
DOE/OR/01-1136

Annual Report on the Background Soil Characterization
Project on the Oak Ridge Reservation,

Oak Ridge, Tennessee

Results of Phase I Investigation



NOTICE ABOUT UNUSABLE DATA

The europium-155 data contained in this report have been determined to be unusable, because
of possible interference with the gamma spectra of other naturally occurring radionuclides in
soils.Althoughthesedatawereusedthroughouttheanalysesdiscussedinthisreport,including
theevaluationofrisk,theeffectsofeliminatingtheeuropium-155datafromriskconsiderations
areminimal,becausetherisksposedtohuman healthfromingestionofandexternalexposure
touncontaminatedsoilontheOak RidgeReservation(ORR) containingbackgroundlevelsof

europium-155arerelativelysmall(5.97× 10"IIand 1.49x 10"7,respectively).Furthermore,
individualrisksarenegligiblewhencomparedwiththetotalpathwayriskfromingestionofand

externalexposuretobackgroundlevelsofallradionuclideson theORR (pathwayrisksare
7.39x Ifr"and6.38x 10-4,respectively).Hence,eliminationoftheeuropium-155datafrom
thisdatasetwouldnotsignificantlychangetheriskvalues,andsimilarstatementsarealsotrue
fortheeuropium-155backgroundrisksforAndersonand Roane counties.RevisedPhaseI
resultswillbepresentedintheprojectfinalreport.

This report has been reproduceddirectlyfrom the best available copy.

Availableto DOE and DOE contractorsfrom the Office of Scientificand
TechnicalInformation,P.O. Box62, Oak Ridge,TN 37831; prices
availablefrom 615-576-8401.

Availableto the public from the NationalTechnical InformationService,
U.S. Departmentof Commerce,5285 Port Royal Rd., Springfield,VA
22161.



DOE/OR/01-1136
ES/ER/TM-43

Annual Report on the Background Soil Characterization Project
on the Oak Ridge Reservation, Oak Ridge, Tennessee

Results of Phase I Investigation

Environmental Restoration Division
P.O. Box 2003

Oak Ridge, Tennessee 37831-7298

Date Issued--May 1993

Prepared by
Environmental Sciences Division
Oak Ridge National Laboratory

E.SD Publication 3944

Prepared for
U.S. Department of Energy

Office of Environmental Restoration and Waste Management
under budget and reporting code EW 20

MARTIN MARIETI'A ENERGY SYSTEMS, INC.
managing the

Oak Ridge K-25 Site Paducah Gaseous Diffusion Plant
Oak Ridge Y-12 Plant Portsmouth Gaseous Diffusion Plant

Oak Ridge National Laboratory under contract DE-AC05-76OR00001
under contract DE-AC05-84OR21400

for the
U.S. DEPARTMENT OF ENERGY



Authors

D. R. Watkins
J. T. Ammons
J. L Branson

B. B. Burgoa
P. L. Goddard
T. L. Hatmaker
L. A. Hook
B. L. Jackson

C. W. Kimbrough
S. Y. Lee
D. _L Lietzke
C. W. McGinn
B. D. Nourse
R. L. Schmoyer
R. A. Shaw
S. E. Stinnette
J. Switek

J. C. Wright

Author Affiliations

D. R. Watkins (Project Manager), L. A. Hook, S. Y. Lee, and J. Switek
are members of the Environmental Sciences Division; B. L. Jackson is a
member of the Computing Applications Division; P. L. Goddard is with the
K-25 Site Program Office; T. L. Hatmaker and J. C. Wright are with the
Measurement Applications and Development Group; C. W. McGirm, B. D.
Nourse, R. A. Shaw, and S. E. Stinnette are members of the Health and
Safety Research Division; and R. L. Schmoyer is a member of the
Engineering Physics and Mathematics Division, ali part of the Oak Ridge
National Laboratory. C. W. Kimbrough is manager of the Analytical
Projects Office. Ali of these organizations are managed by Martin Marietta
Energy Systems, Inc. J. T. Ammons, J. L. Branson, and B. B. Burgoa are
with the Department of Plant and Soil Science at The University of
Tennessee in Knoxville. D. A. Lietzke is a consultant.



Annual Report on the Baek_ound Soil Characterization Project
on the Oak Ridge Reservation, Oak Ridge, Tennessee

Results of Phase I Investigation

(DOE/OR/01-1136)

APPROVALS

S. _._Riddt_, Chief "/ Date
Decontamination and Decommissioning Branch
DOE Oak Ridge Field Office

D. Date
DOE Program Manager
DOE Oak Ridge Field Office

D. T. Bell t I Date
ER Program Manager
Martin Marietta Energy Systems, Inc.

D. R. Watkins Date
BSCP Manager
Martin Marietta Energy Systems, Inc.

ooo

lH



CONTENTS

TABLES ........................................................ ix

FIGURES ....................................................... xiii

ABBREVIATIONS ................................................. xv

EXECUTIVE SUMMARY .......................................... xvii

1. INTRODUCTION .............................................. 1-1
1.1 PROJECT OBJEC"ITVE_ AND APPROACH ....................... 1-1
1.2 REPORT ORGANIZATION ................................... 1-1
1.3 REGUI_TORY INITIATIVF_ ................................. 1-2
1.4 DATA QUALITY OBJECTIVES ................................ 1-4

2. BACKGROUND AND DATA USER INFORMATION .................. 2-1
2.1 PROJECT ORGANIZATION .................................. 2-1
2.2 DATA MANAGEMENT AND VERIFICATION .................... 2-1

2.2.1 Responsibilities for Data Management and Verification ............ 2-1
2.2.2 Data Storage and Records Management ....................... 2-1

2.3 DATA USER GUIDELINES ................................... 2-7
2.3.1 How To Use Phase I Data--A Field Perspective ................. 2-7
2.3.2 How To Use Phase I Data--An Analytical Perspective ............. 2-8
2.3.3 Statistical Guidelines for Users of Background Soil Data ........... 2-9
2.3.4 Data User Guidelines for Risk Assessments ..................... 2-11
2.3.5 Data Acce_ Considerations ................................. 2-13

3. FIELD INVESTIGATION AND GAMMA SCREENING ANALYSES ...... 3-1
3.1 SUMMARY ................................................ 3-1
3.2 INTRODUCTION .......................................... 3-1
3.3 SAMPLING SITE SELECTION ................................. 3-3

3.3.1 Site Evaluation ........................................... 3-3
3.3.2 Selected Sites ............................................ 3-7

3.3.3 Composited Sample Sites ................................... 3-7
3.3.4 Selection and Initial Evaluation of Off-Site Locations .............. 3-7

3.4 SITE AND SOIL DESCRIPTIONS ............................... 3-8
3.5 SAMPLING PROCEDURES ................................... 3-8
3.6 SOIL SAMPLING AND SAMPLE PREPARATION ................. 3-8

3.6.1 Scope and Objective ...................................... 3-8
3.6.2 Materials ............................................... 3-9
3.6.3 Field Activities ........................................... 3-9

3.7 FIELD QUALITY CONTROL EVALUATION ..................... 3-15
3.8 QUALITATIVE RESULTS OF GAMMA SPECTROSCOPY

SCREENING ............................................... 3-17



4. ANALYTICAL LABORATORY ANALYSES
AND DATA VALIDATION ....................................... 4-1
4.1 SUMMARY OF DATA VALIDATION ........................... 4-1
4.2 INTRODUCTION ........................................... 4-2
4.3 SELECTION OF LABORATORIES ............................. 4-3
4.4 QUALrFY ASSURANCE/QUALITY CON'I_OL ................... 4-3

4.4.1 Organic Data Qualifiers .................................... 4-4
4.4.2 Inorganic Data Qualifiers ................................... 4-5

4.5 DATA VALIDATION ........................................ 4-5

4.5.1 Organic Data Validation Results .............................. 4-6
4.5.2 Inorganic Data Validation Results ............................ 4-16
4.5.3 Radiochemical Validation Results ............................ 4-21

4.6 SCREENING ANALYSES FOR VOLATILE ORGANIC
COMPOUNDS .......................................... 4.28

4.7 ORGANIC COMPOUND ANALYSES ........................... 4.28
4.7.1 Pesticides/PCBs .......................................... 4-28
4.7.2 Polynuclear Aromatic Hydrocarbons ........................... 4-28
4.7.3 Herbicides .............................................. 4-30

4.8 INORGANIC COMPOUND ANALYSES ......................... 4-30
4.8.1 Metals ................................................. 4-30

4.8.2 Cyanide and Sulfate ....................................... 4-31
4.9 RADIONUCLIDE ANALYSES ................................. 4-31

5. STATISTICAL ANALYSIS ....................................... 5-1
5.1 SUMMARY ................................................ 5-1
5.2 INTRODUCTION ........................................... 5-1

5.2.1 Graphical Screening ....................................... 5-4
5.2.2 Basic Assumptions ........................................ 5-4
5.2.3 Comparison of Areas ...................................... 5-6

5.3 INORGANICS .............................................. 5-6
5.4 HERBICIDES ............................................... 5-18
5.5 PESTICIDES ............................................... 5-20
5.6 PAHs ...................................................... 5-21
5.7 RADIONUCLIDES .......................................... 5-21
5.8 GAI_dA SCREENING ....................................... 5-28
5.9 VOLATILE ORGANICS ...................................... 5-29
5.10 VARIANCE COMPONENTS .................................. 5-29
5.11 ADDITIONAL REMARKS .................................... 5-36

6. DATA INTERPRETATION ....................................... 6.1
6.1 SUMMARY ................................................ 6.1
6.2 BASIC IDEAS AND CONCEPTS OF INTERPRETING

SOILS DATA ............................................... 6-2
6.3 VALID DATA COMPARISONS ................................ 6-4
6.4 INTERPRETATION OF PHASE I DATA ......................... 6-5

6.4.1 Organic Compounds ....................................... 6-6
6.4.2 Inorganic Compounds and Metals ............................ 6-6
6.4.3 Radionuclides ........................................... 6-11

vi



7. BACKGROUND RISK EVALUATION .............................. 7-1
7.1 SUMMARY ................................................ 7-1
7.2 INTRODUCTION ........................................... 7-2
7.3 DATA EVALUATION ........................................ 7-3

7.3.1 Data Usability ........................................... 7-3
7.3.2 General Site-Specific Data Collection Considerations .............. 7-3
7.3.3 General Site-Specific Data Evaluation Considerations ............. 7-3
7.3.4 Identification of Constituents Included

in the Background Risk Evaluation ........................... 7-4
7.4 EXPOSURE ASSESSMENT .................................... 7-4

7.4.1 Characterization of Exposure Setting .......................... 7-4
7.4.2 Identification of Exposure Pathways ........................... 7-8
7.4.3 Quantification of Exposure ................................. 7-8

7.5 TOXICYI_ ASSESSMENT ..................................... 7-21
7.5.1 Beryllium ............................................... 7-21
7.5.2 Radionuclides ........................................... 7-21

7.6 RISK CHARACTERIZATION .................................. 7-28

7.6.1 EPA Guidance--Carcinogens ................................ 7-29
7.6.2 EPA Guidance--Noncarcinogens ............................. 7-30
7.6.3 Background Risk and Hazard Index Comparisons

Between the ORR and Anderson and Roane Counties ............ 7-30

7.6.4 Background Risk Characterization for the ORR .................. 7-43
7.7 UNCERTAINTIES AND ASSUMPTIONS ......................... 7-56
7.8 PERSPECTIVE .............................................. 7-58

8. ASSESSMENT OF OVERALL DATA QUALI'I_ OBJE_ .......... 8-1
8.1 SUMMARY ................................................ 8-1
8.2 INTRODUCTION ........................................... 8-1
8.3 DATA QUALITY OBJECTIVES FOR

FIELD MEASUREMENT DATA ................................ 8-2
8.4 DATA QUALYI_ OBJECrIVES FOR

LABORATORY MEASUREMENT DATA ........................ 8-2
8.5 ASSESSMENT OF COMPLIANCE

WITH DATA QUALITY OBJECTIVES ........................... 8-3
8.5.1 Audits and Surveillances ................................... 8-3
8.5.2 Data Quality Indicators for Field Measurement Data ............. 8-3
8.5.3 Data Quality Indicators for Analytical Laboratory Measurement

and Soil Preparation Laboratory Data ......................... 8-4
8.5.4 Training of Field and Soil Preparation Laboratory Personnel ....... 8-5
8.5.5 Field Data and Records Management ......................... 8-5
8.5.6 Field Quality Program ..................................... 8-6
8.5.7 Field Data Validation ..................................... 8-8
8.5.8 Field Quality Control Assessment ............................ 8-8
8.5.9 Analytical Data Quality Assessment .......................... 8-12
8.5.10 Data Gaps ............................................. 8-16

9. PLANNED PHASE II ACTIVITIES ................................. 9-1
10. REFERENCES ............................................... 10-1

vii



APPENDIX A--SITE DESCRIPTIONS, SOIL PROFILE DESCRIPTIONS,
AND GENERAL ANALYSIS OF SITF_ ................. A-1

A.1 OAK RIDGE RF_SERVATION SITE DESCRIPTIONS ................ A-3
A.2 ROANE COUNTY SITE DESCRIPTIONS ......................... A-9
A_3 ANDERSON COUNTY SITE DESCRIPTIONS ...................... A-12
hL4 OAK RIDGE RESERVATION SOIL PROFILES .................... A-15
A.5 ROANE COUNTY SOIL PROFILES .............................. A-39
A.6 ANDERSON COUNTY SOIL PROFILES .......................... A-51
A_7 ANALYSIS OF OAK RIDGE RESERVATION SITES ................ A-63
h_8 ANALYSIS OF ROANE COUNTY SITES .......................... A-68
A.9 ANALYSIS OF ANDERSON COUNTY SITES ...................... A-70
A.10 ANALYSIS OF DATA FROM COMPOSITED SAMPLES ............. A-72

APPENDIX B--SCREENING ANALYSIS DATA ....................... B-1

APPENDIX C--ORGANIC ANALYSIS DATA ......................... C-1

APPENDIX D--INORGANIC ANALYSIS DATA ....................... D-1

APPENDIX E--RADIONUCLIDE ANALYSIS DATA ................... E-1

APPENDIX F--RELATION OF SAMPLE NUMBERS TO

LABORATORY SAMPLE DELIVERY GROUPS (SDGs) .... F-1

APPENDIX G--DESCRIPTIONS OF SAMPLES FOR PHASE I
ARRANGED NUMBERICALLY
BY SAMPLE IDENTIFICATION NUMBER ............... G-1

APPENDIX H--OCCURRENCES OF REJECTED DATA ................. H-1

VIII



TABLF

2.1 Soil horizons and corresponding sample designations for Phase I ........ 2-4

4.1 Definition of data validation qualifiers ............................ 4-7

4.2 Summary distribution of pesticide/PCB data validation results ........... 4-10

4.3 Summary distribution of chlorinated herbicide data validation results ..... 4-12

4.4 Summary distribution of polynuclear aromatic hydrocarbon
data validation results ......................................... 4-17

4.5 Summary distribution of inorganic data validation results .............. 4-21

4.6 Summary distribution of radiochemical data validation results ........... 4-29

5.1 Summary statistics for inorganics (mg/kg) ......................... 5-7

5.2 Additional summary statistics for inorganies:
for mostly undetected 95% UCBs for detection probability ............. 5-17

5.3 Herbicides 95% UCBs for detection probabilities .................... 5-18

5.4 Pesticides 95% UCBs for detection probabilities .................... 5-20

5.5 PAHs 95% UCBs for detection probability for analytes
with fewer than three detects ................................... 5-22

5.6 Additional summary statistics for PAHs with several detects ............ 5-22

5.7 Radionuclide 95% UCBs for detection probability
with fewer than two detects .................................... 5-23

5.8 Additional radionuclides summary statistics (pCi/g) ................... 5-24

5.9 Overall results for cesium-137 (in pCi/cm2) ......................... 5-28

5.10A Standard deviation estimates for inorganics ........................ 5-32

5.10B Standard deviation estimates for PAHs ............................ 5-34

5.10C Standard deviation estimates for radionuclides ...................... 5-35

7.1 Oak Ridge Reservation background soil analytes evaluated
quantitatively .............................................. 7-5

ix



7.2 Oak Ridge Reservation background soil analytes evaluated
qualitatively ............................................... 7-7

7.3 On-site resident exposure scenario ............................... 7-10

7.4A Chronic daily intake of ORR background soil by the on-site
resident--Dismal Gap ........................................ 7-13

7.4B Chronic daily intake of ORR background soil by the on-site
resident--Dismal Gap ........................................ 7-14

7.4C Chronic daily intake of ORR background soil by the on-site
resident--Nolichucky ......................................... 7-15

7.4D Chronic daily intake of ORR background soil by the on-site
resident--Nolichucky ........................................ 7-16

7.4E Chronic daily intake of ORR background soq by the on-site
resident .................................................. 7-17

7.5 Toxicity information for carcinogenic potential ORR
analytes of concern--ingestion pathway ........................... 7-22

7.6 Toxicity information for noncarcinogenic potential analytes of
concern on the Oak Ridge Reservation ........................... 7-23

7.7 Toxicity information for external exposure to radionuclides
on the Oak Ridge Reservation .................................. 7-24

7.8 Comparative background cancer risk estimates from exposure to
soil constituents from the Oak Ridge Reservation, Anderson County,
and Roane County--Dismal Gap lithology ........................ 7-31

7.9 Comparative background hazard index estimates from exposure to
soil constituents from the Oak Ridge Reservation, Anderson County,
and Roane County--Dismal Gap lithology ........................ 7-32

7.10 Comparative background risk estimates from exposure to soil constituents
from the Oak Ridge Reservation, Anderson County, and Roan
County--Dismal Gap ......................................... 7-37

7.11 Comparative hazard index estimates from exposure to background
soil constituents from the Oak Ridge Reservation, Anderson County,
and Roane County--Dismal Gap ................................ 7-40

7.12a Background cancer risk estimates from exposure to soil comtituents
on the Oak Ridge Reservation .................................. 7-44



7.12b Background cancer risk estimates from exposure to Oak Ridge
Reservation soil constituents ................................... 7-45

7.12c Background cancer risk estimates from exposure to Oak Ridge
Reservation soil constituents .................................... 7-47

7.13a Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Dismal Gap ......................... 7-50

7.13b Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Dismal Gap ......................... 7-51

7.13c Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Nolichucky ......................... 7-52

7.13d Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Dismal Gap ......................... 7-53

7.13e Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Dismal Gap ......................... 7-54

7.13f Background hazard index estimates for residents exposed to Oak Ridge
Reservation soil constituents--Nolichucky ......................... 7-55

7.14 Site-specific uncertainty factors ................................. 7-57

8.1 Comparison of rinse water and source water for metals on the ORR ..... 8-10

8.2 Comparison of source water and rinse water
for Anderson and Roane counties ............................... 8-11

8.3 Distribution of data usability ................................... 8-13

B.1 Volatile organic analysis results for soil samples ..................... B-5

B.2 Weighted gamma screening results for soil samples .................. B-35

B.3 Unweighted gamma screening results for soil samples ................. B-43

C.1 Organic analysis results for soil samples ........................... C-5

D.1 Inorganic analysis results for composite soil samples .................. D-5

E.1 Radionuclides analysis results for composite soil samples .............. E-5

F.1 Relation of sample numbers to laboratory
sample delivery groups (SDGs) ................................. F-3

xi



Gol Descriptions of samples for Phase I arranged numerically
by sample identification number ................................. G-3

H.1 Occurrences of R validation prefix--Phase I ........................ H-3

xii



FIGURES

2.1 BSCP staff organization ...................................... 2-2

3.1 Approximate locations of BSCP sampling areas ..................... 3-2

3.2 Sampling site locations for the ORR ............................. 3-4

3.3 Sampling sites in Roane County ................................ 3-5

3.4 Sampling sites in Anderson County .............................. 3-6,.

5.1 Log of aluminum concentrations for horizon A--an example of graphics
used to check for outliers ...................................... 5-5

5.2 Log of aluminum concentrations for horizon B--illustrating
significant differences between sampling areas ..................... 5-19

5.3 Cesium-137 results (square root of pCi/cm2) by area from gamma scan... 5-30

7.1 Comparison of total background cancer risks calculated from
soil samples from the Dismal Gap Formation in Anderson County,
Dismal Gap in Roane County, Dismal Gap on the ORR, and the
Nolichucky Formation on the ORR ............................. 7-34

9.1 BSCP schedule ............................................. 9-3

XIII



ABBREVIATIONS

AA atomic absorption
AESG Analytical Environmental Support Group at the Oak Ridge K-25 Site
AND Anderson County
APO Analytical Projects Office
BSCP Background Soil Characterization Project
CCB continuing calibration blank
CCV continuing calibrationverification
CDI chronic daily intake
CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act (1980)
CLP Contract Laboratory Program
COC chain of custody
CRDL contract required detection limit
CVAA cold vapor atomic absorption
DOE U.S. Department of Energy
DOE-OR DOE Oak Ridge Field Office
DQ data quality
DQO Data Quality Objective
EPA U.S. Environmental Protection Agency
ER environmental restoration
ESD Environmental Sciences Division of ORNL

FT) field duplicate
FLAA flame atomic absorption
FWHM full-width half-maximum

GC gas chromatography
GFAA graphite furnace atomic absorption
GI gastrointestinal
KEAST Health Effects Assessment Summary Tables
HI hazard index
HPLC high performance liquid chromatography
HSWA Hazardous and Solid Waste Amendments to RCRA (1984)
ICB initial calibration blank
ICP inductively coupled plasma
ICRP International Commission on Radiological Protection
ICS interference check sample
ICV initial calibration verification
lD identification number
IDL instrument detection limit

IRIS Integrated Risk Information System
LCS laboratory control sample
LET linear energy transfer
LLWDDD Low-Level Waste Disposal Development Demonstration
LTB lower tolerance bound

MAD Measurement, Applications, and Development Group
MDA minimum detectable activity

XV



MDL method detection limit

MS mass spectroscopy
MSA Method of Standard Additions
MSD matrix spike duplicate
MS/MSD matrix spike/matrix spike duplicate
NAA neutron activation analysis
ND no data
NEPA National Environmental Policy Act (1968)
NIST National Institute for Standards and Testing
NPL National Priorities List

OREIS Oak Ridge Environmental Information System
ORNL Oak Ridge National Laboratory
ORR Oak Ridge Reservation
OSWER Office of Solid Waste and Emergency Response
OU operable unit
PAH polynuclear aromatic hydrocarbon
PC personal computer
PCB polychlorinated biphenyl
PE performance evaluation
PEM performance evaluation mixture
PQL practical quantitation limit
PSD percent standard deviation
QA/QC quality assurance/quality control
RAGS Risk Assessment Guidance for Superfund
RCRA Resource Conservation and Recovery Act (1976)
RfD reference dose

ROA Roane County
ROW fight of way
RPD relative percent difference
RSD percent standard deviation
SARA Superfund Amendments and Reauthorization Act (1986)
SDG Sample Delivery Group
SF slope factor
SOP standard operating procedure
SOW statement of work
SPL Soil Preparation Laboratory
SVOC semi-volatile organic compound
SWMU solid waste management unit
TIC tentatively identified compound
TSD treatment, storage, and disposal
TVA Tennessee Valley Authority
UCB upper confidence bound
LIT University of Tennessee--Knoxville
USDA U.S. Department of Agriculture
VOA volatile organic analysis
VOC volatile organic compound
WAG waste area grouping
WM waste management

xvi



1-3

certain operating criteria to safeguard the environment (RCRA 1976). These TSD
facilities are referred to as solid waste management units (SWMUs) which are defined
as any "discernible waste management unit at a RCRA facility from which hazardous
waste or hazardous constituents might migrate, irrespective of whether or not the unit
was intended for the management of solid or hazardous waste." Such units include any
area at a facilityat which hazardous wastes or hazardous constituents have been routinely
and systematically released (EPA 1989a).

• Hazardous and Solid Waste Amendments (HSWA). These amendments tO RCRA were
enacted in 1984 and provided EPA with the authority to enforce corrective actions by
broadening the scope of the RCRA Corrective Action Program.In addition to evaluating
and correcting releases to the uppermost aquifer from regulated RCRA units, HSWA
promotes the cleanup of continuing releases to any environmental media resulting from
waste management units and practices at RCRA facilities (HSWA 1984). Among the
most significant provisions of HSWA are the following:

1. Section 3004(u), Corrective Action for Continuing Releases. S._tion 3004(u) states
that for permits issued after November 8, 1984, corrective action is required for
releases of hazardous waste or constituents from any SWMU at any TSD facility
seeking a permit for permanent operation, regardless of when waste was placed in
the unit. Thus, corrective actions apply to current as well as past releases.

2. Section 3004(v), Corrective Action Beyond the Facility Boundary. Section 3004(v)
authorizes EPA to require that corrective action be taken by the facility owner or
operator for releases that have migrated off-site beyond the facility boundary. Such
action should be taken where necessary in order to protect human health and the
environment unless the owner/operator demonstrates to the satisfaction of the
administrator that permission to undertake such action was denied.

• Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
also referred to as Superfund. Created in 1980, it established a program to identify sites
(operable units) from which environmental releases of hazardous substances might occur
or have occurred. At such sites, Superfund promotes the evaluation of damage to natural
resources, ensures cleanup by the responsible party or the government, and creates a
claims procedure for parties involved in site cleanup and natural resource reclamation.
Sites identified by CERCLA are evaluated and then placed on the National Priorities
List (NPL), if appropriate. The Oak Ridge Reservation was listed on the NPL in
December 1989 in the Federal Register (54 FR 48184) (EPA 1989b).

• Superfund Amendments and Reauthorization Act (SARA). Created in 1986 as a 5-year
extension of the Superfund/CERCLA program to clean up hazardous releases at
uncontrolled or abandoned hazardous waste sites.

• National Environmental Policy Act (NEPA). Created in 1968, it directs public officials
to consider the impacts of their actions (e.g., construction, remediation) on the human
environment as a part of ali decision-making processes.

When the ORR was placed on the National Priorities List, CERCLA became the
primary regulatory driver for environmental studies and clean-up actions. Part of the
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requirements of CERCLA are that remedial actions be based on nine criteria. Those criteria
are (1) overall protection of human health and the environment; (2) compliance with
applicable, or relevant and appropriate requirements; (3) long-term effectiveness and
permanence; (4) reduction of toxicity, mobility or volume through treatment; (5) short-term
effectiveness; (6) implementability; (7) cost; (8) state acceptance; and (9) community
acceptance. To determine whether or not proposed remedial activities for contaminated sites
can meet these criteria, the concentration of suspected contaminants must be compared to
the con,:entrations of those same constituents in natural environments. The purpose of the
BSCP is to determine the concentrations of ali key organics, inorganics (metals), and
radionuclides in background soils in the Oak Ridge area, so that they could be used for
comparing the concentrations found at contaminated sites undergoing remedial investigation
under CERCLA. Key constituents are those that are of interest to ongoing, as well as
anticipated, remedial actions and investigations.

1.4 DATA QUALITY OBJECTIVF.S

Determination of naturally occurring concentrations in soils in the Oak Ridge area
necessitates a systematic investigation because there are several different underlying
formations from which soils are derived, and because of the natural vafiabiE.*ywithin the
different soil types. To evaluate the ranges of concentrations of organics, metals, and
radionuclides with high confidence levels, the project participants followed the steps described
in this section for project planning found in the report Characterizing Heterogeneous Wastes:
Methods and Recommendations (Rupp and Jones 1991). This section outlines the approach
taken to establish DQOs for this project.

State the Problem To Be Resolved

The problem to be resolved by conducting the Background Soil Characterization Project
is to determine the range in concentration of naturally occurring organics, metals, and
radionuclides in soils. Ranges of concentrations for these constituents are required because
of the variability found in any naturally occurring substance and because of the varying soil
types resulting from different underlying geologic formations in the Oak Ridge area. The
sample collection program was designed to account for some of this variability (Sect. 5.2,
Energy Systems 1992) through the collection of field duplicates.

Identify the Decision To Be Made

Decisions will be made with respect to characterization of background concentrations of
organics, inorganics (metals), and radionuclides found in nature. Standards for cleanup of
potentially contaminated soils in the ORR will be based on the concentrations above those
established as background in this project for typical constituents. IF data from this project can
be used to determine that levels of organics, metals, and radionuclides at a suspected
contaminated site are no greater than those found in nature, THEN those constituents will
not be considered contaminants of concern for that particular site. However, IF the
concentrations of these constituents are significantly greater than those found in nature,
THEN appropriate remedial activities will be evaluated in site specific cleanup projects to
reduce the elevated concentrations to those of naturally occurring levels or to technically
feasible levels.
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Identify Inputs to the Decision

The approach taken to provide needed quantitative data on background concentration
levels is based on collecting and analyzing samples from representative soil sections. The
determination that sample collection locations are representative was made by assimilating
information from relevant disciplines. Those disciplines included site history, geology, soil
science, statistics, and analytical chemistry. To ascertain that samples would reflect accurate
background concentrations, the history of the sample collection site was determined to be
unaffected by process and research operations of the Oak Ridge Reservation, and the site was
determined to have the same underlying geologic units and soils as those underlying suspected
and contaminated sites. To determine the probable ranges of background concentrations, a
statistically based sample collection and analysis program was designed. To provide defensible
laboratory analyses upon which to base statistical analysis and the resulting conclusions,
analytical chemists determined that EPA Analytical Level IV QC and documentation would
be required.

Narrow the Boundaries of the Study

Upon defining the problem to be resolved and the decisions to be made from project
data, the boundaries of the study were narrowed in three ways: (1) appropriate locations for
sample collection were determined, (2) analytical parameters were agreed upon, and (3)
statistical analytical procedures designed. From these decisions, the appropriate levels of
quality assurance documentation required from field sampling and laboratory activities were
established. The process for selecting sample collection sites is described in the Project Plan
for the Background Soil Characterization Project on the Oak Ridge Reservation, Oak Ridge,
Tennessee (Energy Systems 1992). Therein the process is discussed in detail, as are the
analytical parameters of interest, for both the field and laboratory activities, the associated
quality assurance documentation requirements for each, and the statistical analysis techniques.

D_,elop a Decision Rule

Upon completion of sample collection and analysis according to the requirements
disctu'sed above, the results are statistically analyzed, compiled, and reported including the
ranges of concentrations for each constituent. This information will be used to address the
following statement: IF concentrations of contaminants of concern at potentially contaminated
sites are above those established as background, THEN appropriate remedial measures will
be evaluated for application at that site.

Develop Uncertainty Constraints

The uncertainty of ali results from this project must be as low as reasonably achievable
or, put in other words, the confidence level must be high, became the information developed
in this study will be used as a basis upon which to make decisions in remedial projects that
are estimated to cost millions of dollars and require several years to implement. It is
important that resources be directed at sites that are truly contaminated. To achieve the
lowest uncertainty in the statistical analysis conducted as a part of this project, high quality
data, as well as adequate sample sizes, are required. The project team decided that analytical
data used in the analysis should require EPA Level IV quality control and documentation to
ensure high quality data. Preliminary screening analyses were assigned EPA Analytical
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Level II quality control documentation. In order to ensure that sample collection and field
observations were done in such a way as to ensure technieaUy complete and accurate and
legally defensible information, these activities were conducted according to procedures that
had been reviewed and approved by technical experts, knowledgeable managers, and
regulators, subject to appropriate quality assurance oversight.

Optimize Design for Obtaining Data

The data collection design for this project is described in the Project Plan (Sect. 5.3,
Energy Systems 1992). This design was optimized to account for variability within soil types
by compositing soil samples. Additional optimization was achieved by conducting field
screening analyses on soils to ensure that the site was not contaminated by unrecorded
disposals. The field screening analyses were supplemented by laboratory analysis for man-
made contaminants that would be unacceptable in a site used for determining natural
background concentrations.

The sampling plan was further optimized by repeating the sample collection andstatistical
analyses obtained on the ORR at two separate remote areas in adjacent counties. These areas
were selected to ensure the same underlying geologic formations, and consequently, the same
soil types. This repeat analysis technique is designed to ver£y the results of the analysis
conducted on those samples collected within the boundaries of the ORR.

Development of Uncertainty Constraints

It is difficult, at best, to assign a simple uncertainty constraint on this or any
environmental investigation. These types of investigations differ from other experiments
where uncertainty constraints are commonly used, in that little is known about the sample
population (background concentration) before the experiment. In man)' uses of uncertainty
constraints, there is some knowledge of the sample population (such as the length of a
manufactured item or a combination of poker hands) before the experhaaent. Furthermore,
while uncertainty constraints can be calculated for the end result of the data acquisition effort
(the analytical results), there are several controlling aspects of an envirormaental investigation
that do not lend themselves to quantifiable uncertainties. Among those factors that do not
lend themselves to quantifiable uncertainties are the following:

1. The certainty that the sample was collected within the geologic unit for which it was
intended.

2. The certainty that the sample was collected within the soil horizon for which it was
intended.

3. The certainty that the sample collection locations accurately reflect the actual constituent
concentrations of areaUy distributed soil types.

4. The certainty that sample analyses accurately reflect the actual concentrations in the
sample.

Each of the above controlling factors is based on the best professional judgement of
highly qualified individuals, but even then a numerical value on these factors would be
difficult to calculate objectively. It was for those reasons that the uncertainty descriptors, such
as high, medium, and low, are recommended for the DQO process.
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The uncertainty constraints that can be calculated for the BSCP have been described in
Appendix D of the BSCP Plan. These include probability calculations on the laboratory
analyses. The analyses upon which these calculations are based were the basis for the
sampling program. Thisprogram was in turn based on a cursoryexamination of data available.
However, the available data came from an experiment that wa_ much different from the
BSCP. Those data were collected upgradient of a known contaminant source in the RCRA
investigation of the K-1070-A Contaminated Burial Ground, which is in the KnoxFormation.
BSCP data were collected from strata that included representative soil groups but were
removed from any known contaminant sources.

The quantifiable uncertainty constraints that can be made in this experiment are based
on two scenarios or combinations of them. The two scenarios are (1) that concentrations will
be above the detection limits of laboratory instrumentation, and (2) that concentrations will
be below the detection limits of laboratory instruments.

In the first scenario, where many or ali analytical results are above the detection limit of
the laboratory instrument, the distribution, standard deviation, mean, and median will be
computed. Upper confidence bounds of any percentile can be computed from this
information, and for this experiment, the 95th percentile will be reported. However, it is
important to understand that the range of the 95th percentile will be based upon the results
of the data and cannot be stated until ali data have been received and validated. The range
of the 95th percentile will vary according to the range of the analytical results. If the
analytical results for a certain constituent vary only slightly, the spread between the median
and the corresponding 95th percentile will be small. On the other hand, if the analytical
results for any constituent vary considerably, then the spread between the median value and
the 95th will be large.

In the second scenario, where ali analytical results are below the detection limit of the
laboratory instrument, confidence bounds for detectiou probabilities will be reported. As
discussed in Appendix D of the Project Plan for the 9SCP, when the sample size is 4, as is
the case in this e_eriment where four composited soil samples are analyzed, the 90% lower
confidence bound for the probability that another composited sample would also be less than
the detection limit is 0.56. If the composited samples from different geologic units and/or
horizons were to be combined, and ali have concentrations less than detection limits, thereby
increasing the sample size to 12, for example, then the 90% confidence bound would be 0.83.
However, combining the sample populations to increase sample size will need to be evaluated
for technical defensibility before statements on the probabilities of doing so can be made.

A detailed explanation of the statistical implications of the BSCP can be found in
Appendix D of the BSCP Plan (Energy Systems 1992).
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2. BACKGROUND AND DATA USER INFORMATION

2.1 PROffECT ORGANIZATION

The management of the Background Soil Characterization Project (BSCP) is under the
DOE and Martin Marietta Energy Systems management structure for the Environmental
Restoration (ER) Program at Oak Ridge. The BSCP staff organization is summarized in
Fig. 2.1. Functional responsibilities for individual participants in project activities are described
in the BSCP Plan (Energy Systems 1992).

22 DATA MANAGEMENT AND VERIFICATION

X2.1 Respons_ties for Data Management and Verification

Records of data collection and analysis of samples for the BSCP are generated by field
and laboratory personnel. The BSCP data base, using SAS software, has been established on
a mainframe computer system at ORNL to store the data. The purpose of the data base is
to provide retrievability, integrity, security, and organization of the data, according to the Data
Management Plan (Sect. 7) in the BSCP Plan (Energy Systems 1992). Ali project data have
been verified to be correct and representative of the background soil sampling sites, validated
against project requirements, and assessed for compliance with project data quality objectives.
Ali validated project data packages from the contract laboratories were verified by data
management personnel to be correct as input into the project data base and cross-checked
with field records to corroborate the one-to-one correspondence of laboratory results with
field sampling sites from where soil samples were originally obtained.

Field data were verified in two ways. First, field activities were subject to surveillance
(JS-BSCP-92-01) and were found to be satisfactory in regards to in-force standard operating
procedures (SOPs). However, the SOPs were found to be in need of refining to ensure that
all items specified in the Project Plan were accounted for. Second, ali field records for Phase
I sampling were reviewed site-by-site and checked for completeness against the ESP-500
procedures, as called for in the Project Plan. These records were found to be complete but
were in need of an index or user's guide (see Sect. 2.3). Validation of analytical laboratory
data is discussed fully in Sect. 4.5.

Data summaries, statistical analysis, risk analysis, and availability of data are discussed
briefly in this section. Programs have been developed to provide working data reports to the
technical coordinator, analytical coordinator, field operations personnel, and in-house
laboratory personnel. These working reports are available throughout the project and
facilitate accurate record keeping and status reporting of progress.

222 Data Storage and Records Management

The BSCP data base is cataloged and resides on a disk pool volume on the IBM 3090
computer system. A partitioned data set of source programs is cataloged and resides on the
disk pool volume. Read, write, execute, and delete access to these data sets are restricted.
Daily and weekly backups are performed. Working data sets may be accessed on PC diskette,
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= PC fixed disk, the STC10 VAX, or UNIX workstation. However, all data appear in final form
in the SAS data base on the IBM 3090.

The following field data records and laboratory analysis records have been entered or
transferred to the SAS data base:

• field sample tracking information entered from ORNL Environmental Sciences Division
(ESD) and University of Tennessee sampling crew field sample logbooks and from
sample compositinb/sample processing laboratory logbooks;

• gamma sample laboratory parameter information, activity measurements, and
concentration summariestransferred from diskettes providedby the ESD/Radioanalytical
Laboratory;

• volatile organic analysis screening results provided by the Y-12 Plant analytical
laboratory, which are transferred and included in the SAS data base;

• organic (pesticides, PCBs, herbicides, and PAHs) sample laboratory information and
concentration levels entered from analysisdata sheets provided by Lockheed Analytical
Services;

• inorganic sample laboratory information and concentrations entered from analysis data
sheets provided by Lockheed Analytical Services; and

• radionuclide sample laboratory parameter information, concentrations, and detection
limits entered from analysis data sheets provided by Ecotek LSI.

Data sets of analytical laboratory results were provided to the statistical coordinator for
conducting statistical analysis,generating data summaries, and performingdata reduction. The
statistical coordinator in turn providesdata summariesto the risk analysiscoordinator.
Baseline risk to human health is calculated for later use in comparison with risks associated
with contaminated sites.

Validated andverified analytical data and field data will be transferred to the Oak Ridge
Environmental Information System (OREIS) with the approvalof the project manager. Other
ER Division projects needing background soil concentration data may access needed data
from OREIS.

An example of a typical summary printout showing types of analyses (except gamma
screening data) is provided in Table 2.1.
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2.3 DATA USER GUIDELINES

23.1 How To Use Phase I Data--A Held Perspective

The purpose of this section is to advise data users how to use the BSCP data base. The
BSCP Plan (Energy Systems 1992) discussed the approach for site selection and sampling
requirements. Reading the plan will help in understanding objectives and the scope of
activities. If your intended use of background soils data is beyond our scope, you must
develop scientific rationale to justify such use. Users are advised to read the entire text o_ this
report instead of just the data summaries appearing in Sect. 5 and Appendixes B throu_,hE.
The following checklist of pertinent questions is provided to guide the prospective data user.

1. Do you know your site geological formations andsoil characteristics? Have you read the
BSCP sampling protocols? Will you be using a qualified soil scientist for collecting
samples?

2. Did you compare your analytical methods with those contained in the BSCP Plan
(Energy Systems 1992)? Were the samples analyzed according to the EPA methods and
procedures referenced in BSCP Plan? Extraction and dissolution methods for metals,
organics, and some radionuclides should be the same if one would like to compare
contaminated site characterizationresultswith backgroundsoil concentration values. The
use of neutron activation analysis data to complement analytical data in this report will
be discussed in the project final report.

3. What geologic formation is beneath your soil sampling site? This question is important
when contaminants, such as metals and radionuclides, occur naturally in soils and
bedrock. The following qualifications may change after full statistical analyses of both
Phase I and Phase II results.

a. Rome Formation: Naturally occurring metal and radionuclide BSCP data may not
be applicable.

b. Conasauga Group: For Pumpkin Valley, Rutledge (Friendship), and Maynardville
formations, BSCP data may not be applicable, but for Dismal Gap (Maryville) and
Nolichucky formations, BSCP Phase I data may be applicable.

c. Knox Group: For Copper Ridge and Cbepultepec formations, BSCP Phase II data
may be applicable. For Longview, Kingsport,and Mascot formations, BSCP Phase II
dat- may or may not be applicable, depending on correlative factors.

d. Chickamauga Group: For Bethel Valley area, Phase II Bethel Valley section BSCP
data may be applicable and for the K-25 area, Phase II K-25 section BSCP data may
be applicable.

4. Was your sample collected from a ridge top or upper side slope and from a residual soil?
If your sample came from a floodplain or from a concave-shaped landform with
alluvial-colluvial soils, then the data will probably vary, but the Phase I data will probably
be on the conservative side.

5. Was your sample collected from a forested mineral soil surface layer (A horizon or A+E
horizons) or from an Ap horizon in a grassland field? You can use the mean values from
the A horizon from the geologic formation that you checked above.
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6. Was your sample collected from the surface of a site that has been disturbed or stripped
of topsoil in the past 45 years? If so, then the B horizon data from the particular
geologic formation may be used for comparison.

7. Was your sample collected from a depth of 3 feet or more below the surface? You can
compare your data with the mean values for the C horizon for the geologic formation
that you checked above.

8. Was your sample collected from fill materials or cover above waste trenches? Can you
identify the geologic .formation source of those soil materials? Then you can compare
your data with the C horizon data. If the geologic source of the cover or fill material
cannot be identified according to its geologic origin, or if it was imported, do not
compare your data with Phase I BSCP data! If the fill came from Chestnut Ridge or
from Melton Hill on the Oak Ridge Reservation (ORR), wait until Phase II BSCP data
are available.

9. Are your results equal to or lower than the mean value (transformed?) plus two sigma
deviation units? If so, your sample is probably not contaminated. If your results are
significantly higher than the mean plus two sigma units, then your sample may be
contaminated. Note: The data user should keep in mind that some properties of natural
soils are extremely variable and complex and that the BSCP data represent only a very
small subset of soils on the ORR.

10. With respect to man-made organic compounds and radionuclides, these represent a
separate issue and are not connected to geology. We do not want to limit the application
of BSCP data because of these artificial soil constituents. What we do want to do is to
base the analytic thresholds on instrument detection limits or on detection limits
associated with method dilution factors.

23.2 How To Use Phase I Data--An Analytical Perspective

The data reported in this document have been collected, analyzed, and validated
according to the guidelines and requirements detailed in the BSCP Plan (Energy Systems
1992). The data were analyzed according to methods detailed in Sect. 4.7 of this report, and
the data were validated according to the criteria described in Sect. 4.4. For these data to be
properly used by future users, the user must use similar data analysis methods as described
in this report. In addition, the user must ensure that any deviation in protocols be considered
during the planning stage.

To use these data properly, the user must understand the purpose of the data validation
and the validation qualifiers used. The purpose of validation was to assess quality of the data
against EPA's nationally applicable criteria. The criteria followed for most of the chemical
data were the EPA Contract Laboratory Program (CLP) Data Validation Criteria. The
criteria used for the non-CLP chemical and radiological data were prepared according to the
requirements provided in the BSCP Plan and the EPA CLP Data Validation Criteria. The
validated data were given validation qualifiers that explain the overall judgment of the data
validator as to the worthiness of the data points. Two types of qualifiers are provided in the
data tables: laboratory qualifiers and validation qualifiers. The definitions of the contract
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laboratory qualifiers are found in Sects. 4.4.1 and 4.4.2 of this report. The data validation
qualifiers used in this project are listed in Table 4.1.

Data with validation qualifiers J, UJ, UJN, UN, and NJ in Table 4.1 can be used, but the
data user must be aware that the data must be used with the limitations that the qualifier
defines. An example would be that a project could use the data qualified as J, but it must be
understood that they are using a data value that represents an approximate concentration of
the analyte and not a true concentration.

The following questions are presented to provide additional guidance.

1. Did you compare your analytical methods with those contained in the BSCP Plan
(Energy Systems 1992)?

2. Were the samples analyzed according to the EPA methods and procedures contained in
the BSCP Plan (Energy Systems 1992)?

3. Did you follow the same sample preparation methods and requirements as those stated
in the BSCP Plan (Energy Systems 1992)?

4. Did you use total dissolution methods for radiological analyses?

5. Did you incorporate any deviations or modifications in the methods as described in the
BSCP Plan (Energy Systems 1992) or in this report?

6. Is your data based on wet weight or dry weight?

7. Are the units associated with your data the same as those presented in this report?

8. Did you compare your detection limits with those contained in the BSCP Plan (Energy
Systems 1992)? Are you using instrument detection limits, method detection limits,
practical quantitation limits, or contract required detection limits? For explanation of
terminology on detection limits, refer to EPA/SW-846 (2nd ed.) and to the EPA/CLP
statement of work for organic and inorganic analyses.

9. Did you refer to the data validation qualifiers (list of data validation qualifier definitions
can be found in Sect. 4.4) for data in this report when evaluating your data?

23.3 Statistical Cmidolines for Users of Background Soil Data

The scope of possible applications of the BSCP data is so broad that it is not feasible to
elaborate on statistical methods appropriate for each possible application. The following is
presented as a starting point.

Is your goal

• to design a soil sampling program for which the BSCP is to be a reference? Refer to the
BSCP Plan (Energy Systems 1992) and to Sect. 5 (particularlySect. 5.10) of this report
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for discussions of laboratory and spatial variance and compositing. See Sect. 5.2
(particularly Sect. 5.2.3) for analytes of interest.

s to determine target values for remediation? See Sect. 5.2 for general discussion on the
computation of confidence bounds, and Sects. 5.3-5.9 for particularanalytes of interest.

- tO obtain a target value that is within the normal background range? Use a lower
tolerance bound for an upper percentile (e.g., the 95th).

- to obtain a target value that is near the mean (or median) of normal background
levels? Use a confidence bound for the mean. If you want to be confident that a
target is no higher than the mean, use a lower confidence bound. (Use an upper
confidence bound for the mean only if you want to be confident that the target is
above the mean.)

• to determine if the detection of a PAH, pesticide, herbicide, or other normally absent
substance is inconsistent with a practical definition of background (i.e., one for which
some limited anthropogenic effects are admitted)? Refer to upper confidence bounds for
detection probabilities, discussed in Sect. 5 (particularly Sect. 5.2), but note that some
of these confidence bounds are not useful because overall sample sizes for Phase I are
small.

• to determine if detected concentrations are within normal background levels? Refer to
appropriate upper percentile estimates and lower tolerance bounds in Sect. 5 and
discussion in Sects. 5.2 and 5.10.

F_..xr...lusions

Certain applications will be sufficiently sensitive to warrant a close look at the
background data and statistical methods of analysis. How well the lognormal and alternate
models apply for the particular analytes of concern should be considered. Data already
collected may not be automatically compared to BSCP data without further scrutiny and
analysis--for example, if samples are not composited or eomposited at significantly different
levels other than three, or if they are biased, perhaps through the use of a nonrandomized
sampling site selection process resulting in the selection of hot spots. Alternatives for
composites of other than three are discussed in Sect. 5.10. The statistical variability of new
observations, which may be expressed in means or percentiles from replicates, should be
considered.

Confidence bounds and other statistics are intended to reasonably delineate states of
knowledge. For some purposes, some of the BSCP data statistics may seem unreasonably high
or low. In most cases the problem is not in the statistics but is rather in the actual uncertainty
in the state of knowledge. If a statistic is questionable, the costs of getting additional
information, for example, by additional sampling, should be weighed against the losses due
to relying on values that may be too high or low. Practical considerations should go beyond
statistical confidence and significance. For example, in light of risks, some background levels
may represent low remediation targets.
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2.3A Data User Guidelines for Risk Pcaezaments

The following questions are intended to focus attention on aspects of using BSCP data
for risk assessments.

What is risk assessment as it pertains to the BSCP?

Risk assessment is used to evaluate potential risks to human health from exposure to
constituents in background soils (from the ORR, Anderson County, and Roane County).
There are two types of risk, carcinogenic risk and nonearcinogenie (systemic) risk. For
carcinogens, risks are estimated as the incremental probability of an individual developing
cancer over a lifetime as a result of exposure to the carcinogen. Cancer risk from the
exposure to contamination is expressed as excess cancer risk; that is, cancer incurred in
addition to normally expected rates of cancer development. An excess cancer risk of 1.0 x
10.6 indicates one person in one million is predicted to incur cancer from exposure to this
contamination level.

