP CT0034-04. The equipment included two hand augers.

The following decontamination steps were taken in the field between all sample locations:
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* Potable water and phosphate-free detergent wash (scrub if necessary)
» Potable water rinse

» Deionized (DI) water rinse

e Airdry (if possible)

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

2.10 INSPECTION-DERIVED WASTE HANDLING

The field inspection generated potentially contaminated wastes including personal protective equipment

{PPE) and decontamination fluids. Management of each residue was performed as follows:

PPE — Used PPE was double bagged and then placed in NSWC Crane trash receptacles (i.e.,
dumpsters).

Sampling Equipment Decontamination Fluids — All equipment decontamination fluids were collected and

discharged to the NSWC Crane permitted waste treatment plant.
All soil removed from a sample location not used as part of that sample, was returned to its original boring.

2.1 SITE MANAGEMENT AND FACILITY SUPPORT

The FOL was designated as the lead in cocrdinating all day-to-day activities during the inspection. The
FOL was responsible for ensuring that all field team members (including subcontractors) were familiar
with the approved QAPP and HASP that was in effect during this SI. Additionally, the FOL was
responsible for all sampling operations, QA/QC, field documentation requirements, and field change
orders. The FOL reported to the Task Order Manager {TOM) on a daily basis regarding the status of
fieldwork.

All site preparation, mabilization/demobilization, and sampling activities were coordinated through NSWC
Crane personnel through pre-visit communication and daily status meetings during the field work.

212 RECORDKEEPING

Electronic records were maintained for each field activity in accordance with SOP CTO0O034-03.
Information recorded daily included field activities, weather conditions, identity and arrival and departure

times of personnel, management issues, etc. Copies of daily activity records are included in Appendix B.
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TABLE 2-1

SOIL BORING SUMMARY
UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA

: - Depth Interval{s) of
Boring No. Tc;talt L;))ept)h MD":: mg‘;” Date Drilled Soil Sample
{feet bgs ethod (feet bgs)
X5SB001 2.0 HA 10/8/2007 0-2
X5SB002 2.0 HA 10/8/2007 0-2
X55B003 2.0 HA 10/8/2007 0-2
X58B004 2 HA 10/8/2007 0-2
X55B005 2 HA 10/8/2007 0-2
X55B006 2 HA 10/8/2007 0-2
X5SB007 2 HA 10/8/2007 0-2
X55B008 2 HA 10/8/2007 0-2
X55B009 2 HA 10/8/2007 0-2
X58B010 2 HA 10/8/2007 0-2
X55B011 2 HA 10/8/2007 0-2
X5SB012 2 HA 10/8/2007 0-2
X55B013 2 HA 10/8/2007 0-2
X55B014 2 HA 10/8/2007 0-2
X5SB015 2 HA 10/8/2007 0-2
X55B016 2 HA 10/8/2007 0-2
X58B017 2 HA 10/8/2007 0-2
X55B018 2 HA 10/8/2007 0-2
X58B019 2 HA 10/8/2007 0-2

1} HA =Hand auger.

2} bgs - Below ground surface.




TABLE 2-2

SUMMARY OF ENVIRONMENTAL SAMPLES AND ANALYTICAL METHODS
UXOC 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA

Analytical Fraction
g
23
@ w 8
Sample 2% = 3
Number ‘eé % g g
e 8 I
g £ Sz
£E *
zZ g2
=
X558001 X X
A553002 A p
X555003 X X
X555004 X X
X585005 X X
X558006 X X
X558007 X X
X555008 X X
X555009 X X
X558010 X X
X555011 X X
X588012 X X
X585013 X X
X588014 X X
X585015 X X
X555016 X X
X558017 X X
X555018 X X
X588019 X X
SURFACE SOIL TOTALS 19 19

X = Sample was collected as proposed.
TAL = Target Analyte List
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3.0 DATA REPORT

This section presents a summary of the nature and extent of contamination in surface soil at UXO 5 for
the Qctober 2007 S| field sampling event based on the analytical results for the event. Nineteen soil
samples were collected to determine the characteristics of surface soil at the site. Surface soil samples

were collected from three main areas within UXO 5 including:

1) The area around the base of the drop tower,
2) The area underneath and alongside the Test Rail, and.
3} The drainage pathway leading off site.

All sample locations are shown on Figure 2-1. As shown in Table 3-1, all collected sampies were
analyzed for explosives and TAL metals,

To determine if the analytical results from the soil samples collected during the 2007 Sl represent site
conditions or background/anthropogenic conditions, soil results were compared to the facility-wide
background concentrations for NSWC Crane (Tetra Tech, 2006b). The comparison of site soil data to
facility-wide background data consisted of determining if the site soil concentrations are within the range of
established background concentrations, which are summarized in Table 3-3. Additionally, concentrations
of chemicals in site media were compared to appropriate human health (Section 4.0) and ecological
(Section 5.0) screening criteria.

For better understanding of the nature and extent of contamination discussion, the folloWing presents the
site data comparison to human health and ecological criteria. Table 3-2 lists the criteria used for

comparison to the site data and provides descriptions of the criteria presented.

3.1 SOIL

This section contains a summary of contamination detected in surface soil at UXO 5. Surface soit samples
were coltected at 19 locations throug‘hout the site. Surface soil samples were collected from a maximum
depth of 2 feet bgs. All sample locations are presented on Figure 2-1. All analytical results for soil
samples collected during the Sl are provided in Table 3-1. Concentrations for parameters detected at
least once in soil samples and summary statistics such as frequencies and ranges of detections, ranges
of non-detections, and average concentrations are provided in Table 3-2. Background concentrations

used in comparisons to the analytical data are presented in Table 3-3.
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Only one explosive parameter (2, 4-dinitrotoluene) was detected in soil samples at UXO 5.
2.4-Dinitrotoluene was detected in 2 of the 19 soil samples at concentrations of 0.90 {X5-SB013) and
1.5 (X5-5B014) milligrams per kilogram (mg/kg). Both locations are along the eastern end of the test rail
(see Figure 2-1).

Twenty-two inorganic chemicals were detected in surface soil samples at UX0O 5. Of these 22 inorganics,
13 (aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, lead, manganese, nickel,
selenium, thallium, and zinc) were detected at concentrations greater than screening levels. Detected
concentrations of antimony, cobalt, and manganese were less than background concentrations. Only
concentrations of barium and zinc significantly exceeded facility background levels, by a factor of 8 and
145, respectively. Both of these exceedances were detected at one sample location (X5-SB003). The
chromium concentration exceeded background by a factor of two at one sample location (X5-SB003).
Aluminum, arsenic, and thallium were less than a factor of 2 times the NSWC Crane facility background
concentrations.

Lead was detected in all 19 samples coltected at UXO 5. However, 18 of the sample locations had lead
concentrations less than 24 mg/kg. Only sample location X5-SB003 had a lead concentration (597 mg/kg)
above the screening value of 400 mg/kg. This sample location also exhibited higher levels of copper and
zinc which are metals commonly associated with lead at firing ranges or ammunition test sites. Sample
X5-58B003 was located directly south of the steel drop pad (see Figure 2-1).

Nickel concentrations slightly exceeded background concentrations by a factor of two at sample locations
X5-SB003, X5-SB005, and X5-SB007.

Selenium concentrations ranged from 0.165 to 0.909 mg/kg. Excluding the maximum detected
concentration (0.909 mg/kg) that was detected at X5-SB003, the selenium concentrations were consistent
throughout the site, with an average concentration of 0.382 mg/kg.

Cadmium exceeded facility background concentrations by a factor just greater than two at one sample
location (X5-SB003).

Seven of the inorganics detected at concentrations exceeding screening levels (barium, cadmium,
chromium, lead, nickel, selenium, and zinc) had maximum detections at location X5-SB003 at UXO 05.
This sample is located adjacent to the southern edge of the steel test pad and was the only location with a
lead concentration (597 mg/kg) greater than the action levei of 400 mgfkg.
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Aluminum was detected in all 19 samples; however, 14 samples had concentratiohs less than or equal to
background concentrations in all but five samples. Of the five samples that exceeded background, the

concentrations were only slightly greater than background.

Arsenic, barium, and thallium were also detected in all 19 samples, but concentrations of each parameter

only slightly exceeded background levels at two sample locations.
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1ABLE 3-1

ANALYTICAL RESULTS
UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA
PAGE10OF3
LOCATION X5-5B001 X5-5B002 X5-SB003 X5-5B004 X5-8B005 X5-SB006 X5-5B007 X5-SB008
SAMPLE DATE 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007
Exploslves (mg/kg)
1,3,5-TRINITROBENZENE 0.029 U 0.029 U 0.028 U 0.029 U 0.028 U 0.029 U 0.028 U 0.028 U
1,.3-DINITROBENZENE 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.008t U
2,4,6-TRINITROTOLUENE 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U
2,4-DINITROTOLUENE 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U
2,6-DINITROTOLUENE 0.040 U 0.040°U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U
2-AMINO-4,6-DINITROTOLUENE 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U
2-NITROTOLUENE 0021 U 002t U 0021 U 0.021 U 0.021 U 0.021 U 0.021 U 0.021 U
3-NITROTOLUENE 0.012 U g.012 U 0.012 U 0.012 U 0.012 U 0.012 U 0.012 U 0.012 U
4-AMINO-2,6-DINITROTOLUENE 0.024 U 0.024 U 0.024 U 0.024 U 0.024 U 0.024 U 0.024 U 0.024 U
4-NITROTOLUENE o016 U 0016 U 0016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U
HMX 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U
NITROBENZENE 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U
RDX 0041 U 0.041 U 0041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.04t U
TETRYL 0.029 U 0.029 U g.029 U 0.029 U 0.029 U 0.029 U 0.029 U 0.029 U
Inorganics (mg/kg)
ALUMINUM 12300 15500 5700 3760 4350 3340 7110 10400
ANTIMONY 025 U 038 U 0.51 U 019 U 0.69 U 013 U 0.28 U 1.6
ARSENIC 5.72 5.79 _4.29 1.99 6.60 7.87 5.08 11.8
BARIUM 68.5 78.6 1170 55.1 378 73.2 115 780
BERYLLIUM 0.466 0.470 0.188 0.108 0.448 0.344 0.382 0.763
CADMIUM 2.04 2.40 384 1.82 2.23 212 2.85 2,68
CALCIUM 56400 93500 177000 142000 199000 198000 191000 3020
CHROMIUM 23.2 - 196 85.6 8.40 17.9 245 14.7 344
COBALT 5.75 5.98 nz 1.75 15.1 7.23 10.9 11.1
COPPER 10.5 127 64.8 4.37 156 5.57 12.6 174
IRON 24500 18100 18100 7020 24000 24300 19500 41100
LEAD 13.4 124 597 5.50 23.3 777 - 825 24.2
MAGNESIUM 9450 5960 20000 4630 23100 24200 33300 1720
MANGANESE 238 205 385 98.1 1120 516 567 620
NICKEL 15.5 206 34.1 8.75 3.5 23.4 28.3 19.7
POTASSIUM 792 1150 732 380 589 489 699 685
SELENIUM 0.173 0.0626 U 0.908 0.235 0.412 0.349 0.425 0.492
SILVER 0.0698 0.0814 0.422 0.0444 0.0611 0.110 0.105 0.190
S0DIUM 152 123 158 57.8 196 205 229 285 U
THALLIUM 0.162 0.214 0.0949 0.0588 0.0923 0.0478 0.0926 0.171
VANADIUM 319 353 22,5 11.6 18.5 219 23.4 37.4
ZINC 874 103 8750 31.0 140 50.6 59.8 91.1

mg/kg - Milligrams per kilogram.




TABLE 3-1

ANALYTICAL RESULTS

UXQ 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA
PAGE 20F 3

LOCATION X5-SB009 X5-SB010 X5-8B010 X5-SBO11 X5-5B012 X5-8B013 X5-58014 X5-5B015
SAMPLE DATE 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007 10/8/2007
Explosives {mg/k
1,3,5-TRINITROBENZENE 0.028 U 0.029 U 0.029 U 0.029 U 0.029 U 0.028 U 0.029 U 0.029 U
1,3-DINITROBENZENE 0.0081 U - 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U 0.0081 U
2,4 6-TRINITROTOLUENE 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U
2,4-DINITROTOLUENE 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.90 1.5 0.3 U
2,6-DINITROTOLUENE 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U
2-AMINO-4,6-DINITROTOLUENE 0.025 U 0.025 U 0.025 U 0.026 U 0.025 U 0.025 U 0.025 U 0.025 U
2-NITROTOLUENE 0021 U 0.021 U 0.021 U 0.021 U 0.021 U 0.021 UV 0.021 U 0.021 U
J-NITROTOLUENE 0.012 U 0012 U 0.012 U 0.012 U 0.012 U 0.012 U .02 U 0.012 U
4-AMINO-2,6-DINITROTOLUEN 0024 U 0.024 U 0.024 U 0.024 U 0.024 L 0.024 U 0.024 U 0.024 U
4-NITHOTOLUENE ' 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U 0.016 U
HMX 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U Q.037 U 0,037 U 0,037 U
NITROBENZENE 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U 0.0067 U
RDX 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U
TETRYL 0.029 U g.025 U 0.029 U 0.029 L 0.029 U 0.02¢ U 0.029 U 0.029 U
inorganics (mg/kg)
ALUMINUM 13800 14000 13500 11500 11300 3830 3250 3640
ANTIMONY 057 U 0.30 U 0.38 U 1.4 050 U 0.62 U 1.2 2.1
ARSENIC 5.28 5.50 4.89 6.26 5.56 1.01 2.62 1.94
BARIUM 88.1 51.3 46.0 78.9 85.0 17.6 25.6 25.5
BERYLLIUM 0.574 0.349 0.345 0.457 0.633 0.117 0.141 0.139
CADMIUM 2.78 1.86 0.366 2.46 1.89 1.96 212 2.18
CALCIUM 2310 550 600 1310 24200 225000 241000 234000
CHROMIUM 185 19.8 19.1 17.1 17.7 12.7 10.4 12.2
COBALT 10.6 4.12 3.50 16.6 10.7 2.10 3.09 2.68
COPPER 12.7 12.6 11.4 11.3 12.6 3.99 9.53 9.25
IRON 15300 20000 17100 17800 22100 4850 9460 6150
LEAD 213 12.6 10.8 19.9 15.5 6.49 16.4 21.3
MAGNESIUM 1910 1850 1740 1510 2110 102000 21700 35400
MANGANESE 570 120 89.0 793 549 140 175 189
NICKEL 14.6 11.1 9.85 14.2 15.3 20.3 18.0 9.6
POTASSIUM 902 810 860 664 615 1220 397 617
SELENIUM 0.426 0.270 0.234 0.406 0.473 0.340 0.480 0.445
SiLVER 0.133 0.078% 0.0642 0.0864 0.0872 0.0648 0.920 0.554
SODIUM 61.3 U 436 U 17.7 U 28.8 U 28.0 U £36 190 322
THALLIUM (.259 0.207 0170 0.210 0.169 0.0530 0.0527 0.0590
VANADIUM 30.4 33.0 29.4 28.3 26.2 14.4 12.6 12.8
ZINC 61.5 36.4 31.3 54.1 50.9 44.0 49.8 69.4

mg/kq - Milligrams per kllogram.




TABLE 3-1

ANALYTICAL RESULTS
UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA
PAGE 3 OF 3
LOCATION X5-SB016 X5-SB017 X5-3B018 X5-SB019
SAMPLE DATE 10/8/2007 10/8/2007 10/8/2007 10/8/2007
Explosives (m
1,3,5-TRINITROBENZENE 0.029 U 0.02¢ U 0.029 U 0.0290 U
1,3-DINITROBENZENE 0.0081 U 0.0081 U 0.0081 U 0.0081 U
2,4,6-TRINITROTOLUENE 0.016 U 0.016 U 0.016 U 0.016 U
2,4-DINITROTOLUENE 0.013 U 0.013 U 0.013 U 0.013 U
2,6-DINITROTOLUENE 0.040 U 0.040 U 0.040 U 0.040 U
2-AMINO-4,6-DINITROTOLUENE 0.025 U 0.025 U 0.025 U 0.025 U
2-NITROTOLUENE 0.021 U 0.021 U 0.021 U 0.021 U
3-NITROTOLUENE _ Q.012 U 0.012 U 0.012 U 0012 U
4-AMINO-2,6-DINITROTOLUENE 0.024 U 0.024 U 0.024 U 0.024 U
4-NITROTOLUENE 0.016 U 0.016 U 0.016 U 0.016 U
HMX 0.037 U 0.037 U 0.037 U 0.037 U
NITROBENZENE 0.0067 U 0.0067 U 0.0067 U 0.0067 U
RDX 0.041 U 0.041 U 0.041 U 0.041 U
TETRYL 0.029 U 0.029 U 0.029 U 0.029 U
Inorganics (mg/kg)
ALUMINUM 4430 14000 2980 12600
ANTIMONY 024 U 0.96 038 U 1.4
ARSENIC 3.67 6.32 2.64 13.6
BARIUM 25.4 B88.1 31.3 B86.0
BERYLLIUM 0.162 J 0.642 0.150 J 0.935
CADMIUM 2.28 1.61 1.890 2.77
CALCIUM 99900 3910 121000 9210
CHROMIUM 9.08. 20.2 9.57 29.8
COBALT 410 11.1 2.61 12.9
COPPER 6.94 15.2 8.64 15.5
IRON 10100 21800 7550 47200
LEAD 8.44 19.3 21.7 22.3
MAGNESIUM 21700 2730 26000 3250
MANGANESE 366 527 219 704
NICKEL 12.5 16.7 11.6 21.4
POTASSIUM 516 905 365 863
SELENIUM 0.165 0.447 0.394 0.566
SILVER 0.505 0.215 0.171 0.130
SODIUM 188 34.4 U 182 318 U
THALLIUM 0.0803 0.233 0.0585 0.218
VANADIUM 15.6 34.0 13.4 38.9
ZINC 43.9 58.1 58.3 92.9

mg/kg - Miliigrams per kilogram.




TABLE 3-2

SUMMARY OF DESCRIPTIVE STATISTICS
UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA

Shading indicates an exceedance of the criteria.

CASRN -
COPC -
DAF -
Eco-SSL -
IDEM -
ma/kg -
PRG -
RBC -
RISC -
USEPA -

Notes:

2.
3.
4-

5.
6 -
7~
8-
g-
10-
-
12-

Chemical Abstracts Service Registry Number.
Chemical of potential concern.
Dilution Attenuation Factor.
Ecological Soit Screening Level.
Indiana Department of Environmental Management.
Milligrams per kilograms.
Preliminary Remediation Goal.
Risk-Based Concentration.

Risk Integrated System of Closure.
United States Environmental Protection Agency.

USEPA Region 9 PRG. The noncarcinogenic values (denoted with a "N" flag) are the PRG divided by 10
to correspond to a target hazard quotient of 0.1. (USEPA Region 9, October 2004, Updated December 28, 2004).
IDEM RISC residential closure levels for soil (IDEM, January 2006).

USEPA Soil Screening Levels. US EPA Internet Site at http:/frisk.lsd.oml.gov/calc_start.htm. Values are based on a DAF of 1.

Sources of Ecological Screening Levels Eco-SSL (in order of preference):
USEPA Ecological Soil Screening Levels (2003, 2005, 2006, 2007); individual documents available at hitp://www.epa.gov/ecotox/ecossl/
USEPA Region 5 Ecological Screening Levels, August 22, 2003-available at http://iwww.epa.govi/reg5rcra/ca’edgi.htm.

Naphthalene is used as a surrogate for 2-methylinaphthalene.

Acenaphthene is used as a surrogate for acenaphthylene.
The toxicity criteria in the October 2004 PRG table is outdated. Value was updated using toxicity criteria from the October 2007 USEPA Region 3 RBC Table.

Pyrene have been used as surrogates for benzo(g.h,i)perylene and phenanthrene.

USEPA Eco-SSL.

USEPA Region 5 .

Aluminum is considered a COPC only when the soil pH is less than 5.5.
Iron is not expected to be toxic to plants with a scil pH between 5 and 8.

SAMPLE IDEM DIRECT |\ p 1y piRECT :
EREQUENCY RANGE OF LOCATION OF RANGE OF AVERAGE OF AVERAGE | USEPA REGION | USEPA REGION| . CONTACT CONTACT USEPA SSL SOIL | IDEM MIGRATION | ECOLOGICAL
CASRN PARAMETER OF MINIMUM MAXIMUM . BACKGROUND MAXIMUM CONTAINING NON- DETECTED OF ALL 9 PRG 9 PRG - CRITERION T0 - TO SCREENING
CONCENTRATION | CONCENTRATION MAXIMUM » STRIAL)" {(RESIDENTIAL) CRITERION GROUNDWATER® | GROUNDWATER? LEVEL®
B | DETECTION CONCENTRATIONS | CONCENTRATION | . /o o b= o | DETECTIONS | CONCENTRATIONS | RESULTS |(RESIDENTIAL)"| (INDU £ (NDUSTRIAL)® ,
Explosives {mg/kg)
{121-142 2.4 Diitrotoluene | 2119 0.9 1.5 NA [ X55B014 X5S5S-014C0002_| 0.013-0.013 | 1 T o1 T 120 N 12008 | NA NA NA T 1.28 |
Inorganics (mg/kg) . )
7429-90-5] Aluminum 19/19 2,980 15,500 8240 - 12300 X5-SB002 X58S-002G0002 - 8321 8321 75,000 N 100,000 max NA NA 8 NA H ©7
7440-36-0]Antimony 6/19 0.96 2.1 14-56 X5-SB015 X58S-015G0002 0.13 - 0.69 1 0.6 31N 410 N 140 620 0 5.4 0.27 @
7440-38-2|Arsenic 19/19 1.01 13.6 37-102 X5-SB019 X5SS-019G0002 - 5 5 0.3 5 : 20 0.29 : 18 @ .
7440-39-3|Barium 1919 17.6 1170 65.2- 153 X5-SB003 X555-003G0002 - 138 138 15,000 N 100,000 max 63,000 230,000 8 1,600 330 ©
7440-41-7|Beryllium 19/19 0.108 0.935 ND X5-SB019 X55S-019G0002 . - 0.4 0.4 150 N 1,900 N 680 2,900 3.2 63 21 ®
7440-43-9|Cadmium 1919 1.61 38.4 0.72- 36 X5-SB003 X55S-003G0002 - 4 4 450 N 990 0.38 0.36 ©
7440-70-2|Calcium 19/19 550 241,000 286 - 35300 X5-SB014 X55S-014G0002 - 106458 106458 NA NA NA NA NA NA NA
7440-47-3|Chromium 19/19 8.4 85.6 9.2-17.8 X5-SB003 X55S-003G0002 - 21 21 0 64 430 650 3 26 @
7440-48-4|Cobalt 19/19 1.75 16.6 8.4-27.1 X5-SB8011 X55S-011G0002 - 8 8 900 C. 1,900 C NA NA 0 NA 13©
7440-50-8|Copper 19/19 3.99 156 6.5-8.1 X5-SB005 X5S8-005G0002 - 21 21 3,100 N 41,000 N 14,000 62,000 560 920 28 ®
7439-89-6]Iron 19/19 4,850 47,200 9340 - 20900 X5-SB019 X55S8-019G0002 - 18896 18896 55,000 N 100,000 max NA NA . NA NA pH ©™
7439-92-1|Lead 19/19 5.5 597 12.3-20.6 X5-SB003 X55S-003G0002 - 46 46 400 800 400 1,300 NA 3 11 ©
7439-95-4|Magnesium 19/19 1,510 102,000 876 - 1330 X5-SB013 X58S-013G0002 - 18238 18238 NA NA NA NA NA NA NA
7439-96-5|Manganese 19/19 98.1 1120 666 - 3040 X5-SB005 'X555-005G0002 - 427 427 1,800 N 19,000 N NA NA 0 NA 220 f’r_}
7440-02-0]Nickel 1919 9.75 34.1 8.8-142 X5-SB003 X588-003G0002 - 19 19 1,600 N 20,000 N 6,900 31,000 4 950 38
7440-09-7 | Potassium 19/19 365 1220 584 - 1340 X5-SB013 X58S-013G0002 - 705 - 705 NA NA NA NA NA NA NA
7782-49-2|Selenium 18/19 0.165 0.909 ND X5-SB003 X55S-003G0002 |0.0626 - 0.0626 0.4 0.4 390 N 5,100 N 1,700 7,800 0.26 52 0.52 ©
7440-22-4)Silver 19/19 0.0444 0.92 0.05- 0.06 X5-SB014 X5SS-014G0002 - 0.2 0.2 390 N 5,100 N 1,700 7.800 16 3 T 420
7440-23-5|Sodium 12/19 57.8 636 9.4-237 X5-SB013 X58S-013G0002 28-61.3 220 146 NA NA NA NA NA NA NA
7440-28-0| Thallium 19/19 0.0476 0.259 0.15-0.22 X5-SB009 X5SS-009G0002 - 041 0.1 5.2 N 67 N 24 110 0.056 2.8 0.0569 ¥
7440-62-2|Vanadium 19/19 11.6 38.9 16.9-37.4 X5-SB019 . X55S-019G0002 - 24 24 78 N 1,000.N NA NA 260 NA 78@
7440-66-6|Zinc 19/19 31 8,750 28.1-60.2 X5-SB003 X58S-003G0002 - 523 523 23,000 N 100,000 max 100,000 470,000 680 14,000 46 ©@




TABLE 33

BACKGRDUND CONCENTRATIONS -
UXO 5 - BUILIDNG 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA

PAGE 1 OF 2
site BASEWIDE BACKGROUND | BASEWIDE BACKGROUND | BASEWIDE BACKGROUND | BASEWIDE BACKGROUND | BASEWIDE BACKGROUND
Iocation BG3ISBAM BG3SBA03 BGASBAOS BG3SBMO2 BG3ISBMO4
matrix S0 50 50 S0 S0
submatrix 88 88 88 88 S8
Inorganics (mg/kg)
ALUMINUM 8240 J 9600 J 9800 J 10400 9800
ANTIMONY 071 U 071 U 0.41 U 0.38 U 5.6 J
ARSENIC 3.7 4.8 [:] 589 J 55 J
BARIUM 74.3 J 105 J 128 J 71.8 J 118 J
BERYLLIUM 0.64 U 0.69 U 0.73 U 065 U 0.94 U
CADMIUM 02 U 0.29 U 0.28 U 3.6 J 1.2 J
CALCIUM 334 957 J 585 J 303 J 424 J
CHROMIUM 8.2 J 15 J 11.% J 17.8 J 12.2 J
COBALT B.8 14.4 a7 156.2 13.5
COPPER 6.5 8 J 7.5 7.6 8.1 J
IRON 9340 J 16900 J 10700 J 15700 12400
LEAD 123 J 18 J 12.3 J 166 J 14.2 J
LITHIUM 8.2 J 10.2 J 115 J 13.8 J 14.8 J
MAGNESIUM 876 J 1310 J 1000 J 1210 J 1310 J
MANGANESE 721 J 1560 J 1430 J 851 .J 1380 J
MERCURY 0.056 U 0.05 0.05 U 0.06 U 0.05 U
NICKEL 8.8 J 132 J 128 J 11,2 J 138 J
POTASSIUM 584 1060 821 688 801
SELENIUM 0.64 U 1U 073 U 0.08 U 094 U
SILVER 0.06 J 0.06 J Q.06 J 0.08 J 0.06 J
SODIUM 26 U 28 U 28 U 9.4 J 28 U -
STRONTIUM 7.4 J 10.1 J 2.9 .J 8.6 J 13.3 J
THALLIUM 0.15 J 0.17 J 0.22 J 016 J 0.22 J
THORIUM 4.8 J 6.4 J 53 J 7.1 J 7.3 J
TIN 0.66 U 0.82 U 0.56 U 0.65 U 059 U
VANADIUM 16.9 23.5 19.4 J 26.9 23.1
ZINC 341 J 3r.7 J 302 U 351 J are )
U - Nondetect

J - Estimated




TABLE 3-3

BACKGROUND CONCENTRATIONS
UXO 5 - BUILIDNG 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA

PAGE 20QF 2
site BASEWIDE BACKGROUND | BASEWIDE BACKGROUND | BASEWIDE BACKGROUND
location BG3SBMO6 BG3SBMO7 BG3aSBMO8
matrix S0 S0 SO
submatrix 88 ER) S8
Inorganics {mgikg)
ALUMINUM 9320 12300 8450
ANTIMONY 0.44 U 1.4 J 0.36 U
ARSENIC 7.8 J 10.2 J 4.6 J
BARIUM 153 J 143 J 65.2 J
BERYLLIUM 0.77 U 1.2 U 0.61 U
CADMIUM 0.83 J 072 J 0.83 J
CALCIUM 35300 J 286 J 370 J
CHROMIUM 13.1 J 16.4 J 17.6 J
COBALT 13.7 271 8.4
COPPER 7.6 74 J 7.9 J
IRON 15000 20900 13200
LEAD 17.8 J 20.6 J 143 J
LITHIUM 13.9 J 15.9 J 11.2 J
|MAGNESIUM 1330 J 1110 J 1040 J
IMANGANESE 1690 J 3040 J 666 J
MERCURY 0.05 U 0.05 U 0.05
NICKEL 14.2 J 13.6 J 10.2 J
POTASSIUM 1340 791 630
SELENIUM 1U 1.3 U 072 U
SILVER 0.06 J 0.06 J 0.06 J
SODIUM 23.7 J 13.7 U 4.4 U
STRONTIUM 63.2 J 11,1 J 7.4 J
THALLIUM 0.18 J 022 J 0.17 J
THORIUM 59 J 7.8 J 5.8 J
TIN 12 U 1.2 U 0.52 U
VANADIUM 21.6 37.4 22.3
ZINC 40.2 J 60.2 J 28.1 J

U - Nondetect
J - Estimated
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4.0 DATA QUALITY REVIEW

4.1 DATA VALIDATION PROCESS AND DATA QUALITY REVIEW

This section contains a description of the data review processes used to determine whether analytical
laboratory data were of acceptable technical quality for use in decision making. The review began with
data validation (DV), which is a comparison of data quality indicators {DQIs) to prescribed acceptance
criteria. The DQIs used are measures lo assess the bias and precision of the analytical calibrations and
sample analyses. The output of this review was a set of alphabetic flags such as "U,” *J,” “R,” or
combinations thereof, that may have been assigned to individuat results based on the validation effort.
These flags were used to infer the general quality of the data. Also evaluated were the measures of data

completeness, sensitivity, comparability and representativeness. DV letters are provided in Appendix F.

41.1 Data Validation Process

All from analytical laboratory results were validated according to several specifications. Assignment of
data qualification flags conformed to USEPA Contract Labaratory Program National Functional Guidelines
for Organic Data Review (USEPA, 1999) and Inorganic Data Review (USEPA, 2004) to the greatest
extent practicable for non-Contract Laboratory Program Data. DV specifications require that various data
qualifiers be assigned when a deficiency is detected or when a result is less than its detection limit. If no
qualifier is assigned to a result that has been validated, the data user is assured that no technical

deficiencies were identified during validation. The qualification flags used are defined below:

U - tndicates that the chemical was not detected at the numerical detection limit (sample-specific
detection limit) noted. Non-detected results from the laboratory are reported in this manner. This qualifier
is also added to a positive result (reported by the laboratory) 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 (sample-specific detection
timit) is considered to be 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 concentration that is actually present in the sample. The laboratory reported

concentration is considered to be an estimate of the frue concentration.

040805/P 4-1 CTOF272
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UR - Indicates that the chemical may or may not be present. The non-detected 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, severe

calibration non-compliances, and extremely low anaiyte recoveries).

R — Indicates that the chemical may or may not be present. The positive analytical result reported by the
laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross

technical deficiencies.

The preceding data qualifiers may be categorized as indicative of major or mincr problems. Major
problems are defined as issues that result in the rejection of data and qualification with UR or R DV
qualifiers, These data are considered invalid and are not used for decision making purposes unless they
are used in a qualitative way and the use is justified and documented. Minor problems are defined as
issues resulting in the estimation of data, and qualification with U, J, and UJ DV qualifiers. Estimated
analytical results are considered to be suitable for decision-making purposes unless the data use
requirements are very stringent and the qualifier indicates a deficiency that is incompatible with the
intended data use. A U qualifier does nbt necessarily indicate that a data deficiency exists because all
non-detect values are flagged with the U qualifier regardless of whether a quality deficiency has been
detected. No data from the Sl at UXO 5 at NSWC Crane have been rejected and considered unusable.

4.1.2 Data Validation Outputs

After data were validated, a list was developed of non-conformities requiring data qualifier flags used to
alert the data user to inaccurate or imprecise data. For situations in which several QC criteria were out of
specification, the data validator made professional judgements and or comments on the validity of the
overall data package. The reviewer then prepared a technical memorandum presenting qualification of
the data, if necessary, and the rationale for making such qualifications. The net result was a data
package that had been carefully reviewed for its adherence to prescribed technical requirements.

Pertinent quality estimates are summarized in a more quantitative format in the following section.

41.3 Data Quality Review

DQls are parameters monitored to help establish the quality of data generated during an investigation.
Some of the DQIs are generated from analysis of field samples {e.g., field duplicates) and some are
generated from the analysis of laboratory samples (e.g., laboratory duplicates). Individually, field and
laboratory DQls provide measures of the performance of the respective investigative operations (field or
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laboratory). During DV, individual QC results were evaluated. If individual QC results were acceptable,
no validation flag was assigned to an analytical result, otherwise, a flag indicating the type of QC
deficiency was assigned to the result. Samples from NSWC Crane UXO 5 were analyzed by Laucks
Laboratories at the same time samples collected from UXO 7 were analyzed. Consequently, samples
from more than one UXO but of a similar matrix may have arrived at the analytical laboratory within a
similar time frame. Depending on sample arrival dates, samples from different UXOs may have been
combined into the same sample preparation or analysis groups for metals only. Explosives were only
analyzed at UXO 5 and Polycyclic Aromatic Hydrocarbons (PAHSs) were only analyzed at UXO 7. Table
4-1 lists all the data that were qualified and the reason for the qualification. The sample resuits given the
qualification code “A” were analytes with concentrations less than five times the blank action level.
Sample results given the qualification code “C” were sampies that were associated with a continuing

calibration that had a percent recovery (%R) greater than 110.

41.4 Completeness

Completeness is a measure of the number of valid samples or measurements that are available relative
to the number of samples or measurements that were intended to be generated. For this project,

completeness was measured on two different bases:

(1) Samples collected.

+ Measure of the usable samples collected as compared to those intended to be collected.

{2) Laboratory measurements.
+ Measure of the amount of usable, valid laboratory measurements per matrix obtained for each

target analyte.
Usable, valid samples (or results) were those judged, after data assessment, to represent the sampling

populations and to have not been disqualified for use through DV or additional data review.

Completeness was determined using the following equation:

%C=¥x100

where %C = percent completeness
vV = number of samples {or results) determined to be valid
T = total number of planned samples (or results)
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All samples proposed for collection at UXO 5 were collected (100 percent completeness). The UXO 5

percent completeness for laboratory measurement was 100 percent.

415 Sensitivity

Sensitivity reflects the ability of an analytical method to quantify low concentrations of an analyte. The
analytical method detection limit {(MDL) is often used as a measure of sensitivity. The lower the MDL, the

greater the sensitivity of the method.

The antimony and 2,4-dinitrotoluene threshold values (TVs) reported by the laboratory were less than the
human health criteria for UXO 5. Antimony exceeded the USEPA Soil Screening Level (SSL) for
migration to groundwater at UXO 5. 24-Dinitrotoluene exceeded the USEPA SSL for migration to
groundwater at UXO 5. The impact of these exceedances is discussed in the human health risk

assessment.

To understand the impact of not having achieved screening values (SVs) on data analyses, it is important
to understand the convention used for reporting non-detection values. Concentrations of organic analytes
that were less than their MDLs were reported as the TV, which is similar to the MDL, followed by a U
qualifier. The TVs were generally less than laboratory reporting limits (RLs) but were typically greater
than MDLs. The TVs represent detection limits as they apply to project-specific sample matrices, as
opposed to MDLs, which are determined on ideal matrices. This convention was used to try to measure
concentrations as low as the project SVs. If a measured organic analyte concentration exceeded the TV
but was less than the RL, the reported concentration was the measured concentration followed by a J
qualifier. The J qualifier signified that the reported concentration had a high degree of uncertainty even
though there was a high level of confidence that the analyte was detected in the sample. Concentrations
less than TVs for inorganics were reported as TVs with a U qualifier. Concentrations of inorganics
between the TV and RL were reported with no qualifier. Concentrations of organics and inorganics that

exceeded RLs were not qualified unless a data quality deficiency was identified.

41.6 Accuracy

Accuracy requirements for field measurements are typically ensured through control over sample
coltection and handling and through routine instrument calibration. Field accuracies were monitored
through the use of blanks to detect cross-contamination and by monitoring adherence to procedures that

prevent sample contamination or degradation. An equipment rinsate blank was collected for this

040805/ 4-4 7 CTOF272



NSWC Crane

UXO 5 - Site Inspection Report
Revision: 0

Date: February 2009

Section: 4

Page 5 of 7

investigation to assess cross-contamination via sample collection equipment. The blank was obtained
under representative field conditions by collecting the rinse water generated by running analyte-free water
through sample collection equipment after decontamination and before use. The rinsate blank was

analyzed for the same chemical constituents as the associated environmental samples.

Accuracy in the laboratory was measured through the comparison of a spiked sample or laboratory
control sampie (LCS) result to a known or calcutated value and was expressed as a %R. It was also
assessed by monitoring the analytical recovery of select surrogate compounds added to samples that are
analyzed by organic chromatographic methods. LCSs were used to assess the accuracy of laboratory
operations with minimal sample matrix effects. Matrix spike (MS) and surrogate compound analyses
measure the combined accuracy effects of the sample matrix, sample preparation, and sample
measurement. LCS and MS analyses were performed at a frequency of one per 20 associated samples
of like matrix as required by the QAPP (Tetra Tech, 2004). The LCS and MS analyses met accuracy
limits as specified by the laboratory. Laboratory accuracy was assessed by comparing calculated %R
values to accuracy control limits specified by the laboratory using SW-846 Methods.

Percent recovery is calculated using the following equation:

%R==5"50 100
where %R = percent recovery
Ss = result of spiked sample
So = result of non-spiked sample
S = concentration of spiked amount.

All matrix spike duplicates (MSDs), LCS duplicate (LCSD), and surrogate recoveries met accuracy limits
as specified by the laboratory. ‘

The analyte beryllium had two continuing calibration %Rs outside of the 90 to 110 percent QC limit. The out
of control %Rs were 111.5 and 114.1. There is a slight high bias for the beryllium results for samples
X585-016G0002 and X55S-018G0002. The impact on data quality is not expected to be significant

because onily two results are associated with the continuing calibration non-compliance.
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41,7 Precision

Precision is a measure of the degree to which two or more measurements are in agreement and
describes the reproducibility of measurements of the same parameter for samples analyzed under similar
conditions.

Precision for chemical parameters is expressed as a Relative Percent Difference (RPD), which is defined
as the ratio of the difference to the mean for the two values being evaluated. RPDs, typically expressed

as percentages, are used to evaluate both field and laboratory duplicate precision and are calculated as

follows:
v1-Vv2|
RPD=————+——x100
(V1+v2)/2
where RPD = relative percent difference

V1, v2

two results obtained by analyzing duplicate samples

The precision estimates obtained from duplicate field samples encompass the combined uncertainty
associated with sample collection, homogenization, splitting, handling, laboratory and field storage (as
applicabie), preparation for analysis, and analysis. In contrast, precision estimates obtained from
-analyzing duplicate laboratory samples incorporate only homogenization, subsampling, preparation for
analysis, laboratory storage (if applicable), and analysis uncertainties.

All field duplicate, LCS/LCSD, and MS/MSD RPDs met QC limits.

41.8 Comparability

Comparability is defined as the confidence with which cne data set can be compared with another (e.q.,
among sampling points and among sampling events). Comparability was achieved by using standardized
sampling and analysis methods, as well as standardized data reporting formats. Comparability of field data
was ensured by following the QAPP (Tetra. Tech, 2004) and Addendum No. 2 (Tetra Tech, 2007).
Comparability of laboratory measurements was achieved primarily through the use and documentation of
standard sampling and analytical methods. Results were reported in units that ensured comparability with
previous data and with current state and federal standards and guidelines. Comparability of laboratory
measurements was assessed primartly through the use of QC samples and through adherence to the QA

plan.
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419 Representativeness

Representativeness is an expression of the degree to which data accurately and precisely depict the
actual characteristics of a population or environmental condition existing at the site. The QAPP (Tetra
Tech, 2004) and Addendum No. 2 (Tetra Tech, 2007) and the use of standardized sampling, sample
handling, sample analysis, and data reporting procedures were designed so that the final data would be
accurate representations of actual site conditions. It is believed that all reported data are adequately

representative of site conditions.
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TABLE 4-1

SUMMARY OF DATA QUALIFICATIONS

UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE

CRANE, INDIANA

SAMPLE RESULT | QUALIFICATION
SAMPLE NUMBER PARAMETER (ma/kg) CODE
X585-001G0002 ANTIMONY 025U A
X588-002G0002 ANTIMONY 0.38 U A
X5S8S8-003G0002 ANTIMONY 051 U A
X588-004G0002 ANTIMONY 019 U A
X5S8S-005G0002 ANTIMONY 0.69 U A
X585-006G0002 ANTIMONY 0.13 U A
X5S8S5-007G0002 ANTIMONY 029 U A
X55S-008G0002 SODIUM 29.5 U A
X58S5-009G0002 SODIUM 61.3 U A
X585-009G0002 ANTIMONY 0.57 U A
X588-010G0002 SODIUM 43.6 U A
X58S8-010G0002 ANTIMONY 0.3 U A
X555-010G0002-D ANTIMONY 038 U A
X585-010G0002-D SODIUM 17.7 U A
X558-011G0002 SODIUM 288 U A
X558-012G0002 ANTIMONY 05U A
X588-012G0002 SODIUM 28 U A
X585-013G0002 ANTIMONY 0.62 U A
X585-016G0002 ANTIMONY 024 U A
X555-016G0002 BERYLLIUM 0.162 J C
X588-017G0002 SODIUM 344U A
X585-018G0002 ANTIMONY 038 U A
X538-018G0002 BERYLLIUM 0.15 J C
X585-019G0002 SODIUM 318U A

A - Laboratory blank contamination where analytes concentrations were less than 5
times the blank action level.
C - Calibration non-conmpliance where samples associated with a continuing
calibration had a percent recovery greater than 110 percent.

D - Duplicate sample.

J - estimated.
mg/kg -

milligrams per kilogram.
U - non-detection.
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5.0 HUMAN HEALTH SCREENING EVALUATION

This section presents the results of the Human Health Risk Screening Evaluation (HHRSE) of chemical
concentrations detected in soil samples collected at UXO 5 in October 2007. As detailed in Section 2.4,
soil samples were collected from a total of 19 sample location grids at UXO 5 at depths to 2 feet bgs al
three separate areas: {1) B-2044/drop tower; (2) test rail; and (3) drainageway. Soil samples were
analyzed for explosives and metals. Basic descriptive statistics (frequency of detection, minimum,
maximum, and average concentrations, location of maximum concentration) for the target analytes

{explosives and metals) are presented in Table 5-1.

Information on the selection of COPCs, exposure assessment, characterization of estimated potential
human health risks, uncertainty analysis, and summary and conclusions for the risk screening are
presented in Sections 5.1, 5.2, 5.3, 5.4, and 5.5, respectlively.

5.1 SELECTION OF CHEMICALS OF POTENTIAL CONCERN

COPCs are the target analytes detected in environmental media that are selected for further evaluation in
a risk assessment. COPCs are selected on the basis of comparison to available screening
concentrations. Generally, a chemical is designated as a COPC if it is detected at least once at
concentrations greater than the limit of detection for that chemical and its maximum concentration

exceeds a screening concentration. The following were used as screening concentrations in this HHRSE:

* USEPA Region 9 residential Preliminary Remediation Goals {PRGs)
(http:/f'www.epa.goviregion09/waste/sfund/prg/index.htmil).

= USEPA Region 9 industrial PRGs (http:/fwww.epa.gov/region09/waste/sfund/prg/index. htmi).

+ Indiana Department of Environmental Management (IDEM) residential Direct Contact Criteria (2006).

» |IDEM industrial Direct Contact Criteria (2006).

+ USEPA SS5Ls for migration to groundwater (i.e., leaching} (hitp:/frisk. Isd.ornl.gov/calc_start htm}).

» [DEM migration to groundwater concentrations {2006).

These screening concentrations are listed in Table 5-1 along with the summary statistics described
above.

Of the 14 explosive chemicais for which soil samples were analyzed, only one (2,4-dinitrotoluene), was

detected. Table 5-1 indicates that the maximum soil concentration for 2,4-dinitrotoluene exceeded the
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USEPA SSL for migration to groundwater (USEPA SSL Sail to Groundwater); therefore, it was selected
as a COPC.

Arsenic, cadmium, chromium, and lead were selected as COPCs because detected concentrations
exceeded USEPA Region 9 PRGs (Table 5-1). PRGs are chemical concentrations corresponding to fixed
Ievéls of risk (i.e., a Hazard Quotient [HQ] of 1 for non-carcinogenic chemicals or an excess lifetime
cancer risk of 1E-06 for carcinogenic chemicals). One-tenth of the PRG is typically recommended by
USEPA Region 5 as the COPC screening criterion for a non-carcinogenic chemical to account for the
potential cumulative effects of multiple chemicals affecting the same target organ. The non-carcinogenic
PRGs in Table 5-1 {denoted with an “N" flag) are the PRG divided by 10 to correspond to a target HQ of
0.1.

Aluminum, antimony, barium, cobalt, manganese, nickel, selenium, thallium, and zinc were selected as
COPCs because their cancentrations exceeded USEPA SSLs (Table 5-1) for migration to groundwater.
SSLs are not national cleanup standards, nor do exceedances of SSLs alone trigger the need for
response actions or define *unacceptable” levels of  contaminants in soll

(htip:/www.epa.govisuperfund/health/conmediaisoilipdfsipart 1.pdf). In the SSL guidance, “screening” refers to the

process of identifying and defining areas, contaminants, and conditions at a particular site that may

require further attention.

Lead was selected as a COPC (Table 5-1) because the maximum detected concentration exceeds the
USEPA Office of Solid Waste and Emergency Response (OSWER) screening level of 400 mg/kg
(USEPA, 1994}. Guidance from the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and
OSWER recommends 400 mg/kg as a screening level for lead-contaminated soil in a residential setting
where children are frequently present (USEPA, 1994). OPPTS alsa identifies 2,000 to 5,000 mg/kg as an
appropriate range of lead concentrations for areas where contact with soil by children in a residential
setting is less freguent. Guidance from the USEPA Technical Review Warkgroup (TRW) for Lead
indicates that “a reasonable screening level for lead in soils at commercial/industrial {i.e., non-residential)

sites is 800 mg/kg” for a typical non-contact intensive warker (USEPA, 2007).

Beryllium, iron, and silver were not selected as COPCs because the maximum detected concentrations of
these constituents did not exceed any of the screening criteria (Table 5-1). Even though there are no
available screening concentrations for calcium, magnesium, potassium, and sodium, they are generally

not considered COPCs at sites because they are believed by USEFA to be “essential nutrients” (1989).

The table below lists the COPCs selected for further evaluation in this screening evaluation.
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Explosives
2,4-dinitrotoluene
Inorganics
aluminum cadmium nickel
antimony chromium selenium
arsenic cobalt thalfium
barium lead Zinc
manganese

5.2 EXPOSURE ASSESSMENT

This section presents the exposure assessment for the UXO 5§ B-2044/drop tower, test rail, and
drainageway areas. The methodology used to determine exposure point concentrations (EPCs) (i.e., the
concentrations of COPCs te which a receptor is exposed) is presented. These three areas within UXO 5

‘were considered as one area for the purpose of the exposure assessment.

As described in more detait in Section 1.0, UXO 5 [Building 2044 (B-2044) Drop Tower/Test Rail Site]
consists of two main areas, the drop tower and test rail. UXO 5 is located in an area that is maintained by
periodic mowing and is bordered to the north, south, and east by woods and to the west by Highway 45.
UXO 5 currently consists of a drop tower approximately 100 feet tall with an 8- by B-foot by 0.5- inch-thick
sheet of metal on the southwestern side of the base of the tower. Approximately 75 feet southeast of
drop tower is a test rail approximately 97 feet in length from east to west. UXO 5 is located on a hilly area
at an elevation of approximately 790 feet above mean sea level (amsl). The area surrounding the site
slopes upward to the northwest to an elevation of 810 feet amsl. To the southeast, the land slopes
downward into a valley to an elevation of 750 feet amsl. UXO 5 is a lightly wooded area with young trees
and sparse undergrowth. The area immediately surrounding the test rail and the drop tower is grass
covered. The northern, southern, and eastern sides of the site are wooded. UXO 5 is located within the
central portion of NSWC Crane and within the central drainage basin. Surface water runoff from the site
drains south into an unnamed tributary that flows southwest into Bogg;s Creek. Boggs Creek eventually
empties into the East Fork of the White River south of NSWC Crane.

There are no current plans to develop UXO 5. Consequently, under current and future anticipated future

land use, the following receptors are the most likely individuals to be exposed to COPCs in soil at the site:

» Base personnel engaged in site maintenance activities {e.g., cutting grass, etc.)

» Trespassers
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These receptors may be exposed to COPCs in surface soil at UXO 5 via direct contact (i.e., incidental
ingestion, dermal contact) or via inhalation of airborne soil particutates from the site. However, for the
purpose of this risk screening, this exposure assessment will assume that a hypothetical future resident
or typical industrial worker may be exposed to COPCs in site soils. The exposure assessment
assumptions (e.g., soil ingestion rates, etc.) are those specified in the calculation of the Region 9 PRGS
for the hypothetical future resident and the typical industrial worker. The exposure assessment
methodology for the Region 9 PRGs is presented in Appendix D.

The EPC is the COPC concentration to which the receptor is exposed. Per USEPA guidancé, the
arithmetic mean concentration is recommended as the EPC for lead and the 95 percent upper confidence
limit {UCL) on the arithmetic mean is recommended as the EPC for other chemicals. EFCs are calculated
following USEPA’s Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous
Waste Sites (2002) and using USEPA Pro-UCL software.

53 RISK CHARACTERIZATION

The risk characterization for COPCs in soil was conducted using the simple risk-ratio technigue described
in the following paragraphs. The risk characterization for lead is conducted by a comparison of arithmetic
mean lead concentrations in sail to the aforementioned USEPA risk benchmarks (400 mg/kg and
800 mg/kg for residential and industrial land use scenarios, respectively). For the 13 inorganic COPCs
listed in Section 5.1, comparisons of site concentrations to background concentrations were performed to
delermine if site concentrations were statistically significantly greater than background concentrations and
thus would merit guantitative consideration in this risk screening.

531 Background Evaluation

For aluminum, a comparison of background and site soil concentration summary statistics (e.g., arithmetic
mean, median, maximum), box plots, 85 percent confidence intervals, normal probability plots, and
nonparametic statistical tests (Appendix D.1) indicates that site aluminum concentrations (arithmetic
mean = 7,200 mg/kg) are less than background aluminum concentrations (arithmetic mean =
9,700 mg/kg). Therefore, although aluminum concentrations exceeded the SSL, it can be excluded as a
COPC on the basis of comparison of site concentrations to background concentrations.

For antimony, a comparison of background and site soil concentration summary statistics (Appendix D.2)

indicates that site antimony concentrations (arithmetic mean = 0.57 mg/kg) are less than background
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antimony concentrations (arithmetic mean = 1.0 mg/kg). Therefore, although antimony concentrations
exceed the SSL, it can be excluded as a COPC on the basis of comparison of site concentrations to

background concentrations.

For arsenic, a comparison of background and site soil concentration summary statistics (Appendix D.3)
indicates that site arsenic concentrations (arithmetic mean = 5.45 mg/kg) are statistically indistinguishable
from background arsenic concentrations (arithmetic mean = 6.31 mg/kg). Therefore, although arsenic
concentrations exceed the SSL, it can be excluded as a COPC on the basis of comparison of site

concentrations to background concentrations.

For barium, a comparison of background and site soil concentration summary statistics (Appendix D.4)
indicates that site barium concentrations (arithmetic mean = 138 mg/kg) are statistically indistinguishable
from background barium concentrations (arithmetic mean = 107 mg/kg). Therefore, although barium
concentrations exceed the SSL, it can be excluded as a COPC on the basis of comparison of site

concentrations to background concentrations.

For cadmium, a comparison of background and site soil concentration summary statistics (Appendix D.5)
indicates that site cadmium concentrations (arithmetic mean = 4.1 mg/kg) exceed background cadmium
concentrations (arithmetic mean = 0.95 mg/kg). Therefore, cadmium was evaluated in the quantitative

risk assessment.

For chromium, a comparison of background and site soil concentration summary statistics (Appendix D.6)
indicates that site chromium concentrations (arithmetic mean = 21 mg/kg) are statistically
indistinguishable from background chromium concentrations (arithmetic mean = 14 mg/kg). Therefore,
although chromium concentrations exceed the SSL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.

For cobalt, a comparison of background and site soil concentration summary statistics (Appendix D.7)
indicates that site cobalt concentrations (arithmetic mean = 7.9 mg/kg) are less than background cobailt
concentrations {arithmetic mean = 13.7 mg/kg). Therefore, although cobalt concentraﬁons exceed the
SSL, it can be excluded as a COPC on the basis of comparison of site concentrations to background

concentrations.
For lead, a comparison of background and site soil concentration summary statistics (Appendix D.9)

indicates that site iead concentrations (median = 16.4 mg/kg) are statistically indistinguishable from

background lead concentrations {median = 15.5 mg/kg). Therefore, although lead concentrations exceed
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the SSL, it can be excluded as a COPC on the basis of comparison of site concentrations to background

concentrations.

For manganese, a comparison of background and site soil concentration sumrnary statistics {Appendix
D.10) indicates that site manganese concentrations (arithmetic meén = 426 mg/kg) are less than
background manganese cancentrations (arithmetic mean = 1,075 mg/kg). Therefore, although
manganese concentrations exceed the SSL, it can be excluded as a COPC on the basis of comparison of

site concentrations to background concentrations.

For nickel, a comparison of background and site soil concentration summary statistics (Appendix D.11)
indicates that site nickel concentrations (arithmetic mean = 18.9 mg/kg) exceed background nickel
concentrations (arithmetic mean = 12.3 mg/kg). Therefore, nickel was evaluated in the quantitative risk

assessment.

For selenium, a comparison of background and site soil concentration summary statistics (Appendix D.12)
indicates that site selenium concentrations (arithmetic mean = 0.39 mg/kg) are statistically
indistinguishable from background selenium concentrations (arithmetic mean = 0.46 mg/kg). Therefore,
although selenium concentrations exceed the SSL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.

For thallium, a comparison of background and site soil concentration summary statistics (Appendix D.13)
indicates that site thallium concentrations (arithmetic mean = 013 mg/kg) are statistically
indistinguishable from background thalliurm concentrations (arithmetic mean = 0.19 mg/kg). Therefore,
although thallium concentrations exceed the SSL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.

For zinc, a comparison of background and site soil cancentration summary statistics (Appendix D.15)
indicates that site zinc concentrations (arithmetic mean = 523 mg/kg) exceed background zinc
concentrations (arithmetic mean = 36 mg/kg). Therefore, zinc was evaluated in the quantitative risk

assessment.

5.32 Risk Calculation Evaluation

The risk characterization results for COPC concentrations detected in UXO 5 soil are presented in Table
5-2. Non-cancer hazard estimates were developed for the hypothetical future resident and typical
industrial worker using the EPCs calculated for COPC concentrations in soil (as described above) and
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available Region 9 PRGs. As previously noted, the USEPA Region 8 PRGs represent an HQ of 1 for
non-carcinogens. Thus, hazard estimates were developed using the following simple ratio, where X
represents the HQ for each COPC:

USEPA Region 9 PRG _ Hazard Quotient of 1
EPC for COPC X

HQs for the hypothetical future resident and the typical industrial worker are summarized below:

cope Hazard Quotient
Residential | Industrial
2.4-Dinitrotoluene 8.E-03 B8.E-04
Cadmium 3.E-01 3.E-02
Nickel 1.E-02 1.E-03
Zinc 1.E-01 3.E-02
Sum = 5.E-01 5.E-02

HQs for all COPCs under both residential and industrial scenarios are less than 1 (1.E+00). Total hazard
indices (i.e., the sum of HQs for all COPCs} under both residential and industrial scenarios are also less
than one.

The arithmetic mean concentration for lead, 46 mg/kg, is almost 10 and 20 times less than the OSWER
screening level of 400 mg/kg and the USEPA TRW screening level of 800 mg/kg for a typical non-contact
intensi\a;e worker, respectivély. OSWER recommends 400 mg/kg as a screening level for lead-
contaminated soll in a residential setting where children are frequently present, and the TRW lead

concentration represents a reasonable level in soil at commercial/industrial sites.

Cancer risk estimates were developed for the hypothetical future resident and typical industrial worker
using the EPCs calculated for COPC concentrations in soil (as described above) and available Region 9
PRGs. As previously noted, the USEPA Region 9 PRGs represent an excess lifetime cancer risk of
1E-06 for carcinogens. Thus, risk estimates were developed using the following simple ratio, where X
represents the cancer risk for each COPC: ' '

USEPA Region 9PRG _ Cancer Risk of 1.E-06
EPCfor COPC X
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Cancer risks for the only remaining carcinogenic COPC, arsenic, for the hypothetical future resident and

the typical industrial worker are summarized betow.

CORC : Carncer!?isk :
residential | industrial
Arsenic 2.E-05 4 E-06

Cancer risks for arsenic were within the USEPA’s target risk range of 1.E-04 to 1.E-06. However, the
cancer risk under the residential scenario exceeds the State of Indiana’s cumulative cancer risk goal of
1.E-05. For perspective, the UXO 5-specific background soil concentration for arsenic was compared to
site soil concentrations. A comparison of background and site seil concentration summary statistics (e.g.,
arithmetic mean, median, maximum), box plots, 95 percent confidence intervals, normal probability plots,
and nonparametic statistical tests (Appendix D.3) indicates that site arsenic concentrations (arithmetic
mean = 5.5 mg/kg) are less than background arsenic concentrations (arithmetic mean = 6.3 ma/kg).

Therefore, the arsenic site cancer risk would be less than the arsenic background cancer risk.

5.4 UNCERTAINTY ANALYSIS

As described previously, 95 percent UCL on the arithmetic mean was used as EPCs for alt COPCs
except lead. EPCs are calculated using USEPA Pro-UCL software; however, the reliability of 95 percent
UCL values calculated with this software can be questioned when the number of detected concentrations
that comprise the 95 percent UCL is small. In UXO 5 sail, only 2 of 19 samples had concentrations of
2 4-dinitrotoluene were reported greater than the detection limit. Documentation that accompanies the
ProUCL software package states that statistics such as the 95 percent UCL concentration based on only
a few detected values (e.g., less than 4 to 6) cannot be considered reliable enough to estimate the EPC.
The documentation suggests that when the number of detected data is small, it is preferable to use
simple ad hoc methods or surrogate concentrations (e.q., the sample median or mode) rather than using
statistical methods to compute the EPC.

An alternative to the 95 percent UCL concentration is the maximum reported site concentration. The
maximum cencentration for 2.4-dinitrotoluene is 1.5 mg/kg, which is only slightly larger than the
95 percent UCL concentration of 1 mg/kg used in the hazard calculations reported above. Using the
maximum concentrations in place of the 95 percent UCL concentration does not appreciably increase the

HQs for 2,4-dinjtrotoluene nor does it increase the total hazard indices above 1.E+G0.
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5.5 SUMMARY AND CONCLUSIONS

A total of 14 chemicals (2,4-dinitrotoluene, aluminum, antimony, arsenic, barium, cadmium, chromium,
cobalt, lead, manganese, nickel, selenium, fhallium, and zinc) were detected in UXO 5 soil at
concentrations exceeding screening levels typically recommended by USEPA Region 5 to select COPCs
for human health risk assessment. However, only six chemicals were retained in the guantitative risk
assessment because the concentrations of all of the other COPCs were not statisticaily significantly
greater than background concentrations.

Two human receptors (hypothetical future residents and typical industrial worker) were evaluated for
health risks potentially resulting from exposure to these six chemicals. HQs for all COPCs under both
residential and industrial scenarios were less than one (1.E+00). Total hazard indices (i.e., the sum of

- HQs for all COPCs) under both residential and industrial scenarios were alsa less than one.

The arithmetic mean concentration for lead, 46 mg/kg, is almost 10 and 20 times less than the OSWER
screening level of 400 mg/kg and the USEPA TRW screening level of 800 mg/kg for a typical non-contact

intensive worker, respectively.

Cancer risks for arsenic were within the USEPA's target risk range of 1.E-04 to 1.E-06, but the arsenic
cancer risk under the residential scenario was greater than the State of Indiana’s cumulative cancer risk
goal of 1.E-05. However, this cancer risk is less than the risk for arsenic at background concentrations in
soil at UXO 5.

Based on this assessment, which shows there to be no risk from cancer and non-cancer hazards at

UXO 5, no further action (NFA) regarding human health risk is warranted at this site.
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TABLE 5-1

HUMAN HEALTH COPC SELECTION
UXO 5 - BUILDING 2044 DROP TOWER\TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA

IDEM DIRECT
FREQUENCY LOCATION OF SAMPLE RANGE OF AVERAGE OF AVERAGE | USEPA REGION | USEPA REGION CONTACT IDEM DIRECT USEPA SSL SOIL | IDEM MIGRATION
MINIMUM MAXIMUM CONTAINING " CONTACT
PARAMETER OF CONCENTRATION | CONCENTRATION MAXIMUM MAXIMUM NON- DETECTED OF ALL 9 PRG o 9 PRG " CRITERICN CRITERION TO o TO "
DETECTION CPNCENTRATION CONCENTRATION DETECTIONS | CONCENTRATIONS | RESULTS |(RESIDENTIALY" (INDUSTRIALY) (RESID(SNTIAL) (INDUSTRIAL)® GROUNDWATER"' | GROUNDWATER
Explosives {mg/kg)
[2:4-Dinitrotoluene [ 29 ] 0.9 1.5 [ X5-5B014 [ X5S55-014C0002 | 0.013-0.013 | 1 0.1 | 120N | 1200 N | NA NA NA
Inorganics {mg/kg)
Aluminum 18119 2,980 15,500 X5-SB002 X558-002G3002 - 8,321 8,321 75,000 N 100,000 max NA NA 8 NA
Antimony 6/19 0.96 21 X5-SB015 X555-015G0002 0.13 - 0.69 1 0.6 31N 410 N 140 620 0 5.4
Arsenic 19/19 1.01 13.6 X5-5B012 X585-018G0002 - 5 5 0.39 G 9 20 0.29 B
Barium 19119 17.6 1170 X5-5B003 X558-003G0002 - 138 138 15,000 N 100,000 max 63,000 230,000 8 1,600
Beryllium 19/18 0.108 0.935 X5-SB019 X585-018G0002 - 04 0.4 150 N 1,800 N 680 2,800 3.2 63
Cadmium 1918 1.61 38.4 X5-5B003 X558-003G0002 - 4 4 450 N 990 0.38
Calcium 1919 550 241,000 X5-SB014 X588-014G0002 - 106,458 106,458 NA NA NA NA NA NA
Chromium 19/18 8.4 85.6 X5-SB003 X588-003G0002 - 21 21 0 b4 430 650 8
Caobalt 19/19 1.75 16.6 X5-SB011 X558-011G0002 - 8 8 900 C 1,800 C NA NA 0 NA
Copper 1919 3.99 156 X5-SB00S X558-005G0002 - 21 21 3,100 N 41,000 N 14,000 62,000 560 - 920
Iron 19/19 4,850 47,200 X5-SB019 X588-0194G0002 - 18,896 18,896 55,000 N 100,000 max NA NA
Lead 19119 55 597 X5-SB003 X555-003G0002 - 46 46 400 800 400 1,300
Magnesium 19/19 1,510 102,000 X5-SB013 X555-013G0002 - 18,238 18,238 NA NA NA NA
Manganese 19/19 98.1 1,120 X5-SB00S X558-005G0002 - 427 427 1,800 N 19,000 N NA NA
Nickel 18/19 9.75 34.1 X5-SB003 X588-003G0002 - 19 19 1,600 N 20,0600 N 6,800 31,000
Potassium 19/19 365 1220 X5-SB013 X588-013G0002 - 705 705 NA NA NA NA,
Selenium 18/19 0.165 0.909 X5-SB003 X535-003G0002 |0.0626 - 0.0626 0.4 0.4 390 N 5100 N 1,700 7,800
Sitver 18/19 0.0444 0.92 X5-SB014 X558-014G0002 - 0.2 0.2 390 N 5,100 N 1,700 7,800
Sodium 12/19 57.8 636 X5-SB013 X585-013G0002 28-61.3 220 146 NA NA NA NA
Thallium 18/19 0.0476 0.259 X5-8B00g X5585-009G0002 - 0.1 0.1 52 N 67 N 24 110
Vanadium 18/19 11.6 38.9 X5-5B8012 X588-019G0002 - 24 24 78 N 1,000 N NA NA
Zing 19119 31 8,750 X5-SB003 X588-003G0002 - 523 523 23,000 N 100,000 max 100,000 470,000
DAF - Dilution Attenuation Factor.
IDEM - Indiana Department of Environmental Management.
mg/kg - Milligrams per kilograms.

PRG -
RBC -
RISC -
USEPA -

Notes:
1-

Preliminary Remediation Goal.
Risk-Based Concentration.
Risk Integrated System of Closure.

United States Environmental Protection Agency.

to correspond to a target hazard quolient of 0.1. (USEPA Region IX, October 2004, Updated December 28, 2004).

2.
3-
4-

USEPA Region IX Preliminary Remediation Goal {(PRG). The noncarcinggenic values (denoted with a "N” flag) are the PRG divided by 10

USEPA Ecological Soil Screening Levels (2003, 2005, 2006, 2007) individuat documents available at http:/Awww.epa.goviecotox/ecossl/
USEPA Regicn 5 Ecological Screening Levels, August 22, 2003 available at hitp:/Mmwww .epa.goviregSrcra/ca/edql.htm.

5-
6 -
7-
8-

Naphthalene is used as a surrcgate for 2-methyinaphthalene.

Acenaphthene have been used as surrogates for acenaphthylene,
The toxicity criteria in the October 2004 PRG table is outdated. Value was updated using toxicity criteria from the October 2007 USEPA Region 3 RBC Table.
8 - Pyrene have been used as surrogates for benzo(g,h.i)perylene and phenanthrene.

Indiana Cepartment of Environmental Management {IDEM}, Risk Integrated System of Closure (RISC) residential closure levels for soil {IDEM, January 2006).
USEPA Soil Screening Levels. EPA Intemet Site at http:/frisk.Isd.ornl.gov/calc_start.him. Values are based on a DAF of 1.
Sources of Ecological Screening Levels (in order of preference):




TABLE 5-2

QUANTITATIVE RISK ESTIMATES
UXO 5 - BUILDING 2044 DROP TOWER\TEST RAIL SITE
NSWC CRANE
CRANE, INDIANA

USEPA . .
COPC (:!;f ) | N or €2|_Region 9 PR (mg/kg) Risk Ratio
9 Residential | Industrial | Residential | Industrial
Explosives _ '
[2,4-dinitrotoluene | 1007 | N | 120 | 1200 | 8E-03 | 8.E-04
Inorganics
Aluminum 12859 N 76000 100000 2.E-01 1.E-01
Antimony 1.458 N 31 410 5.E-02 4.E-03
Arsenic 7.021 C 0.39 1.6 2.E-05 4.E-06
Barium 399.4 N 5400 67000 7.E-02 6.E-03
Cadmium 12.43 N 37 450 3.E-01 3.E-02
Chromium 27.41 C 30 64 9.E-07 4.E-07
Cobalt 9.773 C 900 1900 1.E-08 5.E-09
Lead 179.7 - 400 800 ~ 2 x below | ~ 4 x below
Manganese 535.4 N 1800 19000 3.E-01 3.E-02
Nickel 21.62 N 1600 20000 1.E-02 1.E-03
Selenium 0.473 N 390 5100 1.E-03 9.E-05
Thallium 017 N 5.2 67 3.E-02 3.E-03
Zinc 2516 N 23000 100000 1.E-01 3.E-02
Sum(C)=| 2.E-05 5.E-06
Sum (NC) = 1.E+00 2.E-01
| Sum (2,4-DNT, Cd, Ni, Zn) = 5.E-01 5.E-02
Notes:

C - Carcinogen

NC - Nen-carcinogen

COPC - Chemical of potential concern
EPC - Exposure point concentration
PRG - Preliminary Remediation Goal
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6.0 ECOLOGICAL RISK SCREENING EVALUATION

This section presents the resuits of the Ecological Risk Screening Evaluation (ERSE)} of chemical
concentrations detecled in soil samples collected at UXO 5 in October 2007. As detailed in Section 2.4,
soil samples were collected from a total of 19 sample location grids at UXO 5 at depths to 2 feet bgs at
three separate areas: (1) B-2044/drop tower; (2) test rail; and (3) drainageway. Soil samples were
analyzed for explosives and metals. Basic descriptive stalistics, ecological screening levels (ESLs), and
ecological effects quotients (EEQs) for the target analytes (explosives and metats) are presented in Table
6-1.

This ERSE is limited to a comparison of maximum and arithmetic mean metals concentrations to
ecolbgical screening benchmarks typically used in ecological risk assessments prepared for regulatory
review within USEPA Region 5. This ERSE also includes limited food-chain modeling with a summary of
the resultant EEQs for the meadow vole, bobwhite quail, short-tailed shrew, and American woodcock (see
Table 6-2). Food-chain modeling methodology, calculations, and supporting documentation are
presented in Appendix E. The objective of this assessment was to determine if chemical concentrations
of explosives and metals in UXO 5 soil are at tevels that warrant further ecological evaluation as COPCs.
A brief site description and discussion of potential ecological receptors of concern and exposure
pathways are presented in Sections 6.1 and 8.2, respectively. The analytical results for soil samples
collected at UXO 5 are presented in Section 3.0. The comparison of maximum and arithmetic mean
chemical concentrations to ecological screening benchmarks and the results of the limited food-chain
modeling are presented in Section 6.3 . An uncertainty analysis is presented in Section 6.4. An ERSE

summary and conclusions are presented in Section 6.5.

6.1 SITE DESCRIPTION

As described in more detail in Section 1.0, UXO 5 (B-2044 drop tower/test rail site} consists of two main
areas, the drop tower and the test rail. UXO 5is located in an area maintained by periodic mowing and is
bordered to the north, south, and east by woods and te the west by Highway 45. UXO 5 currently
consists of a drop tower approximately 100 feet tall with an 8- by 8-foot by 0.5-inch-thick sheet of metal
on the southwestern side of the base of the tower. Approximalely 75 feet southeast of the drop tower is a
test rail approximately 97 feet in length from east to west. UXO 5 is located on a hilly area at an elevation
of approximately 790 feet above msl. The area surrounding the site slopes upward to the northwest to an
elevation of 810 feet above ms!. To the southeast, the land slopes downward into a valley to an elevation

of 750 feet above msl. The area immediately surrounding the test rail and drop tower is grass covered.
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The northern, southern, and eastern sides of the site 'are wooded. UXO 5 is located within the central
portion of NSWC Crane and within the central drainage basin. Surface water runoff from the site drains
south into an unnamed tributary that flows scuthwest into Boggs Creek. Boggs Creek eventually empties
into the East Fork of the White River south of NSWC Crane.

6.2 POTENTIAL ECOLOGICAL RECEPTORS AND EXPOSURE PATHWAYS

Based on the description of the site, ecological receptors could be directly exposed to chemicals in
surface soil at UXG 5 (i.e., plants and soil invertebrates), or indirectly exposed via the food-chain (j.e.,
through the ingestion of plants and invertebrates). The primary ecological receptors of concern are as

follows:

» Soil invertebrates
« Terrestrial plants
« Small insectivorous mammals

¢ Small herbivorous mammals

Large herbivorous, omnivorous, or predatory mammals and birds may visit and feed at the site; however,
the porticn of UXO 5 considered in this ERSE is small and unlikely to sustain such animals. In addition,
atthough small invertivorous and herbivorous mammals and birds may c.onsume some food items from
UXO 5, the home range of most small mammals and birds is much larger than the portion of UXO 5 under

consideration.

6.3 ECOLOGICAL SCREENING

The risk screening summarized in Table 6-1 was performed by comparing maximum and arithmetic mean

chemical concentrations to the following ecological screening benchmarks for surface soil;

» USEPA Ecological Soil Screening Levels (Eco-SSLs) (hitp://www.epa.gov/ecotox/ecossl{} — The Eco-

SSLs were developed for invertebrates, plants, mammals, and birds for each chemical for which data
were available. For some chemicals, adequate data were only available to develop Eco-SSLs for

some receptors.

e USEPA Region 5 ESLs for Ecological Receptors (http:/iwww.epa.qoviregbrera/caledgl.htm) — These

levels were developed to be protective of soil invertebrates, blants, and terrestrial wildlife regarding
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exposure to chemicat concentrations in soil. The lower of the screening values for protection of each

of these receptors was selected as the ESL.

The USEPA Region 5 ESLs and USEPA Eco-SSLs are conservative and are considered the initial COPC
screening levels for this assessment. However, site chemical concentrations greater than these
screening levels are not necessarily indicative of a potential for ecological risk at a site because of the

following:

» They generally represent the lowest screening levels found in the literature for any receptor and are

not always applicable to site-specific receptors and conditions.

e The ESLs and Eco-SSLs for wildlife are often less than site-specific background concentrations. For
example, the arithmetic mean vanadium background concentration at NSWC Crane, 23.9 mg/kg,

exceeds the ESL for vanadium of 7.8 mg/kg.

2,4-Dinitrotoluene, antimony, barium, cadmium, chromium, cobalt, copper, lead, manganese, selenium,
thallium, vanadium, and zinc were selected as UXO 5 ecological COPCs because their concentrations

exceeded available ecological screening levels (Table 6-1).

The Eco-SSLs for iron and aluminum are pH dependent. lron is not expected to be toxic to plants when
soil pH is between 5 and 8. Aluminum is not considered to be toxic at a pH greater than 55. The

average soil pH at NSWC Crane is above 5.5; therefore, iron and aluminurn were not selected as COPCs.

For 24-dinitrotoluene, the maximum site concentration (1.5 mg/kg) only marginally exceeded the ESL
(1.28 mg/kg). Additionally, 2,4-dinitrotoluene was reported infrequently in soil at UXQ 5. Only 2 of 19 soil
samples, X5-SBC13 (0.9 mgkg) and X5-SB014 (1.5 mg/kg), contained 24-dinitrotoluene at
concentrations greater than the detection limit (0.013 mg/kg) in samples. Therefore, due to generally low
concentrations compared to the ESL and infrequent detection in site soil, 2,4-dinitrotoluene was

eliminated from consideration in the quantitative ecological risk assessment.
For the 12 inorganic chemicals listed above, comparisons of site to background concentrations were
performed to determine if site concentrations were statistically greater than background concentrations

and thus would merit quantitative consideration in this risk screening.