Noncarcinogenic effects are systemic toxic effects--that is, they are toxic effects to an
organ or system which occur when a threshold dose is reached. Unlike carcinogenic risk,
which is represented by a probability of incurring cancer over a lifetime, systemic risk is posed
only if a threshold is exceeded.

What are the primary goa_,sof this risk assessment?

The primary objectives of thi_ BSCP risk assessment are to (1) evaluate the Phase I
background data in terms of potential adverse effects to human health (carcinogenic and
systemic); (2) produce a comprehensive database for naturally occurring constituent
concentrations in soils on the ORR; (3) provide the context for discussion of risks associated
with ORR site related contamination (which includes identifying contaminants of concern);
and (4) provide a comparison, based on risk, between soils collected from the three sampling
areas (ORR, Anderson County, and Roane County).

How are risks and hazard indices determined?

To evaluate potential riskto human health from background constituents, EPA-approved
dose/response information must be available--that is, slope factors (for carcinogenic risk
analysis) and reference doses (for analysis of noncarcinogenic/systemic effects).

Carcinogenic effects are expressed is terms of risk. The risk is calculated by multiplying
the daily intake of a constituent by the EPA-approved slope factor. There are three regions
of concern according to EPA guidelines for contaminated sites: risk < 1.0 x 106, no concern;
risk between 1.0 x 10.6and 1.0 x 104, range of concern; and risk > 1.0 x 104, unacceptable.
Risks due to background soil concentrations are reported in this manner, but the results are
only for comparison with site-related risk; the results do not pertain to remediation goals.

Systemic risks are expressed in terms of a hazard index. The hazard index is calculated
by determining the ratio of the daily intake of a constituent to the EPA-approved reference
dose. If this ratio is less than 1.0, no adverse effects from exposure to this chemical are
expected; if the hazard index is greater than 1.0, adverse systemic effects may possibly occur.
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How arc the calculated risk values ta be rood?

The most important aspect of the background soil data for risk assessment is in
application to the selection of potential contaminants of concern. These background values
can be used to attain an accurate assessment of the risk to human health posed by
contaminants found at higher concentrations [two orders of magnitude above background
concentrations (EPA 1990)] than naturallyoccurringbackground concentrations on the ORR.
The total soil background risk reported in this document can be used to discuss site-related
risk in the context of background risk.

Although background risk numbers are presented for Anderson and Roane counties in
addition to the ORR, risk assessments conducted on the reservation are to employ the
background risk numbers calculated for the ORR, as these data best represent background
levels at an ORR site. The background risk numbers presented in Sect. 7 should be used in
a baseline risk assessment or in a feasibility study for screening of alternatives on the ORR.
In some cases (refer to Sect. 7), the background risk is unacceptable for an analyte in terms
of EPA guidance (>1 x 10"4). This should also be reported in the site-specific risk
assessment. Cleanup goals should not be below the reported background level.

The risk assessment in this report is subject to uncertainty pertaining to sampling and
analysis,exposure estimation, and toxicological data. Several sources of uncertainty exist that
are associated with site risk assessments. The following are examples of factors that may
contribute to uncertainty in the risk assessment (Sect. 7).

* Assuming that risk doses within an exposure route are additive does not account for
synergism or antagonism, which may overestimate or underestimate risks.

* Not ali toxicity values represent the same degree of certainty. These values are subject
to change as new evidence becomes available.

* Assuming exposures to be constant does not account for environmental fate, transport,
or transfer that may alter concentrations.

In addition, land use for this risk assessment was assumed to be residential. Although the
assumption of residential land use is generally recommended when determining risk at a site
(EPA 1989), risk numbers that result are at the conservative end of the scale, when in fact
residential use may not be the most likely future land use for the ORR. This assumption
contributes to the uncertainty by possibly overestimating risks. Identifying these, and other,
key site-related variables and assumptions that contribute to uncertainty will enable the risk
estimates to be placed in proper perspective (EPA 1989).

What are the uncertainties associated with the risk and hazard index numbers?

Risk assessment as a scientific activity is subject to uncertainty. Although the
methodology used in this risk assessment follows EPA guidelines, uncertainties pertaining to
sampling and analysis, exposure estimation, and toxicological data still exist.

The major assumptions used in risk assessment are that (1) contaminant concentrations
detected and reported by the analytical laboratory are representative of the analyte
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concentrations in the soil, (2) the intake rates and exposure parameters ._,'e representative
of actual potentially exposed populations, and (3) ali contaminant exposm'_ and intakes are
from the site-related exposure media.

Given these assumptions, there are other areas which can result in uncertainty. The
toxicological data (slope factors and Rfl:)s) are often updated and revised, which could alter
risk values. Furthermore, these values are often extrapolations from animals to humans, which
also induces uncertainties in toxicity values. In addition, not ali of the detected background
chemicals reported in this study currently have toxicity values; hence, this can underestimate
total risk because quantitative assessment of such chemicals is currently not obtainable.

23.5 Data Access Considerations

BSCP analytical results are available from OREIS. Users wishing to a_ the data
should refer to ER/C-P2702, Rev. 0, "ObtainingA_ to Data in OREIS," and the "Oak
Ridge Environmental InformationSystem (OREIS) User Interface Manual for General Users,
Version 1.0."

Ali data del'tuitions are consistent within OREIS and are described in the OREIS

documentation. Based upon user responses to the previous and the following guideline
questions, the various fields can be queried to extract specific information.

Additional considerations follow.

1. Does the user want to distinguish between data collected for screening purposes and
those for higher quality analytical results? Attention must be given to qualifiers which
indicate the original purpose for which the data were collected and then determine the
appropriate use of the data.

2. Does the user want to distinguish among results for the same analyte but determined by
different analytical methods? Users are cautioned to separate the results by method
before calculating summary statistics.

3. Does the user want to reproduce the risk calculations using alternate risk factors or
exposure scenarios? The mean and upper 95% confidence bounds were calculated using
a maximumlikelihood estimation technique to appropriately account for values reported
at their detection limit.
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3. FIFJD INVFTIGATION AND GAMMA SCREENING
ANALYSES

3.1 SUMMARY

This section discusses pertinent aspects of obtaining soil samples for analysis in Phase I
according to project objectives. To this end, the section covers sampling site selection, sample
preparation procedures, field quality control, and results of site screening activities. To meet
sampling requirements, field operations were planned and executed as follows:

• In the first half of Phase I, the Dismal Gap Formation was sampled at 24 locations, both
on-site (12 on the ORR) and off-site (12 in Roane County).

• In the second half of Phase I, 24 more sites were sampled (12 on the ORR in the
Nolichucky Shale and 12 in the Dismal Gap in Anderson County) for a total of 48 sites
in Phase I. These operations were conducted during FY 1992.

3.2 INTRODUCTION

The Oak Ridge Reservation (ORR) lies in an area characterized by elongated ridges and
broad to narrow valleys which run northeast to southwest. Geologically, the area is
characterized by four principal rock groups (the Rome, Conasauga, Knox, and Chickamauga).
There are two major categories of soils: residual soils developed from in-piace weathered
residuum of the geologic groups and soils developed in partially sorted colluvial and alluvial
soil materials. Within the first of these residual soil groups, only certain formations of the
Conasauga Group are considered in this Phase I report because this group represents the
dominant soils at waste area groupings and operable units in imminent remedial action
projects on the ORR. Soils formed in the Knox and Chickamauga groups will be sampled and
analyzed in Phase II of this project. Soils from the Rome Formation do not appear with
regularity at contaminated sites on the ORR and for that reason are not addressed in this
project. The hydrologic system on the ORR, including both surface water and groundwater,
is controlled regionally by the Clinch River. The climate of the area is generally temperate
with warm, humid summers and cool winters, and the average annual rainfall in the Oak
Ridge area is approximately 136 cm.

Soil sampling for Phase I was restricted to residual soils of the two most representative
Conasauga Group geologic formations out of six: the Dismal Gap Formation (formerly
Maryville Limestone) and Nolichucky Shale within the Bear Creek Valley section. Three areas
within this geologic section were chosen. The ORR area extended from the Clinch River on
the west to the west end of the Y-12 Plant burial grounds on the east. Two off-site areas in
the same geologic strike zone were located to the southwest in Roane County and to the
northeast in Anderson County (Fig. 3.1). Only residual soils of the Dismal Gap Formation
were sampled in both on-site ORR and off-site locations in Phase I of the project. The

selection of which parent materials to sample in each sampling area reflected the availability
of limited resources and the intention to maximize project effectiveness, in addition to
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considering technical factors,such as site accessibility and the availabilityof suitable sampling
sites that fit the selection criteria discussed in Sect. 3.2. It is not known whether ali of the
data from the Bear Creek section of the Conasauga can be used in the Melton Valley section
of the Conasauga, since these two sections were separated by a considerable lateral extent
during deposition, even though faulting has now brought both sections quite close together.
The primary concerns here are those metals and radionuclides that are inherited from
geologic materials.

3.3 SAMPLING SITE SELECTION

Samplingsites on the ORR were mostly confined to the Roane Countyportion, but some
ORR Phase II sites were located in Anderson County (Fig. 3.2). Recent digitized soil maps
(available from the Oak Ridge Environmental Information System), where residual soils had
been related to the underlying geologic formations, provided the base map for generating
potential sites. A statistical programwas utilized to randomlyselect grid coordinates that fell
on predetermined soil map units. No two sites were to be less than 250 feet apart. This
methodology resulted in the generation of a base map with 44 potential sampling locations
for the Dismal Gap and Nolichucky soils. Each potential sampling site was assigned a unique
number from 1 to 44. In addition, the statistical program determined primaryand secondary
sampling sites. Secondary sites are alternate site locations in case the primary sites are
unacceptable in terms of the selection criteria discussed below. In several cases on the ORR,
both primary and secondary sites were not acceptable, resulting in the soil scientist looking
nearby for potential sites that would meet the criteria. Potential sites in southwestern Roane
(Fig. 3.3) and northeastern Anderson (Fig. 3.4) counties were selected differently because of
ownership, vegetation (Figs. 3.1-3.4), and disturbance constraints. Anderson County and
Roane County sites are located within the shaded remote site areas, as shown in Fig. 3.1. In
these off-site locations more than 24 potential sites were located in the field. Those sites
eventually chosen were located along the entire distance of the evaluated area and had to
meet the vegetation and disturbance requirements discussed below.

3.3.1 Site Evaluation

Individual site evaluation used the following criteria:

• Vegetation and disturbance. The site had to be in forest that had not been disturbed for
at least the past 40 _+5 years. Forest was either hardwoods, mixed old-field successional
pines-cedars andhardwoods,or planted loblolly pine plantations. Recently replanted pine
plantations were rejected because of too recent surface disturbance. Each site was
located by relating the map grid point to the actual soil map unit delineation and then
to the actual landform in the woods. If the vegetation parameter was met, then the next
evaluation parameter was considered.

• Initial soil evaluation Several soil evaluations were made in an area surrounding the
potential 3- by 3-meter sampling site to determine if the soil there was entirely of
residual origin and not colluvium, or of a thin capping of colluvium over residuum, which
was considered to be an acceptable site. The center of the actual sampling site was then
located, and plastic ribbon was tied around one or more trees. The closest route in from
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the road was also flagged so that the site could be located again some time after the initial
evaluation and after trees had leafed.

3.3.2 Selected Sites

After the initial vegetation and soil screenings were finis]txedfor ali of the potential
Dismal Gap sites, the following ORR Dismal Gap sites were found to be suitable:

• Dismal Gap/primary: 11, 22, 26, 32, 33, and 41;
• Dismal Gap/secondary: 1, 2, 4, 10, 19, 27_ 35, and 43.

Ali primarysites were used. Secondary sites were selectexnso that there would be no
major gaps in coverage. Because of this, secondary sites 1 and 4 were rejected.

After the i,_!*ialvegetation and soft screenings were done for ali of the potential
Nolichucky sites, the following sites were found to be suitable:

• Nollchucky Shale/primary: 15, 23, 24, 25, and 31;
• Nolichucky Shale/'secondary: 3, 5, 13, 16, 21, 28, and 42.

The 12 ORR Nolichucky sites were located as required, e_lthoughit was more difficult
to accomplish because of more recent replanting of pines on less sloping Nolichucky
landforms. Some sites were moved to a new locations in order to obtain sufficient soil

samples.

3.3.3 Comp_ted Sample Sites

After 12 sites were chosen for each formation, a randomizing process was used to
determine the grouping of threes for the compositing procedure specified in the sampling
plan in Sect. 5.3 of the BSCP Plan (Energy Systems 1992).

Following are the groupings for Dismal Gap and Nolichucky sites:

• Dismal Gap: [27 41 11] [22 19 32] [33 10 35] [2 43 2_],
• Nolichucky: [15 23 25] [16 28 42] [5 21 31] [3 13 241].

The exact sequence of sampling a site within any panic'ular sampling group was not
important. This concluded the preliminarysite selection and _[tial evaluation process for the
ORR sites.

3.3A Selection and Initial Evaluation of Off-Site Lzcafions

Conventional U.S. Geological Surveytopographic maps were utilized in locating potential
sampling areas in southwest Roane County and in n_rtheast Anderson County, so that these
potential areas were in the same strike belt Conasauga Group section as the ORR Dismal
Gap and Nolichucky sites. The University of Tennessee samplir.Lgcrew made the potential site
selection by using :he same vegetation and soil parameters described above. Independent
_nfirmation was obtained that the Roane County sites were in the Dismal Gap Formation.
Because of both present and past land uses off-site, the potential number of sampling areas
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was severely limited, but no two adjacent samplingsites could be closer than 250 feet. Twelve
samplings_.es that met the vegetation, soils, andpast land use criterir were selected in Roane
County and 12 in Anderson County. A radiation scan was not pel _rmed for any off-site
sampling location.

After the 12 Roane and 12 Anderson sites were selected, a random drawing process was
used to generate combinations of sites for purposes of compositing. The following are the
combinations that were generated:

• Roane County: [9 17 19] [3 7 21] [8 20 22] [10 13 14],
• Anderson County: [21 4 12] [19 9 10] [3 5 11] [22 1 20].

3.4 SITE AND SOIL DESCRIFHONS

The site and soil narrative descriptions are presented in Appendix A for on-site ORR
locations and off-site locations in Roane and Anderson counties. Each site in Phase I is
described in numerical order. In the appendix ORR sampling sites are described first,
followed by descriptions of the Roane County and Anderson County sites.

3.5 SAMPIJNG PROCEDURES

Field operations and sample handling are governed by the following procedures
developed specifically for this project:

• Background Soil Characterization Project, Procedure BSCP-SOP-01, Rev. 1, May 23,
1992; and

• Background Soil Characterization Project, Procedure BSCP-SOP-02, Rev. 0, August 6,
1992.

These procedures were developed based on the following references: EPA (1980, 1987a,
1987b, and 1991a); ANSI/ASTM (1980); and Kimbrough et al. (_988).

A performance-based training plan was initiated for ali personnel involved with soil
sampling activities. The technical coordinator tested the team sampling leader in ali aspects
of sampling and sample management in which he/she will be involved. Only those actually
doing the soil sampling and signing chain-of-custody forms received performance-based
trainingand testing. Technicians received on-the-job trainingfor those activities in which they
were involved and were supervised in these activities either by the technical coordinator or
by the sampling team leader.

3.6 SOIL SAMPIJNG AND SAMPLE PREPARATION

3.6.1 Scope and Objective

Procedure BSCP-SOP-01, Rev. 1 describes the siting of soil sampling locations and soil
sampling methodology. The objectives of the procedure are to (1) select representative
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sampling sites and (2) obtain representative soil samples for characterization. This procedure
was prepared to meet the project quality assurance/quality control and health and safety
objectives (BSCP Plan, Energy Systems 1992).

3.6.2 Materials

Required equipment for field sampling operations is described in Procedure
BSCP-SOP-01, Rev. 1.

3.6.3 Field Activities

3.6.3.1 Locating sampling areas

The soil scientist and technician located potential sampling sites based on location of grid
nodes on site location maps (Figs. 3.2 through 3.4). At selected sites, the following stepwise
assessment was made prior to sampling based on the following criteria:

1. Field evidence must substantiate that the present forest vegetation had not been
disturbed for the last 40 + 5 years. Young pine plantations were not considered. Only
old hardwood forest, old field forest regrowth, and old pine plantations areas were
considered as potential samplingsites. If a primarysite was not suitable because of recent
surface disturbance, it was rejected with an explanatory note in the sou scientist's
logbook, and the secondary site was observed for its potential suitability.

2. If a site, based on vegetation cover, was deemed to have potential, the first soil
observation near the grid point that qualifies for the soil to be sampled marked one
comer of the proposed sample site. This was one way of reducing soil scientist bias. After
one comer of the sample site had been located, additional soil observations were made
within a 4-meter radius of the located grid point to determine if the proposed site was
uniform enough for samplingor for additional sampling in the future. Proposed sampling
areas were located on the most stable part of the landform with the intent that there
would have been minimaloverland runoff and removal of surface soil materialsover the
past 40 or so years. The purpose of the additional soil observations was to determin"e that
most of the site was composed of residual soils, not of thick colluvium or a thin (50 to
100 cm) colluvial capping. However, because of several constraints of locating enough
suitable sites, soils with a thin colluvial or alluvial capping less than 50 cm thick were
considered suitable for sampling.

3. If the soils and vegetation cover were suitable, then an approximately 3- by 3-meter area
was selected and located by flagging around nearby trees. Soil observations were made
at the four corners of this square area, and brief soil evaluations were made. Disturbance
within the square was kept to a minimum. Soil from these limited observations was not
placed within the 3- by 3-meter area. The site number was painted on at least one
marker stake. This stake was driven into the ground at one corner of the sampling
square. Other stakes were placed at the other three corners. These stakes remained in
place until ali sampling had been completed. Care was taken so that there was minimal
surface disturbance of the sampling area when digging pits. On a sloping site the
sampling pit was always located at the lowest point and the upslope face, if suitable, was
sampled. Often in a forested area, stump holes that have filled in are exposed in digging
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the pit and another pit face had to be selected. In situations where there was highly
variable depth to rock, a pit face other than the upslope face had to be sampled. Soil
removed from the pit was placed outside the 3-meter site. After ali soil sampling had
been completed, the pits were filled.

4. The most feasible route from the sampling site to the road was flagged so that the site
could be easily relocated.

5. Ali ORR sites were scanned prior to any sampling using a hand-held radiation detector.
An air reading and a ground level reading were obtained. If the ground level radiation
reading was higher than 100 cpm, then the site was considered contaminated. Where
pound level readings were above 80 cpm, a reading was taken in the top of the auger
hole to determine ff there was a higher level of radioactivity in the upper mineral soil.
Off-reservation sites in Roane and Anderson counties were not scanned with the
detector. Volatile organic compound (VOC) emissions from the selected sites were
monitored by an industrial hygienist during sampling (only 25% of ORR sites).

6. After ali sampling had been completed, a permanent steel marker fencepost, suitably
labeled, was placed at the center of each site (only ORR sites) so that the site could be
relocated.

3.6.3.2 Sampling methods

After arriving at or near the sampling site, ali laboratory precleaned, rinsed, and
aluminum foil-wrapped sampling equipment to be used for sampling was thoroughly rinsed
with deionized water and then rewrapped with aluminum foil. A small pit was dug in a
topographically lower part of the sampling square so that the area above the pit was not
disturbed. Soil horizons were evaluated in this small pit. If the soil exposure was suitable, the
pit width was enlarged so that enough soil was exposed to acquire the volume of needed
sample. Initial pit excavation was done with a steel shovel or spade. The soil profile was
described from the pit face to be sampled before collecting Environmental Sciences Division
(ESD) composite samples of A, B, and C horizons. The newly exposed pit face was cut back
a minimum (about 1-2 cm) with stainless steel soil samplingequipment to expose a fresh face.
The forest litter layer was removed down to the mineral surface. If a pit had been opened
previously for other sampling, the old pit face was cut back a minimum of 18 cm to expose
a fresh face to obtain undisturbed samples. A fresh, precleaned, and field-rinsed stainless steel
sampling tool was used for sampling each soil horizon.

Surface horizon sampling. There are at least two possible conditions that will be
encountered in sampling the surface layer. First, the site will be located in an area that has
never been plowed. The horizonation will usually be an O horizon followed by an A horizon.
This A horizon is usually thin, less than 10 cm thick and underlain by an E horizon. Second,
the site will be located in an old field with naturally regenerated forest or in a pine plantation
with trees at least 40 years of age. Here the soil will have an O horizon of forest litter
followed by an A horizon that is 4 to about 8 or 10 cm thick. Beneath this horizon is an Ap
horizon that typically extends to a depth of 15 to 18 cm and may not be recognized as an old
Ap horizon but as an E horizon. In the event of past landuse disturbance, the upper A
horizon has reformed since the last disturbance. The upper organic enriched horizons, A, Ap,
and E horizon, will be sampled and labeled "A horizon." Sampling will usually require the
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removal of tree roots. It is likely that many tree roots will have to be cut and removed. Poison
ivy grows nearly everywhere. Care must be taken by samplers to protect against poison ivy.
A small stainless steel shovel or spatula will be used to push soil into the mouth of the sample
jar. If soft goes past the mouth of the jar and comes into contact with the sampler's hand, it
is discarded. Ali sampling is done in this manner where the soil that is collected comes into
contact only with the stainless steel samplingtool. The only exception is for gammascreening
samples, where because of the geometry of the sampling container, the soil must be packed
by use of the fingers or a small freshly cut stick.

Three differentsoilsampleswere collectedfrom the surfaceA horizonsoil.
NoncompositedA horizonsampleswerecollectedfor(I)VOC analysisina 250-mLamber
glassbottle,(2)tritiumanalysisina 1000-mLclearglassbottle,and(3)organiccompound
(suchasPAHs, pesticides,andherbicides)analysesina1000-mLamberbottle.Bottleswere
capped,labeled,and sealedwitha custodyseal.One additionalA horizonsamplewas
collectedina 2.1iterbottleandlabeled_F_._DA HorizonComposite."AllA horizonsamples
wereplacedina chilledicechestinthefieldandthenplacedintoarefrigeratormaintained
at4" +4"C.

Each soil sample had an attached label to uniquely identify that sample. If an A horizon
field duplicate sample was obtained for VOC, organics, or tritium analysis, it was identified
by the letter nFD" after the sample identification number. The choice of site from which to
obtain an A horizon duplicate was at the discretion of the sampling crew. Any used gloves
were discarded into a trash bag.

Subsoil (13horizon) sampling. The subsoil, either a Bt horizon or a Bw horizon, was
sampled at all sites but only for compositing purposes. Only horizons 8 cm or thicker were
sampled individually.Thin subsoil horizons were grouped so that a minimum 15-cm thickness
was sampled. The surface of the subsoil horizon was exposed by removing any soil horizons
above. Final removal of overlying soil was done using stainless steel equipment. At least
1.5 kg of the subsoil samples were collected at a designated depth determined from field
description using stainless steel sampling equipment and placed into a suitably labeled glass
2-1iter container or three or four 1-liter jars if field splits were to be generated in the soil
preparation laboratory (SPL). If the Bt or Bw horizon was less than 15 cm thick, its entire
thickness was sampled. Otherwise, only the upper 15 cm was sampled. Samplers wore suitable
gloves as needed for the hand work, and the presence of poison ivy roots necessitated
protection at some sites. B horizon samples were all labeled "ESD B Horizon Composite."

C horizon or substratumsampling. Soils having a shallow depth to the C or Cr horizon
were sampled with hand digging equipment. This included soils in the Dismal Gap and
Nolichucky formations and some soils in the Chickamauga. Soils in the Copper Ridge and
Chepultepec formations may require augering equipment to penetrate deep enough to reach
such soil materials. The C horizon or substratum is defined as that depth in the soil where
there is minimal evidence of translocated clay and where there is minimal expression of
pedogenic soil structure. Some soils will be underlain bysaprolite, other soils willbe underlain
by saprolitic materials, and still others will have clayey materials lying directly on bedrock.
Depth to the soil layer to be sampled was established by the project soil scientist at each site
as sampling was done. However, earlier observations assisted in determining the approximate
depth of sampling. At least 1.5 kg of C horizon soil samples were collected from depths
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predetermined from field description using clean stainless steel equipment (hand auger or
power-driven auger), placed in glass jars, and labeled "E.SDC Horizon Composite."

Comp_ted samples and composited SPL splits. Soil samples from A, B, and C horizons
were collected from at least one set of sites per geologic formation on the ORR, Roane, and
Anderson localities for purposes of compositing. The practice for collecting field duplicates
for compo_iting purposes in Phase I and Phase II required that a set of A, B, and C horizon
samples be collected from one face of the soil pit. Then, the field duplicate set was obtained
from a side face of the same soil pit to expedite field operations rather than digging another
soil pit. Field duplicates for compositing purposes were identified by the letters "FD"after the
sample number.

_Field" splits will be generated in Phase II in the following manner. After the
compositing is done for one horizon from the three sites to be composited, enough sample
will be weighed out from each horizon, thoroughly mixed, and then placed into precleaned
samplejars. One composited sample is designated, for example, "metals, A horizon._ Another
jar, filled with the same soil, will have the same designation but a different number and will
be listed as a composited sprit in the laboratory notebook. Both field duplicates and sample
splits will be obtained in Phase II of the BSCP.

Gamma screening samples. Six 5-cre depth increment samples were collected from a 10-
by 10-cre area in special plastic containers for cesium-137 determination by gamma
spectroscopy. Detailed steps for collecting ESD gamma soil samples follow.

1. After a site had been located and preliminary observations made including a rad-scan,
a pit was dug to a depth of 50 to 60 cm at one corner of the 3- by 3-meter site.

2. Surface litter and organic matter layers were removed to expose the mineral soil surface
in an area larger than that to be sampled (about 500 cm_).

3. A 10 × 10 × 5 cm stainless steel frame was laid on the soil surface and carefully
hammered into the soil to its 5-cm depth.

4. Soil from three sides of the frame was removed, and a knife or a spatula was used to
sever roots and soil from beneath the frame. The soil-fiUed frame was removed and
placed onto aluminum foil.

5. The soil inside the frame was packed into a 500-mL marinelli beaker. The label was filled
out after packing and cross-checked with the field book entry. Large roots (> 1 cm
diameter) were not put into the container. When samples had a considerable number of
coarse fragments--for example, soils in the Knox Group--fine earth was packed into the
container fast and the coarse fragments were added on top. The container lid was
placed, taped, and custody sealed.

6. The sampling frame and equipment were wiped clean of soil by using paper towels and
a brass wire brush before collecting the next 5-era increment.

7. The soil from the sampling area was removed down to the top of the next depth in an
area larger than that to be sampled. The clean stainless steel frame was placed on the
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soil and driven into its full 5-cm depth. The soil was removed and packed following the
above procedure.

8. This procedure was repeated at 5-cm increments tO a depth of 30 cna.

3.63.3 Preparation of composited soil samples in the SPL

The following steps are employed in preparing soil samples for analysis.

1. Composite samples (to be composited) of A, B, and C horizons brought from sampling
sites were refrigerated until soil sampling of ali three sites in the predetermined group
was completed.

2. Individual composite samples were placed on clean blotting paper to partiallydry prior
to sieving. Ali of the samples were passed through a 4.75-mm stainless steel sieve in the
laboratory. The coarse fragments (>4.75 mm) were discarded after determination of the
weight contribution to the whole soil sample. An equal amount (about 1 kg or more) of
three equivalent horizon samples (passed through the 4.75-mm sieve) was composited
and mixed in a stainless steel container. Mixing involved pouring the sample from one
stainless steel container into another several times while the pouring container rotated.
If a sample splitter was used, it produced a mixed composited sample sooner, but care
had to be taken to not raise dust. One-third of each composited sample was stored in a
precleaned glass jar for metal analyses, one-third in a polypropylene bottle for
radionuclide analyses, and the remaining one-third (labeled "extra")in a glass bottle for
use in measurement of soil properties, such as pH, and in neutron activation analysis
(NAA). Additional samples and jars were required if composited splits were generated.
The compositing procedure resulted in the destruction of the original field A, B, and C
horizon soil samples. New sample numbers were assigned to ali SPL composited soil
samples, and a new chain-of-custody form was completed. The sampling time (and date)
for composited samples corresponded to the constituent sample with the earliest sampling
date.

3. The composited soil samples and noncomposited A horizon soil samples were preserved
in the SPL refrigerator until packed for shipment. Samples were shipped to the
designated contract laboratories through the Analytical Projects Office according to
Procedure BSCP-SOP-02, Rev. 0.

Additionally, note that

® Soil profile descriptions were recorded in the field sampling notebook. Soft profile
descriptions were not made until the soil pit was dug to the depth required for sampling
B and C horizons. Any horizons that were field grouped for sampling due to thinness
were noted in the field book.

• A variance form was used where field conditions necessitated a change in sampling
procedure (none were needed in Phase I). It was intended that the sampling procedure
be the same for ali sites underlain by a particular geologic formation(s).
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3.6.3.4 NAA samples

Composited samples of all A, B, and C horizons that had been labeled "extra" and
preserved in a refrigerator were subsampled for NAA. A 40-mL pre.cleaned glass sample jar
with a teflon seal was filled with soil from a large clear glass ``extra" jar. A small sampling
device was used to obtain a vertical cross-section sample from the large glass jar. Sampling
was done in this manner until the 40-mL jar was filled. The small sample jar was given the
same "extra" composited sample number but designated "NAA." A laboratory
chain-of-custody form was filled out and the samples transferred to the Analytical Chemistry
Division at ORNL. After the samples had been returned to the SPL the moisture content
of each was determined. The moisture content will be used to convert all NAA values to an

oven-dry-soft basis.

3.6.3.5 Cleaning sample containers and sampling tools

Precleaned glass jar sample containers used by field sampling teams were obtained from
a commercial supplier. Analytical results of the last time water for the lot were provided by
the supplier. Samplingdevices were cleaned by field samplingteams in the SPL using Method
ESP-900 (Environmental Surveillance Procedures,Kimbroughet al. 1988). Soil-contaminated
tools were brought into the soils laboratory. They were first washed in tap water and a
det.-_gent, then thoroughly rinsed with warm tap water. The tools were then carefully rinsed
with SPL distilled water for a total of five rinses. The tools were given another five rinses
with deionized distilled water and then wrapped while wet in one or more thicknesses of
aluminum foil and placed in a cardboard box ready for transport to the field. An acid rinse
and a solvent rinse called for in the above ESP-900 procedure was not applied to stainless
steel field and laboratory equipment. A final deionized water rinse of the sampling devices
was performed in the field prior to sampling. The effectiveness of the equipment cleaning and
the potential contamination during sampling tripswere monitored by submitting rinse water
samples for analysis (five times by on-site and off-site sampling teams). The quality of the
deionized andorganic-free water used was monitored by collecting samples (once from on-site
and off-site water sources) in standard precleaned sample containers and submitting them to
the analytical laboratory for analysis.

3.6.3.6 Maintenance and calibration of SPL balances, oven, refrigerator,
and other equipment used in soil preparation activities

The SPL balance was used to weigh soil for compositing, to obtain the weight of coarse
fragments, and to determine moisture contents of soil samples. The electronic balance is
recalibrated every 6 months. In use, the balance is zeroed before anything is placed on the
pan. The weight is recorded after the balance stabilizes and an "OK" appears in the display
window. The accuracyof the balance is verified by using a standard weight. In addition, a set
of brass weights ranging from 1 to 2000 g is used to determine both accuracy and precision.
This information was recorded in the BSCP laboratory notebook.

Temperature monitoring was done periodically of both the refrigeratorana the ice chests
used to cool soil samples in the field and for transferto analytical laboratories. Temperature
measurements made with a max/rain thermometer indicated that a temperature range of 4"
+ 4"C can be maintained most of the time. The addition of several warm samples can, for
a short period of time, raise the temperature above 8"C. There were a few instances where
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a VOC trip blank was taken to the field with too much ice, resulting in partial freezing of the
trip blank before soil samples were added to the ice chest. Temperature data were recorded
in the laboratory notebooE

The oven in the SPL was monitored periodically to ensure that the drying temperature
was maintained between 100 and 104"C. These monitoring data are recorded in the
laboratory notebook.

The deionized water used for sampling equipment rinsing was monitored periodically for
conductivity. This information was put in the laboratory notebook.

3.6.3.7 Maintenance and transfer of records

Original records are maintained in the SPL (Building 1505, Room 375 at ORNL) for ali
BSCP ORR samplingactivities. For University of Tennessee samplingactivities, some original
documents are kept there and copies in Room 375. Records are kept in a file cabinet with
a list of contents. After each phase of the project has been completed and the data verified,
copies were made of each document and the originals transferred to archived storage.
Transfer was accomplished by a chain-of-custody procedure where the original documents to
be transferred are listed individually. Copies remain in the SPL for reference and review.

3.6.3.8 Management of noncontaminated waste in the SPL

Waste generated in the SPL consists of emptied glass jars, excess soil over and above
what was needed for compositing purposes, soil in gamma scan containers, soil in VOC
sample bottles returned from the Y-12 Plant VOC analytical laboratory, and blotting paper.
Since none of the above waste materials contained any hazardous metals, organics, or
radionuclides, disposal was done in the following manner. The plastic lids and teflon seals
were removed from the glass jars and placed into a suitable trash container at the rear of
Building 1505. The glass jars were placed in the glass dumpster at the rear of Building 1505.
Blotting paper was placed into the waste container in Room 375 for removal by cleaning
personnel. Excess soil was returned to the woods close to its origin and spread on the forest
floor in a thin layer.

Should the SPL have any contaminated samples, they would be disposed of under
laboratory standard operating procedures.

.J

3.7 FIELD QUALITY CONTROL EVALUATION

There were three majorobjectives for achieving field quality control:

1. selection of representative sampling sites that were not disturbed by recent activities,
including ORR facility activities or off-site activities such as farming operations or
recreational uses that resulted in surface soil disturbance;

2. collection of representative samples and their transfer to analytical laboratories; and
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3. prevention of cross contamination at any site and cross contamination between sites,
which included maintaining a complete chain of custody and detailed records of ali field
and laboratory compositing activities.

Any sign of recent (in the past 40 to 50 years) land disturbance or the presence of
man-made organic compounds or radionuclides above global fallout levels would immediately
result in a site being rejected. Potential sites were initially chosen on the basis of the lack of
any recent land disturbance which, for most sites, was the presence of old-field successional
forest. Nearly all of the sites had been cultivated and severely eroded prior to being
abandoned or planted in pine trees on the ORR or allowed to revert back to forest on
private lands.

Site screening included the following on ORR sites:

1. Sites were scanned for radiation. Any ground level reading above 100 counts per minute
resulted in that site being rejected.

2. Selected sites were monitored for organics by an industrial hygienist while the pit was
opened either for the first time or when the pit was reopened to collect additional
samples.

3. Samples of each A horizon were collected for VOC analysis at all sites. Site screening
at Roane County and Anderson County sites consisted of collecting VOA samples from
ali A horizons. The BSCP Plan states that VOC analyses will be done according to EPA
analytical Level II. Analytical laboratory data in the BSCP adhere to EPA Level IV
methods, procedures, and documentation requirements. The Y-12 Laboratory utilized
Level IV methodology and procedures in determining VOC levels, but since the results
were to be used only for screening purposes to reject unacceptable sampling sites (by
pre-activity), these results were required to be reported anddocumented to only Level II
because more rigorous requirements were unnecessary.

Field quality levels ranged from data quality (DQ) Level II to DQ Level IV. However,
in practice, DQ Level IV was adhered to throughout ali field sampling activities, including
screening samples for VOCs where samples were placed into precleaned glass containers.
Field quality control procedures are listed in Sects. 6.6.1.3 to 6.6.1.9 of the BSCP Plan
(Energy Systems 1992). The following discussion covers the procedures that were followed
in collecting samples.

!
Prior to going to the field, ali stainless steel sampling equipment was thoroughly washed

with soap and water followed by a prescribed number of distilled water rimes. After the final
rinse the equipment was wrapped with aluminum foil. The sampling equipment was taken to
the field in the back of a pickup truck. At or near the site, the sampling equipment was
unwrapped and given a field rinse, then immediately rewrapped until it was used. Some sites
were located a considerable distance from the closest point of access. Here the rinsing was
done at the truck, the equipment wrapped in aluminum foil, placed into a backpack, and
carried to the site. A small pit was dug with a steel shovel deep enough to place the sample
jar below the soil horizon that was to be sampled. A sampling tool was unwrapped and used
to remove soil from the pit face directly into the jar. At no time did fingers touch a soil
sample placed into a precleaned glass sample container. Soil that was pushed by the sampling
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teel beyond the mouth of the jar was discarded. Placing soil into the ESD gamma poly
containers was the only exception to this rule. Placing the entire volume of soil into the
gamma poly container required that the soil be packed into the _.owerrestricted space with
either the fingers or a freshly cut stick of a convenient diameter. After each soil horizon was
sampled, a new sample teel was used to collect samples from the next soil horizon. Ali used
stainless steel sampling tools were returned to the laboratory for standard cleaning, rinsing,
and aluminum foil wrapping. Shovels that were used to open and fill pits were thoroughly
cleaned between sites to prevent any cross contamination. In addition, soil removed from pits
was placed outside the 3- by 3-meter sample area.

Each sample was given its own identification number in the field. This number and the
description of each sample were first recorded in the field logbook- From the field logbook,
sample container labels were filled out and placed on glass jars after the jar was filled. Each
sample that was logged into the field logbook was then transcribed onto a field chain-of-
custody form, which was signed by ali personnel involved in the sampling operation.

ESD laboratoryoperations for Phase I consisted of placing soil samples in a refrigerator,
preparinglaboratory chain-of-custody forms, packing samples into ice chests, and taking them
to laboratory shipping. In the latter half of Phase I activities, preparation of laboratory chain-
of-custody forms and new container labels, packing, and shipping were done by Analytical
Project Office personnel, according to Procedure BSCP-SOP-02, Rev. 0.

Compositing samples resulted in the destruction of the individual site A horizon, B
horizon, and C horizon samples and the creation of new composited samples. Ali of these
activities were recorded in the ESD soils laboratory logbook. New sample numbers were first
recorded in the laboratory logbook, then transcribed onto container labels and the
appropriate chain-of-custody form.

The field variance system (Sect. 6.6.1.9 of the BSCP Plan, Energy Systems 1992) was not
utilized in any Phase I activities. The necessity to use the field variance process (Sect. 6.6.1.9
of the BSCP Plan) did not arise during Phase I activities in this project.

3.8 QU_ATIVE RI_ULTS OF GAMMA SPECTROSCOPY SCREENING

The objective of the gamma screening was to determine if any of the Phase I sites had
been affected by ORR facility activities in the past. Gamma spectroscopy indicates activities
of several radionuclides in soils. Except for cesium-137 and other fallout radionuclides, several
important natural radionuclides such as potassium-40, thorium, and radon-226 also occur in
soils. Therefore, total cesium-137 activities in the upper 30 cm of soil profiles at each site
were used as a screening parameter. If the potential site had a cesium-137 radioactivity level
due to local sources much higher than regional background fallout level, it could be rejected
as a samplingsite if there was no obvious explanation from the site description. The average
background level of Cs-137 for the southeastern United States is about 10 pCi/cm2 (discussed
in Energy Systems 1992). However, soils located on a sediment depositional landform or from
a soil with a thin coUuvial or alluvial capping could have up to 14 pCi/cm2, and soils from
erosional landforms could have much lower values. Soils located on a stable landform would
be ideal for the BSCP. However, it was necessary to use some sites that were less desirable
than the ideal, but which, in fact, represent the real world better as there are no ideal sites.
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In Phase I activities there were 12 ORR Dismal Gap sites, 12 ORR Nolichucky sites, 12
Roane County Dismal Gap sites, and 12 Anderson County Dismal Gap sites. Six gamma
samples at 5-cm depth increments were collected from each site to a total depth of 30 cm.
The surface area sampled was 100 cm 2 for each depth increment.

The gamma screening samples were counted on a high-resolution, solid state, coaxial,
intrinsic, germanium detector coupled to an ND9900 multichannel analyzer with 4096
channels. The gamma system had previously been calibratedwith a laboratorycontrol sample
(National Bureau of Standards SRM 4353 Rocky Flats Soil) in the geometry used to contain
the soil samples. The documentation of analytical results was prepared at DQ Level II, but
the analytical procedure used for the soil samples was DQ Level IV. For example, the
laboratory control sample, laboratory blank, and duplicate counts were performed within a
batch of 20 or fewer samples and documented. In addition, weekly and daily sources were
counted to verify that the detectors remained in calibration.

Cesium-137 values were summed for the upper 30 cm of the soil profile (see
Appendix B). Statisticalanalysis indicates that there are significant differences between ORR,
Anderson, and Roane sites. Roane County sites have lower mean values, but this can be
accounted for by present and recent past land use practices causing localized erosion in
Roane County. One Roane site, No. 13, had a total cesium-137 value of 1.98 pCi/cm2. From
looking at the soil prof'de description (Appendix A), there is a strong indication that this
severely eroded site has only very recently bex_,uu stabilized with a forest litter layer, thus
reducing surface erosion. Two Roane sites had high cesium-137 values compared to the
expected average background level of approximately 10 pCi/cm2. Both sites had a surface
capping of either colluvium or alluvium, a situation where there is lateral water andsediment
movement and localized transport from higher areas. It should be pointed out that the source
of cesium-137 is atmospheric deposition generally over the entire region in which the ORR
and Roane and Anderson counties are located. In addition, the ORR has superimposed on
it the contribution of cesium from sources within the ORR. There is no transport or
movement of cesium or another constituent postulated or implied from these results between
on-site and off-site sampling areas. One Anderson County site had the highest value, 14.424
pCi/cm2. This site, AND-19, located on the lower part of a convex slope, has an over-
thickened surface horizon with about 13 cm of modem sediment overwash that contains

considerable ce_ium. The ORR Dismal Gap data are slightly higher than the Anderson
County and Roane County Dismal Gap data due to higher minimum values, which indicates
a longer period of minimal disturbance for the ORR sites. The Nolichucky data have the
highest mean values andalso the highest minimumvalues. This is most likelydue to the more
gentle slope gradients that resulted in less lateral transport of particles downslope. The ORR
sites are significantly different from the Roane and Anderson sites. Variations in the
cesium-137 gamma screening data could be accounted for by past land use and by landform
variability.
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4. ANALYTICAL LABORATORY ANALYSES AND DATA
VAIJDATION

4.1 SUMMARY OF DATA VALIDATION

The data generated in Phase I of the Background Soil Characterization Project (BSCP)
were validated according to project-specific validation guidelines. These guidelines were
prepared according to the U.S. EnvironmentalProtection Agency (EPA) ContractLaboratory
Program (CLP) Validation Guidelines and the BSCP Project Plan (Energy Systems 1992).
There were a total of 43 data packages received for Phase I (34 chemical and 9 radiological).
The laboratories reported 6556 results with only a total of 395 results (6.0%) being rejected
by data validation (occurrences of rejected data appear in Appendix H). The quality control
(QC) problems observed in the chemical data validation consisted of calibration problems;
blank spike, matrix spike (MS), and surrogate recoveries outside QC limits; and coelution
problems. The major concern in the chemical data centered on the analysis of polynuclear
aromatichydrocarbons (PAl-Is).The analyticallaboratory hadproblems related to the method,
with only 74% of the data being usable. There were minor problems with herbicides and
metals; 50% of the dalapon results and 71% of the osmium results were rejected. The
problems encountered in the radiological data ranged from calibration problems to blank
spike and MS recoveries outside of OC limits. Usability was lowest on two isotopes,
technetium-99 and neptunium-237, for which virtually ali data were rejected. The
technetium-99 data were rejected because of the possibility of technetium loss during the
muffle furnace step of the analytical procedure. The neptunium-237 results were rejected
because of calibration errors and calculation errors in matrix spike/matrix spike duplicate
(MS/MSD) and blank spike recoveries that upon correction yielded recoveries that were
outside QC limits. The most prominent data gaps are being addressed through further
evaluation in the case of neptunium-237 and through resampling with reanalysis to obtain
replacement technetium-99 data. Lists of sample numbers belonging to each sample delivery
group (SDG) are presented in Appendix F. Information on numbers of samples involved in
these summary percentages is provided in Tables 4.2 through 4.6.

Lessons learned during the course of Phase I can be of benefit to future ER projects.
The initial planning process focused on sampling, with a general idea of what analyses were
required.Upon review of QC requirements and analyticalmethods required, the project had
to re-evaluate the schedule and budget to address analytical needs. In addition, the BSCP was
the first ER project to utilize fully the new Analytical Projects Office. The laboratories
performing the work--the firstlarge project theyhad received from Energy Systems--required
a period of adjustment to Energy Systems requirements and needs. Many of the concerns that
surfaced during the validation of Phase I data may be attributed to this learning period;
however, there were some problems that Energy Systems might have been able to avert. A
project-specific preaudit [with reference to the BSCP Project Plan (Energy Systems 1992) and
the APO Statement of Work] of the laboratories, including review of the laboratories'
procedures and quality assurance (QA) review process, would have been helpful. In addition,
sending performance evaluation samples to the laboratory for each of the methods requested
would have indicated what type of data packages each laboratory provid¢_and demonstrated
the laboratory's ability to perform sufficiently the requested analyses.For example, during the
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validation of the technetium-99 data, we requested a copy of the laboratory's procedure for
analyzing technetium and discovered that the laboratory furnaced the samples at 500 ° C. This
temperature caused the rejection of the technetium data. A preaudit would have revealed the
fumacing step of the procedure before the samples were shipped. Because no preaudit was
performed, the project must now study the effects of muffle furnacing at high temperatures
on the volatility of technetium in order to determine the acceptability and usefulness of the
data.

4.2 INTRODUCHON

The overall objectives of this project include determining the background concentrations
of selected organics, metals, and radionuclides in naturalsoil samples and providing validated
data for use in remedial investigations and risk assessments. Specific objectives relative to
analyticallaboratory work are detailed in Sect. 8.3. These considerations directed the selection
of analytical parameters for laboratory analyses.

The assumptions used to select the analytical parameters follow:

• Background concentrations of naturally occurring inorganic, organic, and radiological
analytes of interest are those normally found in soils and sediments of natural origin.
Contamination is indicated when these analytes are found in concentrations above the
natural background. Analytes of interest include heavy metals, organic compounds, and
radionuclides that are used in or generated by industrial, agricultural, and research
activities associated with the Oak Ridge Reservation.

* Analytes not occurring naturally were assumed to have an a priori concentration
equivalent to zero background, which would be below the analytical detection limits.
Some of these analytes include man-madecompounds, such as volatile organics and some
semivolatile organics. Radionuclides were an exception because of nuclear activation and
fusion products that may have been added to the natural background by environmental
transport processes, such as atmospheric deposition.

The analytical methodologies used for this project were consistent with EPA analytical
Level IV. The EPA CLP procedures were used where appropriate, and EPA SW-846 (EPA
1991b) methods were used for the non-CLP parameters. Because the CLP contract-required
detection limits were too high for this project, the laboratories adapted EPA SW-846
detection limits to their procedures.

Data validation is an important step in the overall data quality process. It is during the
data validation process that the precision, accuracy, and completeness of the data received
are assessed. Data validation provides the end users of the data with an overall quality
assessment of the data. This assessment indicates whether there were any quality concerns,
such as whether the laboratory was in control of its analyticalprocess. The validators of the
data qualify the data with respect to the criteria established by the project and give qualifiers
to the data in relation to how the data meet the established criteria. The qualifiers given to
the data indicate the potential usability of the data to the end user, but do not necessarily
constitute the final conclusion on the overall usability of the data. The end users of the data
need to consider the representativeness and comparability of the data and the ultimate use.
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4.3 SEI.F___HONOF LABORATORIES

The laboratories selected to perform the a_,.alyseswere

• selected and approved by the Analytical Projects Office through a rigorous, multi-point,
competitive elimination process,

• capable of performing the requested analys_ as stated in the project work plan, and
• low in cost.

The laboratories selected for the BSCP were Lockheed Analytical Services in Las Vegas,
Nevada, for chemical analyses and EcoTek LSI in Atlanta, Georgia, for radiological analyses.
Four laboratories responded to the statement of work that was i_ued (Project Samplingand
Analysis Plan, Sect. 5.3, Energy Systems 1992), and these two were chosen based on their
responses. Not ali of the laboratories submitted prices for each analyte required for this
project, so common anal_es were selected, and a price comparison was performed. Of the
laboratories submitting prices for the chemical portion of the project, only Lockheed provided
pricing andavailabilityfor ali requested parameters.Lockheed also had the lowest overall cost
of the respov:ling laboratories.

Only two laboratorie_ submitted responses to the statement of work (SOW) for the
radiological analyses. A compa_on of the responses indicated that EcoTek was capable of
performing _be analyses at low cost.

4.4 QT_ALrrY ASSURANCEK2UAIXI_ CONTROL

Analytical QA and QC were conducted according to the requireJnents of the EPA CLP.
The required analytical level defined by the EPA Data Quality Objectives (DQOs) document
is Level 1V (EPA 198To). This level is characterized by rigorous QA/QC protocols and
documentation. The pesticide/polychlorinated biphenyl (PCB) analyses were performed
according to the EPA CLP Organics SOW, March 1990 (EPA 1990a). The metals analyses
(except osmium) were performed according to the EPA CLP Inorganlcs SOW, March 1990
(EPA 1990b). Ali other analyses were performed under "CLP-like" procedures, with the
minimum QC outlined in the Project Plan (Energy Systems 1992). Holding time requirements
for these methods can be found in Table 6.4 of the BSCP Plan (Energy Systems 1992).