For antimony, a comparison of background and site soil concentration summary statistics (e.g., arithmetic

mean, median, maximum), box plots, 95 percent confidence intervals, normal probability plots, and
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nonparametic statistical tests (Appendix D.2) indicates that site antimony concentrations (arithmetic
mean = 0.57 mg/kg} are less than background antimony concentrations (arithmetic mean = 1.0 mg/kg).
Therefore, although antimony concentrations exceed the ESL, it can be excluded as a COPC on the

hasis of comparison of site concentrations to background concentrations.

For barium, a comparison of background and site soil concentration summary statistics (Appendix D.4)
indicates that site barium concentrations (arithmetic mean = 138 mg/kg) are statistically indistinguishable
from background barium concentrations (arithmetic mean = 107 mg/kg). Therefore, although barium
concentrations exceed the ESL, it can be excluded as a COPC on the basis of comparison of site

concentrations to background concentrations.

For cadmium, a comparison of background and site sail cencentration summary statistics {Appendix D.5)
indicates that site cadmium concentrations (arithmetic mean = 4.1 mg/kg) exceed background cadmium
concentrations  (arithmetic mean = 0.85 mgkg). The maximum detected cadmium
concentration (38.4 mg/kg) is less than the Eco-SSL for soil invertebrates (140 mg/kg) and only slightly
greater than the Eco-SSL for plants (32 mg/kg). Therefore, although cadmium concentrations exceed the
ESL, risks to these receptors are not expected, and cadmium is excluded as a COPC for plants and
invertebrates. Risks to wildlife from cadmium are discussed below.

For chromium, a comparison of background and site soil concentration sur;nmary statistics (Appendix D.6)
indicates that site chromium concentrations (arithmetic mean = 21 mgkg) are statistically
indistinguishable from background chromium concentrations {arithmetic mean = 14 mg/kg). Therefore,
although chromium concentrations exceed the ESL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.

For cobalt, a comparison of background and site scil concentration summary statistics (Appendix D.7)
indicates that site cobalt concentrations (arithmetic mean = 7.9 mg/kg) are less than background cobalt
concentrations (arithmetic mean = 13.7 mg/kg). Therefore, although cobalt concentrations exceed the
ESL, it can be excluded as a COPC cn the basis of comparison of site concentrations to background
concentrations. |

For copper, a comparison of background and site soil concentration summary stalistics (Appendix D.8)
indicates that site copper concentrations (arithmetic mean = 21.1 mg/kg) exceed background copper
concentrations (arithmetic mean = 7.5 mg/kg). Only 2 of the 19 detections, 64.8 mg/kg (X5-SB003) and
156 mg/kg (X5-SB005) exceed the ESL. Furthermore, the average detected concentration of copper
(21.1 mg/kg) is significantly less than the ESL (28 mag/kg). Therefore, although copper concentrations
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exceed the ESL, it can be excluded as a COPC based on the limited number of exceedances and the

average detected concentration being less than the ESL.

For lead, a comparison of background and site soil concentration summary statistics (Appendix D.9)
indicates that site lead concentrations {median = 16.4 mg/kg) are statistically indistinguishable from
background lead concenirations (median = 15.5 mg/kg). Therefore, although lead ¢oncentrations exceed
the ESL, it can be excluded as a COPC on the basis of comparison of site concentrations to background

concentrations.

For manganese, a comparison of background and site soil concentration summary statistics
(Appendix D.10) indicates that site manganese concentrations (arithmetic mean = 426 ma/kg) are less
than .background manganese concentrations (arithmetic mean = 4,075 mg/kg). Therefore, although
manganese concentrations exceed the ESL, it can be excluded as a COPC on the basis of comparison of

site concentrations to background concentrations.

For selenium, a comparison of background and site soil concentration summary statistics (Appendix D.12)
indicates that site selenium concentrations {arithmetic mean = 0.39 mg/kg) are statistically
indistinguishable from background selenium concentrations (arithmetic mean = 0.46 mg/kg). Therefore,
although selenium concentrations exceed the ESL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.

For thallium, a comparison of background and site soil concentration summary statistics (Appendix D.13)
indicates that site vanadium concentrations (arithmetic mean = 0.13 mg/kg) are statistically less than
background thallium concentrations {arithmetic mean = 0.19 mg/kg). Therefore, even though thallium
concentrations exceed the ESL, it can be excluded as a COPC on the basis of comparison of site

concentrations to background concentrations.

For vanadivm, a comparison of background and site soil concentration summary statistics
(Appendix D.14) indicates that site vanadium concentrations (arithmetic mean = 24.3 mg/kg) are nearly
indistinguishable from background vanadium concentrations (arithmetic mean = 23.9 mg/kg). Therefore,
although vanadium concentrations exceed the ESL, it can be excluded as a COPC on the basis of

comparison of site concentrations to background concentrations.
For zinc, a comparison of background and site soil concentration summary statistics (Appendix D.15)

indicates that site zinc concentrations (arithmetic mean = 523 mg/kg) exceed background zinc

concentrations (arithmetic mean = 36 mg/kg). Except for the maximum concentration of 8,750 mg/kg
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(X5-SB003}, all other detected concentrations are less than the plant Eco-SSL (160 mg/kg) and only one
other sample (140 mg/kg at X5-SB005) had a concentrations slightly greater than the soil invertebrate
Eco-SSL (120 mg/kg). Therefore, although zinc concentrations exceed the ESL, risks to these receptors
are not expecled and zinc is excluded as a COPC for piants and invertebrates based on the limited

number of exceedances. Risks to wildlife from zinc are discussed below.

Food-Chain Model Screening

A food-chain model screening for chemicals with detections exceeding their respective ESLs was
completed using average exposure parameters and average chemical concentrations {see Appendix E
for supporting documentation). EEQs exceeded 1.0 for cadmium, lead, thallium, and zinc for
invertivorous receptors only (Table 6-2). Lead concentrations were not statistically different than
background concentrations, and thallium concentrations were less than background concentrations, as
described above. Therefore, although EEQs for lead and thallium are greater than 1.0, risks are not
expected to be site related. The maximum cadmium and zinc detections {38.4 and 597 mg/kg,
respectively) occur at X5-SB003, which is adjacent to the steel test pad near the drop tower. These
maximum concentrations are causing the food-chain model EEQs for cadmium and zinc to exceed 1.0.
This sample location consists of gravel interspersed with grass and is very poor ecological habitat.
invertivorous receptors are not likely to obtain a significant portion of their diet from this sample location.
Therefore, although food-chain model EEQs exceeded 1.0 for cadmium and zinc, risks to invertivorous
receptors are not likely because of the lack of suitable ecologicat habitat at the location of the maximum
detection and the site in general.

6.4 UNCERTAINTY ANALYSIS

Measurement endpoints were used to evaluate the assessment endpoints selected for this ERSE. For
this ERSE, the measures of effects were not the same as the assessment endpoints. The measures
were used to predict effects to the assessment endpoints by selecting surrogate species that were
evaluated. The contaminant dose to terrestrial wildlife was calculated using an equation that incorporates
ingestion rates, body weights, Bioaccumulation Factors (BAFs), and other exposure factors. These
exposure factors were obtained from literature studies or predicted using various equations. There is
uncertainty in the chemical data collected at the site. Measured levels of chemicals are only estimates of
the irue site chemical concentrations. Risks are possible if an EEQ is greater than or equal to 1.0
regardless of the magnitude of the EEQ. However, the magnitude of effects to ecological receptors
cannot be inferred based on the magnitude of the EEQ. Rather, an EEQ greater than 1.0 simply

indicates that the dose used to derive the toxicily reference value was exceeded. Finally, there is
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uncertainty in how the predicted risks to a species at a site translate into risk to the population in the area

as a whole.

6.5 SUMMARY AND CONCLUSIONS

In summary, 2,4-dinitrotoluene and all of the 12 inorganics initially retained as COPCs were eliminated
from quanlilati've consideration in this ERSE. Initial COPCs were eliminated on the basis of comparisons
of site concentrations to background concentrations, frequencies of detection, numbers of ESL
exceedances, and lack of suitable ecological habitat. Therefore, ecological risks at UXO 5 from
explosives and inorganics are expected to be minimal, and NFA regarding ecological risk is warranted at

this site.
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TABLE 61

ECOLOGICAL RISK SCREENING EVALUATION COPC SELECTION
UXO & - BUILDING 2044 DROP TOWER AND TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA
SAMPLE SELECTED
FREQUENCY|  \inimum MAXIMUM LOCATIONOF | oo\ ryning | AVERAGE OF | AVERAGE |ECOLOGICAL |\ vy m1 AvERAGE| FOR FOOD-
PARAMETER O 1o | CONCENTRATION| CONCENTRATION [ - MAXIMM MAXIMUM e s | pogos SCREENING | ™ ¢gq EEQ CHAIN
DETECTION NCENTRATION | o\ nen e ion | DETECTIONS | R s| Lever® | MODELING?
219 | 0.9 | 1.5 I X5-8BD14 | X558-014C0002 | 1.2 ] o123 | 1289 0.D375
1918 2980 15500 X5-5B002 X555-002G0002 8321 8321 pH o NA NA No
Aoy 619 0.96 2.1 X5-SB015 X558-015G0002 1 0.6 PR /i 77rs 5345679
19/19 1.01 13.6 X5-SB019 X5S5-019G0002 5 5.5 18 -I_
n Anun 19/19 17.6 1170 X5-SB003 X588-003G0002 138 138 830 ;5 Yi
19118 0.108 0.935 X5-58019 X55S-018G0002 0.4 0.4 21 -I_
Lunluuum 19/18 1.61 3B.4 X5-5B003 X588-003G0002 4 4.1 0.36 106 BEEGF 11.454678
19/19 550 241000 X5-SBO14 X585-014G0002 106458 108458 NUT -m_-l_
Chicmmu 19/19 8.4 85.6 ¥5-5B003 X555-003G0002 21 21 26 7
19119 1.75 16.6 X5-SB01 1 X588-011GO002 8 7.9 13 :
19/19 3.99 156 X5-SB00S X588-005G0002 21 21 PR - ;
19/19 4850 47200 X5-8B019 X558-019G0002 18806 18896 pH &9
L 19/19 5.5 587 X5-SB003 X558-003G0002 46 46 11 % 727 41964115 ¢
19/19 1510 102000 X5-58013 X585-013G0002 18238 18238 NUT -ﬂ__-!_
Manganese 19/19 98.1 1120 X5-5B005 X555-005G0002 427 427 PTG - 0005001 1.9404545 ¢
Nickel 19/19 .75 34.1 X5-SB003 X585-003G002 19 19 38 <
Potagsium 1919 365 1220 X5-SB013 X555-013G0002 705 705 NUT
w 18/19 0.165 0.909 X5-8B003 X555-003G0002 0.4 04 | Dps2
Silver 19/19 0.0444 0.92 X5-5B014 X55S-014G0002 0.2 0.2 4.2
Sodium 12119 57.8 $36 X5-SB013 X555-013G0002 220 146 NUT
19/19 0.0476 0.259 X5-SB002 X555-009G0002 0.1 0.1 0.0569 | :
19/19 11.8 38.9 X5-8B019 X585-019G0002 | 24 24 7.8 ° ‘ s 118
1919 31 8750 X5-SB003 X55S-003G0002 523 523 PERGl (0021050 11.376659

Notes:
Shading indicates an exceedance of the criteria.

1 - Sources of Ecological Screening Levals (in order of preference):
USEPA Ecological Soil Scresning Lavels {2003, 2005, 2006, 2007) individual documenis available at http://www.epa.gov/ecotox/ecossl/
USEPA Ragion 5 Ecological Screening Leveals, August 22, 2003 available at hitp://www.epa.gov/regbrera/ca/edgl.htm.

2 - USEPA Eco-SSL

3 - USEPA Region 5

4 - Aluminum is coneidered a COPC only when the soil pH is Isss than 5.5.

5 - lron is not expected to be toxic to plants with a soil pH between 5 and 8.

EEQ = Ecological Effects Quotisnt
NUT = Essential Nutrient
NA = Not applicable, not available



TABLE 6-2

FOOD CHAIN MODEL RESULTS -SOIL INVERTIVOROUS AND HERBIVOROUS RECEFTORS

UXO 5 - BUILDING 2044 DROP TOWER/TEST RAIL SITE

NSWC CRANE
CRANE, INDIANA

Herbivorous FleceptorsﬁEEQs Soil Invertivorous Receptors EEQs
Meadow Vole Babwhite Quaijl Short-Tailed Shrew Waodcock
Chemical NOAEL | LOAEL | NOAEL | LOAEL NOAEL | LOAEL | NOAEL | LOAEL
Explosives
[2,4-DINTROTOLUENE | 8.4E-02 | 19602 T #vaiugl | #vALUE! | 65602 | 87603 | #VALUE! | #vALUE! |
Inorganics
ANTIMONY 1.1E-02 2.3E04 | #VALUEt #VALUE| 9.8E-01 2.1E-02 #VALUE! | #VALUE!
BARIUM 2.2E-02 14E-02 | #VALUE! #VALUE! 2.6E-02 1.6E-02 #VALUE! | #VALUE
CADMIUM 8.8E-02 9.9E-03 1.3E-02 3.1E-03 3.8E-01 5.4E-01
CHROMIUM 2.3E-02 9.5E-04 1.0E-02 1.7E-03 2.7E-01 1.1E-02 4.0E-01 6.7E-02
COBALT 1.0E-03 4.0E-04 8.7E-04 3.6E-04 1.4E-02 5.3E-03 2.6E-02 1.1E-02
COPPER 5.96-02 4.0E-03 2.3E-02 2.7E-03 1.9E-01 1.3E-02 4.0E-01 4.7E-02
LEAD 2.96-02 7.4E-04 3.8E-02 1.4E-03 3.8E-01 9.5E-03 6.2E-02
MANGANESE 3.7E-02 1.3E-02 4.1E-03 1.9E-03 6.0E-02 2.1E-02 41E-02 1.9E-02
SELENIUM 2.0E02 4.3E-03 3.3E-03 1.2E-03 2.9E-01 6.2E-02 2.0E-01 7.1E-02
THALLIUM 1.7€-01 1.7E02 | #VALUE! #VALUE! 1.9E-01 #VALUEI | #VALUE!
VANADIUM . 4.8E-03 2.1E-03 5.7E-02 1.1E-02 2.9E-02 1.3E-02 1. 0E+00 2.0E-01
ZINC 1.0E-01 2.6E-02 3.5E-02 1.3E-02 8.7E-01 2.2E-01 5.5E-01

Cells are shaded if the EEQ is greater than 1.0

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
EEQ - Ecological Effects Quotient

#VALUE! = Value not able to be calculated
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7.0 CONCLUSIONS

Based on the analytical results from this Sl and the human health and ecological risk screening
evaluations, additional soil sampling at UXO 5 is not warranted, and a site status of NFA is

recomrmended.
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MULTIPLE SAMPLE LOG SHEET PAGE_1_OF_3_

Tetra Tech NUS; Inc. [X] SURFACE SOIL ] SEDIMENT SIGNATURE(S):
1 SUBSURFACE SOIL (] LAGOON/POND
{] OTHER SAMPLER (8). _ James Goerdt / Frank Montes
PROJECT NAME: NSWC Crane - UX0O 5 LOCATION: Building 2044 DropTowetr/Test Rail
PROTECT NUMBER: 112G00447
YEAR 2007 ANALYSES
[=] z T W =
g 3 E e g % E 5 q Ha o %}
3 | S w|w | E|28|22E S o | &
SAMPLE No. : |E|5| 2|8 $|8 s|2- Bz g | S SOIL DESCRIPTION
o Iy 2 =5
3| 3 0 g|%c|E3 g ] o
3 8 2| ©|FoE
. Area was very rocky in top 6", then mixed
HA Q-2 1 10/8 | 8:15 G 1 .- N
X5550010002 X A rock/soil down to 2 feet, Soil was sandy.
X5SS001 0002 HA o-2 | 10/8 | 8:15 C 1 X . NA |Metals collected from SE Quad.
’ . Area was very rocky in top 8", then mixed
HA | 02 | 10/8 | 8:30 G 1 X e
X58580020002 : hA reck/soil down to 2 feel, Soil was sandy.
X55S80020002 HA 0-2 | 10/8 | 8:30 C 1 X --- | NA [|Metals coilected from SE Quac.
. : : Location was underneath the drop tower, .
HA -2 10/8 ] & G i --- | N
X5580030002 ° 50 X A Area was fairly rocky in first 8", then mixed
: " . L rock/soil down to ~ 18", Metals collecled
X5880030002 HA | 0-2 | 10/8) 8:50 c ! X NA from NE Quad.
. Sample location just insige chain-link fence.
: . : 1 .-
X5850040002 HA o2 |18 a0 G X NA Mixture of rock/soil. Metals collected from
X5550040002 HA | 0-2 | 10/8 | 9:10 cl 1 X | na [sW Quad.
Mixture of rock/soil. Metals coilected from
HA - 10/8 | ©: G 1 .- NA
X5550050002 0-2 e5 X NW Quad.
X5SS0050002 HA 0-2 | 10/8 { 8.25 c 1 X NA
. Mixture of rock/soil. Metals collected from
X5SS0060002 HA, 0-2 | 19/8 | 9:45 G 1 X --- | NA SW Quad.
X5SS0060002 HA 0-2 | 10/8 | 9:45 C 1 x .- NA
. . Sample location just inside chain-link fence.,
HA 0-2 | 10/8 | 10:20 G 1 .- NA
X5850070002 /8| X : Mixture of rock/soil. Metals collected frem
X55S0070002 HA | ©-2 | 10/8[10:20 C 1 X . --- | NA |SEQuad.
REMARKS: LABORATORY: COC No(s).:
JLaucks Testing Laboratories, Inc, 3269 and 5270




MULTIPLE SAMPLE LOG SHEET

[X] SURFACE SOIL [] SEDIMENT
[] SUBSURFACE SOIL  [] LAGOON / POND

Tetra Tech Nus; inc.

SIGNATURE(S):

PAGE_2_OF_3_

[ OTHER SAMPLER (S): _ James Goerdt / Frank Mentes
PROJECT NAME: NSWC Crane - UXO 5 LOCATION: Building 2044 DropTower/Test Rail
PROTECT NUMBER:  112G00447
YEAR 2007 ANALYSES .
o =z w (e
o | _ S F| Wl lEe (5 o
2Ll |5E|28|22bsg.s o | 5
SAMPLE No. 2 |z | el 3|5 S5 |2EfEeda 213 SOli. DESCRIPTIQN
Y & |5 )F|& 2|58|28c83HzE] - | e
§ | & ¢ 912 ﬁosz;ﬂa Q
< 335 g|rsE 9 -
X5550080002 HA o2 | 10/8 | 14:38 a 1 X NA Sanagy soil. Metals collected from NE Quad.
X5550080002 HA | 0-2 | 10/8 {14:38 c| 1 | x NA
X5880090002 HA 0-2 10/8 1 12:30 G 1 X NA Sandy sei. Matals coliected from NE Quad,
X5350090002 HA 0-2 | 10/8 {12:30 C 1 X NA
N ‘ . Sandy soii. Metals collected from NW
X5850100002 HA 02 | 1081250 G ! X NA CQuad. Field duplicate collected on metals
X5SS0100002 HA | 02 [ 1058 [12:50 c| 1 X NA [(X5FD10080701).
‘ . Sandy soil. Metals cotiecied from SW
X5880110002 HA -2 | 10/8 113:00 G 1 X NA Quad,
X5850110002 HA 1 0-2 | 10/8 |13:00 C 1 X NA
. Had to remove top 12" of grave! to get to sil
K A
X5550120002 HA 02 | 108 {1045 G 1 * N beiow. Metals coliected from NE Quad.
X5550120002 HA 0-2 | 10/8 |10:45 C 1 X NA, ’
! . Had to remove top 12" of gravel to get Lo sil
X5880130002 HA 02 | 105 108 & ! i X NA belew. Metals collected from NW Quad.
X5880130002 HA C-2 | 10/3114:05 c 1 X NA
- . Mixture of rock/scil. Metals collagted from
- {X5580140002 HA 0-2 | 10/8 | 11:25 G 1 X NA SE Quad.
X5550140002 HA | C2 | 10/8[11:25 {3J 1 X NA
REMARKS: ' LABORATORY: COC No(s).:
Laucks Testing Laboratories, Inc, 8270 and 0180




MULTIPLE SAMPLE LOG SHEET-

[X] SURFACE SOIL [] SEDIMENT
[} SUBSURFACE SOIL  [] LAGOON / POND

SIGNATURE(S):

@“ Tetra Tech NUS, inc.

PAGE_3_OF_3_

- [ OTHER SAMPLER (8). _ James Goerdt/ Frank Montes
PROJECT NAME: NSWC Crane - UX0 5 LOCATION: Building 2044 DropTower/Test Rail
PROTECT NUMBER: 112G00447
YEAR 2007 ANALYSES
m] = [Z7 0 =]
Q - Q 5 g E [ =1 &)
SAMPLE No. 2 E E : £ : & % 25 g-g 42 § : g é SOIL DESCRIPTION
L — Q0 =Edm
g | & S §les|E8fpEsEoE BE
2 32| °|®sk
. Mixture of rock/soil, Metals collected from
X5550150002 HA 0-2 1 10/8 |14:25 C 1 X - NA
. Mixture of rock/saoil. Metals collected from
X5580160002 HA 0-2 | 10/8 | 14:08 G 1 X NA N\’ngiad. sal als €
X5550160002 HA { 0-2 | 10/8 | 14:08 cl X NA |
. Mixture of rock/soil. Metals collected from
X5SS0170002 HA | 0-2 | 1078 13:55 G ‘ X 1N lswauad '
X5580170002 HA 0-2 110/8 1 13:55 c 1 X NA
. Mixture of rock/scil. Metals coliected from
X55S0180002 HA ) 02 | 108 {13:45 G ‘ X A ISE Quad,
X5S550180002 HA 0-2 1 10/8 |13:45 C 1 X - NA
. Mixture of rock/soil. Metals collected from
X5550190002 HA | 02 | 10581312 G ‘ X I NA e ouea
X5550190002 HA 0-2 | 10/8 | 13:12 c 1 X - NA
REMARKS: LABORATORY: COC No(s).:
Laucks Testing Laboratories, Inc. 0180
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FIGURE 8-2

- SITE-SPECIFIC TRAINING DOCUMENTATION

My signature below indicates that | am aware of the potential hazardous nature of performing investigation
activities al NSWC Crane, and that | have received sile-specific training that included the elements

presented below:

= Names of personnel and alternates responsible for site safety and heaith

Safety, heaith and other hazards present on site
Use of personal protective equipment
‘Work practices to minimize risks from hazards
Safe use of engineering controls and equrpment
Medical surveillance requirements
Signs and symptoms of overexposure
The contents of the health and safety plan including Table 5-1 and 6-1
Emergency response procedures (evacuation and assembly points)
Heview contents of relevant Material Safety Data Sheets
Review of Safe Work Permits

| have been given the opportunity 1o ask questions and that my questions have been answered to my
satisfaction. The dates of my training and my medical surveilfarice requirements are accurate and correct

to the best of my knowledge

 Site- 8-Hour
Name Specific 40—?’?‘" Refresher _ 8 Ho.ur " Medical
{Printed and Signature) Training Training Training - St.lp.ew'sory Exam

: Date {Date) (Date) Training (Date) 7
w (5o \O/ 2 ' ‘ g/ AN

ZAFR

2

/R P — - /07 /0” o7 /os
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MEDICAL DATA SHEET

This Medical Data Sheet must be completed by all on-site personnel and kept in the command
poslt during the conduet of site operations. This data sheet will accompany any personnel when
medical assistance is needed or if transport to hospital facilities is required.

Project ZM SN ¢ o \D "% __Q__S7LL___

Name d O (o e~ N Home Telephone N 2N - 20
Address EWNE Tov sy ‘EAG\ = e : Q‘“D‘f\&&\ 5PN
Age 2 Height _ ¥ W\ W Weight N <

Name of Next Kin &LMMJA@E_A‘NQ b

Drug or Other Allergies N oo
Particular Sensitivities __Qo NS o ‘1\/ D
- -
Do you wear contacts? }\_/ )
Provide a checklist of Previous linesses or Exposure to Hazardous Chemicals 42;3 SRS

What medications are you currently using? Aﬁ/ O NS

Do you have any medical restrictibns? A/ O~

Name, address, and phone number of your personal physician

o . \—"5.&5\0\ o\\-'\
—_—

lam ividual described above. ! have read and understood this HASP.

~ )D\f _ .‘,Z_,M = £ A—

Signature Date
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MEDICAL DATA SHEET

This Medical Data Sheet must be completed by alt on-site personnel and kept in the command
posl dhrihg the conduct of site operations. This data sheet will accompany any personnel when

medical assistance is needed or if transport 1o hospital facilities is required.

Project Nswe coarp . U0 S 7

Name E@@Q_Ldﬁgﬂhgg‘& Home Telephone {2 5 7C%S C{
Address 22(’)'5‘ /., F @OS?ECA’:— A%V

Age 47 Height &8¢ weight_ /S &~

Name of Nexi Kin i?g(g A 0D LME@ 2 r—‘[zég& SR

Drug or Other Allergies LAY (FEUVE.(C_

Particular Sensitivities

- Do you wear contacts?

Provide a checklist of Previous llinesses or Exposure to Hazardous Chemicals

What medications are 'you currently using? M@M

Do you have any medical restrictions? - Z YAk gagr BT s

Name, address, and phone number of your personal physician Q&@Mf’;—
wENca CBarre . (X DOwmBRoSkr
“q12 ~22 -2K20

| am the individual described abgve. 1 have read and understood this HASP.
: (O-2-07

Signature ' " Date
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MEDICAL DATA SHEET

This Medical Data Sheet must be completed by all on-site personnel and kept in the command
post during the conduct of site operations. This data sheet will accompany any personnel when

medical assistance is needed or if transport 1o hospital facilties is required.
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Drug or Other Allergies __ A AE

Particular Sensitivities AE

Do you wear conacts? __ As0

Provide a checklist of Previous llinesses or Exposure 1o Hazardous Chemicals

What medications are you currently using? Ao e

Do you have any medical restrictions? AdneE

Name, address, and phone number of your personal physician
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Tetra Tech NUS, Inc.

UXO 5 Lead Investigation September 2007 - CRANE NSWC

DAILY ACTIVITY LOG

Project Information

Activity Date
Facility Name
TtNUS Project #
Task/Contract #
WBS Code #

8/30/07
CRANE NSWC
112G00447
0034

xX

Weather/Temp

TtNUS Personnel

Subcontractor
Personnel

Visitors

1G = Jarnes

Goerdt
NA

NA

Created By
Created Date
Modified By
Modified Date

Printed By

James Goerdt
8/31707
James Goerdt
8/31/07

John Wright

Client Status Archive Printed Date 4/25/08

Daily Activity

932Q
s
Joyany
S810N

JG met with
Tom Brent to
locate
Township and
Section for
UxaQ s,
Information
needed far
utility
clearance with
1UPPS.

8/30/07 13:45 James Goerdt

JG marked
boundaries of
field
investigation
area with white
pin flags to
assist utility
clearance
personnel.
Location figure .
was hand
marked to
reflect current
status/iocation
of buildings
and site
features.

8/30/07 14:15 James Goerdt

Page 1 of 1

- End of Report -



DAILY ACTIVITY LOG

Tetra Tech NUS, Inc.

UXO 5 Lead Investigation September 2007 - CRANE NSWC

Project Information

Activity Date
Facility Name
TtNUS Project #
Task/Contract #
WBS Code #
Client

8/31/07
CRANE NSWC
112G00447
0034

XX

Weather/Temp
TtNUS Personnel

Subcontractor
Personnel

Visitors

JG = James

Goerdt
NA

NA

Created By
Created Date
Modified By
Modified Date
Printed By

Printed Date

James Goerdt
B/31/07
James Goerdt
8/31/07
John Wright -
4/25/08

Status Archive

Daily Activity

ajeq

awny
Jtoyjny
$3I0N

JG contacted
IUPPS for
utility
clearance at
UX0O 5 (spoke
with Carol).
Martin County,
Perry
Township,
Section 13.
Ticket
#0708310530.
Utilities
contacted will
be Crane,
Vector, and
Verizon.
Clearance
period is
9/4/07 through
9/20/07.

8/31/07 09:15 James Goerdt

Page 1 of 1

- End of Report -




@ Tetra Tech NUS, Inc. DAILY ACTIVITY LOG
UXO 5 Lead Investigation September 2007 - CRANE NSWC

Project Information

Activity Date 9/17/07 Weather/Temp Created By James Goerdt
Facility Name CRANE NSWC TtNUS Personnel JG = James Created Date 9/17/07
Goerdt
TtNUS Project # 112G00447 Modified By James Goerdt
Subcontractor .
Task/Contract # 0034 Personnel Modified Date S/17/07
WBS Code # xX Visitors Printed By John Wright
Client Status Archive Printed Date 4/25/08
Daily Activity
o - > 2
) 5 c o
~ - ~
] ] =3 1]
o ]
s

Due to change
in field
invetigation
dates, )G
phoned IUPPS
to extend
utility
clearance
#0708310530.
Ticket has been
extended to
10/7/07.
Changes
and/or
extensions
need to be
called in by
10/3/07. New
ticket
#0709171346.

/17,07 10:45 James Goerdt

Bage 1of1

- End of Report -
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Project Information

- End of Report -

Activity Date 10/10/07 Weather /Temp NA Created By lames Goerdt
Facility Name CRANE NSWC TtNUS Personnel 1G = James Created Date 10724507
Goerdt
TLNUS Project # 112G00447 Moditied By James Goerdt
Subcontractor
Task/Contract # 0034 pPersonnel Modified Date 10724707
WBS Code # xx Visitors Printed By John Wright
Client Status Archive Printed Date 4/25/08
Daily Activity
T o - I > [ z
[ 3 [ =]
[ad - -
[ ) =2 I
o »
JG arrives at
Crane to finish
packing
10/10/07 05:30 James Goerdt equipment for
shipment back
te rental
i companies.
JG dropping off
equipment at
Fed Ex.
10/10/07 09:50 James Goerdt Remainder of
- day spent
traveling back
to Pittsburgh.
Page 1 of 1




Tetra Tech NUS, Inc. DAILY ACTIVITY LOG
UXO 5 Lead Investigation September 2007 - CRANE NSWC

Project Information

Activity Date 10/1/07 Weather/Temp NA Created By Yarnes Goerdt

Facility Name CRANE NSWC TtNUS Personnel 1G = James Created Date 10/24/07
' Geoerdt;FR = Fred i
TtNUS Praject # 112G00447 Ramser Maodified By lames Goerdt
Task/Contract # 0034 Subcontractar Madified Date 10/24/07
WBS Code # XX Personnel Printed Ry John Wright
Client Visitors Printed Date 442508
Status Archive
Daily Activity
- - I
Qo = I 2
o 3 e o
~ re fad
m [ T m
a “
] -
JG and FR
. travel from
10/1/07 09:00 James Goerdt Pittsburgh to
NSWC Crane.

)G and FR stop
at walMart in
Martinsville, IN

. on way to
10/1/07 14:30 James Goerdt Crane to
purchase
needed feild
supplies.
I 1T

JG and FR stop
at hotel to drop
off luggage and
to check in.

10/1/07 16:30 James Goerdt Leave FR
vehicle at hotel
and enroute to
Crane.

3G and FR

arrive at Crane
visitors center
to obtain
passes. FR has
left his ID in
rental vehicle
back at hotel
10/1/07 16:45 James Goerdt and unable to
obtain pass. Jg
obtains his
pass, leaves FR
at gate and
drives to Bldg
3245 to check
and make sure
all equipment




L

Page 1of1l

- End of Report -

has arrived. JG
returns to
visitors center
to pick up FR.
Enroute back
to
Bicomington,
stopping off at
WalMart for
additional field
supplies.
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Project Information

Activity Date . 10/24/07 Weather/Temp ‘ Created By lames Goerdl

Facility Name CRANE NSWC T{NUS Personnel Created Date 10/24/07
TtNUS Project # 112G00147 Subcontractor Modified By
Personnel
Task/Contract # 0034 Modified Date
Visitors
.-WBS Code # xx Printed By John Wright
- Status Archive
Client Printed Date 4/25/08
Daily Activity
o | b <z
5 3 & =3
n o -4 13
o 9
=4
Page 1 of 1

- End of Report -
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APPENDIX D

STATISTICAL EVALUATIONS
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USERS’ GUIDE AND BACKGROUND TECHNICAL DOCUMENT
FOR
USEPA REGION 9'S PRELIMINARY REMEDIATION GOALS (PRG) TABLE
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DISCLAIMER

Preliminary remediation goals (PRGs) focus on common exposure pathways and may not
consider all exposure pathways encountered at CERCLA / RCRA sites (Exhibit 1-1).
PRGs do not consider impact to groundwater or address ecological concerns. The PRG
Table is specifically not intended as a (1) stand-alone decision-making tool, (2) as a
substitute for EPA guidance for preparing baseline risk assessments, (3) a rule to
determine if a waste is hazardous under RCRA, or (4) set of final cleanup or action levels
to be applied at contaminated sites. '

The guidance set out in this document is not final Agency action. lt is not intended, nor can
it be relied upon to create any rights enforceable by any party in litigation with the United
States. FPA officials may decide to follow the guidance provided herein, or act at variance
with the gnidance, based on an analysis of specific circumstances. The Agency also
reserves the right to change this guidance at any time without public notice.



1.0 INTRODUCTION

Region 9 Preliminary Remediation Goals (PRGs) are risk-based tools for evaluating and
cleamng up contaminated sites. They are being used to streamline and standardize all stages of
the risk decision-making process.

The Region 9 PRG Table combines current human health toxicity values with standard exposure
factors to estimate contaminant concentrations in environmental media (soil, air, and water) that
are considered by the Agency to be health protective of human exposures (including sensitive
groups), over a lifetime, Chemical concentrations above these levels would not automatically
designate a site as "dirty” or trigger a response action. However, exceeding a PRG suggests that
further evaluation of the potential risks that may be posed by site contaminants is appropriate.
Further evaluation may include additional sampling, consideration of ambient levels in the
environment, or a reassessment of the assumptions contained in these scieening—level estimates
(e.g. appropriateness of route-to-route extrapolations, appropriateness of using chronic toxicity
values to evaluate childhood exposures, appropriateness of generic exposure factors for a
specific site etc.).

The risk-based concentrations presented in the Table may be used as screening goals or initial
cleanup goals if applicable. Generally a screening goal is intended to provide health protection
without knowledge of the specific exposure conditions at a site. PRGs may also be used as
initial cleanup goals when the exposure assumptions based on site-specific data match up with
the default exposure assumptions in the PRG Table. When considering PRGs as clcanup goals, it
is EPA’s preference to assume maximum beneficial use of a property (that is, residential use)
unless a non-residential number (for example, industnal soil PRG) can be justified.

Before applying PRGs at a particular site, the Table user should consider whether the exposure
pathways and exposure scenarios at the site are fully accounted for in the PRG calculations.
Region 9 PRG concentrations arc based on direct contact pathways for which generally accepted
methods, models, and assumptions have been developed (i.e. ingestion, dermal contact, and
inhalation) for specific land-use conditions and do not consider impact to groundwater ot
ecological receptors (see Developing a Conceptual Site Model below).



EXHIBIT 1-1

TYPICAL EXPOSURE PATHWAYS BY MEDIUM
FOR RESIDENTIAL AND INDUSTRIAL LAND USES*

EXPOSURE PATHWAYS, ASSUMING:

MEDIUM

RESIDENTIAL LAND USE

INDUSTRIAL LAND USE

Ground Water

Ingestion from drinking

Ingestion from drinking

Inhalation of volatiles

Inhalation of volatiles

Dermal absorption from
bathing

Dermal absorption

Surface Water

Ingestion from drinking

Ingestion from drinking

Inhalation of volatiles

Inhalation of volatiles

Dermal absorption from
bathing

Dermal absorption

Ingestion during swimming

Ingestion of contaminated fish

Soil

Ingestion

Iﬂgestioh

Inhalation of particulates

Inhalation of particulates

Inhalation of volatiles

Inhalation of volatiles

Exposure to indoor air from
soil gas

Exposure to indoor air from
soil gas

Exposure to ground water
contaminated by soil leachate

Exposure to ground water
contaminated by soil
leachate

Ingestion via plant, meat, or
dairy products

Inhalation of paniculateé
from trucks and heavy
equipment

Dermal absorption

Dermal absorption

Foolnote:

*Exposure pathways considered in the PRG calculations are indicated in boldface italics.
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2.0 READING THE PRG TABLE
21 Gen ei'al Considerations

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed
levels of risk (i.e. either a one-in-one million [10*] cancer risk or a noncarcinogenic hazard
quotient of 1) in soil, air, and water. In most cases, where a substance causes both cancer and
noncancer (systemic) effects, the 10°° cancer risk will result in a more stringent criteria and
consequently this value is presented in the printed copy of the Table. PRG concentrations that |
equate to a 10° cancer risk are indicated by "ca". PRG concentrations that equate to a hazard
quotient of 1 for noncarcinogenic concems are indicated by "nc".

If the risk-based concentrations are to be used for site screening, it 1s recommended that both
cancer and noncancer-based PRGs be used. Both carcinogenic and noncarcinogenic values may
be obtained at the Region 9 PRG homepage at:

http://www.epa.gov/region09/waste/sfund/prg/

It has come to my attention that some users have been multiplying the cancer PRG
concenirations by 10 or 100 to set "action levels” for triggering remediation or to set less
stringent cleanup levels for a specific site after considering non-risk-based factors such as
ambient levels, detection limits, or technological feasibility. This risk management practice
recognzes that there may be a range of values that may be "acceptable” for carcinogenic risk
(EPA’s risk management range is one-in-a-million [10°] to one-in-ten thousand [107]).
However, this practice could lead one to overlook serious noncancer health threats and it is
strongly recommended that the user consult with a toxicologist or regtonal risk assessor before
doing this. For carcinogens, | have indicated by asterisk ("ca*") in the PRG Table where the
noncancer PRGs would be exceeded if the cancer value that is displayed is multiplied by 100.
Two stars ("ca**") indicate that the noncancer values would be exceeded if the cancer PRG were
multiplied by 10. There is no range of "acceptable” noncarcinogenic "risk” so that under no
circumstances should noncancer PRGs be multiplied by 10 or 100, when setting final cleanup
criterta. In the rarc casc where noncancer PRGs are more stringent than cancer PRGs set at one-
in-one-million risk, a similar approach has been applied (e.g. “nc**”).