During this project there we:e some modifications to the analytical programspecified in
the BSCP Plan (Energy Systems 1992). The modifications and their effects on the project
follow.

• The method for the volatile organic analysis was changed from EPA Method 8240 tO

EPA Method 8260 because the Y-12 Plant analytical laboratory uses a gas
chromatographic system with a capillary column for separation instead of a column
packed with graphitized carbon coated with carbowax (as required by Method 8240). This
change did not affect the detection limits specified by the Project Plan.

• The analysis of nitrate was removed fre-a the aval_:ical program because of the 24-h
holding time. Compositing the sample_ ,'ielayed shipment of the samples for a minimum
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of two days after collection, which meant that the nitrate holding time was already
_ed. Therefore, analyzing for nitrate would not have been valid.

• The Project Plan indicates that EPA 200.7 CLP-M be used for the preparation and
analysis of silicon; however, in this project, silicon analysis is prepared according to EPA
Method 3050 and analyzed according to EPA 200.7 CI_-M. This change does affect the
recovery of silicon since _he preferred method is hydrogen fluoride digestion. The impact
of this change will be lower recoveries of silicon, but the technical coordinator requested
that ali samples be prepared by nitric/hydrochloric acid digestion.

4.4.1 Organic Data Qualifiers

The following organic laboratory data qualifiers are used in this project.

i lll Hmll| i i l llll i i

Omlifier EXplanation
i i

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Indicates presumptive evidence of a compound [used only for tentatively
identified compounds (TICs)].

P Used for pesticide/aroclor target analytes when there is greater than 25%
difference for detected concentrations between the two gas chromatograph (GC)
columns. The lower of the two is reported and flagged.

C Us_ _,_rpesticide results where the identification has been confirmed by
GC/mass spectrograph.

B Used when the analyte is found in the associated blank as well as in the sample.

D Identifies ali compounds indicated a'. a secondary dilution factor.

A Indicates that a TIC is a suspected aldol-condensation product.

X Other specific flags may be used to properly define the results. If they are used
they must be fully described and attached to the Sample Data Package.

,_|alii
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4.4.2 Inorganic:Data Qualifiers

The following inorganic laboratory data qualifiers are used in this project.

..,

Qoalifier tbKplanation

U Indicatescompoundwasanalyzedfor but not detected.

J Indicatesan estimatedvalue.

N Spikedsamplerecoverynot withincontrol limits.

E Reported valueestimatedbecauseof the presenceof interference.

M Duplicateinjection precisionnot met.

B Reported value wasobtained froma readingthat was less than the contract
requireddetection limit,but greaterthan or equal to the instrumentdetection
lin_t(K)L).

S Reported value wasdeterminedby the methodof standardadditions(MSA).

W Post.digestionspike forfurnaceatomic absorptionis out of control limits,while
sampleabsorbanceis less that 50% of spike absorbance.

* Duplicateanalysisnot withincontrol limits.

+ Correlationcoefficientfor the MSA is less than 0.995.

4.5 DATA VAIJDATION

The data validation for Phase I of this project was conducted by the K-25 Analytical
Environmental Support Group (AESG), with assistance from the ORNL Measurement,
Applications, and Development (MAD) Group. Ali sample data were delivered to the
analytical coordinator from ORNL/MAD, who had ultimate responsibility for the data
throughout the validation process. ORNI.JMAD screened the data packages to ensure that
project deliverables were provided, and K-25 AF__G performed the technical review of the
data.

The criteria for the data validation are outlined in the BSCP Plan (ES/ERfFM-26/R1).
However, the project plan did not provide detailed requirements; therefore, project specific
criteria had to be developed by the K-25 AF_._G(and presented in AE_G's standard operating
procedures SOPs). They were prepared according to the EPA CLP Validation Guidelines,
as well as the validation guidelines outlined in the BSCP Plan.

The quality of the data validation process was ensured by a defined and documented
process. Initially, the data package underwent a contract compliance check, during which it
was screened for completeness of project deliverables. The validated data were given
validation qualifiers that reflected the overall judgment of the data vafidator about the
worthiness of each data point. The validation qualifiers used in this project are listed in
Table 4.1. Second, the data were reviewed and evaluated against the project-specific data
validation criteria. This second step was then assessed through a peer review, which examined
the qualified data, checked the rationale of the professional judgments, and evaluated the
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reasonableness of the findings in light of the DQOs. The peer-reviewed data package was
then reviewed by a third partywho concentrated on the rationale and reasonableness of the
qualifications. This extensive review and oversight process was designed to ensure that
consistency was maintained throughout the project. Upon completion of the validation, a
report was issued. A summary of the findings is presented below.

4.5.1 Organic Data Validation Results

4.5.1.1 Pesticide/PCB validation results

The analysisof pesticide/PCB samples was performed according to the USEPA Contract
Laboratory ProgramStatement of Workfor OrganicAna_ysis,Multi-Media, Multi-Concentratio_
March 1990. There were 60 samples analyzed for the pesticide/PCB compounds listed in the
SOW. However, only 59 samples were analyzed for the following compounds:
gamma-chlordane, aldrin, ali aroclor compounds, endosulfan sulfate, endosulfan H, endrin,
endrin aldehyde, endrin ketone, methoxychlor, toxaphene, 4,4'-DDE, and 4,4'-DDT. There
were only 58 sample results reported for aroclor-1242. The reason for not reporting a result
for ali compounds is being actively investigated. The results of this investigation will be
provided in the project final report.

Holding times. Both the extraction and analysis holding times were met for all samples,
except samples in SDGs 0514260 and 0727260. Samples in SDG 0514260 were re-extracted
outside of the extraction holding time, thus qualifying the data as estimated (J). The
extraction holding time for samples in SDG 0727260 was exceeded by one day, so the data
were qualified as estimated (J). (SDGs are related to actual sample numbers in Appendix F.)

GC/ECD instrument perfotntance. The frequency and sequence of the resolution check
mixture and the performance evaluation mixtures (PEMs) were evaluated.

1. A resolution check mixture was analyzed at the beginning of every initial calibration
sequence on each GC column and instrument used for analysis.

2. The depth of the valleys between two adjacent compounds (dieldrin and DDE) in the
resolution check mixture could not be verified as being _ 60% of the height of the
shorter peak. Dieldrin and DDE were qualified as estimated (J) in SDGs 0523260,
0508260, 0511260, 042260, 0424260, 0430260, 0514260, 0519260,.

3. A PEM was analyzed at the beginning and end of each initial calibration sequence and
at the beginning of every other 12-hour analytical sequence.

4. Adjacent peaks in the PEM were reviewed and appeared to be 100% resolved for all
compounds except beta-BHC and gamma-BHC on one column. Retention times were
within the specified retention time windows. Beta-BHC and gamma-BHC were qualified
as estimated (J) for SDG 0523260, 0508260, 0511260, 0430260, 0514260, 0519260.

5. The relative percent difference (RPD) between the calculated amount and the true
amount for each of the single component pesticides and surrogates in the PEMs were
< 25% for all target compounds except
• 4, 4'-DDT, qualified as estimated (J) in SDG 0523260;
• beta-BHC, qualified as estimated (J) in SDG 0508260;
• beta-BHC and methoxychlor in sample 3072 of SDG 0511260, qualified as

estimated (J);
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Table 4.1. Definition of data validation qualifiers

Qualifier Definition

U The analyte was analyzed for but was not detected above the
reported sample quantitiation limit.

J The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the
sample.

N The analysis indicates the presence of an analyte for which
there is presumptive evidence to make a tentative
identification.

JN The analysis indicates the presence of an analyte that has
been tentatively identified, and the associated numerical
value represents its approximate concentration.

UJ The analyte was not detected above the reported sample
quantitation limiL However, the reported quantitation limit
is approximate and may or may not represent the actual limit
of quantitation necessary to accurately and precisely measure
the analyte in the sample.

R The sample results are rejected because of serious
deficiencies in the ability to analyze the sample and meet
quality control criteria. The presence or absence of the
analyte cannot be verified.

UN The laboratory did not register this compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. No other
qualification of the data was made.

UJN The laboratory did not report the compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. The data were
qualified as estimated, J, because of other discrepancies with
the data.

RN The laboratory did not report the compound, but there was
evidence of a compound that was within the retention time
window but was not reported. The data were qualified as
unusable, R, because of other discrepancies with the data.
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• alpha-BHC, qualified as estimated (J) in samples 1064, 1072, 1080, and 3003 of
SDG 042260;

• beta-BHC and methoxychlor, qualified as estimated (J) in sample 3018 of
SDG 042260;

• alpha-BHC, qualified as estimated (J) in samples 1099 and 1106 of SDG 0424260;
• beta-BHC and methoxychlor, qualified as estimated (J) in samples 1107, 1108, and

1115 of SDG 0424260;
• beta-BHC and methoxychlor, qualified as estimated (J) in samples 1127 and 3032

of SDG 0430260;
• 4, 4"-DDT, qualified as estimated (J) for SDG 0722260;
• beta-BHC, qualified as estimated (J) in SDG 0727260; and
• beta-BHC, qualified as estimated (J) in SDG 0803260.

Initial and verification calibration. Results on initial calibration andcalibrationverification
forms were examined to ensure that reported results met required QC criteria.

1. Individualstandard mixtures A and B contained ali of the single component compounds
and surrogates and were analyzed at low, midpoint, and high concentrations during the
initial calibration on each GC column and instrument used for analysis.

2. Adjacent peaks in the individual standard mixtures were reviewed and appeared to be
at least 90% resolved for ali target compounds.

3. Retention times reviewed were within the specified retention time windows. Endosulfan
I and alpha-BHC had almost the same retention time window, which qualified the data
as estimated (J) in SDG 0508260.

4. Ali percent relative standard deviation (%RSD) results for the calibration factors met
the QC criterion of _ 20% for target compounds, with the exception of

• alpha-BHC, qualified as estimated (J) in SDG 0803260 and 0727260;
• 4, 4'-DDT, qualified as estimated (J) in SDG 0722260;
• alpha-BHC, delta-BHC, 4, 4'-DDD and 4, 4'-DDE, qualified as estimated (J) in

SDGs 0519260 and 0508260;
• alpha-BHC, 4, 4'-DDD and 4, 4'-DDE, qualified as estimated (J) in SDG 0430260

and sample 3072 of SDG 0511260;
• alpha-BHC andendrin aldehyde,qualified as estimated (J) in samples 1099 and 1106

of SDG 0424260 and samples 1064, 1072, 1080, and 3003 of SDG 042260;
• alpha-BHC, 4, 4'DDE, 4, 4'-DDD, and 4, 4'-DDT, qualified as estimated (J) in

samples 1107, 1108, and 1115 of SDG 0424260 and sample 3018 of SDG 042260;
• alpha-BHC, delta-BHC, gamma-BHC, 4, 4'-DDD and 4, 4'-DDE, qualified as

estimated (J) in samples 3058, 3099, and 3085 of SDG 0511260; and
• alpha-BHC, gamma-BHC, 4, 4'-DDD, 4, 4'-DDT, and endrin aldehyde, qualified as

estimated (J) in SDG 0523260.

5. Surrogates met the criterion of _30% RSD.

6. A single concentration calibrationstandardwas analyzed for multicomponent compounds.

7. Ali RPDs between calculated and nominal amounts for each target compound and
surrogate in the midpoint continuing calibration concentrations met the QC criterion
of <25%, with the exception of

• aldrin, which was qualified as estimated (J) in SDG 0430260 and
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* delta-BHC, heptachlor, and 4, 4'-DDD, which were qualified as estimated (J) in
SDG 0523260.

Laboratory blanks. Samples were extracted with a method blank,and an instrument blank
was run immediately prior to analysisof either a PEM or an individual continuing calibration
midpoint standard mixture. The was no significant contamination found in the blanks, with
the exception of PBBLK02 of SDG 0514260. PBBLK02 was found to contain aroclor-1242,
which was also identified in two of the samples. Therefore, samples 3046 and 3148 were
qualified as nondetected (U) since the concentration of the samples was less than five times
the concentration found in the associated blanks.

Surrogates. Ali surrogates were within the 60-150% QC limits, with the following
exceptions:

• sample 3058 of SDG 0511260, ali target compounds in this sample were qualified as
estimated (J);

• sample 3018 of SDG 042260, no qualificationwas necessary because all surrogates were
outside the limits on the high side and no target compounds were detected;

• sample 3113 of SDG 0514260, all target compounds in this sample were qualified as
estimated (J);

• some surrogates for SDG 0722260 were outside the QC limits. Sample 2130 showed a
TCMX recovery of 175%. Samples 2090 and 2143 showed one recovery of DCB below
the minimum QC criterion of 60% and sample 2149 showed DCB recoveries less than
the QC criterion of 60% on both columns; therefore, late eluters (those eluting within
10 mill of the DCB surrogate) were qualified as estimated (J) in sample 2149;

• samples 2179 and 1462 of SDG 0727260 showed recoveries of DCB of less than the QC
criterion of 60% on both columns; therefore, late eluters (those eluting within 10 rain
of the DCB surrogate) were qualified as estimated (J) in samples 1462 and 2179;

• SDG 0727260 showed recovery of DCB less than the QC criterion of 60% on both
columns; therefore, late eluters (those eluting within 10 min of the DCI3 surrogate) were
qualified as estimated (J) in this SDG.

Matrix spike/matrir spike duplicates. Results were checked to ensure that they met the
required QC criteria. MS/MSD data are not used to qualify data alone. Ali MS/MSD
recoveries were within QC limits, with the exception of the following:

• some MS/MSD recoveries exceeded the QC limit of 150%. However, there was no
qualification of the data because no target compounds were found in the samples. This
was found in SDGs 0727260 and 0803260;

• Endrin failed to be recovered in the MS of SDG 0523260 and was poorly reo3vered in
the matrixspike duplicate (MSD). However, since there were no problems with recovery
and breakdown of endrin in the standards and PEMs, there was no qualification of the
data.

Overall assessment. The laboratory did not alwaysadhere to CLP protocol. In particular,

• Extract volumes were condensed to 4 mL instead of 10 mL.

• Only 1 mL of MS/MSD solutions was added to samples instead of the required 2 mL.
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* Chromatograms for standards were noncompliant (less than 10% full scale for single
component compounds and less than 25% full scale for multicomponent compounds).

• The florisil cartridge check and cleanup were not performed as required.
• Target compounds were detected on both columns above the detection limit, but below

the contract required quantitation limit; however, they were not reported on Form ls.
• Ali pesticide/PCB data were determined to be usable.
• A summary of the pesticide/PCB data validation results is presented in Table 4.2.

Table 4.2. Summary distribution of pesticide/PCB data validation results

Compound U UJ P J Sum Percent
usable

Alpha-BHC 15 45 60 100%
Beta-BHC 19 41 60 100%
Delta-BHC 28 32 60 100%

Gamma-BHC (Lindane) 10 50 60 100%

Gamma-chlordane 52 8 60 100%
Aldrin 34 26 60 100%
Aroclor 1016 52 8 60 100%
Aroclor 1221 52 8 60 100%

Aroclor 1232 52 8 60 100%
Aroclor 1242 49 8 1 58 100%
Aroclor 1248 52 8 60 100%
Aroclor 1254 52 8 60 100%

Aroclor 1260 52 8 60 100%
Dieldrin 2 58 60 100%
Endonsulfan I 47 13 60 100%
Endonsulfan II 52 8 60 100%

Endonsulfan sulfate 48 11 59 100%
Endrin 52 8 60 100%
Endrin aldehyde 42 17 59 100%
Endrin ketone 49 11 60 100%

Heptachlor 12 48 60 100%
Heptachlor epoxide 52 8 60 100%
Methoxyclor 42 18 60 100%
Toxaphene 52 8 60 100%

Alpha-chlordane 47 13 60 100%
4,4'-DDD 23 37 60 100%
4,4'-DDE 17 43 60 100%
4,4'-DDT 20 39 1 60 100%
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4.5.1.2 Chlorinated herbicide validation results

The analysis of chlorinated herbicide samples was performed according to the USEPA
SW-846 Method 8150, Second Edition, with the QC performed in a "CLP-like" manner.There
were 24 samples analyzed for the chlorinated herbicide compounds.

Holding times. Ali holding times were met for both extraction and analysis.

Initial and verification cal_ratio_ Some of the chlorinated herbicides were found to be
outside the QC limits (r2 > 0.990). The data were qualified by reviewing the exce_ance of
the QC limits in regard to other problems encountered during the validation.

• In SDG-s 0508260 and 0511260, the data were qualified as nondetected (U) because
dalapon, dichloroprop, dinoseb, and the surrogate 2, 4 dichlorophenylmethylacetate were
outside OC limits. However, there were no compounds detected in the samples, and the
second column values were within QC limits, with the exception of dalapon. Since
dalapon failed the QC criteria on both columns, this compound was qualified as
estimated nondetected (UJ) for all samples except 1213.

• In SDGs 0803260 and 0727260/0728260/0729260, the datawere qualified as nondetected
(LT)because 2, 4--DB was outside the OC limits on one column, while dinoseb and the
surrogate 2, 4 dichlorophenylmethylacetate were outside the limitson the sex.ondcolumn.
Since no compounds were detected in the samples andsince the compounds met the QC
criteria on at least one column, the data were qualified nondetected.

• The data in SDG 0430260 were qualified bex_use dalapon and MCPA,
2, 4-d/chlorophenyl-methylacetate were outside OC limitson both columns and 2, 4-DB
was outside on one column and dichloroprop was outside on the other column. Another
initial calibration should have been run _cause of the failure of the surrogate on both
columns. Therefore, ali data are qualified estimated nondetected (UJ) because the
surrogate value was not within the QC limits. Dalapon was rejected (R) because of its -_
gross failure of the QC criteria.

• Dalapon in SDG 0424260 was rejected because it was found to be significantly outside
the QC limits.

• Ali calibration verifications were run under the initial calibration with the exceptions of
SDGs 042260 and 0424260. Dalapon was rejected (R) in SDG 042260 because it failed
the OC limit (%D < 15%), while dichloroprop, dinoseb, and 2, 4-DB were qualified
estimated nondetected (UJ).

• Dicamba, MCPP and 2, 4-D were qualified estimated nondetected (UJ) because they
were found outside the QC limits (%D _ 15%).

Laboratory blanks. There were no significant contamination problems found except for
SDG 0430260. In this SDG, the laboratory experienced a contamination problem and diluted
ali the samples and QC samples by a factor of 1:10.

Surrogates. Ali surrogate recoveries were found within the QC criteria of 50-150%, with
the exception of some samples within SDGs 0430260 (1064, 1080, 1127, and 3032), 0424260
(1099, 1106, 1107, and 1115), 0511260 (3046 and 3072), and 0508260 (1201-FD). Samples that
had surrogate recoveries outside the QC limitson both columns and no detects reported were
qualified as estimated nondetected (UJ). However, if surrogate recoveries were less than 10%
on both columns, the data were rejected (R).



4-12

Laboratory control samples. Ali samples met requirements for laboratory control sample
(LCS) recoveries except for the following:

• Silvex and 2, 4, 5-T had L_ recoveries that were slightly outside the QC limits;
therefore, data for SDGs 0508260 and 0511260 were qualified as estimated (J).

• Ali samples of SDG 0424260 were qualified estimated nondetected (UJ) because the
LCS recoveries were outside QC limits.

• Ali data in SDGs 0803260 and 0727260/072.8260/0729260 were qualified estimated
nondetected (UJ) because no LCS was provided. The re&u3nfor this omission is under
investigation, and an explanation for the omission will be provided in the project final
report.

Overall assessment. The overall performance of the laboratory was acceptable, but the
following problems were noted:

• Initial calibration information was not provided for SDG 0424260;
• There were contamination problems with some of the SDGs, and the laboratory had to

dilute some samples by a factor of 1".20;
• An improper amount of soil was used. The proper amount was 50 g, but the laboratory

used 25 g in some of the SDGs;
• Verification of practical quantitation limits (PQLs) was not possible because the

information was not provided;
• Ali chlorinated herbicide data were determined to be usable with the exception of

dalapon (50% usable); and
• A summary of the chlorinated herbicide da_avalidation results is presented in Table 4.3.

Table4.3. Summmydistn'butionof chlorinatedherbicidedatavalidationresults

Compound U UJ J JN R RN UN UJN P Sum Percent
usable

i a i i

Dalapon 12 12 24 50
Dicamba 5 19 24 100
Dichloroprop 5 19 24 100
Dinosob 5 19 24 100
MCPA 5 19 24 100

MCPP 5 19 24 100
Silvex 24 24 100
2,4-D 5 19 24 100
2,4-DB 5 19 24 100
2,4,5-T 24 24 100

4.5.1.3 Polynuclear aromatic hydmcarbom

The analysis of PAH samples was performed according to the USEPA SW-846 Method
8310, Second Edition, with the QC performed in a "CLP-like" manner. There were 65
samples analyzed for the PAH compounds, with the following exceptions: 64 samples for
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anthracene, 63 samples for benzo[b]fluoranthene, and 66 samples for phenanthrene. These
exceptions are being investigated, andthe results will be contained in the project final report.

Holding times. Ali samples met established holding times except for those associated with
SDG 0722260. These samples were re-extracted 14 days outside of the extraction holding
times; therefore, ali detected results were estimated (J), and nondetected results were
qualified estimated nondetected (UJ).

Initial and verification calibratiorLThe initial calibration is assessed by the review of the
data against the correlation coefficient. The QC limit for the correlation coefficient is r2
0.990.

• Benzo[a]anthracene and chrysene for SDGs 0422260, 0424260, 0430260, 0508260,
0511260, 0514260, 0519260, 0722260, and 0722260/0723260 were found to coelute and
were qualified as unusable (R) for ali positive hits because it was impossible to
distinguish one from the other and as nondetected (U) for results less than reporting
limits.

• Anthracene and acenaphthene for SDGs 0422260 and 0424260 exceeded the initial
calibration QC limits and were qualified estimated (J) for positive hits and estimated
nondetected (UJ) for nondetects.

• Pyrene anddecafluorobiphenyl (the surrogate) for SDGs 0508260 and 0511260 exceeded
the initial calibration QC limits so ali pyrene data were flagged as estimated (J) for
detects and estimated nondetected (UJ) for nondetects. Ali other data must be estimated
(J) because of the coelution of the surrogate with a target compound.

• The surrogate, decafluorobiphenyl, and fluroanthene coelute; therefore, detected
fluoranthene results in SDG 0511260 were qualified as unusable (R). Ali other data must
be estimated (J) because of the coelution of the surrogate with a target compound.

• Positive hits for fluoranthene were qualified unusable (R) because decafluorobiphenyl
and fluroanthene coelute. Ali other data must be estimated (J) because of the coelution
of the surrogate with a target compound.

• Decafluorbiphenyl and benzo[a]anthracene/chrysene for SDG 0523260 exceeded the
initial calibration OC limits. Ali data were estimated (J) for detected compounds and
estimated nondetected for nondetected compounds.

• BenzoLg;h,i]perylene coelutes with dibenzo[a,h]anthracene; therefore, results for SDGs
0727260, 0727260, and 0803260 for these two compounds must be qualified as unusable
(R) because the laboratory could not quantify the MS/MSDs and LCS recoveries for
dibenzo[a,h]anthracene.

• Anthracene, benzo[k]fluoranthene, benzo[a]pyrene, and benzo[g,h,i]perylene/
dibenzo[a,h]anthracene for SDG 0727260 exceeded initial calibration QC limits, so
detected results for anthracene andbenzo[k]fluoranthene were qualified as estimated (J)
and estimated nondetects for nondetected results of these compounds. Because
benzo[a]pyrene is only slightly below criteria (0.9891), it was not qualified.

• Anthracene, benzo[k]fluoranthene, benzo[a]pyrene, and benzoLg;h,f]perylene/
dibenzo[a,h]anthracene for samples 1458 and 1464 of SDG 0803260 exceeded initial
calibration QC limits, so detected results for anthracene and benzo[k]fluoranthene were
qualified as estimated (J) and estimated nondetects for nondetected results of these
compounds. Because benzo[a]pyrene is only slightly below criteria (0.9303), it was not
qualified.
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The verification of the calibration was assessed by determining the percent difference of
the verification calibration result sample to the initial calibration resulL Ali verification
analyses were within the QC criteria (%D < 15%) except the following:

• Benzo[k]fluroanthene, indeno-l,2,3(c,d)-pyrene, benzo[a]pyrene, and
benzo_h,_]perylene forsamples 1099, 1106, 1107, 1108, 1115, and 3018 of SDG 0422260
exce_ed QC limits, and detected compounds were qualified as estimated (J), and
nondetected compounds were qualified as estimated nondetect (UJ).

• Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-l,2,3(c,d)-pyrene, benzo[k]fluroanthene, and benzo[g,h,i]perylene for SDGs
0430260, 0508260, and 0511260 exceeded QC limits, and detected compounds were
qualified as estimated (J), and nondetected compounds were qualified as estimated
nondetect (UJ).

• Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-l,2,3(c,d)-pyrene, benzo[k]fluroanthene, anthracene, pyrene,
benzo[_h,z']perylene, and benzo[a]pyrene for SDGs 0514260 and 0519260 exceeded QC
limits, and detected compounds were qualified as estimated (J), and nondetected
compounds were qualified as estimated nondetect (UJ).

• Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-l,2,3(c,d)-pyrene, benzo[k]fluroanthene, anthracene, pyrene,
benzo[a]anthracene/chrysene, and benzo[a]pyrene for SDG 0523260 exceeded QC limits,
and detected compounds were qualified as estimated (J), and nondetected compounds
were qualified as estimated nondetect (UJ).

• Benzo[k]fluoranthene for SDG 0722260 exceeded QC limits, and detected compounds
were qualified as estimated (J), and nondetected compounds were qualified as estimated
nondetect (UJ).

• Benzo[k]fiuoranthene, dibenzo[a,h]anthracene, and benzo[bh,[]perylene for SDGs
0727260 and 0803260 were qualified as estimated (J), and nondetected compounds were
qualified as estimated nondetect (UJ).

Laboratory blanks. There were no extensive contamination problems found. However,
in SDGs 0422260 and 0424260, the laboratory experienced a contamination problem and
diluted ali the samples and QC samples by a factor of 1:100 and 1:10, respectively. _c.ause
of this problem, ali samples were estimated (J) for detected compounds and estimated
nondetect for nondetected compounds.

Surrogates. Ali surrogate recoveries were found within the QC criteria of 50-150%, with
the exception of the following:

• Surrogate recoveries were below 10% for SDG 0422260; therefore, all positive results
were qualified as estimated (J), and ali nondetected compounds were qualified as
estimated nondetect (UJ).

• Surrogate recoveries were reported outside the QC limits for ali samples except sample
1099 of SDG 0424260. Ali results except for sample 1099 were qualified as JN for
detected compounds and UJN for nondetected compounds. The N qualification was
added because of the laboratory's inabilityto properly integrate the surrogate peak.

• Decafluorobiphenyl had a 0% recovery for sample 1213 in SDG 0508260, so ali
nondetccts were rejected (R), and ali positive results were estimated (J).
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. Decafluorobiphenyi had extremely high values for samples 1190 and 1201 of SDG
0508260, so ali positive results were estimated (J), and ali nondetects were estimated
nondetects (UJ).

, Ali results for SDG 0511260 were qualified as J (detects) and UJ (nondetects), and
nondetect results for sample 3099 were qualified unusable (R) because a surrogate
recovery of 0% was reported.

s Surrogate recoveries were outside of OC limits for SDG 0514260, so ali positive results
were estimated (J), and ali nondetects were estimated nondetects (UJ).

• Surrogate recoveries were outside of QC limits for samples 3148 and 3168 of SDG
0519260, so all positive results were estimated (J), and all nondetects were estimated
nondetects (UJ).

• Surrogate recoveries were outside of QC limits for ali samples of SDG 0523260 except
samples 1293, 1295, 1300, and 1301, so ali positive results of the samples outside of QC
limits were estimated (J), and all nondetects were estimated nondetects (UJ).

• Surrogate recoveries were outside of QC limits for samples 2039, 2143, 2130, and 2059
of SDG 0722260 so ali positive results were estimated (J), and ali nondetects were
estimated nondetects (UJ).

• All samples in SDG 0722260/0723260 exceeded the surrogate QC limits; therefore, all
positive results of the samples outside of QC limitswere estimated (J) and all nondetects
were estimated nondetects (UJ). Sample 2080 had a surrogate recovery below 10%, so
all positive results were estimated (J), and nondetects were rejected (R).

Matrix spikematrix spike duplicates. Reported results were checked to ensure that they
met the required QC criteria. MS/MSD data are not used to qualify data alone. Ali MS/MSD
recoveries were within QC limits, with the exception of the following:

• SDGs 0422260 and 0424260 had MS recoveries for naphthalene and acenaphthylene of
0%.

• SDGs 0508260, 0511260 had MS recoveries for naphthalene, acenaphthylene,
phenanthrene, fluorene, and acenaphthene of 0%.

• SDG 0514260 had MS recoveries for fluorene of 0%. Naphthalene was reported at twice
the amount spiked.

• SDG 0523260 had MS recoveries for naphthalene, acenaphthylene, fluorene, and
acenaphthene MSD of 0%.

• Ali results for dibenzo[a,h]anthracene and benzo[g,h,t'lperylene of SDG 0722260 were
rejected (R) because these two compounds coelute.

• SDGs 0727260 and 0803260 had MS recoveries for anthracene and
dibenzo[a,h]anthracene MS/MSD of 0%.

Laboratory control samples. Ali samples met requirements for LCS recoveries except for
the following:

• An LCS was not provided in SDG 0422260; therefore, aHthe data were qualified as
estimated (detects) and UJ (nondetects).

• The LCS for SDG 0424260 was diluted 1:10, indicating a problem. Because of this
problem, samples in this SDG were estimated J (detects) or UJ (nondetects).

• Fluorene results for SDG 0511260 were estimated J (detects) or UJ (nondetects)
because LCS recoveries for fluorene were outside QC limits (D-142%).
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• Acenaphthylene results for SDG 0523260 were estimated J (detects) or rejected R
(nondetects) because a 0% LCS recovery was reported.

Overall assessment. There were three major problems identified with the PAHs:
coehtion, compound identification, and reporting of diluted and undiluted samples. The
conditions used by the laboratory for Method 8310 resulted in coelution problems. Initially,
the laboratorywas using dexafluorobiphenyl as a surrogate, which coeluted with fluoranthene.
The laboratory also experienced coelution problems with benzo[a]anthracene and chrysene
because a change of conditions took place after June 1, 1992, including a change of
surrogates to 2-fluorobiphenyl. Coelution problems were resolved for the surrogate and
fluoranthene and for benzo[a]anthracene and chrysene; however, this led to a coehtion
problem between benzo[goh,i]perylene and dibenzo[a,h]anthracene.

There were several identification problems with the PAHs. The laboratory did not
consistently report compounds. The laboratory's method of determining retention time
windows and their criteria for determining whether a compound is inside or outside the
retention time window is not consistent. For samples experiencing this problem, the
compounds were qualified as N, because there was presumptive evidence of the compound.
The laboratory was contacted to address this issue.

The laboratory does not consistently perform dilutions when a compound ex_ the
initial calibration linear range. When dilutions are performed, the laboratory reports both the
diluted and undiluted samples on the same Form ls. The laboratory was found to report
sample results at the PQL even though a positive hit was found in the undiluted sample,
while it was not found in the diluted sample. The laboratory did not provide rationale for
these practices, and the project is actively pursuing a resolution to these reporting
discrepancies. The N qualifier was again used in these cases because the validator felt that
there was presumptive evidence of a compound. A summary of the PAH data validation
results is presented in Table 4.4.

4.5.2 Inorganic data validation results

The analysis of inorganic species was performed according to the USEPA Contract
Laboratory Program Statement of Work for Inorganic Analysis, Multi-Media,
Mul_-Concentratio_ July 1987. The analytes that are not governed under this SOW are
osmium and sulfate, which were analyzed using a nCLP-fike"SW-846 method with a (}C
protocol similarto CI_. There were 63 samples analyzed for all analytes listed in the Project
Plan. There were 62 samples analyzed for boron, cyanide, lithium, osmium, strontium, and
sulfate. The reason for not reporting a result for ali 63 samples is under active investigation.
The results of the investigation will be reported in the project final report. Sodium results
were not received for ali samples because the laboratory inadvertently reported these results
in some SDGs, even though sodium analysis was not requested in the analytical SOW.
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Table 4.4. Sumnm_ distribution of polynuclear aromatic h,jdromrlmn data validation results ,,,

Compound U UJ J /N R RN UN UJN P Sum Percentusable

Acenaphthene 6 22 16 5 5 11 65 92
Acenaphthylene 2 31 5 0 13 2 12 65 77
Anthracene 1 35 4 1 11 2 11 65 80

Benzo[a]anthracene 5 12 6 5 27 10 65 58

Benzo[a]pyrene 2 24 15 6 4 14 65 94
Benzo[b]fluoranthene 3 26 13 6 6 11 65 90
Benzo[g;h,z]perylene 24 2 26 1 12 65 58
Benzo[k]fluoranthene 30 5 13 1 1 15 65 78

Chrysene 5 20 29 1 lO 65 54
Dibenzo [a,h]anthracene 2 24 1 28 10 65 57
Fluoranthene 2 8 5 46 1 3 65 28
Fluorene 2 28 4 4 14 2 11 65 75

Indeno- 1,2,3(c,d)-pyrene 3 34 1 15 2 10 65 74
Naphthalene 2 33 8 16 10 1 11 65 83
Phenanthrene 2 23 12 11 4 13 65 94

Pyrene 3 20 13 1 8 20 65 88

HoMing times. Ali holding times fell w:'hin the specified range, except for the following.
Mercury and sulfate were analyzed outside of their specified holding times for samples 5001,
5004, and 5007. Sample 5010 also had *he holding time exceeded for sulfate. In addition,
sample 3144 (water sample) had a pH of 5 upon receipt at the laboratory. The required pH
under CLP is 2.

Initial calibration and calibration verification. Either the calibrations for the SDGs for
graphite furnace atomic absorption (GFAA) met all the requirements, or the deviations did
not warrant any action by the validator. The calibration for inductively coupled plasma
analyses of SDG numbers 042260, 0430260, 0508260, 0511260, 0514260, and 05192/,0 did not
comply with the CLP criteria or the manufacturer's criteria. In addition, there were three
SDGs where the calibration did not comply for the inductively coupled plasma (ICP) analytes
of boron, lithium, osmium, and silicon. These three SDGs are 0.22260, 0723260, and 08032_.
In each cas o, the laboratory used the update function of the instrument instead of the
calibration cared for in the CLP SOW. In addition, an update slope function was used in
conjunction with the update function. The update slope determines percent correction factors
to be used by the instrument to "recalibrate." This, too, is a deviation from CLP; however,
the laboratory did not use the proper manufacturer's guiciance in applying this correction. The
laboratory allowed percent corrections to exceed the manufacturer's criteria for recalibration
withou, performing a cecalibration. The technical judgment was to not qualify the data as
estimated (J) because of acceptable ICV and continuing calibration verifications (CCVs), but
it may be necessary to consider the added uncertainty for certain uses of the data, as well as

regulatory and defensibility concerns. This issue is still under investigation and will be further
clarified in the project final report.



4-18

The cyanide results were qualified estimated (J) or estimated nondetect because there
wag no evidence that the middle standard or ICV was distilled as specified by CLP.

The osmium CCV samples (CCV-3, -4, -5, and -6) for SDGs 0722260/0723260 were
outside the criteria at 110.9, 113.0, 112.1, and 111.4, respectively. This would qualify the
osmium data as estimated (J), but the MS recovery finding supersedes this qualification
because it qualifies the data as unusable (R).

Laboratory blank results. The analysis of laboratoryblanks provides a means of assess£ag
the existence of contamination in the analytical method. Blanks did not show evidence of
significant contamination except for the analytes discussed below.

• For SDG 0422260, the level of selenium in the preparation blank was comparable to that
found in some of the samples, so those samples were qualified as nondetect (U).

• Sample 6004 of SDG 0430260 was qualified as nondetect for lithium because the sample
result was less than five times the value of the associated CCV.

• The lithium result for sample 6010 (SDG 0511260) was also qualified as nondetect
because the result was less than five times the associated CCV. In addition, calcium and
selenium were qualified as nondetects because the results of the preparation blanks were
comparable to the sample results.

• The preparation blanks for SDG 0514260 contained levels of calcium and thallium
comparable to those found in the samples; therefore, these samples were qualified as
nondetect.

• Thallium results for SDG 0519260 were qualified nondetect because the preparation
blank results were comparable to those found in the samples.

• Boron and silicon results for SDG 0727260/0728260/0729260 were qualified as estimated
nondetects (UJ) because the continuing calibration blank (CCB) before or between
which they were determined had values approaching the negative reporting limit andwell
beyond the negative IDL Calcium results were qualified nondetect when the calcium
sample results were less than five times the concentrations in the preparation blank.

• Antimony data for SDG 0722260_723260 were qualified nondetect when sample results
were leas than five times the concentration found in the preparation blanks.

• The boron and silicon results in SDG 0803260 were qualified as estimated nondetected
(UJ) and estimated (J), respectively. The boron result was qualified estimated
nondetected because the CCBs between which itwas determined had values approaching
the negative reporting limit and well beyond the negative IDL. Silicon results were
qualified estimated (J) bex_use the CCBs between which the sample was analyzed had
values ex_ng the negative reporting limit.

• Overall, the laboratory did not comply with the sample analysis order for CCBs and
CCVs. The laboratory analyzed the CCB before the CCV, which is against the
specifications of the CLP SOW. In addition, in some cases the laboratory analyzed a
rinse blank before the CCB. By doing so, the evaluation of the CCBs does not provide
information regarding carryover contamination.

Interference check sample. The a:.:lalysisof an interference check sample (ICS) was to
verify the interelement and background correction factors. Ali ICS results were acceptable,
except for the results of vanadium in SDGs 0514260 and 0519260. The vanadium was outside
the criteria on both the initial and final ICS; therefore, ali vanadium data were qualified
estimated (J).
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Matrix spikes. The spiking levels and analytes did not agree with CLP requirements, so
it was difficult to apply CLP criteria. In addition, post-digestion spikes were not performed
as specified by CLP. The data were qualified because MS samples were outside criteria.

•, The magnesium and potassium results for SDG 0422260 were qualified estimated (J).
Osmium results were qualified as estimated nondetects because the predigestion spike
was outside criteria.

• The results for SDG 0422260, 0430260/0508260/0511260 for silicon were qualified as
estimated (J) because the spike recovery was below the lower limit.

• The osmium results for SDGs 0430260, 0508260, 0511260 were qualified as estimated
nondetect (UJ) because the predigestion spike was outside criter/a.

• Silver results for SDG 0727260/0728260/0729260 were qualified as estimated nondetect
(UJ) because of low predigestion spike recoveries. Silicon was qualified as estimated (J)
because of low recoveries, while osmium results were rejected (R) because of very low
recoveries.

• Antimony and silver results for SDG 0722260/0723260 were qualified as estimated
nondetected (UJ) because spike recovery was low. Magnesium and potassium results
were qualified estimated (J) because the predigestion spike results were outside criteria,
greater than 125%. Ali osmium results were rejected (R) because the spike recovery
(2.2%) was out of range (criteria 75-125%).

• Silicon and cadmium results for SDG 0803260 were qualified estimated (J) because of
low spike recoveries. Sulfate was qualified as estimated (3) because the postdigestion
spike recovery was very low.

Duplicates. Ali laboratory duplicates were within the QC limits except for the foUowing.
Copper, iron, boron, and sulfate results for SDGs 0422260, 0430260, 0508260, and 0511260
were qualified as estimated (J) because the duplicate results exceeded criteria. Chromium
results for SDG 0803260 were qualified estimated (J) because the duplicate results exceeded
criteria.

Laboratory control samples. An aqueous LCS was used. The CLP SOW specifies the use
of a solid LCS when analyzing solid samples. The results from the aqueous LCS may not be
indicative of analyte recovery, making the evaluation difficult. Osmium results in SDGs
042260, 0430260, 0508260, and0511260 were qualified estimated (J) or estimated nondetected
(UJ) because LCS recoveries were outside of criteria. Osmium results for SDGs 0514260,
0519260, and 0803260 were rejected (R) because of very poor recovery.

Method of standard additions. The MSA was performed on the following samples. MSAs
were performed on lead samples 5031, 5034, 5040, 6028, 6034, 6040, 5079, 5088, 1468, and
1468D, with no problems except that the spiking levels used in sample 5079 and 5088 were
not adapted well to the concentration of the samples. MSAs were performed on chromium
samples 7034, 7037-FD, 7040-FD, 7043-FD, and 1468, with no problems.

Serial dilutions. The serial dilution results for SDG 0422260/0430260/0508260/0511260
for silicon exceeded the acceptance criteria; therefore, all silicon data were qualified as
estimated (J). Silicon results for SDG 0727260/0728260/0729260 were qualified estimated (J)
because the serial dilution exceeded acceptance criteria. Silicon and zinc serial dilution results
exceeded acceptance criteria for SDG 0803260.
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Other laboratory QC. Accompanying the soil samples were equipment water rinsates.
These equipment rinsates were taken after Phase I soil sampling was completed, whereas
potential contamination of samples is normally identified from rinsates taken during the
sample collection process. Association of rinsateswith particular samples was not identified,
so specific qualification of data could not be performed. Rinsate samples were never
associated with any sample numbers.

• SDG 0422260: Antimony analytical spike recoveries were below limits, so those results
were qualified as estimated (J).

• SDG 0430260: Antimony GFAA analytical spike recovery is based on a spike
concentration of 20 mg/L. The laboratoryqualified sample 6001 with a "W"; all antimony
results should have been similarlyqualified since the values of the analytical spike ranged
from 73-80%. On this basis, ali antimony results were qualified as estimated nondetects.

• SDG 0508260: Antimony GFAA results for sample 5019, 5022, and 5010 were qualified
as estimated nondetected because the analytical spike recovery was low.

• SDG 0519260: Antimony GFAA results were qualified as estimated nondetected (UJ)
_cause of low analytical spike recoveries.

• SDG 0727260/0728260/0729260: The arsenic results for sample 5070 were qualified
estimated nondetected (UJ) because the analytical spike results exceeded limits.

• SDG 0722260/0723260: Antimony GFAA results were qualified as estimated nondetected
(UJ) because of low recoveries for the analytical spike.

Overall assessment. There were numerous deviations from CLP protocol that could affect
data comparability and create increased uncertainty in the quality of the data. Some of the
deviations follow:

• Calibration of the Leeman ICP did not follow CLP or manufacturers' instructions.
• Spiking levels for MSs, post-digestion spikes, and GFAA analytical spikes were

inconsistent with CLP, and the analytes in the MS were not in agreement with the CLP.
• Preparation volumes were noncompliant.
• The lab analyzed post-digestion spikes when they were not called for.
• MSs for GFAA were analyzed with an analytical spike added, which is not called for in

CLP.

• Re.analysis was performed when the blank exceeded the absolute value of the
contract-required detection limit or reporting limit was not performed.

• Aqueous rather than solid LCS samples were analyzed with soil samples.

These deviations are being discussed with the laboratory and will be addressed for
resolution by the A.PO. Ali inorganic data were determined to be usable with the exception
of osmium (29%). A summary of the inorganic data validation results is presented in
Table 4.5. The CN-results were qualified estimated (3) or estimated nondect (UJ) because
there was no evidence that a middle standard or ICV was distilled as specified CLP. Sample
results for sulfate were qualified as estimated because of either missed holding times or
duplicate RPDs outside QC limits.
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Table 4.5. Summmy distribution of inorganic data validation results

Compound No qualifier U J UJ B R Sum Percentusable

Aluminum 58 5 63 100
Antimony 20 3 31 9 63 ,100
Arsenic 30 8 1 2 22 63 I00
Barium 58 5 63 100

Beryllium 13 5 45 63 100

Boron 11 23 13 15 63 100
Cadmium 61 1 1 63 100
Calcium 22 24 17 63 100
Chromium 52 6 5 63 100
Cobalt 36 5 22 63 100

Copper 43 5 15 63 100
Cyanide 4 1 12 45 62 100
Iron 43 4 15 1 63 100
Lead 41 6 1 15 63 100
Lithium 46 7 9 62 100

Magnesium 39 5 18 1 63 100
Manganese 58 4 1 63 100
Mercury 15 44 3 1 63 100
Molybdenum 55 8 63 100
Nickel 58 5 63 100

Osmium 2 16 44 62 29
Potassium 39 5 18 1 63 100
Selenium 1 36 4 1 21 63 100
Silicon 16 2 43 2 63 100
Silver 36 27 63 100

Sodium 41 3 44 100
Strontium 57 5 62 100
Sulfate 45 15 2 62 100
Thallium 49 1 13 63 100
Vanadium 42 5 15 1 63 100
Zinc 57 3 1 2 63 100

4.5.3 Radiochemical Validation Results

4.5.3.1 Thorium isotopes

Fifty-eight samples were analyzed for isotopic thorium by the alpha spectrometry
technique.

Holding times. The holding times for isotopic thorium were met.
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Calibration. Ali calibration criteriafor SDG 2684 were met. The laboratory included the
daily full-width haft-maximuminformation, centroid information, and efficiency information.
Background information pertaining to these samples was acceptable, and ali monthly
calibration information was acceptable and corrected by the daily instrument performance
checE

Incorrect calibration information was provided for SDGs 2658, 2423, and 2419 by the
laboratory. Without the correct information, the data must be qualified estimated (J) for
results greater than minimum detectable activity (MDA) and UJ for results less than MDA.

The laboratory did not provide daily calibration information for SDGs 2638 and 2633,
so it is impossible to determine the behavior of the instrument on the day of the analysis.Ali
results greater than MDA were qualified as J, and ali results less than MDA were qualified
as UJ.

Laboratory blank results. Ali laboratory blank results were less than MDA. The blank
results obtained for SDG 2423 were invalidbecause there was no dailycalibration information
to support this blank result.

Tracer results. Thorium-229 was used as the tracer for this analysis.Ali tracer recoveries
were within the QC limits (15-125%) except for SDGs 2419, 2423, and 2633; therefore, ali
data must be qualified estimated (J) for results greater than MDA and unusable (R) for
results less than MDA. 1"he tracer results for SDG 2684 were within QC limits, but an
outdated tracer solution was used; therefore, ali results greater than MDA were estimated
(J), and ali results less than MDA were rejected (R).

Matrix spikematrix spike duplicates. Thorium-230 was the spike used in the MS/MSD. Ali
MS/MSD results were within the QC limits (75-125%) except for SDGs 2419 and 2423.
RPDs between the MS/MSDs were ali within the QC limits ( -<50% maximum).

Duplicates. The RPD acceptance criterion was 4- 35% for samples with values greater
than or equal to 5 times the MDA. Ali duplicate results met this criterion.

Blank spike. The spike was thorium-230. Ali the blankspike results were within QC limits
(75-125%).

Chemical separation specificity. No energy or librarymatches were provided to check the
chemical separation specificity of the isotope. Ali results were qualified as estimated (J) for
results greater than MDA and UJ for results less than MDA.

Overall assessment. The data in SDG 2684 were estimated (J) because an outdated tracer
was used. The data in SDG 2638 were estimated (J) because of the failure to run a daily
calibration. The data in SDGs 2633, 2658 were estimated (J) because energy spectra and
library matches were unavailable to assess the chemical separation specificity. The data in
SDGs 2419 and 2423 were estimated (J) for results greater than MDA and rejected (R) for
results less than MDA because the tracer recovery in the blank spike was outside of limits.
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4.53.2 Uranium isotopes

Fifty-eight samples were analyzed for isotopic uranium by alpha spectrometry.

Holding times. Ali technical holding times were met.

Calibratiort Ali samples passed the initial and verification calibration criteria except for
sample 6038 of SDG 2423. Results for sample 6038 were qualified estimated (J) for results
greater than MDA and UJ for results less than MDA.

Laboratory blank results. There were no detected activities found above the MDA except
for SDGs 2391 and 2658. Uranium-238 was found in the laboratory blank of SDG 2391 above
the MDA, but it was less than 10% of the sample activity. Uranium-234, -235, and -238 were
found in the laboratory blank of SDG 2658 above the MDA. Ali the samples had positive
results greater than the MDA, but less than five times the blank value. Therefore, ali results
less than five times the blank were qualified U.

Tracer results. Ali tracer recoveries were within the QC limits (15-125%) except for
sample 6038 of SDG 2423 which had tracer recoveries below the QC limits. Results above
the MDA were qualified J, and results below the MDA were rejected (R).

Matrix spikematrix spike duplicate. Ali MS/MSD recoveries were within the QC limits
(75-125%) with the exception of uranium-238 for SDGs 2419 and 2423. In addition, there
was no radioactive source report, calculation or logsheet for uranium-238 + natural spike.
Therefore, ali results above the MDA were qualified J, and ali results below the MDA were
qualified as UJ.

Duplicates. Duplicates were assessed by determining the RPD criterion of + 35% for
samples with results greater than or equal to 5 times the MDA. Ali duplicate RPDs were
within the QC liinit_ ,except for uranium-235 of SDG 2684. Ali data associated with this SDG
were qualified J for results greater than the MDA.

Blank spike results. Ali blank spike recoveries were within the QC limits (75-125%).

Chemical separation specificity. AHresults greater than the MDA were qualified estimated
(J) and UJ for results less than the MDA. This qualification was made because no energy
spectra or library matches were received so that chemical separation could be assessed.

Overall assessment. Data from SDGs 2684, 2633, 2391, 2419, 2638, and 2658 were
qualified estimated (J) because there was no energy spectra or library matches to assess
chemical separation. Samples in SDG 2423 were qualified estimated (J) because of the failure
of the MS to meet acceptance criteria.