In general, PRG concentrations in the printed Table are risk-based but for soil there are two
important exceptions: (1) for several volatile chemicals, PRGs are based on the soil saturation
equation ("sat") and (2) for relatively less toxic inorganic and semivolatile contaminants, a non-
tisk based "ceiling limit" concentration is given as 10*° mg/kg ("max"). At the Region 9 PRG
website, the risk-based calculations for these same chemicals are also available in the “InterCalc
Tables” if the user wants to view the risk-based concentrations prior to the application of “sat” or

max”. For more information on why the “‘sat” value and not a risk-based value is presented for
several volatile chemicals in the PRG Table, please sec the discussion in Section 4.6.

With respect to applying a “ceiling limit” for chemicals other than volatiles, it is recognized that
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this is not a universally accepted approach. Some within the agency argue that all values should
be risk-based to allow for scaling (for example, if the risk-based PRG is set at a hazard quotient
= 1.0, and the user would like to set the hazard quotient to 0.1 to take into account multiple
chemicals, then this is as simple as multiplying the risk-based PRG by 1/10th). If scaling is
necessary, PRG users can do this simply by referring to the “InterCalc Tables” at our website
where nsk-based soil concentrations are presented for all chemicals (see soil calculations,
“combined” pathways column).

In spite of the fact that applying a ceiling limit 1s not a universally accepted approach, we have
opted to continue applying a “max’'soil concentration to the PRG Table for the following
YEASONs:

. Risk-based PRGs for some chemicals in soil exceed unity (>1,000,000 mg/kg)
: which is not possible.

o[l  The ceiling limit of 10" mg/kg is equivalent to a chemical representing 10% by
weight of the sotl sample. At this contaminant concentration (and higher), the
assumptions for soil contact may be violated (for example, soil adherence and
windborne dispersion assumptions)} due to the presence of the foreign substance
itself.

ofi  PRGs currently do not address short-term exposures (e.g. pica children and
construction workers). Although extremely high soil PRGs are likely to represent
relatively non-toxic chemicals, such high values may not be justified if in fact
more toxicological data were available for evaluating short-term and/or acute
exposures.

In addition to Region 9 PRG values, the PRG Table also includes California EPA PRGs ("CAL-
Modified PRGs") for specific chemicals where CAL-EPA screening values may deviate
significantly from the federal values (see Section 2.4} and EPA OSWER soil screening levels
(SSLs) for protection of groundwater (see Section 2.5).

2.2 Toxicity Values

Hierarchy of Toxicity Values

There is a new hierarchy of human health (oxicity values that replaces earlier guidance. This is
important because human toxicity values known as cancer slope factors (SF) or non-cancer
reference doses (RfDs) form the basis of the PRG values listed in the table. As noted in OSWER
Directive 9285.7-53 (dated December 5, 2003), the updated EPA hierarchy is as follows: Tier 1
- EPA’s Integrated IRIS, Tier 2 - EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs),
and Tier 3 - Other Toxicity Values. Tier 3 includes additional EPA sources (e.g. histonc
HEAST and NCEA provisional values) and non-EPA sources of toxicity information (e.g.
California EPA toxicity values).



The PRG Table lists Tier 1 toxicity values from IRIS as “i”” and Tier 2 toxicity values known as
PPRTVs as “p”. Tier 3 toxicity values were obtained from vanious sources including California
EPA databases “c”, historic HEAST tables “h™* and NCEA provisional values “n”.

Inhalation Conversion Factors

As of January 1991, IRIS and NCEA databases no longer present RfDs or SFs for the inhalation
route. These criteria have been replaced with reference concentrations (RfC) for
noncarcinogenic effects and unit risk factors (URF) for carcinogenic effects. However, for
purposes of estimating risk and calculating risk-based concentrations, inhalation reference doses
(RfDi) and inhalation slope factors (SFi) are preferred. This is not a problem for most chemicals
because the inhalation toxicity criteria are easily converted. To calculate an RfDi from an RfC,
the following equation and assumptions may be used for most chemicals:

mg 20m’ 1

m= RfC (mg/ nt )x " :

RIDi T
l day . 70kg

Likewise, to calculate an SFi from an inhalation URF, the following equation and assumptions
may be used: '

kg-d 10°
i F89) Gk fug)x D 70kgx 108

SF
(mg)

d
20m’

Route-10-Route Methods

Route-to-route extrapolations ("r'") were frequently used when there were no toxicity values
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses
("RfDo") were used for both oral and inbaled exposures for organic compounds lacking
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") were
used for both inhaled and oral exposures for organic compounds lacking oral values. Route
extrapolations were not performed for inorganics due to portal of entry effects and known
differences in absorption efficiency for the two routes of exposure.

An additional route extrapolation is the use of oral toxicity values for evaluating dermal
exposures. In general, dermal toxicity values are not listed in EPA databases and consequently
must be estimated from oral toxicity information. However, a scientifically defensible data base
often does not exist for making an adjustment to the oral slope factor/RfD so that the oral
toxicity value 1s ofien applied without adjustment to estimate a dermal toxicity value. For more
information please refer to recent Agency guidance (USEPA 2004) entitled Risk Assessment
Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment) available on the web at:

http://www.epa.gov/superfund/programs/nisk/ragse/index.him



Please note that whenever route-extrapolated values are used to calculate risk-based PRGs,
additional uncertainties are introduced in the calculation.

23  PRGs Derived with Special Considerations

Most of the Region 9 PRGs are readily denived by referring to Equations 4-1 thru 4-8 contained
in this “User’s Guide/Technical Background Document” to the Region 9 PRGs. However, there
are some chemicals for which the standard equations do no apply and/or adjustments to the
toxicity values are recommended. These special case chemicals are discussed below.

Cadmium The PRGs for Cadmium are based on the oral RfD for water which is slightly more
conservative (by a factor of 2) than the RfD for food. Because the PRGs arc considered
screening values, we elected to use the more conservative RfD for cadmium. However,
reasonable arguments could be made for applying an RfD for food (instead of the oral RfD for
water) for some media such as soils.

The water RfD for cadmium assumes a 5% oral absorption factor. The assumption of an oral
absorption efficiency of 5% for Cadmium leads to an estimated dermal RfD of 2.5E-05. The
PRG calculattons incorporate these adjustments per recent guidance (USEP A 2004).

Chromium 6 For Chromium 6 (Cré), IRIS shows an air unit risk of [.2E-2 per (ug/cu.m) or
expressed as an inhalation cancer slope factor (adjusting for inhalation/body weight) of 42
(mg/kg-day) ’ . However, the supporting documentation in the IRIS file states that these toxicity
values are based on an assumed 1:6 ratio of Cr6:Cr3. Because of this assumption, we in Region
9 prefer to present PRGs based on these cancer toxicity values as “total chromium” numbers.

In the PRG Table, we also include a Cr6 specific value (assuming 100% Cr6) that is derived by
multiplying the “total chromium” value by 7, yielding a cancer potency factor of 290 (mg/kg-
day)”. This is considered to be an overly conservative assumption by some within the Agency.
However, this calculation is also consistent with the State of California's interpretation of the
Mancuso study that forms the basis of Cré6's toxicity values.

If you are working on a project outside of California (and outside of Region 9), you may want to
contact the appropriate regulatory officials to determine what their position is on this issue. As
mentioned, Region 9 also includes PRGs for “total chromium” which is based on the same ratio

(1:6 ratio Cr6:Cr3) that forms the basis of the cancer slope factor of 42 (mg/kg-day)™ presented
in IRIS.

Dioxin Dioxins, furans, and some polychlorinated biphenyls are members of the same family
and exhibit similar toxicological properties. Before using the dioxin PRG at an individual site,
these dioxin-related compounds must be summed together. However, they differ in the degree of
toxicity so that a toxicity equivalence factor (TEF) must first be applied to adjust the measured
concentrations to a toxicity equivalent concentration. EPA Region 9 has adopted the 1997
World Health Organization (WHO) TEFs. For more on this, please refer to the following article
(in Environmental Health Perspectives, Vol. 6, No. 12, Dec. 1998) online at:

http://ehp.niehs.nih. gov/members/1998/106p7 75-792vandenberg/vandenberg-full.himl




Lead Residential PRGs for Lead (Region 9 EPA and California EPA) are derived based on
pharmacockinetic models. Both EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model
and California’s LeadSpread model are designed to predict the probable blood lead
concentrations for children between six months and seven years of age who have been exposed
to lead through various sources (air, water, soil, dust, diet and in utero contributions from the
mother). Run in the reverse, these models-also allow the user to calculate Icad PRGs that are
considered “acceptable” by EPA or the State of Califormia.

EPA uses a second Adult Lead Model to estimate PRGs for an industrial setting. This PRG is
intended to protect a fetus that may be carried by a pregnant female worker. 1t is assumed that a
cleanup goal that is protective of a fetus will also afford protection for male or female adult
workers. The model equations were devéloped-to calculate cleanup goals such that there would
be no more than a 5% probability that fetuses exposed to lead would exceed a blood lead (PbB)
of 10+ g/d1.. An updated screening level for soil lead at commercial/industrial (i.c., non-

residential) sites of 800 ppm is based on a recent analysis of the combined phases of NHANES
I1I that chooses a cleanup goal protective of all subpopulations.

For more information on EPA’s lead models and other lead-related topics, please go to:
hitp://'www.epa.gov/oerrpage/superfund/programs/lead/

For more information on California’s LeadSpread Model and Cal-Modified PRGs for lead,
please go to: :

hitp//www.dtsc.ca.gov/ScienceTechnoloey/ledspred.himl

Manganese The IRIS R{D (0.14 mg/kg-day) includes manganese from all sources, including
diet. The author of the IRIS assessment for manganese recommends that the dietary contribution
from the normal U.S. diet (an upper limit of 5§ mg/day) be subtracted when evaluating non-food
(e.g. drinking water or soil) exposures to manganese, leading to a RfD of 0.071 mg/kg-day for
non-food items. The explanatory text in [RIS further recommends using a modifying factor of 3
when calculating risks associated with non-food sources due to a number of uncertaintics that are
discussed in the 1RIS file for manganese, leading to a RfD of 0.024 mg/kg-day. This modified
RD is applied in the derivation of the Region 9 PRGs for soil and water. For more information
regarding the Manganese RfD, you may want to contact Dr. Bob Benson at (303) 312-7070.

Nitrates/Nitrates  Tap water PRGs for Nitrates/Nitrites are based on the MCL as there i1s no
available RID for these compounds. For more information, please see TRIS at:
http://'www.epa.gov/iriswebp/ins/index.html

Thalliym IRIS has many values for the different salts of thallium. However, our analytical data
packages typically report “thallium™. Therefore, as a practical matter 1t makes more sense to
report a PRG for plain thalliuvm. We have done this by making the adjustment contained in the
IRIS file for thallium sulfate based on the molecular weight of the thallium in the thailium salt.
The adjusted oral RfD for plain thallium is 6.6 E-05 mg/kg-day which we use to calculate a
thallium PRG. |




Viny} Chloride In EPA’s recent reassessment of viny! chloride toxicity, IRIS presents two
cancer slope factors for vinyl chloride (VC): one that is intended to be apphed towards
evaluating adult risks and a second more protective slope factor that takes into account the
unique susceptibility of developing infants and young children. For residential PRGs, the
Region 9 PRG Table applies the more conservative cancer potency factor that addresses
exposures to both children and adults whereas for the industnial soils PRG, the adult only cancer
slope factor is applied.

Because of the age-dependent vulnerability associated with vinyl chloride exposures, and due to
the method that 1s applied in deriving the cancer slope factor for VC, an assumption of a 70 year
exposure over the lifetime is assumed, consistent with the way that the toxicity value for VC was
derived. Therefore, instead of the usual exposure assumption of 6 years as a child and 24 years
as an adult that is assumed for carcinogenic substanccs, we have revised the exposure
assumption for VC to 6 years as a child and 64 years as adult. Since most of the cancer risk 1s
associated with the first 30 years of exposure to VC, there is actually little difference between a
30 year exposure assumption (typically assumed for Superfund risk assessments) and the 70 year
exposure assumption that is assumed in calculating the PRG for VC. '

24 Cal-Modified PRGs

When EPA Region 9 first came out with a Draft of the PRG Table in 1992, there was concern
expressed by California EPA's Department of Toxic Substances and Control (DTSC) that for
some chemicals, the risk-based concentrations that are calculated using Cal-EPA toxicity values
are "significantly” more protective than the risk-based concentrations that are calculated using
EPA toxicity values. Because the risk-based PRGs are order-of-magnitude estimates at best, it
was agreed by both Agencies that a difference of approximately 4 or greater would be regarded
as a significant difference. For chemicals with California and EPA values that differ by a factor
of 4 or more, both the EPA PRGs and the “Cal-Modified PRGs” are listed in the Table.

Please note that in the State of California, Cal-Modified PRGs should be used as screening
levels for contaminated sites if they are more stringent than the Federal numbers.

2.5  Soil Screening Levels

Generic, soil screening levels (SSLs) for the protection of groundwater have been included in the
PRG Table for 100 of the most common contaminants at Superfund sites. Generic SSLs are
derived using default values in standardized equations presented in EPA OSWER’s Soil
Screening Guidance series, available on the web at
http://www.cpa.gov/supcrfund/resources/soil/index.htm .

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account for
natural processes that reduce contaminant concentrations in the subsurface. Also included are
generic SS1s that assume no dilution or attenuation between the source and the receptor well
(i.e.,, a DAF of I). These values can be used at sites where little or no dilution or attenuation of
soil leachate concentrations is expected at a site (e.g., sites with shallow water tables, fractured
media, karst topography, or source size greater than 30 acres).
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In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may
eliminate this pathway from further investigation. -

It should be noted that in the State of Califomnia, the California Regional Water Quality Control
Board has derived “California SSLs” for a number of pathways including migration to
groundwater. These are not included in the Region 9 PRG Table, but may be accessed at the
following website:

hitp://www.swrcb.ca.cov/rwgceb2/tbsL.htm

Or, for more information on the “California SSLs”, please contact Dr Roger Brewer at: (510)
622-2374. '

2.6 Miscellaneous

Volatile organic compounds (VOCs) are indicated by "y" in the VOC column of the Table and in
general, are defined as those chemicals having a chrys Law constant greater than 10~ {atm-
m’*/mol) and a molecular weight less than 200 g/mole). Three borderline chemicals
(dibromochloromethane, 1,2-dibromochloropropane, and pyrene) which do not strictly meet
these critena of volatility have also been included based upon discussions with other state and
federal agencies and after a consideration of vapor pressure characteristics etc. Volatile organic
chemicals are evaluated for potential volatilization from soil/water to air using volatilization
factors (see Section 4.4).

Chemical-specific dermal absorption values for contaminants in soil and dust are presented for
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and
pentachlorophenols as recommended in the Risk Assessment Guidance for Superfund Volume I:
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk
Assessment) Interim Guidance (USEPA 2004). Otherwise, default skin absorption fractions are
assumed to be 0.10 for nonvolatile organics. Please note that previous defaults of 0.01 and 0.10
for inorganics and VOCs respectively, have been withdrawn per new guidance.

3.0 USE OF PRGS AT SITES
The decision to use PRGs at a site will be driven by the potential benefits of having generic risk-
based concentrations in the absence of site-specific risk assessments. The original intended use
of PRGs was to provide initial cleanup goals for individual chemicals given specific medium and
land-use combinations (see RAGS Part B, 1991), however nsk based concentrations have
several applications. They can ‘also be used for:
o[l  Setting health-based detection limits for chemicals of potential concern

ol  Screening sites to determine whether further evaluation is appropriate

ofl  Calculating cumulative risks associated with multiple contaminants
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A few basic procedures are recommended for using PRGs properly. These are bnefly descnbed
below. Potential problems with the use of PRGs are also identified.

3.1  Conceptual Site Model

The primary condition for use of PRGs is that exposure pathways of concern and conditions at
the site match those taken into account by the PRG framework. Thus, it is always necessary to
develop a conceptual site model (CSM) to identify likely contaminant source areas, exposure
pathways, and potential receptors. This information can be used to determine the applicability of
PRGs at the site and the need for additional information. For those pathways not covered by
PRGs, a nsk assessment specific to these additional pathways may be necessary. Nonetheless,
the PRG lookup values will still be useful in such situations for focusing further investigative
efforts on the exposure pathways not addressed.

To develop a site-specific CSM, perform an extensive records search and compile existing data
(c.g. available site sampling data, historical records, aenal photographs, and hydrogeologic
information). Once this information is obtained, CSM worksheets such as those provided in
ASTM's Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites
(1995) can be used to tailor the generic worksheet model to a site-specific CSM.  The final CSM
diagram represents linkages among contaminant sources, release mechanisms, exposure
pathways and routes and receptors. 1t summarizes our understanding of the contamination
problem.

As a final check, the CSM should answer the following questions:
ol Are there potcntiél ecological concermns?

efl  Is there potential for land use other than those covered by the PRGs (that 1s, residential
and industrial)?

ol Are there other likely human exposure pathways that were not considered in development

of the PRGs (e.g. impact to groundwater, local fish consumption, ralsmg beef, dairy, or
other livestock)?

o  Are there unusual site conditions {e.g. large areas of contamination, high fugitive dust
levels, potential for indoor air contamination)?

If any of these four conditions exist, the PRG may need to be adjusted 1o reflect this new
information. Suggested websites for the evaluation of pathways not currently addressed by
Region 9 PRG's are presented in Exhibit 3-1.
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: EXHIBIT 3-1
SUGGESTED WEBSITES FOR EVALUATING EXPOSURE
PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs

EXPOSURE PATHWAY 7 WEBSITE

Migration of contaminants to an underiying | EPA Soil Screening Guidance:

potable aquifer http://www.epa.gov/superfund/resources/soil/
index.htm ‘

California Water Board Guidance:
hitp://www.swrcb.ca.pov/rwgeb2/rbsl. him

Ingestion via plant uptake EPA Soil Screening Guidance:
http://www.ecpa.gov/superfund/resources/soil/
index.htm _

EPA Fertilizer Risk Assessment:

http://www.epa.gov/epaoswer/hazwaste/tecyc
le/fertiliz/risk/

Ingestion via meat, dairy products, human EPA Protocol for Combustion Facilities:

milk http://www.cpa.gov/epaoswer/hazwasic/comb
ust/riskvol htm#volume |

California “Hot Spots” Risk Guidelines:
http://www.ochha.ca. gov/air/hot spots/HRSg

uide.htm!

Inhalation of volatiles that have migrated EPA’s draft Subsurface Vapor Intrusion

into basements or other enclosed spaces. . | Guidance:
http://www.epa.gov/correctiveaction/eis/vapo
r.htm

EPA’s Version of Johnson & Ettinger Model:
http://www.epa.gov/oernrpage/superfund/progr
ams/risk/airmodel/johnson ettinger.htm

Ecological pathways ' EPA ‘Ecologica'l Soil Screening Guidance:

http://www _epa.govisuperfund/programs/risk/
econsk/ecossl.htm .

NOAA Sediment Screening Table:
hitp://tesponse.restoration.noaa.gov/cpr/sedi

ment/squirt/squirt.html

3.2  Background Levels Evaluation

A necessary step in determimng the applicability of Region 9 risk-based PRGs is the
consideration of background contaminant concentrations. There i1s new EPA guidance on
determimng background at sites. Guidance for Characterizing Background Chemicals in Soil at
Superfund Sites (USEPA 2001b) is available on the web at:

http://www.epa.gov/supcrfund/programs/nsk/background.pdf .

EPA may be concerned with two types of background at sites: naturally occurring and
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anthropogenic. Natural background is usually limited to metals whereas anthropogenic (i.e.
human-made) “background” includes both organic and inorganic contaminants. Before
embarking on an extensive sampling and analysis program to determine local background
concentrations in the area, one should first compile existing data on the subject. Far too often
there is pertinent information in the literature that gets ignored, resulting in needless
expenditures of time and money.

Generally EPA does not clean up below natural background. In some cases, the predictive risk-
based models generate PRG concentrations that lie within or even below typical background
concentrations for the same element or compound. If natural background concentrations are
higher than the risk-based PRG concentrations, then background concentrations should also be
considered in determining whether further evaluation and/or remediation is necessary at a
particular site. Exhibit 3-2 presents summary statistics for selected elements in soils that have
background levels that may exceed risk-based PRGs.

Where anthropogenic “background” levels exceed PRGs and EPA has determined that a
response action is nccessary and feasible, EPA's goal will be to develop a comprehensive
response to the widespread contamination. This will often require coordination with different
authorities that have jurisdiction over the sources of contamination in the area.

EXHIBIT 3-2

BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS
TRACE U.S. STUDY DATA! CALIFORNIA DATA?
ELEMENT | Range GeoMean | ArMean Range GeoMean ArMean
Arsenic <.1-97 5.2mgkg | 7.2 mg/kg || 0.59-11 2. 75 mg/kg |3.54 mg/kg
Beryllum | <[-15 0.63 092 * 0.10-2.7 1.14 © 1.28
Cadmium | <[-10 - <1 0.05-1.7 0.26 0.36
Chromium | 1-2000 37 54 23-1579 76.25 122.08
Nickel <5-700 13 19 9.0-509 35.75 56.60

'Shacklette and Hansford, “Element Concentrations in Soils and Other Surficial Materials of the Conterminous
United States”, USGS Professional Paper 1270, 1984,

Bradford et. al, “Background Concentrations of Trace and Major Elements in California Soils”, Kearney

Foundation Special Report, UC-Riverside and CAL-EPA DTSC, March 1996.

33  Screening Sites with Multiple Pollutants
A suggested stepwise approach for PRG-screening of sites with multiple pollutants is as follows:

o] ' Perform an extensive records search and compile existing data.
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Identify site contaminants in the PRG Table. Record the PRG concentrations for
various media and note whether PRG is based on cancer risk (indicated by "ca™).
or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-
cancer PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat” or
"max").

For cancer risk estimates, take the site-specific concentration {maximum or 95
UCL) and divide by the PRG concentrations that arc designated for cancer
evaluation ("ca"). Multiply this ratio by 10 to estimate chemical-specific risk for
a reasonable maximum exposure (RME). For multiple pollutants, simply add the
risk for each chemical:

, COI]CK [ada) C}’ Concz v é N
Risk **[{ ) v y v = )1l x 10

For non-cancer hazard estimates. Divide the concentration term by its respective
non-cancer PRG designated as "nc" and sum the ratios for multiple contarninants.
The cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard
index of | or less is generally considered “safe”. A ratio greater than | suggests
further evaluation. [Note that carcinogens may also have an associated non-
cancer PRG that is not listed in the PRG Table. To obtain these values, the
user should view or download the InterCalc Tables at the PRG website and
display the appropriate sections.|

conc, conc conc,
Hazard Index «+*[{ } v ( Ly eo( )]
FRG, PRG, PRG,

For more information on screening site risks, the reader should contact EPA Region 9's
Technical Support Section.

3.4  Potential Problems

As with any nisk-based tool, the potential exists for misapplication. In most cases the 100t cause
will be a fack of understanding of the intended use of Region 9 PRGs. In order to prevent
misuse of PRGs, the following should be avoided:

Applying PRGs to a site without adequately developing a conceptual site model
that identifies relevant exposure pathways and exposure scenarios,

Not considering background concentrations when choosing PRGs as cleanup
goals,

Use of PRGs as cleanup levels without the nine-criteria analysis specified in the
National Contingency Plan (or, comparable analysis for programs outside of
Superfund},

Use of PRGs as cleanup levels without verifying numbers with a toxicologist or
regional risk assessor,
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of Use of antiquated PRG Tables that have been superseded by more recent
publications,

o[l  Not considering the effects of additivity when screening multiple chemicals, and

o[l  Adjusting PRGs upward by factors of 10 or 100 without consulting a toxicologist
or regional nisk assessor.

4.0 TECHNICAL SUPPORT DOCUMENTATION

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated
soils, air, and water. The emphasis of the PRG equations and technical discussion are aimed at
developing screening criteria for soils, since this is an area where few standards exist. For air
and water, additional reference concentrations or standards are available for many chemicals
(e.g. MCLs, non-zero MCLGs, AWQC, and NAAQS) and consequently the discussion of these
media are brict.

4.1  Ambient Air and the Vapor Intrusion Pathway

The ambient air PRG is applicable to both indoor and outdoors and is based on a residential
cxposure scenario using standard Superfund exposure factors (see Exhibit 4-1 below).

The air PRG may also be used as a health-protective indoor air target for determining soil gas
and groundwater screening levels for the evaluation of the subsurface vapor intrusion pathway.
The “vapor intrusion pathway” refers to the migration of volatile chemicals from the subsurface
into overlying buildings. Volatile chemicals in buried wastes and/or contaminated groundwater
can emit vapors that may migrate through subsurface soils and into indoor air spaces of
overlying buildings in ways similar to that of radon gas seeping into homes.

To derive a soi1l gas and/or groundwater screening level that targets the air PRG, it is necessary
to divide the air PRG by an appropriate attenuation factor. The attepuation factor represents thc
factor by which subsurface vapor concentrations migrating into indoor air spaces are reduced
due to diffusive, advective, and/or other attenuating mechanisms. The attenuation factor can be
empirically determined and/or calculated using an appropriate vapor intrusion model such as the
Johnson and Etiinger model available at:
http://www.epa.gov/oerrpage/superfund/programs/risk/airmodel/johnson_ettinger.htm . Once
the appropriate attenuation factor is determined, the following equation can be used to derive a
screening level that would be protective of indoor air assuming residential land use.

For Soil Gas, the relationship is as follows:
Cingeslig/m’] = Air PRG fug/m')/AF
where

C,ieee = soil gas screening level
AF = attenuation factor (ratio of indoor air concentratlon to 5011 gas concentration)
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For Groundwater, the relationship is as follows:
C,.[ug/L] = Air PRG [ug/m*] x 107 m¥L x 1/H x I/AF
where

C,. = groundwater screening level
Il = dimensionless Henry’s Law Constant at 25C [{(mg/L - vapor)/(mg/L - water)]
AF = attenuation factor (ratio of indoor air concentration to soil gas concentration)

For more information on EPA’s current understanding of this emerging exposure pathway,
please refer to EPA’s recent draft guidance Evaluating the Vapor Intrusion to Indoor Air
Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) (USEPA 2002)
available on the web at:

hittp://www epa.gov/correctiveaction/eis/vapor.htm

4.2 Soils - Direct Ingestion

Calculation of risk-based PRGs for dircct ingestion of soil is based on methods presented in
RAGS HHEM, Part B (USEPA 1991a) and Soil Screening Guidance (USEPA 1996a,b, USEPA
2001a). Briefly, these methods backcalculate a soil concentration level from a target risk (for
carcinogens) or hazard quotient (for noncarcinogens).

Residential Soil PRGs

A number of studies have shown that inadvertent ingestion of soil is common among children 6
years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). To
take into account the higher soil intake rate for children, two different approaches are used to
estimate PRGs, depending on whether the adverse health effect is cancer or some effect other
than cancer.

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that
takes into account the difference in daily soil ingestion rates, body weights, and exposure
duration for children from | to 6 years old and others from 7 to 31 years old. This health-
protective approach is chosen to take into account the higher daily rates of soil ingestion in
children as well as the longer duration of exposure that is anticipated for a long-term resident.
For more on this method, see USEPA RAGs Part B (1991a).

For noncarcinogenic concerns, the more protective method of calculating a soil PRG 1s to
evaluate childhood exposures separately from adult exposures. In other words, an age-
adjustment factor is not applied as was done for carcinogens. This approach is considered
conservative because it combines the higher 6-year exposure for children with chronic toxicity
criteria. In their analysts of the method, the Science Advisory Board (SAB) indicated that, for
most chemicals, the approach may be overly protective. However, they noted that there are
specific instances when the chronic RfD may be based on endpoints of toxicity that are specific
to children (e.g. fluoride and nitrates) or when the dose-response is steep (i.e., the dosage
difference between the no-observed-adverse-effects level [NOAEL] and an adverse effects level
ts small). Thus, for the purposes of screening, EPA Region 9 has adopted this approach for
calculatimg soil PRGs for noncarcinogenic health concerns.
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Industnal Soil PRGs

In the Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites
(Supplemental SSL Guidance, EPA 2001a), two different soil ingestion rates are assumed for
non-construction workers: 100 mg/day is assumed for outdoor workers whereas 50 mg/day is
assumed for indoor workers. The default value of 100 mg/day for outdoor workers ts also
recommended by EPA’s Technical Review Workgroup for Lead (TRW), and it reflects increased
exposures to soils for outdoor workers relative to their indoor counterparts. For more on this,
please see the Supplemental SSL Guidance available at the following website:

http://www epa.gov/superfund/resources/soil/index.htm

Because the Region 9 PRGs are generic and intended for screening sitcs early in the
investigation process (often before site-specific information is available), we have chosen to use
the 100 mg/day soil ingestion (i.c. outdoor worker) assumption to calculate industrial soil PRGs.
The appropriateness of this assumption for a particular site may be evaluated when additional
information becomes available regarding site conditions or site development.

4.3  Seils - Dermal Contact

Dermal Contact Assumptionsg

Exposure factors for dermal contact with soil are based on recommendations in Risk Assessment
Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment) Interim Guidance (USEPA 2004). Recommended RME
(reasonable maximum exposure) defaults for adult workers’ skin surface areas (3300 cm%/day)
and soil adherence factors (0.2 mg/cm?) now differ from the defaults recommended for adult
residents (5700 cm®/day, 0.07 mg/cm?) as noted in Exhibit 4-1. This is due to differences in the
range of activities experienced by workers versus residents.

Dermal Absomtion

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup
were applied when available. Chemical-specific values are included for the following
chemicals: arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and
pentachlorophenols.

The Supplemental Guidance for Dermal Risk Assessment (USEPA 2004) recommends a default
dermal absorption factor for semivolatile organic compounds of 10% as a screening method for
the majority of SVOCs without dermal absorption factors. Default dermal absorption values for
other chemicals (VOCs and inorganics) are not recommendcd in this new guidance. Therefore,
the assurnption of 1% for inorganics and 10% for volatiles is no longer included in the PRG
Table. This change has minimal impact on the final nsk-based calculations because human
exposure to VOCs and inorganics in soils is generally driven by other pathways of exposure.

4.4  Soils - Vapor and Particulate Inhalation

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway
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as well. The models used to calculate PRGs for inhalation of volatiles/particulates are based on
updates to risk assessment methods presented in RAGS Part B (USEPA 1991a) and are identical
to the Soil Screening Guidance: User's Guide and Technical Background Document (USEPA
1996a,b).

It should be noted that the soil-to-air pathway that is evaluvated in the PRGs calculations 1s based
on mhalation exposures that result from the volatilization or particulate emissions of chemicals
from soil to outdoor air. The soil PRG calculations do not evaluate potential for volatile
contaminants in soil to migrate indoors. For more on the subsurface vapor intrusion
pathway please see Section 4,1.

To address the soil-to-outdoor air pathways, the PRG calculations incorporate volatilization
factors (VF,) for volatile contaminants and particulate emssion factors (PEF) for nonvolatile
contaminants. These factors refate soil contaminant concentrations o air contaminant
concentrations that may be inhaled on-site. The VF, and PEF equations can be broken into two
separate models: an emission model to esiimate emissions of the contaminant from the soil and
a dispersion model to simulate the dispersion of the contaminant in the atmosphere.

The box model in RAGS Part B has been replaced with a dispersion term (Q/C) denved from a
modeling exercise using meteorological data from 29 locations across the United States because
the box model may not be applicable 1o a broad range of site types and meteorology and does not
utilize state-of-the-art techniques developed for regulatory dispersion modeling. The dispersion
mode! for both volatiles and particulates is the AREA-ST, an updated version of the Office of
Air Quality Planning and Standards, Industrial Source Complex Model, ISC2. However,
different Q/C terms are uscd in the VF and PEF equations. Los Angeles was selected as the 90th
percentile data set for volatiles and Minneapolis was sciected as the 90th percentilé data set for
fugitive dusts (USEPA 1996 a,b). A default source size of 0.5 acres was chosen for the PRG
calculations. This is consistent with the default exposure area over which Region 9 typically
averages contaminant concentrations in soils. If unusual site conditions exist such that the area
source is substantially Jarger than the default source size assumed here, an alternative Q/C could
be applied (see USEPA 1996a,b).

Volatilization Factor for Soilg

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than

10~ (atm-m’/mol) and a molecular weight less than 200 g/mole, were screened for inhalation
exposures using a volatilization factor for soils (VF,). Please note that VF's and other physical-
chemical data for VOCs are contained in the InterCalc Tables at the EPA Region 9 PRG website.

The emission terms used in the VF, are chemical-specific and were calculated from physical-
chemical information obtained from several sources. The priority of these sources were as
follows: Seil Screening Guidance (USEPA 1996a,b), Superfund Chemical Data Matrix
(USEPA 1996c), Fate and Exposure Data (Howard 1991), Subsurface Contamination Reference
Guide (EPA 1990a), and Superfund Exposure Assessment Marual (SEAM, EPA 1988). When
there was a choice between a measured or a modeled value (e.g. Koc), our default was to use
modeled values. In those cases where Diffusivity Coefficients (Di) were not provided in existing
literature, Di's were calculated using Fuller's Method described in SEAM. A surrogate term was
required for some chemicals that lacked physico-chemical information. In these cases, a proxy
chemical of similar structure was used that may over- or under-estimate the PRG for soils.
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Equation 4-9 forms the basis for deriﬁing generic soil PRGs for the inhalation pathway. The
following parameters in the standardized equation can be replaced with specific site data to
develop a simple site-specific PRG

o]l Source area

of] Average soil moisture content

o[l  Average fraction organic carbon content
o[l  Dry soil bulk density

The basic principle of the VF, model (Henry’s law) 1s applicable only if the soil contaminant
concentration 1s at or below soil saturation “sat””. Above the soil saturation himit, the model
cannot predict an accurate VF-based PRG. How these particular cases are handled, depends on
whether the contaminant is liquid or solid at ambient soil temperatures {see Section 4.6).

Particulate Emission Factor for Soils

Inhalation of chemicals adsorbed to respirable particles (PM, ) were assessed using a default
PEF equal to 1. 316 x 10° m’/kg that relates the contaminant concentration in soil with the
concentration of respirable particles in the air due to fugitive dust emissions from contaminated
soils. The gencric PEF was derived using default values  Equation 4-1 1, which corresponds to
a receptor point concentration of approximately 0.76 ug/m®. The relationship is derived by
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site
where the surface contamination provides a relatively continuous and constant potential for
emission over an extended period of time (e.g. years). This represents an annual average
emission rate based on wind erosion that should be compared with chronic health cnitenia; it is
not appropnate for evalnating the potential for more acute exposures.

The impact of the PEF on the resultant PRG concentration (that combines soil exposure
pathways for ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9
PRG website and viewing the pathway-specific soil concentrations listed in the InterCalc Tables.
Equation 4-11 forms the basis for deriving a generic PEF for the inhalation pathway. For more
details regarding specific parameters used in the PEF model, the reader is referred to Soil
Screening Guidance: Technical Background Document (USEPA 1996a).

Note: the generic PEF evaluates windborne emissions and does not consider dust emissions
from traffic or other forms of mechanical disturbance that could lead to greater emissions
than assumed here.

4.5 Soils - Migration to Groundwater

The methodology for calculating SSLs for the migration to groundwater was devetoped to
identify chemical concentrations in soil that have the potential to contaminate groundwaler.
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process:
(1) release of conlarmnant in soil leachate and (2) transport of the contaminant through the
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these
fate and transport mechanisms.

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs,
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration 1s multiplied by a
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dilution factor to obtain a target leachate concentration. For example, if the dilution factor is 10
and the acceptable ground water concentration is 0.05 mg/L, the target soil leachate
concentration would be 0.5 mg/L.. The partition equation (presented in the Soil Screening
Guidance document) 1s then used 1o calculate the total soil concentration (i.e. SSL)
corresponding to this sotl leachate concentration.

The SSL methodology was designed for use during the carly stages of a site evaluation when
information about subsurface conditions may be limied. Because of this constraint, the
methodology 1s based on conservative, simplifying assumptions about the release and transport
of contaminants in the subsurface. For more on SSLs, and how to calculate site-specific SSLs
versus generic SSLs presented in the PRG Table, the reader is referred to the Soil Screening
Guidance document (USEPA 1996a,b).

4.6 Soil Saturation Limit

The soil saturation concentration “sat” corresponds 1o the contaminant concentration in soil at
which the absorptive limits of the soil particles, the solubility limits of the soil pore water, and
saturation of soil pore air have been reached. Above this concentration, the soil contaminant
may be present in free phase, i.e., nonaqueous phase liquids (NAPLs) for contaminants that are
liquid at ambient soil temperatures and pure solid phases for compounds that are solid at ambient
so1l temperatures.

Equation 4-10 is used to calculate “sat” for each volatile contaminant. As an update to RAGS
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contarminant that
is in the vapor phase in soil in addition to the amount dissolved in the soil’s pore water and
sorbed to soil particles.

Chemical-specific “sat” concentrations must be compared with each VF-based PRG because a
basic principle of the PRG volatilization model is not applicable when free-phase contaminants
are present. How these cases are handled depends on whether the contaminant is liquid or solid
at ambient temperatures. Liquid contaminant that have a VF-based PRG that exceeds the “sat”
concentration are set equal to “sat” whereas for solids (e.g., PAHs), soil screening decisions are
based on the appropriate PRGs for other pathways of concern at the site (e.g., ingestion).