4.5.33 Neptunium-237

Twenty-six samples were analyzed for isotopic neptunium by alpha spectrometry.

HoMing t/rees. Ali technical holding times were met.
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Calibratiolt The tracer (neptunium-239) for this analysis was run by gas proportional
counter, and the determination of neptunium-237 was done by alpha spectrometry; therefore,
calibration information was needed for each instrument. For SDGs 2423, 2638, 2633, 2419,
and 2391, no calibration information was provided for the gas proportional counter, and no
daily QC data were provided for this instrument. Calibration information was provided for the
alpha spectrometer. Because no calibration information was provided for the gas proportional
counter, ali data for this SDG were rejected (R). For SDGs 2684 and 2658, the laboratory
used the incorrect activity value in the calibration calculations, so ali results above the MDA
were qualified as estimated (J).

Laboratory blank results. There were no detected activities found above the MDA. The
laboratory did not provide laboratory blank data for SDG 2684, so ali data above the MDA
were estimated (J).

Tracer results. Ali tracer recoveries were within the QC limits (15-125%).

Mawix spikematrix spike duplicate. MS/MSD recoveries were within the QC limits
(75-125%) for SDG 2391, but ali other SDGs were outside QC limits. The laboratory used
an incorrect activity value, which changed their MS/MSD results. The data were qualified
estimated (J) for results greater than the MDA because of the failure to meet QC criteria.

Duplicates. Duplicates were assessed by determining the RPD criterion of :!: 35% for
samples with results greater than or equal to 5 times the MDA. Ali duplicate RPDs were
within the QC limits.

Blank spike results. Ali blank spike recoveries were outside the QC limits (75-125%).
results greater than the MDA were qualified estimated (J) while ali results less than MDA
were rejected (R).

Chemical separation specificity. No alpha spectrometry energy spectra and librarymatches
were given to verify that there were no interferences. The preparation notes mention the
presence of an iron hydroxide precipitate at the time of plating, suggesting the presence of
uranium, which would interfere with the plutonium spectrum. The data must be qualified as
estimated (J) for results above MDA.

Overall assessment. The data for SDGs 2684 and 2658 were rejected (R) because of
calibration errors and MS/MSD and blank spike errors that, when corrected, caused the data
to fail criteria requirements. The data for SDGs 2419 and 2391 were rejected (R), because
there was no self-absorption information to assess calibration. The data for SDC_ 2638, 2633
and 2423 were rejected (R), because MS and blank spike recoveries were outside of limits
and there were no data for the calibration of the gas proportional counter. If self-absorption
curves are provided, the data qualification may be changed to "estimated,"which may render
the majority of the 237Npdata usable to the project. These results will appear in the project
final report.
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4_.3.4 Plutoniumisotol_

Twenty-sixsampleswere analyzedfor plutonium-238,5 samplesfor plutonium-239,21
samples for plutonium-239/240, and 5 samples for plutonium-240 by alpha spectrometry.

Holding times. Ali technical holding times were met.

CalibratiorL Ali calibration criteria were met for ali samples except for sample 5029 of
SDG 2419 and SDG 2633. Sample 5029 was qualified estimated (J) for results greater than
MDA and UJ for results less than MDA because no background information was provided.
The data in SDG 2633 were qualified estimated (J) for results greater than MDA and UJ"for
results less than MDA because daily calibration information was not provided, so it was
impossible to determine instrument behavior at the time of analysis.

Laboratory blank results. There were no detected activities found above the MDA.

Tracer results. Ali tracer recoveries were within the QC limits (15-125%). However, data
for SDGs 2684 and 2391 had to be qualified estimated (J) for results above the MDA and
unusable (R) for results below the MDA because of the use of an outdated tracer solution.

Matrix spikematrix _pike duplicate. Ali MS/MSD recoveries were within the QC limits
(75-125%).

Duplicates. Duplicates were assessed by determining the RPD criterion of + 35% for
samples with results greater than or equal to five times the MDA. Ali duplicate RPDs were
within the QC limits.

Blank spike results. Ali blank spike recoveries were within the QC limits (75-125%).

Chemical separation specificity. No alpha spectrometry energy spectra and librarymatches
were given to verify that there were no interferences. The preparation notes mention the
presence of an iron hydroxide precipitate at the time of plating, suggesting the presence of
uranium, which would interfere with the plutonium spectrum. The data must be qualified as
estimated (J) for results above MDA and UJ for results below the MDA.

Overall assessment. The data for SDGs 2684 and 2391 were rejected (R) because of the
use of an outdated tracer solution. The data for SDG 2633 were qualified as estimated (J)
for results greater than the MDA and UJ for results less than the MDA because there was
no daily instrument performance check information. The data for SDGs 2638, 2658, 2419, and
2423 were estimated (J) for results greater than the MDA and UJ for results less than the
MDA because there were no energy spectra or library matches to assess chemical separation
specificity.

4.53_5 Strontium.89/90

Twenty-six samples were analyzed for strontium-89/90 by gas flow proportional counting.

Holding t/mes. Ali technical holding times were met.
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Calibration- Ali cafibration criteria were met for ali samples except for the following:

• unable to determine when the calibration was performed for SDGs 2633, 2638, and 2658,
so the data were rejected (R) and

• no self-absorption data were provided for SDG 2684, so the data were rejected (R).

Laboratory blank results. There were no detected activities found above the MDA.

Matrix spikematrix spike duplicate. Ali MS/MSD recoveries were within the QC limits
(75-125%), with the exception of SDGs 2633, 2638, and 2658, which had MS recoveries
below the QC limits.

Duplicates. Duplicates were assessed by determining the RPD criterion of :!: 35% for
samples with results greater than or equal to five times the MDA. Ali duplicate RPDs were
within the QC limits.

Blank spike results. Ali blank spike recoveries were within the QC limits (75-125%).

Overall assessment. The data for SDC,s 2684, 2658, 2638, and 2633 were rejected (R)
because self-absorption information was not provided. The data for SDG 2423 were qualified
as estimated (J) for results greater than the MDA and UJ for results less than the MDA,
because the calibration and yttrium-ingrowth information was not provided.

4.5.3.6 Gamma spectromeWy

Sixty-one samples were analyzed by gamma spectrometry.

HoMing times. Ali technical holding times were met.

Calibration. Ali calibration criteria were met for ali samples and were within the upper
and lower ranges.

Laboratory blank results. No analytical laboratory blank samples were analyzed.

Duplicates. Duplicates were assessed by determining the RPD criterion of :l: 35% for
samples with results greater than or equal to five times the MDA. Ali duplicate RPDs were
within the QC limits, except for SDGs 2419 and2423, which had RPD results outside the QC
limits.

Overall assessment. The data were qualified estimated (J) for results above the MDA and
UJ for results below the MDA, because the laboratory's performance or method accuracy
could not be adequately assessed.

4.5.3.7 Total uranium

Twenty-six samples were analyzed for total uranium by pulsed laser phosphorimetry.

Holding t/rees. Ali technical holding times were met.
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CalibratiorL Ali calibration criteria were met for ali samples except that the correlation
coefficients for the high and low standards did not meet criteria, so these data were qualified
J for detects and UJ for non-detects.

Laboratory blank results. There were no detected activities found above the detection
limit except for SD_ 2633 and 2638, which had blank results above the detection limit, but
the sample results were greater than five times the blank results.

Matrix spikematrix spike duplicate. Ali MS/MSD recoveries were within the QC limits
(75-125%) for SDG 2658. MS/MSD recoveries for the other SDGs were outside the QC
limits. The percent RPD for ali SDGs were within the QC criteria.

Duplicates. Duplicates were assessed by determining the RPD criterion of + 35% for
samples with results greater than or equal to five times the MDA. Ali duplicate RPDs were
within the QC limits.

Blank spike results. Ali blank spike recoveries were within the QC limits (75-125%).

Overall assessment. The datawere qualified estimated (J) for results above the MDA and
UJ for results below the MDA because the MS recovery was below the lower QC limit.

4.5.3.8 Technetium-99

Twenty-six samples were analyzed for technetium-99 by liquid scintillation.

Overall assessment. Ali nondetect values were qualified unusable (R) based on the
possibility that most or ali of the technetium-99 was lost as a result of ashing in a muffle
furnace at 500°(2. Re.samplingand reanalysis with appropriate changes in methodology are
being actively pursued, and these results will be reported in the final project report.

4.5.3.9 Tritium

Twenty-two samples were analyzed for tritium by liquid scintillation.

HoMing times. Ali technical holding times were met.

CalibratiotL The liquid scintillation counter was calibrated with National Institute of
Standards and Technology traceable quench standards; however, this information was not
included in the data package. The quench curve was established and the quench measured
for each sample.

Laboratory blank results. There were no detected activities found above the detection
limit.

Matrix spikematrix spike duplicate. Ali MS/MSD recoveries were within the QC limits
(75-125%) for SDG 2399. MS/MSD recoveries for SDGs 2369 and 2391 were outside the QC
limits, thus qualifying the data as estimated (J) for results above the MDA and UJ for results
below the MDA. The percent RPD for all SDGs were within the QC criteria.
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Duplicates. Duplicates were assessed by determining the RPD criterion of :1: 35% for
samples with results greater than or equal to five times the MI)A, Ali duplicate RPDs were
within the OC limits for SDG 2399, but outside the criterion for SDG 2391. This qualifies the
data for SDG 2391 as estimated (3) for results above the MDA and UJ for results below the
MDA. The percent RPD for ali SDGs were within the QC criteria.

Blank spike results. Ali blank spike recoveries were within the QC limits (75-125%).

Overall assessment. The data for SDGs 2369 and 2391 were qualified estimated (J) for
results above the MDA and UJ for results below the MDA because the MS recovery was
outside the QC limits. The data for SDG 2391 were qualified UJ because of the inability to
assess activity,error, andMDA values. A summaryof the radiochemical datavalidation results
is presented in Table 4.6.

4.6 SCREENING ANALYSES FOR VOLATILE ORGANIC COMPOUNDS

Analyses for volatile organic compounds were performed on ali noncomposited surface
soil samples. These analyses were conducted as a screen to determine whether there was any
disposal of wastes at the site or evidence of contamination of ground water plumes under the
site. Since the analysiswas being performed as a screen, the analytical level was set at data
quality level H, which provided quantitative data with less rigorous QA/QC and
documentation compared to EPA Level IV.

The results of most volatile organic screens were negative. Data are presented in
Appendix B. Some samples were found with detectable quantities of compounds that typically
appear as laboratory contaminants (acetone and 2-butanone). Twenty eight samples showed
acetone as a contaminant and 6 samples showed both acetone and 2-butanone as
contaminants. In addition, there were two samples that showed a compound other than these
two contaminants. One sample showed detectable quantities of trichlorofluoromethane, and
the other sample showed detectable quantities of chloroform. Each of these compoundswas
found in low concentration and could conceivably be associated with the laboratory
performing the analysis.

4.7 ORGANIC COMPOUND ANALYSES

4.7.1 Pesticides/PCBs

The method used for this project is the CLP method for pesticides/PCBs based on the
SOW of March 1990 (EPA 1990a). The method involves the extraction of samples with
methylene chloride. The concentrated extract is then readied for cleanup by diluting it with
acetone. The cleanup is performed with a florisil cartridge, and after cleanup, the extract
solution volume is adjusted with hexane to its final volume. The sample is then ready for
analysis by GC techniques.

4.7.2 Polynuclear Aromatic Hydrocarbons

The method used for this project is EPA Method 8310. This method is used to determine
the concentration of certain PAHs. The method provides high performance liquid
chromatography (HPLC) conditions for the detection of levels of certain PAHs in the parts
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Table 4.6. Summasy distribution of radiochemical data
validation results

i i i ii i

Analyte No J UJ R Sum Percent
qualifier usable

Americium-241 4 2 55 61 100%
Barium-133 4 1 56 61 100%
Cesium-137 4 41 16 61 100%
Chromium-51 4 1 56 61 100%
Cobalt-57 4 1 56 61 100%

Cobalt.60 4 1 56 61 1(}0%
Curium.243 13 13 100%
Curium-244 2 2 100%
Curium-245 13 13 100%
Curium-247 2 11 13 100%

Europium-152 4 1 56 61 100%
Europium-154 4 57 61 100%
Europium-155 4 53 4 61 100%
Hafnium-181 4 45 49 100%
Iridium-192 4 1 44 49 100%

Neptunium-237 1 25 26 4%
Niobium 43 43 100%
Plutonium-238 8 17 1 26 96%
Plutonium-239 1 3 1 5 80%
Plutonium-239/240 3 18 21 100%

Plutonium-240 4 1 5 80%
Potassium-40 4 55 2 61 100%
Radium-226 57 1 58 100%
Ruthenium-103 4 1 56 61 100%
Strontium-90 13 1 2 10 26 52%

Technetium-99 26 26 0%
Thorium-228 57 1 58 100%
Thorium-230 58 58 100%
Thorium-232 58 58 100%
Thorium-234 55 3 58 100%

Total uranium 25 1 26 100%
Tritium 5 14 3 22 86%
Uranium-233/234 46 12 58 100%
Uranium-235 25 33 58 100%
Uranium-236 4 54 58 100%

Uranium-238 46 12 58 100%
Zinc-65 4 57 61 100%
Zirconium-95 4 57 61 100%
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per billion (ppb) range. Prior to the use of this method, a sample extraction technique must
be used. The extraction techniques called for in the Project Plan are EPA Method 3510
(water) and Method 3550 (soil). Method 3510 takes one liter of the sample which is extracted
with methylene chloride using a separatory funnel. This extract is then dried, concentrated,
and exchanged into acetonitrile to be compatible with this analysis method. Method 3550
takes a 30 gram sample that is mixed with anhydrous sodium sulfate to form a free flowing
powder. This powder is extracted three times with a 1:1 mixture of methylene
chloride:acetone using sonication. Then the extract is separated from the sample by vacuum
filtration and exchanged into acetonitrile for analysis.A 5- to 2S-mL aliquot of the extract is
injected into the HPLC, and the compounds in the effluent are detected by ultraviolet and
fluorescence detectors.

4.7.3 Herb_

The method being used for this project is EPA Method 8150. This method is a GC
method for determining certain chlorinated herbicides. This method provides procedures for
extraction, esterification, andgas chromatographic conditions. The extraction method for soil
samples requires 50 g of the sample. This is extracted three times using acetone, and
acetone/diethyl ether. The esterification is performed using a Diazald kit to prepare
diazomethane. The diazomethane is added to the extracted solution and then concentrated

at room temperature. The residue is dissolved in hexane and analyzed by GC.

4.8 INORGANIC COMPOUND ANALYSES

4.8.1 Metals

The analysis of metals for this project is performed using ICP, GFAA, flame atomic
absorption (FLAA), cold vapor atomic absorption (CVAA), neutron activation analysis
(NAA), inductively coupled plasma/mass spectroscopy (ICP/MS) analytical techniques. The
data reported in this report detail the data obtained for ICP, GFAA, _ and CVAA.
Data for the ICP/MS and NAA are being generated and will appear in the project final
report.

The ICP, GFAA, H.AA, and CVAA methods are being performed according to the EPA
Contract Laboratory Program Statement of Work for Inorganics, March 1990 (EPA 1990b)
(except for osmium which is being done by EPA Method 7550). This method addresses
preparation and analysis of the samples. Soil samples are prepared by digesting 1 g of the
sample in nitric acid and hydrogen peroxide. The digestate is then refluxed with nitric acid
or hydrochloric acid. Hydrochloric acid is used as the final reflux acid for the GFAA analysis
of antimony, and H.AA analysis or ICP analysis of aluminum, antimony, barium, beryllium,
calcium, cadmium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel,
potassium, silver, sodium, thallium, vanadium, and zinc. Nitric acid is employed as the final
reflux acid for the GFAA analysis of arsenic, cadmium, chromium, lead, selenium, and
thallium. The final analysis volume is brought to 100 mL.

The preparation method summarized above is the same as the method called out in
Method 7550. The preparation method for CVAA is detailed in the CLP SOW (EPA 1990b).
It involves the reduction of mercury to its elemental state and then analyzing.
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The analysis of samples by ICP is based on the measurement of atomic emissions by an
optical spectroscopic technique. Samples nebulized into an aerosol state are transported to
the plasma torch where the excitation occurs. Characteristicatomic line emission spectra are
produced by a radio _requency inductively coupled plasma. The spectra are dispersed by a
grating spectrometer and intensities of the lines are pr_.

Background correction is performed in order to compensate for the variable background
contribution. The analysis of samples by GFAA and H.AA is based on the atomization of the
sample. In these techniques the samples are atomized by a furnace or a flame. In _ a
fight beam is directed through the flame into a monochromator and onto a detector that
measures the amount of absorbed fight. The absorption depends upon the presence of free
unexcited ground-state atoms in the flame. The wavelength of the fightbeam is characteristic
of only the metal being determined, so the energy absorbed by the flame is a measure of the
concentration of the metal in the sample. In GFAA, the principle is essentially the same
except that a furnace is being used to atomize the sample.

The analysis of mercury involves the aeration of mercury from solution in a closed
system. The mercuryvapor passes through a cell positioned in the path of the fight from the
AA spectrometer. The absorbance is measured as a function of mercury concentration.

Osmium is being analyzed by FLAA (refer to the section on GFAA and FLAA).

4.a2CyanideandSulfate

Cyanide and sulfate are analyzed in this project. The cyanide analysis is performed
according to EPA CLP SOW for Inorganics, March 1990 (EPA 1990b). This method involves
the colorimetric measurement of cyanide convened to cyanogen chloride. Cyanogen chloride
is formed by reacting chloramine-T at a pH less than 8 without hydrolyzing to the cyanate.

" After the reaction is complete, color is formed on the addition of pyridine-pyrazolone or
pyridine-barbituric acid reagent. The absorbance is read at 620 mn when using
pyridine-pyrazolone and 578 mn when using pyridine-barbituric acid.

: The sulfate ion is being determined by EPA Method 9038. This method is being used
at this time to provide consistency with future analyses. The analysis for sulfate ion is
performed byconverting the sulfate ion to a barium sulfate suspension. The resulting turbidity
is determined by a nephelometer andcompared with a curve prepared from a standardsulfate
solution.

It should be .pointed out that soil samples were to be analyzed _:_,:nitrates in the BSCP
at the outset. However, consultation with the analytical laboratories revealed that EPA's very
short holding time requirement of 48 hours would be exceeded consistently in practice and
result in total rejection of the data. For this reason, further efforts to obtain nitrate data in
the project were suspended at t/hat time.

4.9 RADIONUCIJDE ANALYSES

The methods employed to anab_ze for radionuclides include gamma spectrometry, alpha
spectrometry, gas proportional counting, and liquid scintillation. Results appear in
Appendix E.
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5. STATISTICAL ANALYSIS

5.1 SUMMARY

This section containssummarystatistics for the Phase I Background Soil Characterization
Project (BSCP) data, including detection frequencies, median estimates (as measures of
central tendency), upper 0.95 quantile estimates as measures of the upper ends of the normal
background ranges, and confidence bounds for these estimates. The purpose of this section
is to provide a rational and consistent basis for data analysis and interpretation, aswell as risk
analysis, not only for this study, but also for use as a guide to future studies in this area.
Methods of statistical analysis are described. For data that are primarily nondetects, detection
probability confidence bounds are given. These bounds are based only on simple properties
of the binomial distribution. For data for which there are detects, the method of statistical
analysis assumes lognormal distributions with possibly different means, but equal variances in
different areas. The statistical methods incorporate nondetect information exactly, without
resorting to approximations, such as setting nondetect values to detection limits.

Ali data were first examined graphically to assess these assumptions and to check for
outliers. The data generally appear reasonable, although there are a few anomalous
observations. Further consideration in light of Phase II data are likely to resolve the
anomalies. Comparisons across areas are made. There are some statistically significant
differences, including differences between the Anderson, Roane, and the Oak Ridge
Reservation (ORR) Dismal Gap formations, but the practical importance of the differences
is not considered in this section. Laboratory and spatial variances are estimated and
compared. On the basis of these estimates and the relative costs of laboratory and field
sampling, an advantage of using composited soil samples is demonstrated.

5.2 INTRODUCTION

Statistical analysis of the Phase I data was performed

• to assess the data graphically--that is, to screen for statistical outliers and to make a
preliminary decision about the statistical distributions of the soil constituents;

• to compute summary statistics, the means and confidence bounds for soil constituent
levels, tolerance bounds, and estimates of and confidence bounds for detection
probabilities;

• to resolve and estimate laboratory and field components of variance; and

• to compare, to a limited extent, the four different sampling areas: the background
sampling areas in the Dismal Gap Formation in Anderson and Roane counties and on
the ORR and the background sampling area in the Nolichucky Formation on the ORR.

The purpose of this section is to provide a statistical overview. Naturally, results for
different analytes behave differently. They tend to have different statistical distributions,
variance properties, patterns of detection, or patterns of missing or rejected data. For many
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of the analytes, the statistical analysis assumes that the data are lognormally distributed with
equal variances but possibly different means in the different areas. How appropriate these
assumptions are may vary with the analyte. Time and budget constraints preclude tailoring
statistical analyses individually to each analyte, but such special attention may be warranted
in certain cases, especially for analytes whose background levels are near levels of risk
concern. In such cases, the following discussion may provide useful guidance, but the user of
the background data should perform his own analysis.

Many of the background results are nondeteets (see Table 4.1 for a description of the
validation codes), and the results given in the background data sets are then detection limits.
In these eases, we assume only that the actual analyte concentration was between zero and
the detection limit. The method of analysis we use to handle nondetects (the method of
maximum likelihood) makes full use of these nondetects, without nimputing" them or resorting
to other compromises, such as setting nondeteets to zero or the corresponding detection
limits. It would be useful to know the detection limits for analyses that were detects, but those
limits were not provided.

Data designated with the validation code nR" (rejected) are not used in the following
analyses, but the remainder were, including data designated _J"(estimated). Some data were
rejected for most of the analyses. We assume that the decision to reject data was not based
on the level of the reported result. To the extent that this assumption is violated, statistics
presented here are likely to be biased upward. This is particularly true for detects and
nondetects that are subject to the same data quality problems, but are differentially assigned
_R_ and "J_ qualifiers.

Ali results were plotted to check for outliers and other anomalies. For soil constituents
with levels that were for the most part detected (i.e., primarily the inorganies and
radionuclides and gamma screening data), the same plots were used to decide whether a
parametric statistical distribution (e.g., normal or lognormal) is appropriate for modelling the
data, and whether the statistical scatter in the data is similar over the different areas. On the
basis of this visual assessment, we decided that the lognormal distribution and homogeneity-
of-variance assumptions were adequate for the preliminary data analyses considered here.
Graphical data assessment is discussed further in Sect. 5.2.1.

For the mostly detected constituents, an array of means, standard errors, and confidence
bounds was computed using the SAS Lifereg procedure and the method of maximum
likelihood with lognormal errors and homogeneity of variance (SAS 1990). This procedure
is described further in this section. Maximum likelihood estimation for log-normal (possibly
censored) data is discussed in Lawless (1982, Sect. 5.2). For these mostly detected
constituents, separate means are estimated for the lognormal analyte distributions for each
area and horizon, but results for ali areas contribute to a single variance estimate. In this way
the data are pooled over areas, thus reducing the statistical noise in the estimates and making
confidence limits tighter. Results cannot, in the same way, be pooled across horizons, because
of the statistical dependence of results at different horizons but at the same location.

When the vast majority of the results are nondetects, as with herbicides, pesticides, and
polynuclear aromatic hydrocarbons (PAHs), the usual statistics cannot be computed, and only
detection probabilities are estimated. Then, a parametric statistical distribution is not needed.
But, for the detection probability estimates and confidence bounds to be useful, samples sizes
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must be fairly large (e.g., >50). In our case, this n_itates combining several data groups
(e.g., over areas).

Summary statistics are given in Sects. 5.3-5.9 for inorganics, herbicides, pesticides, PAils,
radionuclides, volatile organics, and gamma screening data.

Means and confidence bounds for means are computed as standard procedure. However,
focusing exclusively on means skirts the issue of data scatter and the question of how large
a constituent level has to be before it can reasonably be assumed to exceed background. To
address this question, we use tolerance bounds: If a background distribution percentile is
known exactly, it would be logical to assume that a particular sample exceeds background if
it exceeds some particular upper percentile of the background distribution that is selected as
a reasonable bound on the usual background range. For example, if the sample exceeds the
95th percentile, then either (1) contamination is present or (2) it is an unusual (1-in-20)
background sample. As the percentile level increases, (1) becomes ever more and (2) ever less
tenable. Of course background percentiles are not known exactly, but they can be estimated
with background data. Tolerance bounds, which are just confidence bounds for percentiles,
account for estimation error. Of particular interest are lower tolerance bounds for upper
percentiles; if a sample value is below such a lower tolerance bound, then we can be.
confident that it does not exceed the corresponding percentile. If the percentile level is not
too high, then we can be confident that the sample level is within the usual background
range. For the same reason, a lower tolerance bound for an upper percentile is a reasonable
candidate for a remediation target.