4.7  Tap Water - Ingestion and Inhalation

Calculation of PRGs for ingestion and inhalation of contaminants in domestic water is based on
the methodology presented in RAGS HHEM, Part B (USEPA 1991a). Ingestion of drinking
water is an appropriate pathway for all chemicals. For the purposes of this guidance, however,
inhalation of volatile chemicals from water is considered routinely only for chemicals with a
Henry’s Law constant of 1 x 10 atm-m*mole or greater and with a molecular weight of less
than 200 g/mole.

For volatile chemicals, an upperbound volatilization constant (VE ) is used that is based on all
uses of household water (¢.g showering, laundering, and dish washing). Certain assumptions
were made. For example, it 1s assumed that the volume of water used in a residence for a family
of four is 720 L/day, the volume of the dwelling is 150,000 L and the air exchange rate is 0.25
air changes/hour (Andelman in RAGS Part B). Furthermore, it 1s assumed that the average
transfer efficiency weighted by water use is 50 percent (i.e. half of the concentration of each
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chemical in water will be transferred into air by all water uses). Note: the range of transfer
efficiencies extends from 30% for toilets to 90% for dishwashers.

4.8  Default Exposure Factors

Default exposure factors were obtained pnimarily from RAGS Supplemental Guidance Standard
Default Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and more
recent tnformation from U.S. EPA's Office of Solid Waste and Emergency Response, U.S.
EPA’s Office of Research and Development, and California EPA's Department of Toxic
Substances Control (see Exhibit 4-1).

Because contact rates may be different for children and adults, carcinogenic nsks during the first
30 years of life were calculated using age-adjusted factors ("adj"). Use of age-adjusted factors
are especially important for soil ingestion exposures, which are higher during childhood and
decrease with age. However, for purposes of combining exposures across pathways, additional
age-adjusted factors are used for inhalation and dermal exposures. These factors approximate
the integrated exposure from birth until age 30 combining contact rates, body weights, and
exposure durations for two age groups - small children and adults. Age-adjusted factors were
obtained from RAGS PART B or developed by analogy (see derivations next page).

For soils only, noncarcinogenic contaminants are evaluated in children separately from adults.
No age-adjustment factor is used in this case. The focus on children is considered protective of
the higher daily intake rates of soil by children and their lower body weight. For maintaining
consistency when evaluating soils, dermal and inhalation exposures are also based on childhood
contact rates.

(1)  ingestion{{mg-yr}/[kg-d]:

spo  o.EDo % IRS. | (ED, *+ED) x IRS,
ad; BW_ Bl

a

(2)  skin contact([mg-yr]/[kg-d]:

ED, x AF x SA_  (ED_**ED_} x AF x SA,
SFS,, *+—" " €.
=7 BW_ BW

a

3) inhalation ([m*-yr]/[kg-d]):

ED_x IRA_  (ED_++ED) x IRA,
TAhF  seC e oa Tz Tl T a
adj BW, BW

2
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Bwa
BWc

ATc
ATn

SAa

SAc

AFa

AFc

ABS

IRAa
IRAC

IRWa
IRWCc

IRSa
1RS¢
IRS0

EFr
EFo

EDr
EDc
EDo

IFSadj

SFSadj
InhFadj
IFWad)

VFw
PEF
VFs
sat

Footnpie:

*Exposure duration for lifelime residents is assumed 1o be 30 years lolal. For carcinogens, exposures are combined for children (6 years) and

adulls {24 years) .

EXHIBIT 4-1

STANDARD DEFAULT FACTORS

Definition {units) Default
Cancer slope factor oral (mg/kg-d}-1 -
Cancer slope facior inhaled {mgkg-d)-1 -
Reference dose oral {(mgfkg-d) - -
Relerence dose inhaled (mg/kg-d) -
Targe! cancer risk . 106
Target hazard quotient 1

Body weight, adult (kg) 70
Body weight, chitd (kg) 15
Averaging time - carcinogens (days) 25550
Averaging lime - noncarcinogens {days) E0* 365
Exposed surface area for soil/dusl (cm?/day)

~ adull resident 5700

— adult waorker 3300

Expased surface area, child in sail (cm®day) 2800

Adherence factor, soils (mgfcm?)

—adull resident 0.07
— aduilt worker 0.2
Adherence factor, child (mg/cm?) 02
Skin absorption defaulls {unitless):

- semi-volalile organics 0.1
~ volalile organics -

- ngrganics --
Inhalation rate - adult {m*/day) 20
Inhalation rate - child (mday) 10
Drinking water ingeslion - adult {(Liday 2
Drinking water ingestion - child {Liday) 1
Seil ingeslion - adult (mg/day) 100
Sail ingestion - child {(mg/day), 200
Soil ingestion - occupational (mg/day) 100
Exposure frequency - residential (d/y) 350
Exposure frequency - occupational (dfy) 250
Exposure duration - residential (years) 30
Exposure duralion - child {years) 6

Exposure duration - occupationai {years) 25

Age-adjusled factors for carcinogens:

Ingeslion factor, soils ({mg-yrl/[kg-dl) 114
Dermal factor, soils ([mg-yr}/[kg-d]} 361
Inhalation factor, air {{m>-yr}Tkg-d]) 11
Ingeslion factor, water ([L-yr)/[kg-d}) 11
Volatilization facior for water (Lm*) 05
Parliculate emission factor {m“kg) See below
Volatitization factor for soit (m*kg) See below
Soll sawralion concentration (mg/kg).  See below
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Reference

IRIS, PPRTV, HEAST, NCEA, or California
IRIS, PPRTV, HEAST, NCEA, or Califomia
IRIS, PPRTV, HEAST, NCEA, or California
IRIS, PPRTV, HEAST, NCEA, or Califomia

RAGS (Part A), EPA 1888 (EPA/540/1-85/002)
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)

RAGS(Pan A), EPA 1989 (EPA/540/1-89/002)
Dermal Assessment, EPA 2004 (EPA/S40/R-99/005)

Dermal Assessment, EPA 2004 (EPA/540/R-99/005)

Dermal Assessment, EPA 2004 (EPA/540/R-99/005)
Dermal Assessment, EPA 2004 {EPA/540/R-99/005)

Dermal Assessment, EPA 2004 (EPA/S40/R-39/005)
Dermal Assessment, EPA 2004 (EPA/540/R-95/005)
Demmal Assessment, EPA 2004 (EPA/540/R-99/005)

Exposure Factors, EPA 1991 (OSWER Mo. 9285.6-03)
Exposure Factors, EPA 1887 (EPA/6O0/P-95/002Fa)

RAGS({Parnt A), ‘EPA 1989 {(EPA/540/1-89/002)
PEA, Cal-EPA (DTSC, 1994)

Exposure Factors, EPA 1931 (OSWER No. 9285.6-03)
Exposure Factors, EPA 1891 (OSWER No. 9285 .6-03)
Soil Screening Guidance (EPA 2001a)

Exposure Factors, EPA 1991 [OSWER No. 8285.6-03)
Exposure Factors, EPA 1981 (OSWER No. 9285.6-03)

Exposure Factors, EPA 1991 ({OSWER No. 9285.6-03)
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03}
Exposure Faclors, EPA 1991 (OSWER No. 9285.6-03)

RAGS(Part B), EPA 1391 (OSWER No. 9285.7-01B)
By analogy to RAGS (Part B)
By analogy lo RAGS {Par! B)
By analogy to RAGS (Part B}

RAGS(Part B), EPA 1981 (OSWER No. 9285.7-01B)
Soil Screening Guidance (EPA 1996a,b)
Soil Sereening Guidance (EPA 1996a,b)
Soil Screening Guidance (EPA 1996a,b)



4.9  Standardized Equations

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are
presented i Equations 4-1 through 4-8. The PRG cquations update RAGS Part B equations. The
methodology backcalculates a soil, air, or water concentration level from a target risk (for carcinogens)
or hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks from
ingestion, skin contact, and inhalation simultaneously. Note: the InterCalc Tables available at the
EPA Region 9 PRG website also includes pathway-specific concentrations, should the user decide
against combining specific exposure pathways; or, the user wants to identify the relative
contribution of each pathway to exposure.

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated
per Equation 4-9. Because of 1ts reliance on Henry's law, the VF, model is applicable only when the
contaminant concentration in soil 15 at or below saturation (i.e. there is no free-phase contaminant
present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been
reached. Above this point, pure liquid-phase contaminant is expected in the soil. If the PRG calculated
using VF_ was greater than the calculated sat, the PRG was sel equal to sat, in accordance with Soil
Screening Guidance (USEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-10.

PRG EQUATIONS

Soil Equations: For sotls, equations were based on three exposure routes {ingestion, skin contact, and
inhalation).

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil

(ma/ k TR x AT
C{m — -
9/kq) pr (g o % CSF, 5¥5,,, ¥ ABS X C3F, TORF,, % CSEL
. [ s L [ L) —_
10%mg/ky 10°mg/ kg vr?

E3

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil

THQ x BW_ x AT,

C k . R

(mg/kay 1 RS L SA_ x AF x ABS 1 IRA,
EFr X ED(_ [ { X 3 < )y = - X T e L. -

RED, 10%mg/ kg RID, 10%mg/ kg RfD VR

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Seil

TR x BWa X ATC
SAa x AF x ABS x CSFO IRAE X CSFi

LK) on(

10°mg/ kg 10°mg/ kg Ve

C{mg/kg) =*

TRS, x CSF
EF, x ED_[( e

|

Footnote:

*Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m*/mol] greater than 10~ and a molecular weight less than
200 grams/mol) or PEF for non-volatile chemicals.
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Equation 4-4: Combined Exposures to Noncarcinogenic Contaminants in Industrial Seil

THQ x BW, x AT,

LRS(J 1 S.Aa x AF x ABS 1 IRA
EF_ x ED_| { X —— 2y sy x —2 ) se x )

RED, 10%mg/ kg R£D, 10%mg/ kg RED, vFS

Cimg/kg) »+*

Tap Water Equations:

Equaltion 4-3: Ingestion and Inhalation Exposures to Carcinogenic Contaminants in Water

TR x AT_x 1000ug/mg
Clug/L} *+- c
EF, [{IFW,, x CSF) **(VF, x InhF,, x CSF)]

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water

THQ x BW, x AT X 1000ug/mg
Clug/L) »+ S A—

IRW
EF, x ED, ({ 2y e ¥

Air Equations:

Equatien 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air

TR x AT_ x 1000ug/myg

Clug/m3y s« ¢~ 7~
BEF x InhF_ .. x CSF,
r acly i

Equation 4-8: Inhalation Exposures to Noncarcinogenic Contaminants in Air

THQ x RfD, x BW, x AT x 1000ug/mg
C(ug/m y e e 0 T _ =
EF x ED x IRA,

Footnote:

*Use VF, for volatile chemicals (deﬁned as havmg a ilenry's Law Constant {atm-m’/mol] greater than 10”* and a motecular
weight less than 200 grams/mol) or PEF for non-volatile chemicals.
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SOIL-TO-AIR YOLATILIZATION FACTOR (VF)

Equation 4-9: Derivation of the Volatilization Factor

where:

Parameter

P

Di

VE (m*/kg) +=(Q/C) x

(3.14 x D, x T)*/?

x 10" (m?*/cm?)

(2 xp, xD,)

10/3

[0, D,H"* 0

'DA..

Definition {units)

Volatilization factor (m’/kg)

Apparent diffusivity (cm®/s)

Inverse of the mean conc. at the center of a -
0.5-acre square source (g/™-s per kg/m’)
Exposure interval (s)

Dry soil bulk density (g/cm’)

Alr filled soil porosity (L /L,..)

Total soil porosity (Lo, /L)
Water-filled soil porosity (L,./L.)

Soil particle density (g/cm’®)

Diffusivity in air (cm¥/s)

Henry's Law constant (atm-m’lmol)

Dimensionless Henry's Law constant

Diffusivity in water (em?/s)
Soil-water partition coefficient (em*/g) = KT

Soil organic carbon-water partition coeffieient (cm’/g)

Fraction organic carbon jn soil (g/g)

26

10/3

D) /n*]

pBKd - I@H a ‘@aH“

Default

68.81

9.5x 10°

1.5

0.28 orn-9,,

0.43 or 1 - {(p,/py)
0.15

265
Chemical-specific
Chemical-specific

Calculated from H by multiplying by 41
(USEPA 199]a)

Chemical-specific
Chemical-specific

Chemical-specific

0.006 (0.6%)



SOIL SATURATION CONCENTRATION (saf)

Equation 4-10: Derivation of the Soil Saturation Limit

sat v 2 (K
P,

dpb * .ew sl Oa)

Parameter Defmition (units) Defauit

sat Soil saturation concentration (mg/kg) -

S Solubility in water (mg/L-watcr) ' Chemical-specific

o . Dry soil bulk density (kg/L) 1.5

n Total soil porosity (L,/L..) 043 or 1 - (p/p,)

P Soil particle density (kg/L) 2.65

K, Soil-watcr pértition coefﬁcienﬁ (L/kg) K.. x f, (chemical-specific)
k, Soil organic carbon/water partition coefficient (L/kg) Chemical-specific

€oe Fraction organic carbon content of soil (g/g) 0.006 or site-specific
o, Water-filled soil porosity (L_,./L...) 0.15

©, . Air filled soil porosity (L,,/L.q) 0.28 or n-©,

w Average sotl moisture content 0.1

(KB e K ecis OF L/ KL )
H Henry's Law constant (atm-m*/mof) Chemical-specific

H' Dimensionless Henry's Law constant H x 41, where 41 is a unils
conversion factor
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SOIL-TO-AIR PARTICULATE EMISSEON FACTOR (PEF)
Eguation 4-11: Derivation of the Particulate Emission Factor

PEF(n® k) *~0/C x — 3600s/h

0.036 x {(1*V) x (Um/Ut}3 x F{x)

Parameter Definition {units) Default
PEF Particulate emission factor {m*/kg) 1316 x 10°
Q/C Inverse of the mean concentration at the center 90.80

of a 0.5-acre-square source (g/™-s per kg/m")

v Fraction of vegetative cover (unitless) 0.5
u, Mean annual windspeed (mi/s) 4.69
U, Equivalent threshold value of windspeed at 7 m (m/s) 11.32
F(x) Function dependent on U, /U, denived using 0.194

Cowherd (1985} (unitless)
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APPENDIX D.1

ALUMINUM

Table D.1-1 contains the Descriptive Statistics for Site and Background Aluminum
concentrations for UXO 5. From Table D.1-1 it can be seen that the mean for the site
Aluminum concentration is less than the mean background Aluminum concentration.
Also the median site Aluminum concentration is smaller than the background Aluminum
concentration.

Descriptive Statistics UXO 5
Variable , Saaass s e
8 9751.25| 9700.00, 8240.00{ 12300.00 1260.81
19 7227.37! 4430.000 1130.00, 15500.00 4977.69

Table D.1-1

Figure D.1-1 contains the side by side Box Plots for the site and background Aluminum
concentrations. From these figures it can be seen that the median site Aluminum
concentration is smaller than the Aluminum background concentration. It can also be
seen that the lower quartile of the background is more than the upper quartile for the site
concentration.

..a_Median_
25%-75%
Non-Outlier Range
« Qutliers . >

- Aluminum Backgiound
Vo T ’ Aluminu

Figure D.1-1



Figure D.1-2 contains the 95% confidence intervals for site and background Aluminum

concentrations for UXO 5. From this figure it can be seen that the mean of the site is 3
smaller than the background mean. Also, the UCL. for the site mean is roughly similar to

the background mean.

} Means Plots . . -
- UX05 R
. Alpminum - . 7
11,000.00 f— — —
_ 10,09_04}0 S o L
T
. s Mean _
. I +0.95 Canlidence Irtenal

Figure D.1-2

Figures D.1-3 and D.1-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test 1s less
than 0.190 then the data is considered to be not normally distributed. From Figure D.1-3 it
can be seen that the background Aluminum concentrations roughly follow the linear
pattern and the p-value for the Shapiro Wilk test is 0.37. Thus it is concluded that the
background Aluminum concenirations are normally distributed. From figure D.1-4 it can
be seen that the site Aluminum concentrations do not follow a linear pattern and the p-
value for the Shapiro Wilk Test is 0.01. Therefore, it 1s concluded that the site
Aluminum concentrations do not follow a normal distribution.
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Because the site Aluminum concentrations are not normally distributed the
Nonparametric Wilcoxon Rank Sum test will be used to see if the median sile



concentrations for Aluminum are larger than the median background concentrations. The N
hypothesis is that there is no difference betwcen median values for the site Aluminum ' \'}
concentrations and background concentrations. The hypothesis of no difference will be

rejected if the Test Statistic is greater than the Critical Value. Table D.1-2 contains the

Test Statistic and Critical value for this comparison. From Table D.1-2 it can be seen that

the Test Statistic is less than the Critical value. Therefore, we cannot reject the null

hypothesis that there is no difference between site and background Aluminum

concentrations. It 1s concluded that the site Aluminum concentrations are not larger than

the background concentrations. This test was conducted with a significance level of 0.01
(alpha).

" Rank Test Statistic Cntical Value g1 L
Sum
244 120

sa —
Background 134 l |

Table 12.1-2




APPENDIX D.2

ANTIMONY

Table D.2-1 contains the Descriptive Statistics for Site and Background Antimony
concentrations for UXO 5. From Table D.2-1 it can be seen that the mean for the site
Antimony concentration is 0.49 mg/kg less than the mean background Antimony
concentration. Also the median site Antimony concentration i1s 0.04 mg/kg less than the
background Antimony concentration.

Descriptive Statistics UXO 5

Y

1.06 0.29
0.57 0.95
Table D.2-1

Figures D.2-1 and D.2-2 contain the side by side Box Plots for the site and background
Antimony concentrations. From these figures it can be seen that the median Antimony
concentrations are roughly equal. It can also be seen that the lower quartiles of the
background and site Antimony concentrations are also roughly equal. The upper quartile

for the site Antimony concentration is greater than the upper quartile for the background
Antimony concentration.
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Figure D.2-3 contains the 95% confidence intervals for site and background Antimony
concentrations for UXO 5. From this figure it can be seen that the mean of the
background is jarger than the site mean. Also, the UCL for the background mean is
higher than the UCL for the site mean.
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Figures D.2-4 and D.2-5 show the normal probability plots and corresponding Shapiro .
Wilks test for normality. If the data is normat then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.2-4 it
can be seen that the site Antimony concentrations depart from the linear pattern and that
the p-value for the Shapiro Wik test is 0.00. Thus it is concluded that the site Antimony
concentrations are not normally distributed. From figure D.2-5 it can be seen that the
background Antimony concentrations do not follow a linear pattern and the p-value for
the Shapiro Wilk Test is 0.00. Therefore, it is concluded that the background Antimony
concentrations do not follow a normal distnbution.
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Because the site and background Antimony concentrations are not normally distributed
the Nonparametric Wilcoxon Rank Sum test will be used to see if the median site



concentrations for Antimony are larger than the median background concentrations. The
hypothesis is that there is no.difference between median values for the site Antimony
concentrations and background Antimony concentrations. The hypothesis of no
difference will be rejected if the Test Statistic is greater than the Critical Value. Table
D.2-2 contains the Test Statistic and Critical value for this comparison. From Table D.2-
2 it can be seen that the Test Statistic is less than the Critical value. Therefore, we cannot
reject the null hypothesis that there is no difference between site and background
Antimony concentrations. It is concluded that the site Antimony concentrations are not
larger than the background Antimony concentrations. This test was conducted with a
significance level of 0.01 (alpha).

| Rank Test Statistic Critical Value g,
Sum |
Site 249 - 160 120
 Background 129 B

Table D.2-2



APPENDIX D.3

ARSENIC

Table D.3-1 contains the Descriptive Statistics for Site Arsenic concentrations and the
Background Concentrations for UXO 5. From the descnptive statistics it can be seen that
the mean concentration for the Arsenic Background concentrations is 6.31 and the mean
Arsenic Site concentration 1s 5.45. The median concentration for site is 5.28 and for
background it is 5.70.

5.70
5.45| 5.28
Table D.3-1

Figure D.3-1 contains the side by side Box Plots for the Site and Background Arsenic
concentrations. From this figure it can be seen that the median Arsenic concentrations
are roughly equal. It is also apparent that the upper and lower quartiles of the background
concentrations are higher than the upper and lower quartiles of the site concentrations.
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Figure D.3-2 contains the 95% Confidence Intervals for the Site and Background Arsenic
Concentrations for UXO 5. From this figure it can be seen that the UCL for the
Background Arsenic Concentrations is higher than the UCL for the Site Arsenic
Concentrations. Also apparent is that the mean background Arsenic concentration 1s
higher than the site Arsenic Concentration.
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Figures D.3-3 and D.3-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
-linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test 1s less
than 0.10 then the data is considered to be not normally distributed. From Figure D.3-3 it
can be seen that the data depart from the linear pattern and the p-value for the Shapiro
Wilks test is 0.04. Therefore the Site Arsenic concentrations are not normally distributed.
From Figure D.3-4 it can be seen that the data roughly follow the linear pattern and the p-
value for the Shapiro Wilks test is 0.55. Therefore the Background Arsenic
concentrations are normally distributed.
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Because the Site Concentrations are not normally distributed the Nonparametric
Wilcoxon Rank Sum test will be used to see if the median site concentrations for Arsenic
are larger than the median background concentrations. The hypothesis is that there is no
difference between median values for the Site Arsenic concentrations and the
Background Arsenic concentrations. The hypothesis that there 1s no difference between
median Arsenic Concentrations is rejected if the Test Statistic is greater than the Critical
Value. Table D.3-2 contains the Test Statistic and the Critical Value for the companson
between the Site and Background Arsenic Concentrations. From Table D.3-2 it can be
seen that the Test Statistic is not greater than the Critical Value so it is concluded that the
Site Arsenic Concentrations are not greater than the Background Arsenic Concentrations,
This test was conducted with a significance level (alpha) of 0.01.

B Rank Sum | Test Statistic | Critical Value g1
Site 250 60 184
Background 128

I

Table D.3-2



APPENDIX D.4

BARIUM

Table D.4-1 contains the Descriptive Statistics for site and background Barium
concentrations. From Table D.4-1 it can be seen that the mean site concentration is
higher than the mean background concentration while the median background
concentration i1s higher than then site median concentration.

Descriptive Statistics UXO 5

Variable

Table D.4-1

Figures D.4-1 and D.4-2 contain the side by side Box Plots for the site and background
Bariumn concentrations. From these plots it can be seen that the median concentrations
for the site are lower than the median concentrations for background. Also it can be
noticed that the lower quartile for the background concentrations is relatively close to the
upper quartile for the site Barium concentrations.
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Figure D.4-3 contains the 95% Confidence Intervals for the site and background Barium
concentrations. From this figure it can be seen that the mean site concentration is greater
than the mean background concentration. Also, the UCL for the background
concentration is similar to the mean concentration of the site.
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Figure D.4-3

Figures D.4-4 and D.4-5 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The-
hypothesis being that the data is normally distributed. If the p-value for the test is less
than Q.10 then the data is considered to be not normally distributed. From Figure D.4-4 it
can be seen that the Background data roughly follow the linear pattern and the p-value for
the Shapiro Wilk test is 0.40. Thus it can be concluded that the background barium
concentrations are normally distributed. From Figure D.4-5 it can be seen that the site
barium concentrations do not follow a lincar pattern and the p-value for.the Shapiro
Wilks test is 0.00. Thus it is concluded that the Banium site concentrations are not
normally distributed.
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Because the Site Concentrations are not normaily distributed the Nonparametric
Wilcoxon Rank Sum test will be used to see if the median site concentrations for Barium
are larger than the median background concentrations. The hypothesis is that there is no
difference between median values for the sitc and background Barium concentrations.
The hypothesis will be rejected if the Test Statistic is great than the critical value. Table
D.4-2 Contains the Test Statistic and the Critical Value for the comparison between the
site and background Barium concentrations. From Table D.4-2 it can be seen that the
Test Statistic is smaller than the Critical value. Therefore, we fail to reject the nuli
hypothesis that there is no difference between the site and background Barium
concentrations. This test was conducted with a significance level (alpha) of 0.01.

Critical Value o0,

120

Test Statistic
_ 44
| Background 144
Table D.4-2
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APPENDIX D.5
CADMIUM
Table ID.5-1 contains the Descriptive Statistics for the site and background Cadmium

concentrations for UXQO 5. From Table D.5-1 it can be seen that the mean and median
site concentration are greater than the mean and median background concentration.

Descriptive Statistics UXO 5

X

0.95 0.78
412 2.18
Table D.5-1

Figures D.5-1 and D.5-2 conlain the side by side Box Plots for the site and background
Cadmium concentrations. From these plots it can be seen that the site concentrations are
higher than the background concentrations. Also it becomes apparent that there is an
extreme value for the site concentrations.
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Figure D.5-3 contains the 95% Confidence Intervals for the Site and Background
Cadmium concentrations. From this figure it can be seen that the mean site concentration
.15 greater than the mean background concentration. Also the UCL for the Background
concentrations is less than the mean site concentration.
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Figure D.5-3

Figures D.5-4 and D.5-5 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilk test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.5-4 it
can be seen that the background data depart from the linear pattern and the p-value for the
Shapiro Wilk test is 0.00. Thus it is concluded that the background data is not normally
distributed. From Figure 1).5-5 it can be seen that the site data does not follow a linear
pattern and the Shapiro Wilk p-value is 0.00. Thus the site data is not normaily
distributed.
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Because the Site and Background concentrations are not normally distributed the
Nonparametric Wilcoxon Rank Sum test will be used to see if the median concentrations
for Cadmium are larger than the median background concentrations. The hypothesis is
that there is no difference between median values for the site and background data. If the
Test Statistic is greater than the Critical Value then this hypothesis is rejected and it is
concluded that the site concentrations are greater than the background concentrations.
Table D.5-2 contains the Test Statistic and Critical Value for the Cadmium comparison.
From Table D.5-2 it can be seen that the Test Statistic is greater than the critical value.
Thus it is concluded that the Site Cadmium Concentrations are greater than the

Background Cadmium Concentrations. This lest was conducted with a significance level
(alpha) of 0.01.

Rank FT&I Statistic Critical Value 0.01
Sum

Site 324 ‘ 134 | 120

Background 54

Table D.5-2

As seen in Figure D.5-6 (side by side Box Plots) there is an extreme value for the Site
Cadmium concentrations. The Descriptive Statistics for Cadmium without this extreme
value are presented in Table D.5-3. From this table it can be seen that while the mean
and median site concentrations are higher than the background ground concentrations.

Descriplive Slatistics UXO 5

0.95 0.78
18] 222 2.15

Table D.5-3

Figure D.5-6 contains the side by side Box Plots for the site and background Cadmium
concentrations without the extreme value. From these plots it can be seen that the site
concentrations are higher than the background concentrations.
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Figure D.5-7 contains the 95% Confidence Intervals for the Site and Background
Cadmium concentrations. From this figure it can be seen that the mean site concentration
1s greater than the mean background concentration. Also the UCL for the Background
concentrations s less than the mean site concentration.
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Figures D.5-8 shows the normal probability plots and corresponding Shapiro Wilks test
for normality. If the data is normal then the data points will roughly follow a linear
pattern. The Shapiro Wilk test is a formal Statistical test of normality. The hypothesis
being that the data is normally distributed. If the p-value for the test is less than 0.10 then
the data is considered to be not normally distributed. From Figure D.5-8 it can be seen
that the site data does follow a linear pattern and the Shapiro Wilk p-value is 0.35. Thus
the site data is normally distributed.
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Because the Background concentrations are not normally distributed the Nonparametric
Wilcoxon Rank Sum test will be used to see if the median conceatrations for Cadmium
are larger than the median background concentrations. The hypothesis is that there is no
difference between median values for the site and background data. If the Test Statistic is
greater than the Critical Value then this hypothesis is rejected and it is concluded that the
site concentrations are greater than the background concentrations. Table D.5-4 contains
the Test Statistic and Critical Value for the Cadmium comparison. From Table D.5-4 it
can be seen that the Test Statistic is greater than the critical value. Thus it is concluded
that the Site Cadmium Concentrations are greater than the Background Cadmium
Concentrations. This test was conducted with a significance level (alpha) of 0.01.

I Rank
Sum

Site | 54
Background [ 291 |

Critical Value

0.0
114

m o
Test Statistic

Table D.5-4



APPENDIX D.6

CHROMIUM

Table D.6-1 contains the Descriptive Statistics for Site and Background Chromium
concentrations for UXO 5. From Table D.6-1 it can be seen that the mean for the site
Chromium concentration is larger than the mean background Chromium concentration.
Also the median site Chromium concentration is larger than the background Chromjum
concentration.

S

1405 14.05 9.20 17.80] _ 3.15
19| 21.33] 17.90 8.40 85.60]  17.03
Table X

Figures D.6-1 and D.6-2 contain the side by side Box Plots for the site and background
Chromium concentrations. From these figures it can be seen that the median site
Chromium concentration is larger than the Chromium background concentration. It can
also be seen that the upper quartile of the background is less than the median site
concentration. It can also be noticed that there is an extreme value for the Chromium site
concentrations.
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Figure D.6-3 contains the 95% confidence intervals for site and background Chromium
concentrations for UXO 5. From this figure it can be seen that the mean of the site is

larger than the background mean. Also, the UCL for the background mean is jess than
the site mean.
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Figures D.6-4 and D.6-5 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test 1s a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure 1.6-4 it
can be seen that the site Chromium concentrations depart from the linear pattern and that
the p-value for the Shapiro Wilk test is 0.00. Thus it is concluded that the site Chromium
concentrations are not normally distributed. From figure D.6-5 it can be seen that the
background Chromium concentrations follow a hinear pattern and the p-vatuc for the
Shapiro Wilk Test is 0.64. Therefore, it is concluded that the background Chromium
concentrations follow a normal distribution.
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Because the site Chromium concentrations are not normally distributed the
Nonparametric Wilcoxon Rank Sum test will be used to see if the median site
concenlrations for Chromium are larger than the median background concentrations. The
hypothesis is that there is no difference between median values for the site Chromium
concentrations and background Chromium concentrations. The hypothesis of no
difference will be rejected if the Test Statistic s greater than the Critical Value. Table
D.6-2 contains the Test Statistic and Critical value for this comparison. From Table D.6-
2 it can be seen that the Test Statistic is less than the Critical value. Therefore, we cannot
reject the null hypothesis that there is no difference between site and background
Chromium concentrations. It is concluded that the site Chromium concentrations are not
larger than the background Chromium concentrations. This test was conducted with a
significance level of 0.01 (alpha).

Rank Test Statistic Critical Value g4
Sum

Site 295 105 120

Background 83 | -

Table D.6-2



APPENDIX D.7

comaLT R

Table D.7-1 contains the Descriptive Statistics for site and background Cobalt
concentrations. From Table D.7-1 it can be seen that the mean and median site
concentration are lower than the mean and median background concentrations.

Descriptive Statistics UXO 5

o edin
13.60 7
19 7.90 7.23 1.75| 16.60 4.71
Table D.7-1

Variable

Figure D.7-1 contains the side by side Box Plots for the site and background Cobalt
concentrations. IFrom these plots it can be seen that the median concentrations for the site
are lower than the median concentrations for background. Also it can be noticed that the
lower quartile for the background concentrations is relatively close to the upper quartile
for the site Cobalt concentrations.
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Figure D.7-2 contains the 95% Confidence Intervals for the site and background Cobalt
concentrations. From this figure it can be seen that the mean background concentration is
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Figures D.7-3 and D.7-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.7-3 it
can be seen that the Background data do not roughly follow the linear pattern and the p-
value for the Shapiro Wilk test is 0.03. Thus it can be concluded that the background
Cobalt concentrations are not normally distributed. From Figure D.7-4 it can be seen that
the site Cobalt concentrations do not follow a linear pattern and the p-value for the
Shapiro Wilks test is 0.09. Thus it is concludced that the Cobalt site concentrations are not
normaily distributed.
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Because the Site and Background Concentrations arc not normally distributed the
Nonparametric Wilcoxon Rank Sum test will be used to see if the median site
concentrations for Cobalt are larger than the median background concentrations. The
hypothesis is thal there is no difference between median values for the site and
background Cobalt concentrations. The hypothesis will be rejected if the Test Statistic is
great than the critical value. Table D.7-2 Contains the Test Statistic and the Critical
Value for the comparison between the site and background Cobalt concentrations. From
Table ID.7-2 it can be scen that the Test Statistic is smaller than the Critical value.
Therefore, we fail to reject the nulf hypothesis that there is no difference between the site
and background Cobalt concentrations. This test was conducted with a significance level

(alpha) of 0.01.
[ Rank Test Statistic Critical Value ¢
Sum '
Site 224 34 120
Background 154

Table D.7-2




APPENDIX D.8

COPPER

Table D.8-1 contains the Descriptive Statistics for the Site Copper concentrations and
Background Concentrations for UXO 5. From the descriptive statistics it can be seen that
the mean concentrations for Site Copper concentrations is 21.17 and the mean
background Copper concentration is 7.54. The median concentration for site
Concentrations 1s 12.60 and the background median concentration is 7.60.

Descriplive Statistics UXO 5

o] 5

7.5 7.60 6.50 8.10 0.53
19 2117 12.60 3.990  156.00, 35.12
Table D.8-1

Figures D.8-1 and D.8-2 contatn side by side Box Plots for the Site and Background
Copper concentrations. From these figures it can be seen that the Background Copper
concentrations are lower than the Site Copper Concentrations. 75% of the Background
Copper concentrations are less than 25% of the Site Copper Concentrations.
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Figure D.8-3 contains the 95% Confidence Intervals for the Site and Background Copper
Concentrattons for UXO 5. From this figure it can be seen that the mean concentration
for the site is higher than the mean concentration for background. Also the 95% UCL for
the Background concentrations is less than the mean concentration for the site
concentrations. '
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Figures D.3-4 and D.8-5 show the normal probability ptots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilk test is a formal statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than .10 then the data is considered to be not normally distributed. From Figure D.8-4 it
can be seen that the data do not follow the linear line on the probability plot and that the
p-value for the Shapiro Wilk test is 0.00. Therefore the Site Copper concentrations are
not normally distributed. From Figure I2.8-5 it can be seen that the data roughly follow
the linear line and the p-value for the Shapiro Wilk Test is 0.30. Therefore the
Background Copper Concentrations are considered to be normally distributed.
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Since the Site Concentrations are not normally distributed the Nonparameteric Wilcoxon
Rank Sum test will be used to see if the median site Concentrations for Copper are larger
than the median background Concentrations. The hypothesis is that there 1s no difference
between median values for the Site Copper Concentrations and the Background Copper
Concentrations. Table D.8-2 contains the rank sums for the Site and Background Copper
Concentrations and the corresponding Test Statistic and Critical Value. The Hypothesis
that there is no difference between median Copper Concentration is rejected if the Test
Statistic is greater than the Critical value. From Table D.8-2 it can be seen that the Test
Statistic is greater than the Critical Value so it is concluded that the Site Copper
Concentrations are greater than the Background Copper Concentrations. This test was
conducted with a significance level (alpha) of 0.01.

| Rank Sum Test Statiﬁigﬁmaﬁue 0.01
Site 311 ‘ 121 120 .
Background 67 l

Table D.8-2




APPENDIX D.9

LEAD

Table D.9-1 contains the Descriptive Statistics for the site and background Lead
concentrations for UXO 5. From Table X it can be seen that the mean and median site
concentration are greater than the mean and median background concentration with a
difference of 30.27 and 0.95 respectively.

Descnptwe Statistics UXO 5

15.89 15.45
46.16 16.40

Table D.9-1

Figures D.9-1 and D.9-2 contain the side by side Box Plots for the site and background
Lead concentrations. From these plots it can be seen that the site median concentrations
1s slightly higher than the background concentrations. Also it becomes apparent that
there is an extreme value for the site concentrations.
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Figure .9-3 contains the 95% Confidence Intervals for the Site and Background Lead
concentrations. From this figure it can be seen that the mean site concentration is greater
than the mean background concentration. Also the UCL for the Background
concentrations is less than the mean site concentration.
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Figures [2.9-4 and D.9-5 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro WilK test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data 1s considered to be not normally distributed. From Figure D.9-4 it
can be seen that the background data do not depart from the linear pattern and the p-value
for the Shapiro Wilk test is 0.51. Thus it is concluded that the background data is
normally distributed. From Figure D.9-5 it can be seen that the site data does not follow
a linear pattern and the Shapiro Wilk p-value is 0.00. Thus the site data is not normally
distributed.
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Because the Site concentrations are not normally distributed the Nonparametric Wilcoxon
Rank Sum test will be used to see if the median concentrations for Lead are larger than
the median background concentrations. The hypothesis is that there is no difference
between median values for the site and background data. If the Test Statistic is greater
than the Critical Value then this hypothesis is rejected and it is concluded that the site
concentrations are greater than the background concentrations. Table D.9-2 contains the
Test Statistic and Critical Value for the Lead comparison. From Table D.9-2 it can be
seen that the Test Statistic is less than the critical value. Thus it is concluded that the Site
1.ead Concentrations are not different from the Background Lead Concentrations. This
test was conducted with a significance level (alpha) of 0.01.

Rank Test Statistic Critical Value 0.01
Sum ' ,

274 84 120
105 -

Background

Tahble D.9-2

:
e



APPENDIX D.10

MANGANESE

Table D.10-1 contains the Descriptive Statistics for Site and Background Manganese
concentrations for UXO 5. From Table D.10-1 it can be seen that the mean for the site
Manganese concentration is less than the mean background Manganese concentration.
Also the median site Manganese concentration is smaller than the background
Manganese concentration.

Variable

©1075.25| 1115.50
19|  426.08] 395.00 98.10  1120.00] 2737

Table D.10-1

Figure D.10-1 contains the side by side Box Plots for the site and background Manganese
concentrations. From these figures it can be seen that the median site Manganese
concentration is smaller than the Manganese background concentration. It can also be

seen that the lower quartile of the background is more than the upper quartile for the site
concentration.

- 2 25%-75%
s | Non-Outfier Range

Figure D.10-2 contains the 95% confidence intervals for site and background Manganese
concentrations for UXO 5. From this figure it can be seen that the mean of the site is



smaller than the background mean. Alsor, the UCIL. for the site mean is less than the
background LCL.
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Figures D.10-3 and D.10-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.10-3
it can be seen that the site Manganese concentrations roughly follow the linear pattern
and the p-value for the Shapiro Wilk test is 0.09. Thus it is concluded that the site
Manganese concentrations are normally distributed. From Figure D.10-4 it can be seen
that the background Manganese concentrations follow a linear patiern and the p-value for
the Shapiro Wilk Test is 0.42. Therefore, it is concluded that the background Manganese
concentrations follow a normal distribution.
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Because the site Manganese concentrations are not normally distributed the
Nonparametric Wilcoxon Rank Sum test will be used to see if the median site
concentrations for Manganese are larger than the median background concentrations.
The hypothesis is that there is no difference between median values for the site
Manganese concentrations and background concentrations. The hypothesis of no
difference will be rejected if the Test Statistic is greater than the Critical Value. Table |
D.10-2 contains the Test Statistic and Critical value {or this comparison. From Table
D.10-2 it can be seen that the Test Statistic is less than the Critical value. Therefore, we
cannot reject the null hypothesis that there is no difference between site and background
Manganese concentrations. It is concluded that the site Manganese concentrations are
not larger than the background concentrations. This test was conducted with a

significance level of 0.01 (alpha).
Critical Value g0 T

Rank
Sum
120

Test Statistic

l sie o0
@ck ground 171 [

Table D.10-2




APPENDIX D.11

NICKEL

Table D.11-1 contains the Descriptive Statistics for site and background Nickel
concentrations. From Table D.11-1 it can be seen that the mean and median site
concentration are higher than the mean and median background concentrations.

Descriptive Statistics UXO 5
Variable _ R Rt
i 8 1223  13.00l 8.80 14.20 1.94
’ i 19 1887  18.00] 9.75 34.10 6.87

Table D.11-1

Figure D.11-1 contains the side by side Box Plots for the site and background Nickel
concentrations. From these plots it can be seen that the median concentrations for the site
are higher than the median concentrations for background. The upper quartile for the
background concentrations is slightly smaller than the lower quartile for the site

concentrations.

o Median
25%75% .
Non-Qutlier Range

+ Qutliers ) o
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. F"igure"D-'. 11 - 1

[

Figure D.11-2 contains the 95% Confidence Intervals for the site and back ground Nickel
concentrations. From this figure it can be seen that the mean background concentration is

less than the mean site concentration.
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Figures D.11-3 and D.11-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
lipear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.11-3
it can be seen that the Site data roughly follow the linear pattern and the p-value for the
Shapiro Wilk test is 0.14. Thus it can be concluded that the site Nickel concentrations are
roughly normally distributed. From Figure D.11-4 it can be seen that the Backgroond
Nickel concentrations roughly follow a linear pattern and the p-value for the Shapiro
Wilks test is 0.23. Thus it is concluded that the Nickel background concentrations are
normally distributed.
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Because the Site concentrations are Background concentrations do not have roughly the
same standard deviation the Nonparametric Wilcoxon Rank Sum test will be used to see
if the median site concentrations for Nickel are larger than the median background
concentrations. The hypothesis 1s that there is no difference between median values for
the site and background Nickel concentrations. The hypothesis will be rejected if the
Test Statistic is great than the critical value. Table D.11-2 Contains the Test Statistic and
the Critical Value for the comparison between the site and background Selenium
concentrations. From Table D.11-2 it can be seen that the Test Statistic is larger than the
Critical value. Therefore, we reject the null hypothesis that there is no difference
between the site and background Nickel concentrations. This test was conducted with a
significance level (alpha) of 0.01.

Rank Test Statistic Critical Value gg,
- Sum
| Site 319 129 120
Background 59 N

Table D.11-2




APPENDIX D.12

SELENIUM

Table D.12-1 contains the Descriptive Statistics for site and background Selenium
concentrations. From Table 1).12-1 it can be seen that the mean and med:an site
concentration are lower than the mean and median background concentrations.

Table D.12-1

Figure D.12-1 contains the side by side Box Plots for the site and background Selenium
concentrations. From these plots it can be seen that the median concentrations for the site
are lower than the median concentrations for background.

a Median
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Figure D.12,—i'
Figure D.12-2 contains the 95% Confidence Intervals for the site and background

Selemum concentrations. From this figure it can be seen that the mean background
concentration is greater than the mean site concentration.
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Figures D.12-3 and D.12-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. [f the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test 1s less
than 0.10 then the data 1s considered to be not normally distributed. From Figure D.12-3
it can be seen that the Site data do not roughly follow the linear pattern and the p-value
for the Shapiro Wilk test is 0.08. Thus it can be concluded that the site Selenium
concentrations are not normally distributed. From Figurc D.12-4 it can be seen that the
Background Selenium concentrations roughly follow a linear pattern and the p-value for
the Shapiro Wilks test 1s.0.40. Thus it is concluded that the Selenium background
concentrations are normally distributed.
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Because the Site concentrations are not normally distributed the Nonparametric Wilcoxon
Rank Sum test will be used to see if the median site concentrations for Selenium are



larger than the median background concentrations. The hypothesis is that there is no
difference between median values for the site and background Selenium concentrations.
The hypothesis will be rejected if the Test Statistic is greal than the critical value. Table
D.12-2 contains the Test Statistic and the Critical Value for the comparison between the
site and background Selenium concentrations. From Table D.12-2 it can be seen that the
Test Statistic is smaller than the Critical value. Therefore, we fail to reject the null
hypothesis that there is no difference between the site and background Selenium
concentrations. This test was conducted with a significance level (alpha) of 0.01.

Rank i
Sum
Site 241
Background 137

Test Statistic

Critical Value g9,

51

120

Table D.12-2




APPENDIX D.13

THALLIUM

Table D.13-1 contains the Descriptive Statistics for Site and Background Thallium
concentrations for UXQ 5. From Table D.13-1 it can be seen that the mean for the site
Thallium concentration is less than the mean background Thallium concentration. Also
the median site Thallium concentration is smaller than the background Thallium
concentration. |

0.03
0.13) . . 026/ 007
Table D.12-1

Figure D.13-1 contains the side by side Box Plots for the site and background Thallium
concentrations. From these figures it can be seen that the median site Thallium
concentration is smaller than the Thallium background concentration. It can also be seen
that the lower quartile of the background is more than the median for the site
concentration. The upper quartile of the background concentrations 1s slightly higher
than the upper quartile for the site concentrations.
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-Figure D.13-1



Figure D.13-2 contains thc 95% confidence intervals for site and background Thallium
concentrations for UXO 5. From this figure it can be scen that the mean of the site is
smaller than the background mean. Also, the UCL for the site mean is shightly higher
than the background LCL.
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Figures D.13-3 and D.13-4 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data poims will roughly follow a
linear pattern. The Shapiro Wilks test is a formal Statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data 15 considered to be not normally distributed. From Figure D.13-3
it can be seen that the site Thallium concentrations do not roughly follow the linear
pattern and the p-value for the Shapiro Wik test is 0.02. Thus it is concluded that the site
Thallium concentrations are not normally distributed. From Figure D.13-4 it can be seen
that the background Thallium concentrations follow a curvature pattern and the p-value
for the Shapiro Wilk Test is 0.06. Therefore, it is concluded that the background
Thallium concentrations do not follow a normal distribution.



concentrations for Thallium are larger than the median background concentrations. The
hypothesis 1s that there is no difference between median values for the site Thallium
concentrations and background concentrations. The hypothesis of no difterence will be
rejected if the Test Statistic is greater than the Critical Value. Table D.13-2 contains the
Test Statistic and Critical value for this comparison. From Table D.13-2 it can be seen
that the Test Statistic is less than the Critical value. Therefore, we cannot reject the null
hypothesis that there is no difference between site and background Thallium
concentrations. It is concluded that the site Thallium concentrations are not larger than

the background concentrations. This test was conducted with a significance level of 0.01
(alpha).

Rank J Test Statistic Critical Value g
Sum L o

Site 207 tﬁ - 120

Background in - o ’

Table D.13-2



APPENDIX D.14

VANADIUM

Table D.14-1 contains the descriptive Statistics for Vanadium for the Site and
Background Concentrations for UXO 5. From Table D.14-1 it can be seen that the Mean
and Median concentrations for Background and Site are relatively close with a difference
0f 0.43 and 0.7 respectively.

Descnptwe Statistics UXO 5

23.89
24.32
Table D.14-1

Figure D.14-1 contains the Side by Side Box Plots for Vanadium for UXO 5. From
Figure D.14-1 it can be seen that the median values are relatively similar and that the
range of the Site Concentrations is larger than that of the Background Concentrations.
This difference in ranges is expected due to the larger sampling size of the Site
Concentrations.
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Figure D.14-2 contains side by side Confidence Intervals for the Vanadium
Concentrations. It can be seen that the site UCL is slightly smaller than the Background
UCL. Also it can be seen that the mean concentration for the Site Concentrations is
shghtly hlgher than the Background Concenlrations.
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" Figure D.14-2

Figures D.14-3 and D.14-4 show the normal probability plots and corresponding Shapiro
Wilks test for normalily. If the data is normal then the data points will roughly follow a
linear patten. The Shapiro Wilk test is a formal statistical test of normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than .10 then the data is considered to be not normally distributed. From Figure D.14-3 it
can be seen that the data do roughly follow the linear line on the probability plot and that
the p-value for the Shapiro Wilk test is 0.12. Therefore the Site Vanadium concentrations
are normally distributed. From Figure D.14-4 it can be seen that the data deviate from
the linear line and the p-value for the Shapiro Wilk Test is 0.10. Therefore the
Background Vanadium Concentrations are considered not normally distributed.
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Figure D.14-4

Since the Background Concentrations are not normally distributed the Nonparameteric
Wilcoxon Rank Sum test will be used to see if the median Site Concentrations for
Vanadium are larger than the median background Concentrations. The hypothesis is that
there is no difference between median values for the Site Vanadium Concentrations and
the Background Vanadium Concentrations. Table D.14-2 contains the rank sums for the
Site and Background Vanadium Concentrations and the corresponding Test Statistic and
Critical Value. The Hypothesis that there is no difference between median Vanadium
Concentration is rejected if the Test Statistic is greater than the Critical value. From
Table D.14-2 it can be seen that the Test Statistic is not greater than the Critical Value so
it is concluded that the Site Vanadium Concentrations are not greater than the
Background Vanadium Concentrations. This test was conducted with a significance level
{alpha) of 0.01.

Rank Sum Test Statistic | Critical Value g0

Site 266.5 76.5 _ 120

Background 111.5

Table D.14-2



APPENDIX D.15

ZINC

Table D.15-1 contains the Descriptive Statistics for the site and background Zinc
concentrations for UXO 5. From Table D.15-1 it can be seen that the mean and median
site concentration are greater than the mean and median background concentration.

Descriptive Statistics UXO 5

5

3596] 36.15,  15.10

19] 52319, 59.30 31.00 8750.00 1992.40
Table D.15-1

Figures D.15-1 and D.15-2 contain the side by side Box Plots for the site and background
Zinc concentrations. From these plots it can be seen that the site median concentrations
is slightly higher than the background concentrations. Also it becomes apparent that
there is an extreme value for the site concentrations.
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Figure D.15-3 contains the 95% Confidence Intervals for the Site and Background Zinc
concentrations. From this figure it can be seen that the mean site concentration is greater
than the mean background concentration. Also the UCL. for the Background
concentrations is less than the mean site conceniration.



* Means Plols
UXos
“1600.00’ . ep g e e n g e Sm =T el A e g et SR L

- 1400.00
| o Mean o
_1.+0 95 Confidence Inenal

1200.00 |
1000.00
“800.00
©600.00
‘400.;:@6 L

2000

—

. 200:00'

Figure D.15-3

Figures D.15-4 and D.15-5 show the normal probability plots and corresponding Shapiro
Wilks test for normality. If the data is normal then the data points will roughly follow a
linear pattern. The Shapiro Wilk test is a formal Statistical test 6f normality. The
hypothesis being that the data is normally distributed. If the p-value for the test is less
than 0.10 then the data is considered to be not normally distributed. From Figure D.15-4
it can be seen that the background data do not depart from the linear pattern and the p-
value for the Shapiro Wilk test is 0.36. Thus it is concluded that the background data is
normally distributed. From Figure I3.15-5 it can be seen that the site data docs not follow
a linear pattern and the Shapiro Wilk p-value is 0.00. Thus the site data is not normally
distributed. :
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Because the Site concentrations are not normally distributed the Nonparameiric Wilcoxon
Rank Sum test will be used to see if the median concentrations for Zinc are larger than
the median background concentrations. The hypothesis is that there is no difference
between median values for the site and background data. 1If the Test Statistic is greater
than the Critical Value then this hypothesis is rejected and it is concluded that the site
concentrations are greater than the background concentrations. Table D.15-2 contains the
Test Statistic and Critical Value for the Zinc comparison. From Table D.15-2 it can be
seen that the Test Statistic is greater than the critical value. Thus it is concluded that the
Site Zinc Concentrations are greater than the Background Zinc Concentrations. This test
was conducted with a significance level (alpha) of 0.01.

Rank Test Statistic Critical Value g
Sum

Site 321 131 120

Background 57

Table D.15-2
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APPENDIX E

FOOD-CHAIN MODELING EQUATIONS AND METHODOLOGY
UXO 5 - BUILDING 2044 DROP TOWER AND TEST RAIL SITE
NSWC CRANE, CRANE, INDIANA

COPC intake for wildlife exposed to the COPCs in surface soil and sediment was estimated as
daily dose (mg/kg-day) using exposure equations. The contaminant concentrations in surface
soil and sediment were used to calculate CDI doses. The following equations present the CDI

equations that were used in calculating a total daily dose for the surrogate species selected for

modeling:

The following equation will be'used to calculate the CDI for wildlife receptors:

[(CF*¥)+(Cs*Is)+ (Cw * Iw)]*H

CDI=
BW
Where:
CDI = Chronic daily intake {(mg/kg-day)
Ct = Chemical concentration in food — (see discussion below)
Cs = Chemical concentration in surface soil (mg/kg) or sediment (mg/kg)
Cw = Chemical concentration in surface water (mg/L)
i = Food ingestion rate {kg/day)
Is = incidental surtace soil or sediment ingestion rate (kg/day)
Iw = Water ingestion rate {L/day)
H = Portion of food intake from the contaminated area (unitless)
BW = Body weight (kg)

Chemical concentrations in food items for soil invertivorous and herbivorous receptors will be
calculated using soil-to-inveriebrate or soil-to-plant bioaccumulation factors (BAFs) and
regression equations from the USEPA Eco SSL Guidance Document (USEPA, 2007) or other
published sources. The sources of the BAFs are documented elsewhere in this Appendix. The
following equation will be used to calculate the chemical concentration in plants or invertebrates

when BAFs are used:

Cf =Cs*BAF
Where:
Cf

Contaminant concentration in food {mg/kg)



Cs
BAF

Contaminant concentration in surface soil {mg/kg)

Biota-soil bioaccumulation factor (unitlass)

Chemical concentrations in food items for piscivorous receptors will be caloulated using
sediment-to-fish BSAFs. The sources of the BSAFs are documenied elsewhere in this

Appendix. Contaminani concentrations in tood items for piscivorous mammals and birds will be

calculated as follows:

Cft (for metalsy— Csd * BSAF

Where:
Cf = Contaminant concentration in food (mg/kg)
Csd = - Contaminant concentration in sediment (mg/kg)
BSAF = Biota-sediment bioaccumulation factor (unitiess) -
Ct (for organics)= Csd * [ BSAF * %L )
%TCC
Where:
Ct = Contaminant concentration in food {ma/kg)
Csd = Contaminant concentration in sediment (mg/kg)
BSAF = Biota-sediment bicaccumulation factor (for organics}) (unitiess)
Yol = Percent lipids [14.4% (dry weight) for invertebrales]
%TOC = Percent totat organic carbon (TOC) (average TOC for the site) '

The exposure assumplions {e.g., ingestion rates and body weight) were obtained from the
Wildlife Exposure Factors Handbook (EPA, 1993) or other literature soufces, as necessary. The
exposure parameters from EPA (1993) are wetl weight values; however, the BAFs estimate the
fissue concentrations in dry weight. Therefore, the exposure parameters from EPA {1993} were
converted to dry weightl values tor the food chain model calculations. The exposure parameters
that were used in this ERA, the values that were used to calculate the exposure parameters, and
a discussion of how they were calculated are presented elsewhere in this Appendix.

An ecological effects guotient (EEQ) approach was used to characterize the risk to tetrestrial
receptors.  This approach chasacierizes the poiential effects by comparing the exposure
concentration with the effects data. An EEQ of greater than 1.0 is considered indicative of a
potential risk. The EEQ is not an expression of probability, and the meaning of values greater
than 1.0 must be interpreted in light of uncerainties in risk management.



The EEQ for the terrestrial wildlife model was calculated as follows:

Total CDI
EEQ = A&
TRV
Where: EEQ - = Ecological effects quotient {unitless)
TotalC . = Total daily intake dose {mg/kg-day)

TRV = Toxicity reference value (NOAEL or LOAEL) (mg/kg-day)



APPENOIX E

CHEMICAL CONCENTRATIONS IN SUAFACE SOIL AND TISSUE FOR FOOP-CHAIN MODEL CALCULATICNS
UXC 5 - BUILDING 2044 DROP TOWER TEST RAIL SITE
NSWC CRANE, CRANE, INDIANA

I Surtace Soil Concenirations (mg/kg) Surisce Water Concenirations (mg/L} Pianl Congenirallons
’7 Esrthworm Bloacgumulation Faciers | Earthworm Cunclmn"ltlom (mghg) Plart Bicaccumulation Fuclars [mglkg}
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COBALT . 1.56E+01 7 S0E+00 7.90E+00 7.90E+£0 0.00FE~00 C.00E+00 Ragression or BAF trom Eco S5t 2 0AE+00 9 84E-01 Regression or BAF from Eco S8 1.26E-01 5 93E-0
COPPER 1.56E+02 2.12E+01 2.12E+D1 2.12E+01 0.00E+0C C.00E+D0 Ragression or BAF from Eco SSL 8.03E+01 109E+01 | Regression or BAF from Eco SSL|  1.43E+01 5 49E+
LEAD 5.87E+02 4.62E+D1 4.82E+01 4.62E+01 0.00E+00 0.00E+D0 Fagression or BAF from Egp SSL 140E+02 1 77E+01 Ragression or BAF from Eco 511 9 56E+00 2 2TE-L
MANGANESE 1.12E+03 4.27E+02 4.27E+02 4.27E+02 0.00E+00 00dE+00 Aagression or BAF from Eco SSE 535€401 2 7TE+D1 Regression or BAF from Eco S5 8858401 3IFEAL
SELENUM 8.08E-01 IME-( 4.12E-01 3.91E-01 0.00E+00 0.00E+00 _Ragression or BAF from Eco SSL 4 30E+90 4 15E-01 Regrassion or BAF from Ego 88L] 1 01E-01 5 37E-0
THALLIUM 2 59E-01 1.33E-C1 1.33€E-01 - 1.33E.01 0.00E+00 0.00E+Q0 Ragression ar BAF from Eco §SL 1 23E+00 1.41E-01 1.00E+00 | 1 0QE+00 3.94E-02 2 40E-D
VANADIUM 3.85E+01 2.43E+H 2436401 2.43E+01 0.00E+00 0.00E400 Regression or BAF from Eco SSL 1,69E+00 102E+00 | Regragsion or BAF from Eco SSL| 188601 1 18E-0
NG | evsE.0s 5.23E+02 5 29E+02 5.23E+02 0.00E+00 0.00E+00 Regression or BAF trom Eco SSL 1 68E+08 567E+02 | Regression of BAF Irom Eco 85U  7.38E«G2 | 1.55EC

1 - It tha average of all value is tha greats: than the maxdmum dalection, the avsraga of the poakive daeteclions was used as the averaga value.



BOBWH,

<L - AVERAGE INPUTS

TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

NSWC CRANE, INDIANA

UXQ 5 - BUILDING 2044 DROP TOWER AND TEST RAIL SITE

Avg Soil Vegetation Dose {mg/kgiday) from: Total

Concentration Concentration | Surface Dose NQAEL LOAEL NOAEL LOAEL
Parameter {mplkg) (mgrkg) Soll Vegstation | (mg/kg/day} | (mg/ka/day)} | {mg/kg/day) EEQ EEQ |
Explosives
2.4-DINITROTOLUENE 1.32E-01 [ 344501 [ 3.836E-05 | 4102603 | 4.20E-03 [ NV NV NV NV
Incrganics '
ANTIMONY 5.89E-01 6.00E-03 4.382E-04 | 7.328E-05 5.11E-04 NV NV NV NV
BARIUM 1.38E+02 2.15E+01 1.026E-01 2.624E-01 3.65E-01 NV NV NV NV
CACMIUM 4.12E+00 1.35E+00 3.070E-03 1.645E-02 1.95E-02 1.47E+00 6.35E+00 1.33E-02 | 3.07E-03
CHROMIUM 2.13E+01 8.7SE-01 1.588E-02 | 1.067E-02 2.66E-02 2.66E+00 1.56E+C1 9.99E-03 | 1.7CE-03
COBALT 7.80E+C0 5.93E-02 5.881E-03 | 7.231E-04 6.60E-03 7.61E+00 1,83E+01 B.88E-04 | 3.60E-04
COPPER 2.12E+01 5.49E+0C 1.676E-02 | 7.023E-02 9.50E-02 4.05E+00 3.49E+01 2.35E-02 | 2.72E-Q3
LEAD 4.62E+01 2.27E+00 3.438E-02 | 2.776E-02 6.21E-02 1.63E+00 4.46E+01 3.81E-02 | 1.39E-03
MANGANESE 4.27E+02 3.37E+01 3.17BE-01 4.116E-01 7.28E-01 1.79E+02 3.77E+02 4.07E-03 | 1.93E-03
SELENIUM 3.81E-01 5.37E-02 2.814E-04 | 6.552E-04 9.47E-04 2.9CE-01 8.20E-01 3.26E-03 | 1.15E-03
THALLIUM 1.33E-01 2.40E-02 9.927E-05 | 2.928E-04 J.92E-04 NV NV NV NV
VANADIUM 2.43E+01 1.18E-01 1.810E-02 | 1,438E-03 1.95E-02 3.44E-01 1.70E+00 568E-02 | 1.15E-02
ZINC 5.23E+02 1.55E+02 3.896E-01 1.851E+0Q 2.28E+00 6.61E+01 1.71E+02 3.45€-02 | 1.33E-02

Cells are shaded if the EEQ is greater than 1.0.

Data from Mine Fill A Proper samples were used for surface soil concentrations.

Data from Gully samples were used for surface water concentrations.

Energetics, cadmium, mercury, selenium, and siiver were CQPCs in surface waler only.
A biotransfer factor o1 1.0 was used for the energetics where a bictranster factor was not available.

Body Weight = (BW}

Food Ingestion Rate = (M)
Water Ingestion Rate = {lw)
Soil Ingestion Rata = (Is)
Home Range = (HR)
Contaminated Area = (CA)

1.770E-01
2.160E-03
1.840E-02
1.318E-04
2.860E+01
Assurne equal to home range

H=HRA/CA (Assume =to ! for maximum exposure)

Dose (sudace soll) = (Cs * Is){H)/BW
Dose (surface water) = (Cw ™ wi{H)/BW

Dose {vegatation) = (Cv " I[){H)/BW

Total Dose = Dose {surface soil) + Dose {surface water) + Dose (vagatation)

Definiticns:

EEQ - Ecological Effects Quotient
NCAEL - No Observed Adverse Effects Level
LOAEL - Lowgst Observed Advarse Effects Level
Cs = Contaminant concentration in soil
Cw = Conlaminant concentration in water
Cv = Contaminant cone. |n vegetation {=soil conc. * Bictransier Factor)
NV = No Value is avallatle




SHOAT-TAILED SHREW - AVERAGE INPUTS

TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION
UX0O 5 - BUILDING 2044 DROP TOWER AND TEST RAIL SITE
NSWC CRANE, INDIANA

Avg Soll Invertgbrete Dose (mg/ka/dsy)} from: Total

Concentration Concentration Surface Dose NOAEL LOAEL NOAEL LOAEL
Parameter {mg/kg) {mg/kg) Sall Inverts, {mg/kg/day) | (mg/kgiday) | {mg/kg/day) EEQ EEQ
Explosives
2,4-DINITROTOLUENE 1.32E-01 | 132601 | 1.16B-084 | 1.26E-02 | 130602 | 200E-01 | 1.50E+00 | 6.51E-02 | 8.68E-03
Inorganics-
ANTIMONY 5.89E-01 5.88E-01 5.18E-04 5.75E-02 5.80E-02 5.90E-02 2.76E+00 [ 9.83E.01 | 2.10E-02
BARIUM 1.38E+02 1.25E+01 1.21E-01 1.23E+00 1.35E+00 5.1BE+01 8.27E+Q1 2,60E-02 | 1.63E-02
CADMIUM 4.12E+00 2.55E+01 3.63E-03 2.50E+00 2.50E+00 7.7CE-01 8.90E+Q0 3.62E-01
CHROMIUM 2.13E+01 6.53E+00 1.88E-02 6.38E-01 §.56E-01 2.40E+00 5.82E+01 2.73E-01] 1.13E-02
COBALT 7.80E+00 5.64E-01 6.95E-03 9.42E-02 1.01E-01 7.33E+00 1.86E+01 1.38E-02 | 5.35E-03
CCOPPER 2.12E+01 1,09E+01 1.86E-D2 1.06E+00 1.0BE+00 5.60E+00 8.27E+01 1.93E-01 1.31E-02
LEAD 4.62E+01 1.77E+01 4.06E-02 . 1.73E+00 1.77E+00 4.70E+00 1.86E+02 | 3.77E-01 | 9.50E-03
MANGANESE 4,27E+02 2.77E+01 3.75E-01 2.71E+00 3.08E+00 5.15E+01 1.46E+02 5.98E-02 | 2.11E-02
SELENIUM 3.91E-01 4.15E-G1 3.44E-04 4.05E-02 4.08E-02 1.43E-0¢ 8.60E-01 2.86E-01 | 6.19€-02
THALLIUM _1.33E-01 1.43E-Q1 1.17E-04 1.38E-02 1.39E-02 7.40E-03 7.40E-02 1.88E-01
VANADIUM 2.43E+01 1.02E+00 2.14E-02 9.98E-02 1.21E-01 4.16E+00 9.44E+00 | 291E-02 | 1.28E-02
ZING 5.23E+02 6.67E+02 4.60E-01 6.51E+01 6.56E+01 7.54E+01 2.98E+02 | 8.70E-01 | 2.20E-01

Cells are shaded i the EEQ Is graater than 1.0.
Data trom Mine Fill A Proper sampies wera used for surface scil concentrations.

Data {from Gully samples were used lor suface water concentrations.

Energelics, cagmium, maccury, selenium, and silver were COPCs in surface watar only.
A blotranster factor of 1.0 was used lor the enargetics whera a biclranstarfactcr was not availabla.

Body Weight = (BW)

Food Ingestion Rate = (Il
Wwater Ingestion Fate = {Iw)
Soil ingestion Rate = {Is)
Home Range = (HR)
Contaminated Area = {CA)

Daose (surace soil) = (Cs * Is)(H)/BW

1.687E-02
1.648E-03.
3.800E-03
1.483E-08
9.700E-01

Assume aqual to home range
H=HR/CA (Assume = to 1 for maximum exposure)

Dosa (surface water) = (Cw * w){H)/BW
Dose (inverlgbrales) = {Ci ™ it)(H)/BW
Total Dose = Dose (surface soil} + Dose (surface watar) + Dose (invertebralas)

Dalinitions:

EEQ - Ecclogical Effects Quotianl
NOAEL - Nc Obsarvad Adverse Eflects Levael
LQAEL - Lowest Obsaerved Adverse Effects Level
Cs = Contaminant ccncentration in soit

Cw = Centaminant concentration in water -

Ci = Contaminant conc. In scit invertebrates (=soil conc. * Biotransfar Factor)

NV = No Valus Is available




MEADQW vuLc - AVERAGE INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

UXO 5 - BUILDING 2044 DROP TOWER AND TEST RAIL SITE
NSWC CRANE, INDIANA

Avg Soil Vegetation Dose {(mg/kg/day} from: Total

Concentration | Concentration} Surface Dose NOAEL LOAEL NOAEL | LOAEL
Parameter (mg/kg} {mg/kg) Soil Vegetation | {mg/kg/day) | {(mglkg/day) | {(mg/kg/day) [ EEQ EEQ
Explosives
[2,4-DINITROTOLUENE 1.32E-01 | 3.44E-01 | 7.707E-05 | 1674E-02 | 168E-02 | 2.00E-01 | 1.50E+00 ] 8.41E-02]1.12E-02]
Inorganics
ANTIMONY 5.89E-01% 6.00E-03 3.442E-04 | 2.926E-04 5.37E-04 5.90E-02 2.76E+00 1.08E-02 | 2.31E-04
BARIUM 1.38E+02 2.15E+01 B.061E-02 | 1.048E+00 1.13E+00 5.18E+01 8.27E+01 2.18E-02 | 1.36E-02
CADMIUM 4.12E+00 1.35E+00 2.411E-03 | 6.568E-C2 8.81E-02 7.70E-D1 8.9CE+00 |8.84E-02 | 9.87E-03
CHROMIUM 2.13E+01 B.75E-Q1 1.2408E-02 | 4.262E-02 5.51E-02 2.40E+00 5.82E+01 2.29E-02 [ 9.47E-04
COBALT 7.90E+00 5.93E-Q2 4.620E-03 | 2.887E-03 7.51E-03 7.33E+00 1.85E+01 1.02E-03 [ 3.87E-C4
COPPER 2.12E+0 6.49E+00 1.2386-02 | 3.164E-01 3.29E-01 5.60E+00 B.27E+01 [ 5.87E-02 | 3.9BE-03
LEAD 4.62E+01 2.27E+00 2.699E-02 1,108E-1 1.38E-01 4.70E+00 1.86E+02 [ 2.83E-02| 7.39E-04
MANGANESE 4.27E+02 3.37E+01 2.496E-01 | 1.643E+00 1.89E+00 5.15E+01 1.46E+02 [ 3.6BE-02}1.30E-02
SELENIUM 3.91E-01 5.37E-02 2,289E-04 | 2.616E-03 2.85E-03 1.43E-01 6.60E-01 1.99E-021 4.31E-03
THALLIUM 1.33E-01 2.40E-02 7.798E-05 1.169E-03 1.25E-03 7.40E-03 7.40E-02 | 1.69E-01} 1 68E-02
VANADIUM 2.43E+01 1.18E-01 1.422E-02 | 5.748E-03 2.00E-02 4.16E+00 9.44E+00 | 4.80E-03]12.12E-03
ZINC 5.23E+02 1.55E+02 3.060E-01 | 7.551E+0Q 7.8GE+00 7.54E+01 2.98E+02 | 1.04E-01 | 2.54E-02

Cells are shaded if the EEO is greater than 1.0.
Data from Mire Fill A Proper samples were used for surface soil concentralions.
Data from Gu'ly samples wera used for surface water concentrations.
Energatics, cadmium, mercury, selenium, and silver were COPCs in surface water only,

A bictransfer factor of 1.0 was used for the ensrgetics whers a biotranster faclor was not available.

Body Weight = (BW} 3.863E-02 Definitions:

Food Ingestion Rete = (If) 1.785E-03 - EEQ - Ecological Effects Quotient

Water Ingestion Rate = {lw) €.400E-03 NQAEL - No Qbserved Adverse Effects Level
Scil Ingestion Rete = {Is) 2.142E-05 LOAEL - Lowest Observed Adverse Effects Leval
Home Range = {HR) 1.640E-C1 Cs = Contaminant concentration in soil

Cantaminated Area = {CA}

Assume squal to home range

Cw = Contaminant congentration in water

H=HR/CA (Assume = to 1 for maximum exposura) Cv = Contaminant conc. in vagetation (=soil conc. * Bictransfer Factor)
‘ NV = No Valug is available ’

Doss {surfaca soil) = {Cs * Is)(H)/BW

Dose (surface water) = {Cw ™ lw)(H)/BW

Dose (vegatation} = {Cv * Ifj{H)/BW

Totat Doss = Dose (surface sofl) + Dose (surface water) + Dose (vegetation)



TERRESTRIAL WILDLIFE MODEL EGOLOGICAL EFFECTS QUOTIENT CALCULATION
UXO 5 - BUILDING 2044 DROP TOWER AND TEST RAIL SITE
NSWC CRANE, INDIANA

AMERICAN WOODCOCK - AVERAGE INPUTS

Avg Soil Invertebrate Dose (mglkg/day) from: Total

Concentration | Concentration Surface Doae NOAEL LOAEL NOAEL LOAEL
Parameter {mg/kg) {ma/kq) Soll nverts. | (mg/kg/day) | (mg/kg/day) | (mg/kg/day) EEQ EEQ
Explosives
2,4-DINITROTOLUENE | 132F-01 | 132E-01 | 113E-03 | 1.76E-02 | 1.87E-02 | NY NV ] Ny NV
Inorganics '
ANTIMONY 5.89E-01 5.89E-01 5.02E-03 7.85E-02 8.35E-02 NV NV NV NV
BARIUM 1.38E+02 1.25E+01 1.1BE+00 1.67E+00 2.85E+00 NV NV NV NV
CADMIUM 4.12E+00 2.55E+01 3.52E-02 3.41E+00 3.44E+00 1.47E+00 6.35E+00 5.42E-01
CHROMIUM 2.13E+01 6.53E+00 1.82E-01 B.70E-01 1.05E+00 2.66E+00 1.56E+01 3.96E-01 | 6.73E-02
COBALT 7.90E+00 9.64E-C1t 6.74E-02 1.29E-01 1.96E-01 7.61E+CQ 1.83E+01 2.57E-02 | 1.07E-02
COPPER 2.12E+01 1.0GE+01 1.81E-01 . 1.45E+00 1.63E+00 4.05E+00 3.49E+01 4.032-01 | 4.69E-02
LEAD 4.62E+01 1.77E+01 3.948-01 2.36E+00 2.76E+00 1.83E+00 4.46E+01 6.18E-02
MANGANESE 4.27E+02 2.77E+01 3.64E+00 3.69E+00 7.34E+00C 1.79E+02 3.77E+02 4.10E-02 | 1.95E-02
SELENIUM 3.91E-01 4.15E-01 3.34E-03 5.53E-02 5.86E-02 2.90E-01 £.20E-01 2.02E-01 | 7.15E-02
THALLIUM 1.33E-01 1.41E-01 1.14E-03 1.88E-02 2.0CE-Q2 NV NV NV NV
VANADIUM 2.43E+01 1.02E+00 2.0BE-01 1.36E-01 3.44E-01 3.44E-01 1.70E+00 9.99E-01 [ 2.02E-01
ZINC 5.23E+02 6.67E+02 4.47E+00 8.89E+01 9.33E+01 6.61E+01 1.71E+02 11e+00 RSN

Cells are shaded if the EEQ is greatar than 1.0.
Data from Mine Fill A Proper samplas were used for surtace soil concentrations,
Data from Gully samplas were used for surface walgr concentrations,
Energetics, cadmium, mercury, selenium, and sitver were COPCs in surlace water only,

A biotransfer facter of 1.0 was used for the anaergetics where a bigtranster factor was not available.

Body Weight = (BW}

Food Ingestion Rata = (If)
Waler Ingastion Rate = (lw)
Soil Ingestion Rate = (Is)
Home Aange = (HA)
Contaminated Area = {CA)

1.865E-0!
2.526E-02
1.900E-02
1.617E-03
6.133E+01

H=HR/CA (Assume =10 1 for maximum exposure}

Dose (surfaca soil) = {Cs ~ Is)(H)/BW
Dose (surface watar) = (Cw * Iw){H)/BW -
Dose (invartebrates) = {Ci * i}{(H)/BW
Total Dose = Dose (surface soil) + Dose (surface water) + Dose {inveriebrates)

Assuma equal to home range

Definltions:

EEQG - Ecologica! Effacis Quotiant

NOAEL - No Observed Adverse Effacts Level

LOAEL - Lowest Observed Adverse Effects Level
Cs = Contarminant cencentration in soil

Cw = Contaminant concentration in water
Ci = Contaminan! cenc. in soil inveneabrales (=soil conc. * Bictransier Factor)

NV = Ne Valde Is available




APPENDIX F

DATA VALIDATION REPORTS
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Tetra Tech NUS

INTERNAL CORRESPONDENCE

TO:. R. BASINSKI JANUARY 18, 2008
FROM: EDWARD SEDLMYER- COPIES: DV FILE
SUBJECT:  ORGANIC DATA VALIDATION — EXP
CTO 0034, NSWC CRANE
SDG TT03401
SAMPLES: 19/ Soil
X55S-001C0002 X5SS-002C0002 X55S-003C0002
X555-004C0002 X55S-005C0002 X55S-006C0002
X5SS-007C0002 X5SS-008C0002 X5SS-009C0002
X555-010C0002 X5SS-011C0002 X5SS-012C0002
X555-013C0002 X555-014C0002 X5SS-015C0002
X55S-016C0002 X555-017C0002 X555-018C0002
X58S-019C0002 :
OVERVIEW

The sample set for CTO 0034, NSWC CRANE, SDG TT03401 consists of nineleen (19) soil
environmental samples. All samples were analyzed for explosives (EXP).

The samples were collected by TetraTech NUS on Oclober 8, 2007 and analyzed by lLaucks Testing
Laboratories, Seattle, WA. All analyses were conducled in accordance with USEPA SW 846 Method 8330.
The data contained in this SDG were vafidated with regard to the following parameters:

Data completeness

Holding times

Initial and continuing calibration

Blank resulls

Surrogate spike recoveries

Blank Spike/Blank Spike Duplicate Results
Matrix Spike/Mairix Spike Duplicate Results
Detection Limits

Field Duplicate Results

Compound Quantitation

Compound Identification

L] * * [ 3 * * »

+ [ ] 1 ] »*

The symbol {*) indicates that all quality conlrol criteria were met for this parameter, Problems affecting data
quality are discussed below; documentalion supporting these findings is presented in Appendix C. Qualilied
Analytical resulls are presented in Appendix A. Resulis as reporied by the laboratory are presented in
Appendix B,



MEMO YO H BASINSK) PAGE: 2
DAYE: 01/18/08 S0G: TT0340

EXP

The laboratory reported the surrogate percent recoveries from one column only. No qualifications were
made on this basis.

EXECUTIVE SUMMARY

Laboratory Performance .issuesﬁ None,

Other Factors Affecting Data Quality: None.

The data for these analyses were reviewed with reference to the EPA Functional Guidelines for Organic Data
Validation {October 1999) and the Department of Defense (DoD) document enlitled "Quality Systems
Manual {QSM) for Environmental Laboratories® (January 2006). The text of this repont has béen formulated
to-address only those problem areas affecling data qualiity.

" atlest thal the dala referenced herein were validaled according 1o the agreed upon validation criteria as
. specified in the DoD QSM.”

etra Tech NUS

Edward Sedimyer
Chemist/Data Validalor

Joseph A. Samchuck _
Data Validation Quality Assurance Officer

Attachments;

1. Appendix A - Qualified Analytical Results
2. Appendix B - Resulls as Reporied by the Laboratory
3. Appendix C - Support Documentation



APPENDIX A

QUALIFIED ANALYTICAL RESULTS



Data Validation Qualifier Codes:

A

o w

co1

ZErXR~«~- T o0 mTMmmo

rd
o
s

NO2
03

=

N<Xs<c—0wDDTO

Lab Blank Contamination
Field Blank Contamination
Calibration Noncompliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, elc.)
GC/MS Tuning Noncompliance
MSMSD Recovery Noncompliance
LCS/LCSD Recovery Noncompliance
Lab Duplicate Imprecision
Field Duplicate imprecision
Holding Time Exceedance
ICP Serial Dilution Noncompliance
GFAA PDS - GFAA MSA's 1 < 0.995/ ICP PDS Recovery Noncompliance
ICP Interference - includes ICS % R Noncompliance
Instrument Calibration Range Exceedance
Sample Preservation Noncompliance
Internal Standard Noncompliance -
Internal Standard Recovery Noncomphance Dioxing
Recovery Standard Noncompliance Dioxins
Clean-up Standard Noncompliance Dioxins
Poor Instrument Performance (e.g. base-line drifting)
Uncertainty near detection limit {< 2 x 1DL for inorganics and <CRQL for organics)
Other problems (can encompass a number of issues; e.g. chromatography,interferences, elc.)
Surrogates Recovery Noncompliance '
Pesticide/PCB Resolution
% Breakdown Noncompliance tor DDT and Endrin
% Difterence between colu'mns_ideie_ctors' ~25% for posilive results determined via GCHPLC
Non-linear calibrations; correlation coefficient r < 0.995
EMPC result

Signal to noise response drop
Percent solids <30%
Uncertainty at 2 sigma deviation is greater than sample activity



PROJ_NO:

00447

SDG: TT03401 MEDIA: SOIL DATA FRAGTION: EXP

nsampla X588-001C0002 nsample *538-002C0002 nsample A555-003C00Q2
samp_date 10/8/2007 §:15:00 AM samp_date 10/8/2007 8:30:00 AM samp_dale 10/8/2007 8.50:00 AM
jab_Id TT03401-001C lab_id TT03401-002C lab_l TT03401-003C
te_type NM gc_type NM' ge_type NM
units MG/KG Linits MGKG units MG/KG
Pct_Sollds 100.0 Pet_Solids 100.0 Pci_Solids 100.0
DUP_OF: DUP_OF: DUP_OF;

‘ - val [ Quat . val ‘Oual_ I 1 val | Qual
. Paramster Aesultl Qual | Code Parameter Result| Qual | Code Paramater Result; Qual | Code
13,5-TRINITROBENZENE 0.029- U 1,3,5-TRINITROBENZENE 0.020) U 1,35-TRINITROBENZENE 0028 U |
1,3-DINITROBENZENE 0.0081] U 1,3-DINITROBENZENE 0.0081 U | [1,3-DINITRCBENZENE o.0081] U
2,4 6-TRINITROTOLUENE 0018 U 2.48-TRINTROTOLUENE 0.016] U 2,4,6-TRINITROTOLUENE o018 U
2,4-DINITROTOLUENE 0.013 U 1" 2 4-DINITROTOLUENE 0.013 U 2,4:-DINTTROTOLUENE [ 0013 U
2,8-DINITROTOLUENE 0.640, U 2.6-DINTROTOLUENE 0.040 U 2,6-DINITROTOLUENE 0.040 U
2. AMIND-4,6-DINITROTOLUENE 0.025! U 2-AMINO4,6-DINITROTOLUENE o028 U 2-AMINO-4,6-DINITROTOLUENE 0.025] U
2-NITROTOLUENE 0.021] U 2NITROTOLUENE 0021 U 1 J2NITROTOLUENE 0021 U
3.NITROTOLUENE 0.012] U 3-NITROTOLUENE 0012 U 3-NITROTOLUENE 0012 U
4-AMINQ-2,6-DINITROTOLUENE o024 U 4-AMINO-2,6-DINITROTOLUENE 0.024) U 4-AMINO-2 5-DINITROTOLUENE 0.024] U i
4:NITROTOLUENE 0.016] U 4-NITROTOLUENE 0.0t6] U | [4-NITROTOLUENE oo1sl U |
HMX 0.037] U ] X 0037, U | HMx 0037] U 1T
NITROBENZENE 0.0067| U NTROBENZENE 0.0067] U | |NMITROBENZENE 0.0067] U '
ROX 0.041| U ROX 0041 U | IRDx : 0.081] U
TETRYL 0.029) U TETRYL 0.029. U TETRYL 0029 U
Paga t o [1/7/2008 1:52:47 PM}



PROu_NO:

00447

SDG: TT03401 MEDIA: SOIL DATA FRACTION! EXP

nsample

nsample X555-004C0002 nsampile X588-005C0002 X555-006C0002
samp_dats 10/8/2007 9:10:00 AM samp_dale 10/8/2007 9:25.00 AM samp_date 10/8/2007 9:45:00 AM
lab_id TT03401-004C lab_id TT03401-005C lab_id TT03401-008C
oc_type NM qc_lype NM qc_type NM
units MG/KG .. units MGKG units MG/KG
Pet_Solids 100.0 Pet_Solids 100.0 Pct_Solids 100.0
DUP_OF: DUP_OF: DUP_OF:
val | Qual ;! , val | Qual val | Qual

Parameter Resulil Qual | Code Paramater Rasult| Qual | Code ‘ Parameter Rasult| Qual | Code
1,3,5-TRINITROBENZENE 0.029) U 1,3,5-TRINITROBENZENE 0.028; U 1,35 TRINITROBENZENE 0029 U B
1,3-DINITROBENZENE 0.0081] U 1,3-DINITRCBENZENE 0.0081 U 1,3-DINITROBENZENE 0,0081] U
2,4,6-TAINTROTOLUENE 0.018( U 2,4 6-TRINITROTOLUENE 0.016] U 2.4,6-TRINITROTOLUENE 0.016| U
2,4-DINITROTOLUENE 0.013] U 2,4-DINITROTOLUENE 00131 U 2,4-DINITROTOLUENE 0.013) U
2,6-DINITROTOLUENE 0.040, U 2,6-DINITROTOLUENE 0.040; U 2,6-DINITROTOLUENE 0.040] U
2-AMINO-4,8-DINITROTOLUENE 0.025 U 2-AMINQ-4,8-DINITROTOLUENE Q.02 U 2-AMINO-4,6.DINITROTOLUENE 0025 U
2-NITROTOLUENE 0.021, U 2:NITROTOLUENE 0021 U 2.NITROTOLUENE oo0z21 U 3
3NITROTOLUENE 0.0121 U 3-NITROTOLUENE 0.012] U 3-NITROTOLUENE otz U “
4-AMINO-2,6-DINITROTOLUENE - 0.024; U 4-AMING-2,8-DINITROTOLUENE 0.024] U 4-AMINO-2,6-DINITRQTOLUENE 0.024] U J
4-NITROTOLUENE 0.016 U 4-NITROTOLUENE 0.6 U 4-NITROTOLUENE 0.016] U :
HMX 0.0370 U HMX 0.037, U HMX 0.037, U l
NITROBENZENE 0.0067) U NITROBENZENE 0.0087 U NITROBENZENE 0.0067] U !
RDX 0.041) U ADX 0.041, U ROX 0.041f U
TETRYL 0.026; U TETRYL 0.0201 U j TETRYL o028 U ]

.

Page 2 of 7 [1/7/2008 1:52:47 PM]



PROJ_NO: 00447
SDG: TT03401 MEDIA: SOIL DATA FRACTION: EXP

nsampla X585-007C0002 nsample X558-008CC002 nsample X558-009C0002

samp_date 10/8/2007 10:20:00 AM samp_date 10/8/2007 2:38:00 PM ' samp_date 10/8/2007 12:3C:00 PM

lab_id TT03401-007C lab_jd TT03401-008C lab_id TT03401-009C

qc_typs NM ' qc_type NM . ge_type NM

units MGG units MG/KG units MG/KG

Pct_Solids 100.0 Pet_Solids 100.0 Pct_Solids ' 100.0

DUP_OF: DUP_OF: ‘ DUP_QF:

r [ val | Qual [ val ouj , val ‘ Qual
Parameter Result| Qual | Code Paramgter Result| Qual | Code Parameter Result! Qual | Code

1,35 TRINITROBENZENE 0.028] U 1,35 TRINTAOBENZENE 0.020] U | [1.35-TRINTAOBENZENE 0.029] U

13-DINITROBENZENE 0008\ U 1 [1,3-DINITROBENZENE 0.0081] U 1,3-DINITROBENZENE 0.0081] U

2,4,6-TRINITROTOLUENE 0.016] U | [246-TRINITROTOLUENE 0016 U | [24.6-TRINITROTOLUENE 0.018] U

2,4-DINITROTOLUENE 0013 U 2.4-DINITROTOLUENE 0018 U | 2,4-DINITROTOLUENE 0013] U

2,6-DINITROTOLUENE 0.040] U | [26-DINTROTOLUENE 0.040] U 2,6-DINITROTOLUENE oo U |

2-AMINO-4 6-DINITROTOLUENE 0.025] U ~ | [2-AMINO &-DINITROTOLUENE 0.025] U 2-AMINO-4 8-DINITROTOLUENE 0.025 U |

2-NITROTOLUENE 0.021] U I2-NITROTOLUENE 0.021] U 2-NITROTOLUENE 0021 U

3-NITROTOLUENE 0.012[ U [3-NITROTOLUENE 0.012] U | [sMTROTOLUENE 00i2] U

4-AMINO-2,6-DINITROTOLUENE 0.024] U 4-AMINO-2,6-DINITROTOLUENE 0.024] U | [4-AMIND-2,6-DINITROTOLUENE 0024 U

4-NITROTOLUENE 0016 U 4-NITROTOLUENE 0.016] U | la-NTROTOLUENE 0.016] U

HMX 0.037] U HMX 0.037] U HMX 0037 U

NITROBENZENE 00067 U NITROBENZENE 0.0067] U NITROBENZENE 00067 U

ADX 0041 U RDX 0041 U | ROX ' oon] U T

TETRYL 0.028] U [TETRYL 0.0z8] U TETRYL 0029] U |

Page 3 of mR008 1:52:47 PM]
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PROJ_NO:

00447

SDG: TT03401 MEDIA: SOIL DATA FRACTION: EXP

X555-011C0002

nsampla

X5885-012CQ002

nsample X588-010C0002 nsample
samp_dals 10/8/2007 12:50:00 PM samp_date 10/8/2007 1:00:00 PM samp_date 10/8/2007 10:45:00 AM
lab_id TT03401-010C lab_id TT03401-011C lab_id TT03401-012C
qe_type NM qc_type NM " qc_type NM
- unlts MG/KG units MGG units MG/KG
Pct_Solids 100.0 Pct_Solids 100.0 Pct_Solids 100.0
DUP_OF: DUP_OF: OUP_OF:
Val | Qual val | Qual Val Qua!

Paramater Rasultl Qual | Code Parameter Result| Qual | Code Param?tsr Result) Qual | Code
1,3.5-TRINITROBENZENE 0029 U 1,3,5-TRINITROBENZENE o.028 U 1,3.5-TRINITROBENZENE 0.028) U
1,3-DINITROBENZENE 0.0081 U 1,3-DINITROBENZENE 0.0081 u 1,3-DINITROBENZENE 0.0081 U
2,4,6-TRINITROTOLUENE 0.018) U 2,4,6-TRINITROTOLUENE 0.016) U 2,4,6-TRINITROTOLUENE | 0.016/ U
24-DINITROTOLUENE 0.013) U 2.4-DINITROTCLUENE Q013 U 2,4-DINITROTOLUENE 0013 U -
2.6-DINITRCTOLUENE 0.040| U 2,6-DINITROTOLUENE 0040 U 2,6-DINITROTOLUENE 0.040] U
2-AMINO-4,6-DINITROTCLUENE 0.025 U 2-AMINO-4,6-DINITROTOLUENE Q025 U 2-AMIND-4,6-DINITROTOLUENE 0.025 U
2-NITROTOLUENE 0.021] U 2-NITROTOLUENE 0.2 U 12-NITROTOLUENE 0021 U
3-NITROTOLUENE 0.012) U 3-NITROTOLUENE 0.012) U 3-NITROTCLUENE 0.012| U
4-AMINO-2 6-DINITROTOLUENE 0.024) U - 4-AMINO-2 8-DINITROTOLUENE 0.024| U 4-AMING-2 8-DINITROTOLUENE 0.024 U
4-NITROTOLUENE ' 0.018) U 4-NITROTOLUENE 0.016)] U 4-NITROTOLUENE 0.018] U
THMX 0.037] U HMX 0.037] U HMX 0037, U
NITROBENZENE 0.0067 U NITROBENZENE 0.0067( U NITROBENZENE 0.0067; U
ROX 0.041 U AOX 0.041 U RDX 0.041) U

[TETRYL 0.028) U | ITETRYL 0.029] U TETRYL Q029 U G

Page 4 of 7 [1/7/2008 1:52:47 PM]




PROJ_NO:

00447

SDG: TT03401 MEDIA: SOIL DATA FRACTION: EXP

X5%5-015C0002

Page 5 of 7 "V/1/2008 1:52:47 PM]

nsample X558-013C0002 nsample X555-014C0002 nsampls
samp_dats 10/8/2007 11:05:00 AM samp_date 10/8/2007 11:25:00 AM samp_date 10/8/2007 2:25:00 PM
lab_id TT03401-013C tab_id TT03401-C14C lab_id TT03401-015C
gc_type NM qc_type NM qc_typs NM
units MG/KG units MG/KG units MG/KG
-Pet_Solids 100.0 Pct_Solids 100.0 Pct_Sollds 100.0
DUP_OF: DUP_OF: DUP_OF:
N val oﬁl val | Qual r J Val ouaq

Parameter Result) Qual | Code Parametar Resultf Qual | Code Parameter Resultl Qual | Code
1,35-TRINITROBENZENE 0.020] U } 11,85 TRINITROBENZENE 0.029] U 1,35 TRINITROBENZENE 0.029) U
1,3-DINITROBENZENE 0.0081] U | |1.3-DINTROBENZENE 0.0081 U | [1.3-DINTROBENZENE o.oc81] U ]
2,45 TRINITROTOLUENE 0.016] U 2,4 6-TRAINITROTOLUENE 0.016/ U | 24,6 TRINTROTOLUENE 0.018] U
2,4-DINITROTOLUENE 0.90 2,4-DINTROTOLUENE 1.5 2,4-0INITROTOLUENE 0013 U
2,6-DINITROTOLUENE 0.040] U - 126-DINTROTOLUENE 0.040] U 2,6-DINTROTOLUENE 0.040 U
2-AMINO-4,6-DINTROTOLUENE 0.025. U 2-AMINO-4 5-DINITROTOLUENE 0025 U | [2-AMING4 6-DINITROTOLUENE 0025 U
|2-NITROTOLUENE 0.02t] U 2 NITROTOLUENE 0.021] U | [2-NITROTOLUENE p.o21] U
'3-NITROTOLUENE 0.012] U 3-NITROTOLUENE 0.012] U | [>NITROTOLUENE 0.012] U
4 AMING-2.6-DINITROTOLUENE 0.024 U 4-AMING-2,6-DINITROTOLUENE goe4] U ] | l4-AMINO-28-DINTROTOLUENE 0.024) U q
4-NTROTOLUENE 0016 U 4-NITROTOLUENE 0.016/ U | [4NITROTOLUENE 0.016] U
HMX 0.037] U | [HMX 0.037 V | HMX 0.037] U
NITROBENZENE 0.0067 U | INTROBENZENE 0.0067] U NITROBENZENE 0.0067) U
RDX 0.041 U "] JRox 0.041] U RDX 0.041; U
ITETRYL | oo2g U | IR 0.028] U TETRYL [ oo29] U



PROJ_NO:

00447

SDG: TTQ3401 MEDIA: SOIL DATA FRACTION: EXP

X585-018C0002

nsample X588-016C0002 nsample X558-017C0002 nsampile
samp_dats 10/8/2007 2:08:00 PM samp_date 10/8/2007 1:55:00 PM samp__date 10/8/2007 1:45:00 PM
lab_id- TT03401-016C lab_id TTQ03401-017C lab_ld TT03401-018C
qc_type NM qc_type NM qc_type NM
units MG/KG units MGMXG urlts MG/KG
Pet_Solids 100.0 ‘Pct_Solids 100.0 Pcl_Solids 100.0
DUP_OF: DUP_OF; DUP_OF;
val | Qual val | Qual “Val [ Qual
Parameter Resulfl Qual | Code Paramater Resulty Qual | Code Parameter Resultt Qual | Code

1,3.5-TRINITROBENZENE 0.02¢, U 1,3,5-TRINITRCBENZENE o028 U 1,3,5-TRINITROBENZENE 0.029{ U

- 11,3-DINITROBENZENE 0.0081; U 1,3-DINITROBENZENE 0.0081] U 1,3-DINITROBENZENE 0.0061 U
2.4.6-TRINITROTOLUENE - 0.016) U 2.4,6-TRINITROTCLUENE - 0.016] U 2.4,6-TRINITROTOLUENE 0016 U
2.4-DINITROTOLUENE 0.013 U 2.4-DINITROTOLUENE 0.013] U 2,4-DINITROTOLUENE 03 U
2.8-DINITROTOLUENE 0.040| U 2,6-DINITROTOLUENE 0040 U 2,6-0INITROTOLUENE 0.04¢ U
2-AMINO4,6-DINITROTOLUENE 0.025 U 2-AMINO4,6-DINITROTOLUENE 0.025 U 2-AMINO-4,6-DINITRCTOLUENE 0.025 U
2-NITROTOLUENE 0021 U 2-NITROTOLUENE 0,021 U 2-NITROTOLUENE 0021 U
3NITROTOLUENE 0012, U [3-NITROTOLUENE 0012 U 3-NITROTOLUENE Q012 U
4-AMINO-2 6-DINITROTOLUENE 0.024) U 4-AMINO-2,6-DINITROTOLUENE 0.024; U 4-AMING-2 6-DINITROTQLUENE 0024 U
4-NITROTOLUENE 0.018 U 4-NITROTQLUENE Q018 U 4-NITROTOLUENE 0.0t6! U
HMX 0037 U HMX ¢.037] U HMX 0037 U

. |INITROBENZENE 0.0067 U NITROBENZENE 0.0067) U NITRCBENZENE 0.0067 U
RDX 0.041 U ADX 0041 U RDX 0.041 U
TETRYL 0,029 U TETRYL 0.029) U TETRYL ¢.029; U

Page B of 7 [1/7/2008 1:52:47 PM)




PROJ_NO: 00447
SDG: TT03401 MEDIA: SOIL DATA FRACTION: EXP

nsample X588-019C0002

samp_date 10/8/2007 1:12:00 PM

lab_Id TT03401-018C

qc_type NM

units MG/KG

Pet_Solids 100.0

DUP_QF:

I , | val | Qua

Parameter Result| Qual | Code

1,3,5-TRINITROBENZENE 0.029] U o
1,3-DINITROBENZENE 0.0081] U
2.4,6-TRINITROTOLUENE 0016 U
" 12, 4-DINITROTOLUENE 0.013| U
2,6-DINTROTOLUENE 0.040 U
2-AMINO-4,6-DINITROTOLUENE 0025 U
2.NITROTOLUENE 0.021f U
3-NITROTOLUENE 0012 U
l4-AMING-2,6-0INITROTOLUENE 0024 U
4-NITROTOLUENE Q.018, U

HMX 0.037] U
NITROBENZENE 00067, U

ADX 0.0417 U

TETAYL 0.025| U

Page 7 of = "72/2008 1:52:47 PM)




Tetra Tech NUS INTERNAL CORRESPONDENCE

TO: A. BASINSKI : DATE: JANUARY 7, 2008
FROM: TERRI L. SOLOMON COPIES: DV FILE
SUBJECT:  INORGANIC DATA VALIDATION -TAL METALS
CTO 0034 NSWC CRANE
SAMPLE DELIVERY GROUP (SDG) -~ TT03401
- SAMPLES:  19/Soils/
X5SS-001G0002 X58$-002G0002 X5SS-003G0002
X55S-004G0002 X58$-005G0002 X555-006G0002
X55S-007G000? X555-008G0002 X5S5S-009G0002
X555-010G0002 X5S85-011G0002 X585-012G0002
X58S-013G0002 X55S-014G0002 X55S-015G002
X555-016G0002 X5SS-017G0002 X55S-018G0002
X555-019G0002
- Qverview

The sample set for NSWC Crane, CTO 0034, SDG TT03401, consists of nineteen {19} soil
environmental samples. No lield duplicate pairs are included within this SDG.

All samples were analyzed for 1arget analyte list (TAL) metals excepl mercury. The samples were
collected on October 8, 2007 and analyzed by Laucks Testing Laboratories under Navai Facilities
Engineefing Service Center (NFESC) Quality Assurance / Quality ‘Control (QA/QC) criteria.
Melals analyses were conducted using SW-846 meihod 6020.

Thése data were evalualed based on the followmg parameters:
* Bata Completeness

Holding Times

Calibration Verification Results

Laboratory Method / Preparation Quality Control Blank Analyses
Detection Limits

-

¢« & = s

- Al quaiity control criteria were met for this parameter,
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DATE: JANU

ARY 7, 2008

Cailibration Verilication Resulls

The continuing calibration percent recovery for beryllium was < 90% quality control limit alfecting
samples X555-016G0002 and X555-018G0002. The posilive resulls reported for beryliiurn in the
atfected samples were qualified as estimated, *J".

Laboratory Blank Analyses

The tollowing contaminants were detected in the iaboralory method/preparation blanks at the
tollowing maximum concentrations:

Maximum Action
Anaiyte : Concentration Level
Antimony'" . 0.16 mg/kg 0.80 mgkg
Chrornrum ) 0.0369 mg/kg 0.1845 mg/kg
CopP , 0.0489 mg/kg 0.2445 mg/kg
tron'"! 6.34 mgikg 31.7 mghg
Lead 0 0.0656 ug/l. 0.0328 mg/kg
Nickel 1 0.0226 mg/kg 0.113 mg/kg
PotassiuTm‘ ' 5.56 mgkg 27.8 mghg
Sodium™ 3.80 mg/kg 19.0 mg/kg
Vanadium 0.0729 ugl.. 0.03645 mg/kg

" Maximum concentralion present in a soil preparation blank.

An aclion level of 5X the maximum contaminant level has been used o evaluale sample data tor
blank contamination. Sample aliquol, percent solids and dilution factors, if applicable, were 1aken
into consideration when evaluating for blank contamination. The positive resulls less than the
blank action level for antimony and sodium were quahhed “J" ‘as a result of laboratory biank
contamination.

Notes

The antimony results for the original analyses were incorreclly prepped. The laboratory re-
prepped and reanalyzed the samples. The resubmitted antimeony resulls-were uséd for validation.

Executive Summary

Laboratory Performance: The continuing calibration percent recovery for beryllium was < 90%
quality control limit affecting samples X558-016G0002 and XSSS—01BGOOO2 Several analytes
were present in the laboratory / preparation blanks,

-Other Factors Affecting Data Quality: None.
The dala lor these analyses were reviewed with relerence to the “National Functional Guidelines
lor Inorganic Data Validation®, October 2004, and the Depariment of Defense (DoD) document

entitled *Quality Systems Manual (QSM) for Environmental Laboratories”, January 2006,

The text of this report has been formulated 10 address only those problem areas affecting data
" quality.

P
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“l attest that the data referenced herein were validaled according 10 the agreed upon validaton
criteria as specified in the Dal} QSM."

H)m N

Tefra Tech NUS
Terri L. Solomon
Emviconmental Scientist

oseph A, Samchuck ,
Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Anaiytical Results

2. Appendix B - Results as reported by the Laboratory
3. Appendix C - Support Documentation



APPENDIX A »
QUALIFIED ANALYTICAL RESULTS



Data Validation Qualifier Codes:

A = Lab Blank Contamination

B = Field Blank Contamination

C = Calibration Noncomgpliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, elc)
C01 = GCMS Tuning Noncompliance ’
MS/MSD Recovery Noncampliance

LCSA.CSD Recovery Noncompliance

Lab Duplicate Imprecision

Ui

"

Field Duplicate Imprecision

Holding Time Exceedance

= ICP Serial Dilution. Noncompliance

‘= GFAA PDS-GFAA MSA's r < 0.995 / ICP PDS Recovery Noncompliance
ICP Interference - includes ICS % R Noncompliance

Instrument Calibration Range Exceedance

Sample Preservation Noncompliance

Imernal Standard Noncompliance

roonou

L}

Z ZzZzTrrXx~«~THTMMOD

V]
NDO2 = Recovery Standard Noncompliance Dioxins
ND3 = Clean-up Standard Noncompiiance Dioxins

Imema) Standard Recovery Noncompliance Dioxins

"

- Poor Instument Performance (e.g. base-line drifting)
= Uncertainty near detection limil {< 2 x DL for inorganics and <CRQL for organics)
= Other problems (can encompass a number of issues; e.g. chromatography,interferences, etc.)

Suriogates Recovery Noncompliance

Pesticide/PCB Resolution

% Breakdown Noncompliance for DOT and Endrin
% Ditference between columns/detectors >25% for positive results determined via GC/HPLC
Nor-linear calibrations; correlation coefficient r < 0.995

EMPC resuit

Signal to noise response drop
Percent solids <30% o
Uncerlainty at 2 sigma devialion is greater than sample activity

It

b won

N<x g <c—®¥womoOTO
1§
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PROJ_NO:
S0G: TT03401 MEOA: SOIL DATA FRACTION: M

00447

X585-001G0002

¥558-00260002

nsample nsample ns&mpia X58$5-003G0002
samp_data 10/8/2007 8:15:00 AM samp_date 10/82007 8:30:00 AM samp_date 10/8/2007 8:50:00 AM
lab_id TT03401-001G lab_id TT03401-002G tab_id TT03401-003G
qc_type NM qc_type NM qc_type - NM
units MG/KG unis MG/KG units MG/KG
Pet_Solids 89.7 Pet_Solids 8s.0 Pet_Solids 90.0
-DUP_OF: DUP_OF: DUP_OF:
val | Qual 4 Vat | Qual val ' Qual

Paramater Result| Qual | Code Parameter J7 Result] Qial | Code Paramater Rasuitl Qual J Code
ALUMINUM 12300 ‘ ALUMINUM 15500 ALUMINUM 5700 T
ANTIMONY 0.25] U A | [ANTIMONY 0.38] U A | [ANTIMONY i o5 U A
ARSENIC 5.72 ARSENIC 5.7 AARSENIC | a29 R
BARIUM 68.5 [BARIUM 78.6 BARIUM IR
BERYLLIUM 0.466 BERYLLIUM 0.470 BERYLLIUM | 0.188
(CADMIUM 2.04 1 CADMIUM 240 {CADMIUM [ 384 ]
CALCIUM 568400 : 1 ICALCIUM | 93900 CALCIUM 1 177000 !
{CHROMIUM | 232 ] CHROMIUW EED CHROMIUM | 856 B
lcoBALT S Fcoam | 5.8 COBALT REEE: |
-(COPPER | 105 | COPPER 12.7] COPPER 64.8 ]
IRON [ 24500 IRON 18100 | IRON 18100
LEAD 13.4] LEAD 12.4 | {Leap 597 |
[MAGNESIUM 8450 | IMAGNESIUM 9960 | InacNesim 20000 |
MANGANESE 238 “ MANGANESE 205 | [MANGANESE 395 ,
NICKEL " 158 NICKEL 20.6 1 INICKEL 34.1
POTASSIUM 792 POTASSILM 1150 | [POTASSIUM 732
SELENIUM 0.173] SELENIUM 0.0626] U ISELENIUM 0.909 |
SILVER 0.0698 SILVER 0.0814 SILVER 0422 ]
SODIUM 152 | {SODILM 123 SODIUM 158 |
THALLIUM 0.162 | {THALLIUM 0.214 THALLIUM 0.0949 i
VANADIUM 31.90 Y ANADIUM 35,3 | IVANADIUM 225 [
ZNG 974l ' e 103 ZNC 8750 ]

| E EUNU RS WU B

Page 1 of 7 [1/7/2008 9:27:37 AM]
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00447

$DG: TTO3401 MEDIA: SOIL DATA FRACTION: M

nsample X555-004G0002 nsample X588-005G0002 nsample X558.006G0O0GCZ
samp_daie 10/8/2007 3:10.00 AM samp_date 10/8/2007 9:25:00 AM samp_date 10/8/2007 9:45:00 AM
lab_idt TT03401-004G lab_id TT03401-005G lab_id TTQ3401-606G
dc_type NM qc_type NM qc_type NM
units MG/KG units MG/KG units MGKG
Pci_Solids 95.3 Pct_Solids 94.3 Pci_Solids 96.4
DUP_OF: DUP_OF: DUP_OF:
| val | Qual ] r [ val i Qual [ vVal { Qual

Parameter Rosult] Cual | Code Parameter Result| Ousl | Code Parameter Resull| Quai | Code
ALUMINUM 3760 ALUMINUM 4350 ALUMINUM 3340
ANTIMONY 019] U A | {ANTIMONY 088 U A—1 ANTIMONY 013 U A
ARSENIC 1.99 ARSENIC 6.60] ' ARSENIC 7.87] |
[BARIUM 55.1 BARIUM 378 BARIM 732 |
BERYLLIUM 0.108] | {BERYLLUM 0.448 BERVLLIUM 0.344] ]
GADMIUM 182 | ICADMIOM 2.23 | |caomium 232 B!
CALCIUM I 142000 CALCIUM 199000 CALCIUM 198000 ]
CHROMIUM 8.40 CHROMIUM 17.9 CHROMIUM 245
COBALT 1,75 | |coBau - 15.1 COBALT 7.23 |
- |COPPER 4.37 | ICOPPER 156 COPPER | 557 }
IRON 7020 , IRON 24000] TRON 24300 |
LEAD 5.50] | {tEAD 23.3 LEAD 7.77 7 f
MAGNESIUM 4630 MAGNESIUM 23100 MAGNESIUM 24200 ]
IMANGANESE 98.1 MANGANESE 1120] MANGANESE 516 i i
[NICKEL 9.75] | INICKEL 315 | ] [NCKEL 234 T ]
IPOTASSIUM 380 POTASSIUM 589 (| PoTASSIUM 489 1
[SELENIUM 0.235 SELENIUM | 0412 || [SELENIUM 0.349 1
ISILVER 0.0444 SIVER. | 0.0813 | 1 iSLVER 0.110
SODIUM 57.8 SODIUM B T | [sopmum 205 L
THALLIUM | 0.0588 THALLIUM [ 0.0923 1 {THALLIUM 0.0476
VANADILM 1.8 . VANADIUM 18.5 [VANAOIUM 218
[ZINC 1.0 1 [2INC [ 140 ZINC 50.6! |
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PROJ_NG:

00447

S0G: TT03401 MEDIA: SOIL DATA FRACTION: M

X585-007G0002

nsampie nsampie X588-00EG0002 nsample X555-000G0002
samp_date 10/8/2007 10:20:00 AM samp:_date 10/8/2007 2:38:00 PM samp_date 10/872007 12:30:00 PM -
Iab_id TT03401-007G lab_id TTG3401-008G lab_id 7T03401-009G
qc_type NM gc_type NM qc_type NM
units MG/KG uniis MG/KG units MG/KG
Pct_Sofigs 90,0 Pct_Solids 82.2 Pct_Sollds 76.5
DUP_OF: DUP_QF: DUP_OF:
[ T va Touw T val Quaq ( Val oﬂ

Paramatar Result|" Qual | Code Parameter Result] Qual Code‘ Parameter Result) Qual | Code
ALUMINUM 7110 | [ALUMINUM 10400 TALUMINUM 13800 !
ANTIMCNY 0.29] U | A | [ANTIMONY 16 % ANTIMONY 0.57] U A
ARSENIC 5.08 ARSENIC 1.8 ARSENIC 5.28 |
BARIUM 115 BARIUM 1 8.0 BARIUM 88.1 |
BEAYLLIUM 0.382 BERYLLIUM 0.763 | IBERYLLIUM 0574 ]
[CADMIUM 285 CADMUM 2.68] | [CApMIUM 278
[CALCIUM | 181000 CALCIUM 3020/ | {cALCIUM 2310
GHROMIUM 4.7 | - [CHROMIUM 34,4/ | {CHROMIUM 18.5
COBALY 10.9 | [ [COBALT 1.1 COBALT | 108
COPPER 126 I} lcopeen 17.4 ‘ | [coPPER X ]
IRON 19500] IRON [ 41100 ] [moN 15300
LEAD 8.25 LEAD | 242 | LEAD 13
MAGNESIUM 33300 MAGNESIUM 1720 MAGNESIUM w0 [
MANGANESE 567 MANGANESE 620 MANGANESE 570, |
NICKEL 29.3 RICKEL 19.7 | [MCKEL 14.6 ]
POTASSIUM 699 POTASSIUM | 685 POTASSIUM 902
SELENIUM 0.425 SELENIUM | 0492 SELENIUM 0.426
[SILVER 0,105 SILVER [ o190 SILVER 0.133 1
SO0IUM 229 . [S0DIUM 205 U | A | |soDum §1.3] U A
THALLIUM 0.0926 THALLIUM 0.171 THALLIUM 0.259 ]
VANADIUM 234 | [VANADIM 37.4 | [VANADIUM 30.4
2ING 59.8 | (ZINC 811 NG 61.5
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PRC

00447

SOG: T113401 MEDIA; SOIL OATA FRACTION:M

X555-010G0002

nsample nsampla X555-011G0002 nsample X555-012G0002

samp_date 10/8/2007 12:50:00 PM samp_date 10/8/2007 1:00:00 PM samp_date 1O/B2007 10:45:00 AM

lab_id TT03401-010G lab_id TT03401-011G lab_id TT03401-012G

ge_type NM qc_type NM qc_type NM

units MG/KG units MG/KG units MG/KG '

Pci_Solids 83.0 Pet_Sclids 80.1 Pat_Solids B5.6

. DUP_DOF; DUP_OF: DUP_OF:

i Vai | Qual val | Qual T 1 val | Qual
_ Paramater Result] Qual | Code Parameler Result| Qual | Gode Parametar Result| Qual | Code

ALUMINUM 14000 ! | {ALUMINUM 11500 ALUMINUM 11300

ANTIMONY 0.30] U T A | IANTIMONY 14 ANTIMONY 050 U A

ARSENIC 5.50 ARSENIC 6,26 ARSENIC | 596

BARIUM 51.3 j [BARIUM 78.9 ] iBARIUM 85.0

BERYLLIUM 0.349) BERYLLIUM 0.467 BERYLLIUM 0.633 ]

CADMIUN 1.86 CADMIUM 2.48] CADMIUM 1.89 |

CALCIUM - 550 (CALCIUM 1310] CALGIUM 24200 i

CHROMIUM 19.8 | IcHROMIUM 17.1 CHROMIUM 177 i |

CcoBALT 4.12 | (cosaLT 16.6 COBALT 10.7

COPPER ] 126 | |COPPER 13 COPPER 126]

IRON ] 20000 | (RON 17900 IRON 221006/ 1

LEAD 128 ~ ] [LEaD 19.8 [ | s 15.5] gi

MAGNESIUM 1850 1 MAGNESIUM 1810] | | [MAGNESIUM 2110] :

MANGANESE 120 ] j MANGANESE 793 || [MANGANESE 549

NICKEL 11.1 i | INICKEL 142 1 NICKEL 153

POTASSIUM - 1819, FOTASSIUM 664 1 POTASSIUM 815 j

SELENIUM . 0270 SELENIUM 0.406 [ SELENIUM 0.473 ! |

SILVER 0.0789 SILVER 00984 | SILVER o087z | 7}

SODIUM 438 U A | [soDiuu 288 U A | [soDiuM 280 U 1 A |

THALLIUM 0.207 | [THALLOM 0.210 THALLIUM 0.169 1 |

VANADIUM 33.0 ] VANADIUM 283 VANADIUM - 26.2 |

NG 36.4 1 2ZINC 54.1 ZING 50.9 |

Page 4 of 7 [1/7/2008 8:27:37 AM]
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PROJ_NO: 00447

S0G: TT03401 MEDIA: SOIL DATA FRACTION: M

nsampla

B
.

nsample X555-013G0002 X585-014G0002 nsample X585-015G0002

samp_date 10/8/2007 11:05:00 AM samp_date 10/8/2007 11:25:00 AM samp_dale 10/8/2007 2:25:00 PM

lab_ld TT03401-013G tab_ld TT03401-014G lab_id TT03401-015G

qc_type NM qc_type ge_type

units MG/KG units MG/KG units MG/KG

Pet_Solids 88.0 Pct_Solids Pet_Salids

DUP_OF: DUP_OF: DUP_OF:

' ] | T Val F Val Eual !
) Parameter Result Parameter Result] Qual Parameter Result] Qual CO(L[
ALUMINUM 3830 ALUMINUM 3250 ALUMINUM 3640

ANTIMONY 0.62 ANTIMONY 1.2 ANTIMONY 2.1

ARSENIC 1.01 ARSENIC 262 ARSENIC 1.94

BARIUM 17.6 BARIUM 25.6 BARIUM " 25.5

BERYLLIUM 0.117 BERYLLIUM 0.141 | [BERYLLIUM .0.139 i
CADMIUM 1.96 CADMIUM [ 212 1 leapmium 2.18

|cALCIUM 225000 [CALCIUM 241000 lcaLcium 234000 ]
CHROMIUM 12,7 CHROMIUM 10.4]- CHROMIUM 12.2

COBALT 210 COBALT 3.09 COBALT 268

COPPER 3.99 COPPER 9.53 ] [COPPER 9.25

IRON 4850 IRON 9480 | [RON 6150

LEAD . 649 LEAD. 16.4 | JLEAD 2.3 d
MAGNESIUM 102000 MAGNESIUM 21700 MAGNESIUM 1 35400(

MANGANESE 140 MANGANESE 175 MANGANESE 188

INICKEL 203 NICKEL 18.0 NICKEL 196 ]
POTASSIUM 1220 POTASSIUM 397] POTASSIUM §17

SELENIUM 0.340 SELENIUM 0.480] SELENIUM 0.445

SILVERA 0.0648 SILVER | 0.820 | IsivER 0.554

iSODIUM 636 SODIUM S 190 | [sopium 322

THALLIUM " 0.0630 THALLIUM | 0.0527 | [THALUUM 0.0550

VANADIUM 14.4 VANADIUM ] 128 {VANADIUM 12,8

NG 44.9 NG 49.8 ZING 69.4
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PRC

00447

SDG: . ..401 MEDIA: SQIL DATA FRACTICN: M

- nsample X558-016G 0002 nsampla X585-017G0002 nsampla X555-018GO002

samp_date 10/8/2007 2:08:00 PM - samp_data 10/8/2007 1:55:00 PM samp_dats 10/8/2007 1:45.00 PM

lab_ld TT03401-016G lab_id TT03401-017G lab_id TT03401-018G

qa_type NM gc_type NM gc_type NM

units MG/KG units MG/KG units MGG

Pci_Solids 92.6 Pel_Salids R4.3 Pl _Solids 92.2

DUP_OF: DUP_QF: DUP_OF:

T _ val [Qum i Val | Qual | [ Val QLF[
Parameter Rasutt! Qual | Code Parameter - Result! Qual Codsj Parameter Resulty Qual | Code

ALUMINUM 4430 1 |ALUMINM 14000, | [ALUMINUM 2980

ANTIMONY 024) U A ] |ANTIMONY 0.96] ANTIMONY HEERE A

ARSENIC 3.87 | TARsENIC 6.32] ; ARSENIC 2.54 i

BARIUM | 254) BARIUM 88.1] | | (BARIUM 91.3 1

BERYLLIUM | oas2] J C | {BERYLLUM | 0642 | BERYLLIUM 0ts0] 4 [ € ]

CADMIUM 228 [CADMIUM N CADMIUM 1.90

CALCIUM 9900 CALCIUM 910! CALCIUM 121000

CHROMIUM 9.08 CHROMIUM | w02 CHROMIUM 9.57 (

COBALT 4.10 COBALT R COBALT 2.61 Il

COPPER 5.94 COPPER 15.2 | [COPPER 8.64

iRON - 10100 IRON 21800[ | moN 7550 [

LEAD 8.4 LEAD [ 193 | [tEaD 217

IMAGNESIUM 21700 ! {MAGNESIUM | 2730 MAGNESIUM | 26000 |

'MANGANESE 366 1B MANGANESE 527 MANGANESE 218! |

NICKEL 125 NICKEL 16.7 NICKEL B

POTASSIUM 516 POTASSIUM 908 POTASSIUM 7 385

SELENIUM 0.165 SELENIUM 047 | SELENIUM 0394 ]

SILVER 0.505 1 [swveR 0.215 [ SILVER 0.171 |

SODIUN 188] | [500iM %4 U | A | [So0uM 182 |

THALLIUM 0.0803] THALLIUM 0.233 THALLIUM 0.0585 ]

VANADIUM 156 VANADIUM | 340 ‘ VANADIUM 13.4 |

ZINC 4339 ZING | 1 {ane 59.3 AN
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PROJ_NO: 00447

SDG: TT03401 MEDIA: SOIL DATA FRACTION: M

nsample X58S-019G0002
samp_tate 10/8/2007 1:12:00 PM
tab_ld TTO401-019G
ac.type NM
units MG/KG
Pei_Bolids 866
DUP_OF:
Val | Qual

Parameter Result; Qual | Code
JALUMINUM 12900 -
JANTIMONY 1.4 1
ARSENIC 13.6
IBARILM 6.0
EERYLLIUM 0.935 |
CADMIUM 277 j
}CT\LCIUM 921
[CHROMIUM 29.8
COBALT ! 12.9
COPPER 155
{IRON 47200 NN
LEAD 22.3 ]
MAGNESIUM 3250
MANGANESE 704 ﬂ
NICKEL 1 214 1
POTASSIUM T sead
SELENIUM 0.566
ISILVER 0.330 ;
SODIUM 1 318 U
THALLIUM [ 0218 I
IVANADIUM | 888 B
iZING 1 928 ]
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-H: Tetra Tech NUS INTERNAL CORRESPONDENCE

TO: ~ R.BASINSKI DATE: JANUARY 18, 2008
FROM: EDWARD SEDLMYER COPIES: DV FILE
" SUBJECT: ORGANIC DATA VALIDATION - EXP/PAH
CTO 0034, NSWC CRANE
SDG TT03402

SAMPLES: 1/ Aqueous/PAH / EXP
RB10090701
" 1/Soil/ EXP
X5FD10080701
QVERVIEW

The sample set for CTO 0034, NSWC CRANE, SDG TT03402 consisls of one (1} rinse blank and one {1)
soil ernvironmental sampte. One field duplicate was assccialed with this SDG: X555-010C0002 /
X5FD10080701. The data for sample X5SS-010C0002 is located in SDG TT03401. Sample RB10090701
was analyzed for polynuclear aromatic hydrocarbons (PAHS) and explosives (EXP) Sample X5FD10080701
was analyzed for EXP.

The samples were collected by TetraTech NUS on October 8 and 9, 2007 and analyzed beréuck_s Tesling
Laboratories, Seattle, WA. All analyses were conducled in accordance with USEPA SW 846 Method 8330
and 8270C. The data contained in this SDG were validated with regard to the following paramelers:

Data completeness

Holding times

GCMS Tuning

Initial and conlinuing calibralion

Blank resulls

Surrogate spike recovernies

Internal standard recoveries

Blank Spike/Blank Spike Duplicale Resulls
Matrix Spike/Matrix Spike Duplicate Results
Detection Limits

Field Duplicate Resulls

Compound Quantitation

Compound Identification

» * L ] » L] » » » » -

* & & P 4 ¢ & & 9 & 0 8 9

The symbol () indicates that all quality conirol criteria were met for this péramé(er, Problems affecling data
quality are discussed below; documentation supporting these findings is presented in Appendix C. Qualified
Analytical resulis are pr%enled in Appendix A. Results: as reporied by the laboratory are presenied in
. Appendix B.



MEMO TO: R. BASINSKI  PAGE: 2

DATE: 01/18/08 SDG: TT03402

PAH

No quatification of the data was necessary.

EXP

The laboratory reported the surrogate percenl recoveries from pne colurnn only. No qualifications were
made on this basis.

EXECUTIVE SUMMARY

Laboratory Performance Issues: None.

Other Factors Affecting Data Quality: None.

The data for these analyses were reviewed with reference to the EPA Functional Guidelines for Crganic Data
Validation (October 1999) and the Department of Defense (DoD) dacumment entitted "Quality Systems
Manual (QSM) for Environmental Laboratories” {January 2006). The text of this report has been formulated

to address only those problem areas alfecting data quality.

"} attest thal the data referenced herein were validated according to the agreed upon vahdahon criteria as
specmed in the DaD QSM.”

T;elra Tech NUS g

Edward Sedimyer
ChemisvData Validator

Joseph A. Samchuck
Data Validation Quality Assurance Officer

Attachments:
1. Appendix A - Qualified Analytical Resulls
2, Appendix B - Results as Reported by the Laboratory

3 Appendix C - Support Documentation




APPENDIX A

QUALIFIED ANALYTICAL RESULTS



Data Validation Qualifier Codes:

A
B.

O 0

01

ZgTrr-rXxX<c - ITomMmmMmo

NO1
NO2
NO3

N<Xg<C—HWDOTO

h

1]

n

n

Lab Blank Conlamination

Field Blank Contamination

Calibration Noncompliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, etc.)
GC/MS Tuning Noncompliance ‘
MS/MSD Recovery Noncompliance

LCS/LCSD Recovery Noncompliance

Lab Duplicate Imprecision

Field Duplicate imprecision

Holding Time Exceedance

ICP Serial Dilution Noncompliance

" GFAAPDS - GFAA MSA's 1 < 0.995 / ICP PDS Recovery Noncompliance

ICP Interference - includes ICS % R Noncompliance
Instrument Calibration Range Exceedance

Sample Preservation Noncompliance

Internal Standard Noncompliance

Internal Standard Recovery Noncompliance Dioxins
Recovery Standard Noncompliance Dioxins
Clean-up Standard Noncompliance Dioxins
Poor Instrument Performance (e.g. base-line drifting)

‘Uncertainty near detection limit (< 2 x IDL for inorganics and <CRQL for organics)
'Other problems (can encompass a number of issues; e.g. chromatography,interferences, elc.)

Surrogales Recovery Noncompliance

Pesticide/PCB Resolution .

% Breakdown Noncomphance tor DDT and Endrin ‘

% Ditlerence belween columns/detectors >25% for positive results determined via GC/HPLC
Non-tinear calibrations,; correlation coefficient r < 0.995

EMPC result

Signal to noise response drop
Percent solids <30%
Uncenrainty at 2 sigma deviation is greater than sample activity



PROJ_NO:
SDG: TT03402 MEDIA:

00447
WATER DATA FRACTION; OS

nsampla RB10090701
samp_date 10/6/2007 4:30:00 PM
lab_ld TT03402-020
qc_type NM
units UGn
Pct_Solids
DUP_OF:
Val | Qual’|

Parameter Result) Qual | Code
2 METHYLNAPHTHALENE 0.014] U
ACENAPHTHENE gonl u
ACENAPHTHYLENE 0.014] U
ANTHRAGCENE- 0012 U |
BENZO(A)ANTHRACENE 0017, U | ]
BENZO(A)PYRENE o019, U . |
BENZO(B)FLUORANTHENE 0019 U | |
BENZO(G.HUPERYLENE 0.0260 U -
BENZOKIFLUQRANTHENE 0012 U - -
ICHRYSENE 0.020] U |
[DIBENZO{AH)ANTHAACENE 0013 U
[FLUDRANTHENE 0.014| U
FLUORENE 0.014] U
INDENQ{.2,3-CDIPYHENE 0.030] U
NAPHTHALENE 0.013] U
PHENANTHRENE ;0.026 ¥] -
PYRENE | oots[ U ]

Paga 1of 1 [1/8/2008 8:13:46 AM]



PR .8 00447

8DG: TT03402 MEDIA:_ WATER DATA FRACTION: EXP

nsample RB10080701
samp_date 10/9/2007 4:30:00PM
tab_id TT03402-020
qc_type NM
. units L uai
Pct_Solids
DUP_OF:
' _] val | Qual
Paramater Result| Qual | Code
1,3,5-TRINITROBENZENE 0.066] U |
1,3-DINITROBENZENE 0080 U
2,4,6-TRINITROTOLUENE 0.087] U
2 4-DINITROTOLUENE 0.021] U
2,6-DINITROTOLUENE | _oossl U
2-AMINC-4,6-DINITROTOLUENE 010 U
2-NITROTOLUENE 0.088; U
3-MTROTOLUENE GRTE
14-AMING-2 5-DINITROTOLUENE | G081 U
-NITROTOLUENE " o058 U
HMX 0.77
NITROBENZENE 0.058| U
RDX - 019 U
TETRYL 0.075 U

HERE

Page 1 0f 1 [1/8/2008 8:12:16 AM]



PROJ_NO: 00447
S0G: TT03402 MEDIA: SOIL DATA FAACTION: EXP

nsampls X5FD10080701

samp_date 10/8/2007

lab_id - TT03402-001

qc_type NM

units MG/KG

Pct. Solids 100.0

CUP_OF: X585-010C0002

[ val | Qual
Paramater Result! Qual | Code

135 TRINITROBENZENE - 0.029] U \

1,3-0INITROBENZENE 00081 U ]

2,4,6-TRINITROTOLUENE 0016] U ]

2,4-DINITROTOLUENE 0.013] U B

26-DINITROTOLUENE 0040 U |

2-AMINO-4,6-DINITROTOLUENE 0025 U |

2-NITROTOLUENE | o021 U N

|3 MTROTOLUENE ] oog) U |

|[4-AMINO-2.6-DIMTROTOLUENE T0024] U |

4-NITROTOLUENE o018 U |

HMX, . 00370 U |

NITROBENZENE  0.0067] U |

ROX 0.041] J |

TETAYL 0.029 U i

Page tof 1 "/8/2008 8:12:02 AM]
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Tetra Tech NUS INTERNAL CORRESPONDENCE

TO: - R.BASINSKI ' | DATE:

JANUARY 18, 2008
" FROM: TERRI L. SOLOMON COPIES: - DVFILE
'SUBJECT:  INORGANIC DATA VALIDATION —TAL METALS
CTO 0034 NSWC CRANE
SAMPLE DELIVERY GROUP (SDG) - TT03402
SAMPLES:  18/Soils/ :
X5FD100B0701..  X7FD10020701 X7$50020002
X7S50030002 X7SS0040002 X7550120002
X7SS0190002 . X7SS0390002 X75S0440002
X7S50450002 X7SS0460002 - X75S1790002
: X?SSj 800002 X7551810002 - X7551820002
X7SS1830002 X7551840002 X7SS1890002
1/Aqueous/
RB10090701
Overviéw -

* The sampie set for NSWC Crane, CTO 0034, SDG TT03402,. consisls of eighteen (18) soil
environmental samples and one (1) rinsate blank (RB10090701) One (1) field duplicate pair
(X7SS0120002 / X7FD10020701) was inckided within this SDG. Field duplicale sample
X5FD10080701 was included in this SDG. The comresponding ariginal sample {X5SS-010G0002)
was included in- SDG TT03401. The original sample X7550450002 was included in lhts SDG,
The torresponding field duplicate X7FD10030701 was included in SDG TT03403.

All samples were analyzed for targel analyte list (T, AL) melals except mercury. T he samples were
collected on Oclober 2, 3, 7, 8 and 9, 2007 and analyzed by Laucks Testing Laboratories under
. ‘Naval Facilites Engineering Service Center {NFESC) Quality Assurance / Quality Control
(QA/QC) criteria. Metals analyses were conducted usmg SW-846 method 6020.

A_These data were evalualed based on the following parame&ers.
* Data Completeness

Holding Times

Calibration Verfication Results

Laboratory Method / Preparation Quality Control Blank Ana!yses

Field Duplicate Resuits

Detection Limits

-

* 4 & & 0 0

%

- All quality control criteria were met for this parameter.



MEMO TO: R. BASINSKI - PAGE 2
DATE: 'JANUARY 18, 2008

. Calibration Verification Results

The continuing calibration percenl recovery for benytlium was < 90% quality conl’rdl limit atfecting
samples X7351800002, X7551820002, X7SS1830002 and X7SS1840002. The positive results

reported for beryllium in the affected samples were qualified as estimated, "J”.

' La'boratogr Blank Analyses

.- The fol!owxng conlaminants were detected in the laboratory methodfpreparahon bianks at the .

fo}lomng max:mum concentrauons

Maximum m

Analvte Concedtration Level
Anumony‘{" - 0.17 mg/kg 0.85 mg/kg
Cadmiym!" 0 0.0437 mg/kg 0.2365 mg/kg
Chr?r)mum 0.133 mg/kg 0.665 mgkg
Iron " 11.1 mg/kq - 55.5 mg/kg
tead" " 0.0676 ug/lL 0.0338 mig/kg
Nickel o 0.0324 mg/kg 0.162 mg/kg

A Polassnur)n 8.6 mg/kg : 43.0 mg/kg
Sodium" o 7.13 mg/kg 35.65 mg/kg
Thallium - 0.0880 ugl. - 0.044 mg/kg
Vanadium'” © 0.0330 mg/kg 0.165 mg/kg

m

@ Maximum concentration present in a soil preparanon blank.

Maximum concentration present in a laboratory blank affecling all samples
except X7550190002, X7550390002 and X75S51890002. :

Maximum concentration present in a laboratory blank aﬁeclmg sample
X75S1890002 only.

E)

An action level of 5X 1the maximum contaminant level has been used to evaluale- sample data for -

blank contamination. Sample aliquol, percent solids and dilution tactors, if applicable, were taken

. into consideralion when evaluating for blank contamination. The positive results less than the

_biank .action level for antimony, sodium and thalium were qualified "U” as a resun ot laboratory
blank conlammahon

ld Duplicate Results _

- Field duplicate imprecision (>50%) for resulls > 5X contract requ:red detection limit (CHDL) lor ;
antimony was noted for sample paw X7SS0450002 / X7FD10030701. The p05mve results
reported for antimany were qualified as estimated, °°.

" Notes -

The antimony resulls for the original ‘analyses were incorrectly prepped. The laboratory re-
prepped and reanalyzed the samples. The resubmitied antimony resulis were used for vafidation.

Execg;ve Summary

Laboratory Performance: The continﬁmg calibration percent recovery for beryllium was < 90% -
- quality control timit affecting samples X7SS1800002, X7SS1820002, 'X75S51830002 and .
X7551840002. Several analytes were present in the taboratory / preparation blanks.

’ AOther Factors- Affectmg Data Quality: licld duplicate imprecision was noted for sample pa:q
 X7850450002 / X7FD10030701.



MEMO TO: R. BASINSKI - PAGE 3
DATE: - JANUARY 18, 2008

The dala for lhese analyses were rewewed with reference 10 1he “National Functional Guidelines
tor Inorgamc Data Validation”, October 2004, and the Department of Defense (DoD} documenl
entitled "Quality Sysle‘ms Manual (QSM) for Environmenial Laboratones , January 2006. ‘

The text of lh:s reporl has been tormulaled lo address only those problem areas affecting dala
. qualily. )

“I attest that the dala relerenced herein were validated according to the agreed upon validation

. criteria ‘as specified in.the DoD QSM."

Tetfa Tech NUS
Teri L. Solomon )
Environmenlal Scientist

oseph A. Sd mchuck )
Quality Assurance Officer

Attachmenis;

1. Appendlx A- Qualified Analytical Results
2. - Appendix B'- Resulls as reported by the Laboralory

3. Appendax C - Support Documenlalson



APPENDIX A

QUALIFtED ANALYTICAL. RESULTS

Ny



Data Validation Qualifier Codes:

A =Llab Blank Contamination
B = Field Blank Contamlnahon ,
C .=Calibration chomphance {eg. % RSDS %Ds ICVS CCVs, RHFs etc)
- Gol _AGCJMS Tuning Noncompliance
MS/MSD Recovery Noncomphiance
LCSA.CSD Recovery Noncompliance
Lab Duplicale Imprecision
Fleld Duplicate Imprecision
= Hdd‘ng Time Exceedance
= ICP Serial Dilulion Noncompliance _ :
- = GFAA PDS-GFAA MSA's r <0995/ ICP PDS Reoovery Noncomplla.nce
ICP Interference - includes ICS % R Noncompance
{nstrument Calibrtion Range Exceedance
Sampie Preservation Noncompliance
- = Intemal Standard Noncompﬁance ,
1 = Intemal Standard ﬁemvery Noncomp\lame Dioxins
ol N02 Recovery Slandard Noncmpliance Dioxins :
NO3 = Clean-up Standard Noncompliance Dioxins '
- Poor Instrument Performance (e.g. base-line dnfnng) )
Uncenalnty near detection imit (<2 x 1Dt for i morgamcs and <CROL for mgamcs)
= Other problems  (can encompass a number of i issues; e.g. chromalography,mterferences etc )
= Suirogates Fleoovery Nonconpliame
= Peslicide/PCB Resolution
= % Breakdown Noncompluance for DOT and Endnn .
=% mﬁereme between colunms/detectors >25% tor posltrve resuus determmed via GCHPLC
= Non-lmear caanranons conretation coefr cient 1 < Q. 995
= EMPC result

= Signal to noise response drop
= Petcent solids <30%
Unceﬂamty at 2 sigma demauon is greater lhan sample activity
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PROJ_NU: 00447
SDG: TT03402 MEDIA: WATER DATA FRACTION: M

nsample RB10090701

samp_date 10/9/2007 4:30:00 PM

tab_id TT03402-020

qc_type NM

units UG

Pctl_Solids

DUP_OF:

' . Val | Qual

_ Parameter: Result| Qual | Code
ALUMINUM 3200 U
. |ANTIMONY 0.310
_|ARSENIC 0100, U

BARIUM 478

BERYLLIUM 0.0430] U

CADMIUM 2.52 ]
CALCIUM 3.0 U ]
CHAOMIUM 0.334 |
COBALT 0.0280] U

COPPER 0520 U

IRON 20,00 U

LEAD 0.0750{ U
MAGNESIUM 440, U
MANGANESE 0440 U ‘
NICKEL | o110 U {
POTASSIUM 1.0 U

SELENIUM 0.147 .

SILVER 0.0850] U ,
SODIUM 61.2 T
THALLIUM 00440 U

VANADIUM 0.0823

ZING 1800 U

Page 1 of 1
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PROJ_NO: 00447
SDG: TT03402 MEDIA: SOIL DATA FRACTION: M
nsample X5FD10080701 nsample X7FD1002070% nsample X7880020002
samp_date 10/8/2007 ' samp_date 10/2/2007 samp_date 10/2/2007 10:45:00 AM
lab_ld TT03402-001 lab_ld TT03402-006 lab_id TTO3402-002
qc_type NM qc_type NM : ge_type NM
"units MG/KG units MG/KG units MG/KG
Pct_Bolids 84.1 ‘ Pct_Solids 83.4 Pct_Solids 83.1
DUP_OF: - X585-010G0002 DUP_OF: X7550120002 CUP_OF:
g ) Val | Qual Val | Qual Val Qual
Parameter Resulti Qual | Code Parameter Result] Qual | Cede ‘ Paramater Result] Qual | Code
ALUMINUM 13500 ALUMINUM 16500 ALUMINUM 12800 |
ANTIMONY 038 U A | |ANTIMONY 088 U .| A ANTIMONY Q71 U A
ARSENIC 4.89 ARSENIC 8.09 ARSENIC 12,8
BARIUM 46.0 BARIUM 103 BARIUM 110]-
BERYLLIUM 0.345 BERYLLIUM 0.820 BERYLLIUM 0.820
CADMILM 0.366 CADMIUM 0.689 CADMIUM 0.683
CALCIUM 600 CALCIUM 11200 CALCIUM 2500
CHROMIUM 19.1 CHROMIUM 211 [CHROMIUM 246
COBALT 3.50 COBALT 12.7 COBALT 2%.9
COPPER - 1.4 COPPER 22,3 COFPER 205
IRON 17100 IRON 23200 IRON 40200
LEAD - 10.8 LEAD 26.6 LEAD 22.8
MAGNESIUM 1740 - IMAGNESIUM 2350 MAGNESIUM 2340
MANGANESE 89.0 MANGANESE 1210 MANGANESE 694
NICKEL 8.85 NICKEL 17.5 NICKEL 28.7
POTASSIUM 860 POTASSIUM 1100 POTASSIUM 1780
SELENIUM 0.234 ISELENIUM 0.602 SELENIUM 0.650
SILVER 0.0642 SILVER 0.103| . SILVER 0.102
SOBIUM 177] U A SODIUM 386, U A SODIUM 757 U A
THALLIUM 0.170| THALLIUM 0.228 | ITHALLIUM 0.250
VANADIUM 20.4 VANADIUM 35.6 VANADIUM 296
ZINC 31.3 ZINC 59.5 ZINC 59.3|

Page 1 0of ¢
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PROJ_NO: 00447

SDG: TT03402 MEDIA: SOIL DATA FRACTION: M

nsample X7580030002 nsample X7850040002 nsampie X7850120002
samp_date 10/2/2007 10:25:00 AM samp_date 10/2/2007 11:00:00 AM samp_date 10/2/2007 3:04:00 PM
lab_Id TT03402-003 lab_id TT03402-004 lap_id TT03402-005
qc_type NM qc_type NM qc_type NM
units MG/KG units MG/KG units MG/KG
Pct_Solids 86.7 Pet_Solids 85.9 Pet_Solids . 734
DUP_OF: DUP_CF: DUP_QOF:
val | Qual | [~ val | Qual | | val | Qual
_ Parameter Result] Qual | Cods Parameter Result| Qual | Code Paramaeter Resull| Qual | Code
ALUMINUM 910 ALUMINUSE ‘8600 ALUMINUM 140C0 }
ANTIMONY 58 J G ANTIMONY 11,1 J G ANTIMONY 1.6] J G [
ARSENIC 16.4 ARSENIC 9,34 ARSENIC 7.93 ;
BARILIM L a7 BARIUM 948 BARILUM 95.6 |
BERYLLIUM 1 1.35 BERYLLIUM 0.670 BERYLLIUM 0.908 !
CADMIUM 1.09 | CADMIUM 0.923 ' CADMIUM 0.958
CALCIUM 4430 CALCIUM 1810 CALCIUM 13400
~ |CHROMIUM 66.6 CHROMiIUM 25.0 ~ |[cHROMIUM 223
COBALT 14.3 COBALT 13.5 COBALT 11.4
COPPER 217 COPPER 33.8 COPPER 309
IRON - 90700 IRON 37600 IRON arz00] |
LEAD. 140 LEAD 125 LEAD 439
MAGNESIUM 923 MAGNESIUM 999 MAGNESIUM - 2130
MANGANESE 974 MANGANESE 749 MANGANESE 1370
NICKEL 502 NICKEL 16.8 NICKEL 17.8 o
POTASSIUM 626 POTASSIUM 1040 POTASSIUM 1190
SELENIUM 0,558 SELENIUM 0.460 SELENIUM 0.618
SILVER 0.117 SILVER 0.113 SILVER 0.110
SODIUM 227 U A SODIUM 211) U A SODIUM 368 U A
THALLIUM 0.0808 ' THALLIUM 0,138 - THALLIUM 0.204
I\.'AI‘JADlUM 46.3] VANADWUM 237 VANADIUM 34.9
]ZINC 110 ZINC 111 -|ZINC 68.1

Page 2016 [1/0/2008 2:18:05 PM]



PROJ_NO: 00447

SDG: TT03402 MEDIA: SOIL DATA FRACTION: M

X7850190002

nsample nsample X7350390002 nsample X7550440002
samp_date 10/2/2007 3:40:00 PM samp_date 10/3/2007 11:56:00 AM samp_date 10/2/2007 1:20:00 PM
lab_lc TT03402-007 tap_id TT03402-009 lab_id TT63402-010
qe_type NM gc_type N qe_type NM
units MG/KG units MG/KG uniis MG/KG
Pet_Solids g2.2 Pet_Solids . 88.4 Pet_Solids 87.4
OUP_OF: DUP_OF: DUP_OF:
[ val | Quat | ’ val | Qual Val | Qual
Parametar Result, Qual | Code Paramater | Result] Qual | Code Paramatar Result| Qual | Code
ALUMINUM 13300 ALUMINUM 15300 ALUMINUM 14900
ANTIMONY 3.7 . J G | IANTIMONY 962 J G ANTIMONY 45 U G
ARASENIC 5.69 ARSENIC 7.20 ARSENIC 6.34
BARIUM 18 | |BARILM 91.2 BARIUM 61.0
BERYLLIUM 0.873 BERYLLIUM 0.637 BERYLLIUM 0.553 !
CAGMIUM 0712 CADMIUM 0.895 1 [capmium b.a62 i
CALCIUM 4700 CALCIUM 26700 CALCIUM .. 735
{CHROMIUM 21.0 CHROMIUM P 204 CHROMIUM 24,1
COBALT 12,4 COBALT HERE COBALT 12.1) |
COPPER 427 | |COPPER 94.6 CCPPER 96.1 g
IRON 28200 IRON 26600 IRON 32100
LEAD 537 LEAD 495 [LEAD 199
MAGNESIUM 1850 MAGNESI/M | 7000 } IMAGNESIUM | 1880
IMANGANESE 950 MANGANESE 737 ; 'MANGANESE 709]
NICKEL 24.8- NICKEL o 145 ' NICKEL 117
POTASSIUM 1780 POTASSIUM I 1100 POTASSIUM 8s2
SELENIUM 0.553 SELENIUM 0.406 SELENIUM 0.249
SILVER 0.105 SILVER 0.108 SILVER 0.0640
SODIUM 578 U A S0DIUM 653 U A S0DIUM 592 U A
THALLIUM 0.157 THALLUM 0.197 ] [THALLILM 0.170
VANADIUM 27.1 | [VANADIUM 32.1 VANADIUM 325 B
ZINC 148 ZINC 88.8 ZINC 50.3 ]
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PROJ_Nu - 00447
SDG: TT03402 MEDIA: SOIL DATA FRACTION: M ’
nsample X7580450002 nsample X7550480002 nsample X7551790002
samp_date - 10/3/2007 12:38:00 PM samp_date 1/3/2007 12;44:00 PM samp_date' 10/7/2007 10:30:00 AM
lab_id TT03402-011 iab_id TT03402-012 leb_id TT03402-013
qc_type NM qc_type NM qc_type NM
units MG/KG units MG/KG Lnits MG/KG
Pct_Solids 85.7 Pei_Solios 84.5 Pct_Solids 74.3
DUP_OF: DUP_OF: DUP_OF;
. val | Qual val | Quatl | Val | Quat |
Paramseter Result} Qual | Code Parameler Result) Qual | Code Parameter Resulti Qual | Coda
ALUMINUM 13400 ALUMINUM - [ 18300 ALUMINUM 11500
ANTIMONY 39 J G | [ANTIMONY 245 J G | |ANTIMONY 200 J | G
ARSENIC 7.72 ARSENIC 7.38| - ARSENIC: o] |
BARIUM 68.4 IBARIUM 85.3 BARILM 56.2
BERYLLIUM 0.601 BERYLLIUM 0.776 BERYLLIUM D.769
CADMIUM 0.387 _lcADMIUM 0.594 CADMIUM 0.439
CALCIUM 917 CALCIUM 3670 CALCIUM 1110
CHRGMIUM 27.4 CHROMIUM 234 CHROMIUM 39.2 B
COBALT 13.7 | lcosaut 120 COBALT 14.4 |
COPPER 128 COPPER 283 COPPER 292 |
IRON 38600 IRON 22900 IRON 38400 |
LEAD 286 LEAD 1100 LEAD 83.6 |
MAGNESIUM 1610 MAGNESIUM 2760 MAGNESIUM 1190
MANGANESE 919 MANGANESE 1060 MANGANESE 637
NICKEL 14.0 NICKEL 15.7 NICKEL 13.6
POTASSIUM 788 POTASSIUM 1100 POTASSKIM 592
SELENIUM 0.273 SELENIUM 0.368 SELENIUM 0.322
" [SLVER 0.0695 SILYER 0.115 SILVER 0.0583
S0DIUM 161 U SODIUM EYRIT A SODIUM 2380 U A
THALLIUM 0.181 THALLIUM 0.223 THALLIUM 0.147
VANADILM 34.7 VANADIUM 35.9 VANADIUM 359 T
ZINC 52.3 ZING 70.4] ZINC 42.2
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PROJ_NO:

00447

S0G: TT03402 MEDIA: SOIL DATA FRACTION: M

nsampte X7$51800002 nsample . X7581810002 nsample X7551820002
samp_date 10/7/2007 10:55:00 AM ‘samp_date 10/7/2007 11:03:00 AM samp_date 10/7/2007 11:12:00 AM
lab_ld TT03402-014 lab, id TT03402-015 lab_d TT03402-016
qc_ltype NM ge_type NM gqc_type NM
upnits MG/KG units MG/KG units MG/KG
Pcl_Solids 85.8 Pct_Solids B3.6 Pct_Solids B86.1
DUP_QF: DUP_OF; DUP_OF;
val | Qual ’ " val | Qual i val | Qual

Paramater Resulty Qual | Cod Parameler [ Resultl Qual | Coue Parameter Rasult| Qual ‘Code
TAtuMiNM 16200 ALUMINUM 14800 ALUMINUM 11700
ANTIMONY EEE ANTIMONY s3] J G | |ANTIMONY 28] J G
ARSENIC 15.0 ARSENIC 8.77 ARSENIC 15.1
BARILM 81.8 BARILM 118 BARIUM 615
BEAYLLILM 0827 J BERYLLIUM 1.20) BERYLLIUM 0.703] J c
CADMIUM 1.32 CADMIUM 0572 | {CADMIUM 0.623
CALCIUM 1020 CALCIUM 1080 CALCIUM 1040
CHROMIUM 32.2 CHROMiUM 45.9 CHROMIUM 35.2 |
COBALT 19.2 COBALT 112 COBALT 22.6] ]
COPPER - 519 ] COPPER 63.8 COPPER 44.2
IAON 315000 | IRON 35800 | |IRON 45700
LEAD 89.0 | LEAD 212 | JLEAD 95.1
MAGNESIUM 2280 [ MAGNESIUM ° 1810 | [MAGNESIUM 1140 |
MANGANESE 544 MANGANESE 571 | [MANGANESE 641 ! (
NICKEL 27.0 NICKEL 324 NICKEL 221 Il |
POTASSIUM 1210 POTASSIUM B POTASSIUM a1o '
SELENIUM 0.604 SELENIUM 0.279 SELENIUM 0.373
SILVER 0.186 SILVER £.0620 SILVER 0.0985 [
SODIUM 138 SO0WM | 181 U A | [SODIUM 408 | |
THALLIUM 0.300 THALLIUM | 0133 THALLIUM 0.224 )
VANADIUM 78.0 VANADIUM EE ] VANADIUM 57.0 |
ZING 74.8 INC [IRE | ZING 47.0 ]
Page §of 6 r0g 2:18:05 PM]



PROJ_NO:
SDG: TT03402 MEDIA: SOIL DATA FRACTION: M

00447

nsample X7551830002 nsampie X7551840002 nsample X7551830002
samp_date 10/7/2007 11:30:00 AM samp_date 10/7/2007 11:45:00 AM samp_date 10/8/2007 3:27:00 PM
lab_ld - TT03402-017 lab_id TT03402-018 lab_ld TT03402-019
qc. type NM qe_type NM ac_type NM
unlts MG/KG units MG/KG units MG/KG
-Pct_Scllds - 77.3 Pct_Solids 85.4' Pct_Scllds 84.7
DUP_OF: DUP_OF: DUP_OF:
val | Qual Val | Qual _ Val OLiI
Paramater Result| Qual | Code Parameter Result; Qual | Code Parameter Result] Qual | Code
ALUMINUM 19400 ALUMINUM 15600] ALUMINUM 10000 !
ANTIMONY 0.58] U A} [ANTIMONY 038 U A | [ANTIMONY | 26 J G
ARSENIC 17.0 'ARSENIC 125 " | |ARSENIC 5.52 '
BARIUM 92.9 BARIUM 737 BARIUM 2.8
BERYLLIUM 0.718] J C | [BERYLLIUM 0.625 C | IBERYLLIUM 0.850
" [CAOMIUM 1.90( CADMIUM 1.32 [CADMIUM 0815
CALCIUM 18700 CALCIUM [ 1790 CALCIUM 1130
CHROMIUM 285 CHROMIUM 21 CHROMIUM 16.7]
COBALT 16.9 | [cosaLy 18.8 | [COBALT 13.3
COPPER 48.2 COPPER _ 338 COPPER 46.3
IRON 29700 IRON 24700 IRON 23200
LEAD 288 LEAD 25.3 LEAD 151
MAGNESIUM 3910 MAGNESIUM 2620 MAGNESIUM 1020
MANGANESE 334 MANGANESE 477 MANGANESE 665
NICKEL 207 NICKEL 243 NICKEL 19.6
POTASSIUM 1740 POTASSIUM 1180 POTASSIUM 660
SELENIUM 0913 SELENIUM 0.367 SELENIUM 0.383
ISILVER 0.238 SILVER 0.152 [SILVER 0.126
SODIUM 138 SODILM 935 SODIUM 4.7} U A
THALLIUM 0.525 THALLIUM 0.394] THALLUM 0128) U | A
VANADIUM 85.9 [VANADIUM 64.3; VANADIUM 25.6 L
[ZING 74.3 | [Zine 61.0] ZINC 618 1 -

Page 6of & [1/8/2008 2:18;05 PM]
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