For analyses with a sufficient number of detects, tolerance bounds along with their
corresPonding percentile estimates, and the mean estimates and upper confidence bounds
(UCBs) provide a good assessment of the statistical accuracy of the results. For analyses with
zero det_ts, and sometimes, for numerical reasons, these statistics cannot be computed. In
cases with almost ali nondeteets, UCBs for detection probabilities can be used instead. UCBs
for detection probabilities (binomial proportions) are discussed in Owens (1962, p. 273).

UCBs for detection probabilities can be used as follows. If we are confident that the true
detection probability is less than the UCB, then, if that UCB is small enough and if the
detection limits do not change much in the future, any future detect suggests contamination.
For example, if the detection probability is less than 0.05, a detect indicates either a 1-in-20-
chance background event or contamination. To be useful, the detection probability UCBs
should be around 0.05 or less. Note that these results are for composites of three. Of course,
the detection probabilities depend on the detection limits, which can change in future surveys.

For noncomposites or composites of other than three, variance components (i.e., field
and laboratory) must be estimated. This is discussed in Sect. 5.10, where the advantage of
compositing is also demonstrated for the background data.

Analysis 0f lognormal data is generally accomplished by computing means, standard
errors, etc. of the logs. A problem arises when the results are transformed back to the original
scale, because the mean of the logs is not the same as the log of the mean. However, the
median (50th percentile) of the logs is the log of the median. Other percentiles transform in
the same way and so do confi6ence bounds for them. For this reason, we shall, at this stage,
restrict attention to medians and other percentiles, instead of means. Medians are usually
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considered to be more appropriate measures of central tendency for skewed distributions,
such as the lognormal.

Finally, brief comparisons of results for different areas are discussed in Sects. 5.2.3 and
5.3-5.9. Comparisons of medians are of interest because of their implications on (1)
combining areas for data analysis (e.g., to increase degrees of freedom for error estimates)
and (2) extrapolations to other areas (e.g., formations). Differences in background values
among areas for which there are data may rule out extrapolating to other areas.

52.16raphical,_l-o_ning

Ali results, whether detects or nondetects, were plotted to check for outliers,
homogeneity of variance (approximately equal scatter), and deviations from lognormality,
which, for these data with so few observations for each area, amounts to checking for outliers.
The volume of plots precludes presenting them ali here; however, Fig. 5.1 shows that the
ORR Dismal Gap duplicated original is an outlier. Major outliers and anomalous results are
noted in Sects. 5.3-5.9.

Other types of data screening are possible. Data location coordinates are not available
in the background data sets, but in theory the data could be interpreted in terms of location
(e.g., with respect to spatial trends). Thus, a different outlier assessment could be made.

5.2.2BasicAssumptions

Soil maps for the ORR and surrounding regions are complex patchworks; any particular
formation is represented as the union of numerous small disjoint regions. For that formation,
a subset of that union, suitable for background sampling and within particular boundaries,
defines a targeted area for the BSCP (e.g., ORR Dismal Gap). As described in the project
plan, to the extent feasible, targeted areas were sampled randomly. Triplicates were randomly
selected for compositing. Therefore, to the extent that areas are sampled randomly, the data,
both composites and noncomposites, are simple random samples. A close approximation to
random sampling of areas was achieved for ORR areas. Acex,ss limitations are more severe
off-site, andso the approximation is not as good there. Nevertheless, on the basis of graphical
inspection, on- and off-site data seem to have similardistributions, and so we assume that the
goal of simple random sampling was met for all areas.

For those analytes that were mostly undetected, distribution assumptions other than
simple random sampling play no role in the analysis. However, for many of the inorganics and
radionuclides, there are detects. For these analyses, on the basis of the plots, the ad hoe
decision was made to model the data as lognormal with equal variances (but possibly different
means) within areas. Separate analyses are made for each horizon. By using the same
statistical model for ali of the detected analytes, the analysis is greatly simplified, which is
consistent with the goal of providing a statistical overview. Furthermore, more formal
assessment of the model assumptions (e.g., by means of goodness-of-fit tests) is difficult (e.g.,
there are few observations in each area or nondetects) and fraught with logical problems (e.g.,
failing to reject a model may be due only to weakness of the goodness-of-fit test, which is
itself very complicated to assess). Nevertheless, the lognormal and equal variance assumptions
may be less appropriate for some analytes than others, and closer scrutiny may be warranted
in applications different from this.
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5.2.3 Comparison of Areas

Comparisons of areas can be made using chi-square likelihood ratio tests with the SAS
Proc Lifereg and the lognormal equal variance model, even when there are nondetects. This
is essentially a one-way analysis of variance, but nondeteets are admitted into the analysis.
When there are no nondeteets, areas can also be compared using F-tests or t-tests, for
example, with SAS Proc GLM (SAS 1990). This is the usual one-way analysis of variance,
which is a standard statistical procedure.

When there are no nondetects, the chi-square and F-test significance levels are the same
asymptotically (i.e., in theory for large sample sizes). In practice, with sample sizes such as this
study's, the chi-square significance levels are generally smaller. [The likelihood ratio and F-
tests actually coincide in this case (see Wilks 1962, Chapter 13). The approximation incurred
in the likelihood ratio test is only through using the ehi-square to approximate the
F-distribution.]

To be consistent for the cases of nondetects and all-detects, the chi-square test was used
to make ali comparisons, but since the corresponding significance levels tend to be smaller
and because many comparisons are made (i.e., for many analytes), the 0.01 significance cut-off
was used, rather than the usual 0.05, to declare areas significantly different. In only a very few
of the nondetect eases was a chi-square test significant with p < 0.01 and the corresponding
F-test not significant with p > 0.05. These cases are noted.

When the statistical areas differ significantly, the question becomes how they differ
(comparison of means). Unlike the SAS Proe GLM, the software in Proe Llfereg has not
been developed to answer this question easily. Under the present cost and time constraints,
pursuing that question fully when there are nondetects is not feasible. A step made in that
direction "is to test for differences among the three Dismal Gap areas, which illustrates an
approach. When there are no nondetects, the question can be addressed by testing particular
comparisons using Proc GLM.

Formal comparisons can also be made of detection frequencies (using a different chi-
square test). Here, frequencies are the focus only when there are few or no detects. Then,
frequency comparisons are negative.

5.3 INORGANICS

For many inorganics, which include metals, cyanide, and sulfates, some or ali values are
nondetects, but most results are detects. In addition, the following paragraphs (despite best
efforts) still contain incomplete results for some analytes in the inorganic data sets of this
project. Available project resources do not permit resampling to obtain complete data.

Data screening reveals that many of the ORR A horizon composite results for sites 2,
26, 43 are much higher than the other values for the ORR A horizon, including the field
duplicate, which also happens to be from site grouping 2, 26, 43. Figure 5.1 illustrates this for
aluminum. It is also true for magnesium, nickel, vanadium, and zinc, and to a slightly lesser
extent for barium, cobalt, copper, iron, lithium, potassium, and strontium. The duplicates are
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consistently high, suggesting the possibility of laboratory error. The apparently large
laboratory error adversely affects estimates and confidence bounds.

For arsenic, chromium, and lead in horizons A and B, one of the Nolichueky values is
a low outlier and a nondetect. Much of the data for sodium are missing, and most of the

osmium results are validation rejects. Copper and vanadium values grom ORR B horizon site
groupings 11, 27, 41 are outliers. There are no entries for ORR A horizon site groupings 19,
22, 32 for boron, cyanide, lithium, osmium, strontium, or sulfate. Many of the calcium values

are nondetects. For cyanide, occasional results came out negative. Obviously, the negative
results would be better set to zero. But this still causes difficulty in the cyanide analysis,

because the zero implies that the cyanide detection limit is zero.

Summary statistics for inorganies that have a sufficient number of detects are given in
Table 5.1. They include estimates of the medians, made under the assumption that the data
are lognormal with equal variances across areas. The estimates are based on ali of the data,
whether detects or not. A 95% UCB for the median is also given, along with an estimate of

the 95th percentile (X95) of the distribution and LTB9595, the 95% lower tolerance bound
for the 95th percentile. N, the number of samples, and the number of detects is also given.
For this table, results for field duplicates and originals were averaged. The percentile estimate
and lower tolerance bounds are for composites of three. The estimates and confidence bounds

are computed using the Lifereg procedure in SAS, which gives standard errors of percentile
estimates in addition to the estimates themselves.

Table 5.1. Summarystatistics for inorganics (mg/kg)

ANALYSIS=Aluminum

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DO AND 4 4 23100 26100 29400 25600
A DG ROA 4 4 15400 17400 19600 17000
A DO ORR 4 4 20700 23300 26300 22900
A NOL ORR 4 4 22200 25000 28300 24600
B DO AND 4 4 35500 40200 45400 39400
B DO ROA 4 4 23700 26800 30300 26200
B DO ORR 4 4 31100 35200 39800 34500
B NOL ORR 4 4 34800 39300 44500 38600
C DO AND 4 4 38900 41700 44700 41200
C DG ROA 4 4 25100 27000 28900 26700
C DG ORR 4 4 39000 41900 44900 41400
C NOL ORR 4 4 37900 40700 43600 40200
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Table 5.1 (continued)

ANALYSISffiAnlimony

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 1 0.885 0.929 0.936 0.882
A DG ROA 4 0 ....
A DG ORR 4 0 ....
A NOL ORR 4 1 0.463 0.485 0.490 0.470
B DG AND 4 1 0.663 1.000 1.200 0.780
B DG ROA 4 0 ....
B DG ORR 4 0 . . . 0.838
B NOL ORR 4 4 0.717 0.965 1.300 0.836
C DG AND 4 1 0.693 1.110 1.350 .
C DG ROA 4 0 ....
C DG ORR 4 0 . . . 0.803
C NOL ORR 4 4 0.673 0.938 1.310

ANALYSISffiArseaic

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 4.35 7.22 12.00 6.60
A DG ROA 4 4 5.86 9.72 16.10 8.89
A DG ORR 4 4 6.24 10.30 17.20 9.47
A NOL ORR 4 3 3.09 5.14 8.49 4.72
B DG AND 4 3 3.75 7.10 12.90 6.22
B DG ROA 4 4 7.03 13.00 24.20 11.60
B DG ORR 4 4 7.77 14.40 26.70 12.80
B _ NOL ORR 4 3 3.17 5.93 10.90 5.29
C DG AND 4 3 3.88 5.26 7.03 4.9"/
C DG ROA 4 4 7.43 10.00 13.50 9.46
C DG ORR 4 4 12.60 17.00 22.90 16.10
C NOL ORR 4 3 6.79 9.23 12.30 8.67

ANALYSISfBarium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 80.7 102.0 128.0 97.9
A DG ROA 4 4 87.9 111.0 139.0 107.0
A DG ORR 4 4 99.1 125.0 157.0 120.0
A NOL ORR 4 4 75.4 94.9 119.0 91.5
B DG AND 4 4 76.0 84.4 93.9 83.1
B DG ROA 4 4 69.4 77.2 85.8 75.9
B DG ORR 4 4 96.7 108.0 120.0 106.0
B NOL ORR 4 4 86.2 95.8 107.0 94.3
C DG AND 4 4 83.2 95.0 109.0 93.1
C DG ROA 4 4 73.0 83.3 95.2 81.6
C DG ORR 4 4 109.0 124.0 142.0 122.0
C NOL ORR 4 4 80.9 92.3 105.0 90.4
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Table5.1 (conenued)

ANALYSISfBeuIIimn

Horizon Areas N Detect Median UCB95 X95 LTB9595
i,,, w ,,, ,,

A DG AND 4 4 0.833 1.070 1.36 1.030
A DG ROA 4 4 0.647 0.828 1.06 0.796
A DG ORR 4 4 0.781 0.999 1.28 0.961
A NOL ORR 4 4 0.786 1.010 1.29 0.968
B DO AND 4 4 0.962 1.280 1.71 1.220
B DO ROA 4 4 0,628 0.836 1.11 0.800
B DO ORR 4 4 0.728 0.969 1.29 0.927
B NOL ORR 4 4 1.000 1.330 1.78 1.280
C DO AND 4 4 1.170 1.480 1.87 1.430
C DO ROA 4 4 0.825 1.040 1.31 1.000
C DO ORR 4 4 1.020 1.280 1.62 1.240
C NOL ORR 4 4 1.170 1.470 1.86 1.420

ANALYSIS=Boron

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 0 ....
A DG ROA 4 3 25.9 39.3 59.4 33.6
A DG ORR 3 1 13.5 23.3 31.0 16.6
A NOL ORR 4 0 ....
B DO AND 4 0 ....
B L",OROA 4 3 15.2 25.7 41.9 21.5
B DO ORR 4 3 21.4 35.7 59.0 29.7
B ,- NOL ORR 4 0 ....
C DG AND 4 0 ....
C DO ROA 4 4 23.4 31.4 42.1 28.8
C DO ORR 4 4 27.4 36.7 49.2 33.7
C NOL ORR 4 0 ....

ANALYSISfCadmium
(No detects)

ANALYSIS=Caldum

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DO AND 4 4 1350 1930 2760 1770
A DO ROA 4 2 798 1180 1630 1060
A DG ORR 4 2 907 1320 1850 1190
A NOL ORR 4 2 490 734 1000 645
B DG AND 4 4 764 1050 1460 969
B DG ROA 4 1 420 644 801 526
B DG ORR 4 2 706 1030 1350 898
B NOL ORR 4 3 663 928 1270 849
C DG AND 4 4 383 605 955 540
C DG ROA 4 1 277 513 691 377
C DG ORR 4 3 824 1310 2050 1160
C NOL ORR 4 2 591 969 1470 852
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"]Pable5.1 (continued)

.. | H : ii ,... . ,i

ANALYSISffiCI_mium
lllll -- i i .ml -- ill| ii

Horizon Areas N Detect Median UC,B95 X95 LTB9595
• i, ii i,, ,i , ,,, ...... a,i

A DG AND 4 4 28.10 61.9 136.0 53.9
A DG ROA 4 4 27.30 60.1 132.0 52.3
A DG ORR 4 4 24.70 54.3 120.0 47.3
A NOL ORR 4 3 9.38 20.8 45.5 18.2
B DG AND 4 4 35.00 81.0 187.0 70.0
B DG ROA 4 4 38.10 88.1 204.0 76.1
B DG ORR 4 4 37.40 86.5 200.0 74.7
B NOL ORR 4 3 11.70 27.2 62.4 23.6
C DG AND 4 4 37.70 45.5 55.0 44.2
C DG ROA 4 4 38.70 46.8 56.5 45.4
C DG ORR 4 4 46.00 _;5.6 67.1 54.0
C NOL ORR 4 4 54.40 65.7 "19.3 63.7

• Hi ,, ___ i..

ANALYSIS-_t
J al i.

Horizon Areas N Detect Median UCB95 X95 LTB9595
. lH wi i,ll i li

A DG AND 4 4 12.40 16.5 22.1 15.8
A DG ROA 4 4 21.40 28.5 38.1 27.3
A DG ORR 4 4 14.50 19.4 25.8 18.5
A NOL ORR 4 4 14.40 19.3 25.7 18.4
B DG AND 4 4 12.20 19.2 30.2 17.9
B DG ROA 4 4 9.80 15.4 24.3 14.4
B DG ORR 4 4 8.92 14_.1 22.1 13.1
B . NOL ORR 4 4 13.40 2],.1 33.3 19.7
C DG AND 4 4 14.60 21..3 31.1 20.1
C DG ROA 4 4 10.10 141.8 21.6 13.9
C DG ORR 4 4 12.00 17.5 25.6 16.5
C NOL ORR 4 4 14.50 21.2 31.0 20.0

.. .. al

ANALYSIS=Copper

Horizon Areas N Detect Median UCB95 X95 LTB9595
|

A DG AND 4 4 14.9 16.9 19.2 16.6
A DG ROA 4 4 11.0 12.,5 14.3 12.3
A DG ORR 4 4 16.1 18.',3 20.8 18.0
A NOL ORR 4 4 11.7 13.'.3 15.1 13.0
B DG AND 4 4 19.0 28.3 42.2 26.6
B DG ROA 4 4 13.7 20.'t 30.4 19.2
B DG ORR 4 4 12.5 18.6 27.7 17.5
B NOL ORR 4 4 19.3 28.:V 42.8 27.0
C DG AND 4 4 27.3 33.7 41.6 32.6
C DG ROA 4 4 23.8 29.4 36.3 28.5
C DG ORR 4 4 28.7 35.4 43.7 34.3
C NOL ORR 4 4 24.9 30.7 37.9 29.7
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Table 5.1(continued)

ANALYSISffiCyanide
ii i i

Horizon Areas N Detect Median UCB95 X95 LTB9595
iiiii i i

A DG AND 4 1 0.1340 0.253 0.410 0.195
A DG ROA 4 2 0.3190 0.583 0.979 0.447
A DG ORR 3 1 0.1300 0.281 0.398 0.177
A NOL ORR 4 0 ....
B DG AND 4 1 0.0688 0.210 0.291 0.102
B DG ROA 4 0 ....
B DG ORR 3 2 0.2460 0.594 1.040 0.292
B NOL ORR 4 0 ....
C DG AND 4 0 ....
C DG ROA 4 0 ....
C DG ORR 3 2 0.2660 0.760 1.4.50 0.278
C NOL ORR 4 0 ....

ANALYSISffilmn
ii ,, i i

Horizon Areas N Detect Median UCB95 X95 LTB9595
i

A DG AND 4 4 25600 28600 32000 28100
A DG ROA 4 4 25400 28500 31800 28000
A DG ORR 4 4 29400 32900 36900 32400
A NOL ORR 4 4 27900 31200 34900 30700
B DG AND 4 4 39400 44400 50000 43500
B DG ROA 4 4 32600 36700 41400 36100
B DG ORR 4 4 37300 42100 47400 41300
B ,- NOL ORR 4 4 42400 47800 53900 46900
C DG AND 4 4 42700 45500 48500 45000
C DG ROA 4 4 38800 41400 44100 41000
C DG ORR 4 4 43000 45800 48800 45400
C NOL ORR 4 4 41700 44400 47400 44000

ANALYSISfLead

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 28.60 67.70 160.0 58.20
A DG ROA 4 4 23.60 55.80 132.0 48.00
A DG ORR 4 4 20.30 48.00 113.0 41.30
A NOL ORR 4 3 5.51 13.10 30.8 11.40
B DG AND 4 4 18.80 40.50 87.2 35.40
B DG ROA 4 4 12.80 27.60 59.3 24.10
B DG ORR 4 4 11.80 25.40 54.6 22.20
B NOL ORR 4 3 4.19 9.08 19.4 7.98
C DG AND 3 3 21.30 34.50 49.2 28.50
C DG ROA 4 4 15.70 23.90 36.3 22.30
C DG ORR 4 4 14.70 22.30 34.0 20.80
C NOL ORR 4 4 23.70 36.10 54.8 33.70

,,,,, -- ,, ,
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Table 5.1 (continued)

, sl

ANALYSISffiLithium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DO AND 4 4 10.4 11.8 13.4 11.5
A DG ROA 4 2 11.2 13.2 14.5 12.2
A DG ORR 3 3 16.2 18.8 20.9 17.6
A NOL ORR 4 4 10.9 12.4 14.1 12.1
B DG AND 4 4 19.2 22.9 27.3 22.3
B DG ROA 4 4 19.2 22.9 27.3 22.2
B DG ORR 4 4 22.1 26.4 31.4 25.6
B NOL ORR 4 4 23.8 28.4 33.9 27.6
C DG AND 4 4 20.7 24.3 28.6 23.7
C DG ROA 4 4 24.6 28.8 33.8 28.1
C DG ORR 4 4 27.6 32.4 .38.0 31.6
C NOL ORR 4 4 23.4 27.5 32.3 26.8

ANALYSlSffiMagnesium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 2690 3310 4080 3200
A DG ROA 4 4 1580 1950 2400 1890
A DG ORR 4 4 2850 3510 4320 3390
A NOL ORR 4 4 2010 2470 3050 2390
B DG AND 4 4 2890 3260 3680 3200
B DG ROA 4 4 1980 2240 2530 2200
B DG ORR 4 4 3280 3700 4180 3630
B - NOL ORR 4 4 2720 3080 3480 3020
C DG AND 4 4 3560 4100 4730 4010
C DG ROA 4 4 3010 3460 3990 3390
C DG ORR 4 4 4370 5030 5790 4920
C NOL ORR 4 4 3380 3890 4480 3810

ANALYSISfManganese

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 708 957 1290 913
A DG ROA 4 4 1720 2330 3140 2220
A DG ORR 4 4 997 1350 1820 1290
A NOL ORR 4 4 653 883 1190 842
B DG AND 4 4 279 469 789 432
B DG ROA 4 4 341 574 966 529
B DG ORR 4 4 279 469 789 432
B NOL ORR 4 4 265 445 749 410
C DG AND 4 4 535 989 1830 898
C DG ROA 4 4 265 491 907 446
C DG ORR 4 4 344 635 1170 577
C NOL ORR 4 4 321 594 1100 540
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Table5.I
i i ,

ANALYSIS=Mercu_

Horizon Areas N Detect Median U CB95 X95 LTB9595

A DG AND 4 I 0.104 0.1160 0.1220 0,1090
A DG ROA 4 2 0.161 0.1760 0.1890 0.1720
A DO ORR 4 4 0.316 0.3420 0.3700 0.3360
A NOL ORR 4 4 0.185 0.2000 0.2170 0.1960
B DG AND 4 0 ....
B DG ROA 4 I 0.142 0.1690 0.1790 0.1520
B DG ORR 4 2 0.154 0.1780 0.1950 0.1620
B NOL ORR 4 0 . . .
C DG AND 4 0 ....
C DG ROA 4 I 0.141 0.1570 0.1610 0,1450
C DG ORR 4 I 0.060 0.0685 0.0685 0.0571
C NOL ORR 4 0 ....

ANALYSISfMolybdenum

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 0 ....
A DG ROA 4 0 ....
A DG ORR 4 0 ....
A NOL ORR 4 0 ....
B DG AND 4 1 1.50 1.85 1.95 1.58
B DG ROA 4 0 ....
B DG ORR 4 0 ....
B NOL ORR 4 1 1.57 1.93 2.04 1.68
C DG AND 4 2 1.72 1.87 1.97 1.75
C DO ROA 4 0 ....
C DG ORR 4 0 ....
C NOL ORR 4 0 ....

ANALYSIS=Nickel

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 20.8 24.8 29.6 24.1
A DG ROA 4 4 16.7 20.0 23.8 19.4
A DG ORR 4 4 23.5 28.0 33.4 27.2
A NOL ORR 4 4 17.3 20.6 24.6 20.0
B DG AND 4 4 24.3 27.1 30.3 26.7
B DO ROA 4 4 17.9 20.0 22.4 19.7
B DG ORR 4 4 22.9 25.6 28.6 25.1
B NOL ORR 4 4 20.8 23.3 26.0 22.9
C DG ,_H_ID 4 4 29.2 33.5 38.5 32.8
C DG ROA 4 4 26.9 30.9 35.4 30.2
C DG ORR 4 4 28.8 33.1 38.0 32.4
C NOL ORR 4 4 24.3 27.9 32.0 27.3

ANALYSIS=O,/mium
(No detects)
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Table 5.1 (continued)

ANALYSIS=Potassium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 3890 4760 5830 4610
A DG ROA 4 4 1300 1600 1950 1550
A DG ORR 4 4 2300 2820 3450 2730
A NOL ORR 4 4 2950 3610 4420 3500
B DG AND 4 4 3850 4520 5310 4410
B DG ROA 4 4 1730 2040 2390 1980
B DG ORR 4 4 2590 3040 3560 2960
B NOL ORR 4 4 3690 4340 5090 4230
C DG AND 4 4 4460 5130 5910 5020
C DG ROA 4 4 2490 2870 3300 2800
C DG ORR 4 4 3130 3600 4150 3520
C NOL ORR 4 4 5020 5780 6650 5650

ANALYSIS=Selenium

Horizon Areas N Detect Median UCB95 X.q5 LTB9595

A DG AND 4 4 0.746 0.933 1.170 0.869
A DG ROA 4 1 0.728 0.998 1.140 0.821
A DG ORR 4 0 ....
A NOL ORR 4 3 0.566 0.713 0.885 0.666
B DG AND 4 4 0.676 0.811 0.973 0.768
B DG ROA 4 1 0.429 0.598 0.617 0.434
B DG ORR 4 0 ....
B NOL ORR 4 3 0.649 0.782 0.934 0.742
C DG AND 4 3 0.494 0.643 0.821 0.581
C DG ROA 4 0 ....
C DG ORR 4 0 ....
C NOL ORR 4 3 0.816 1.060 1.350 0.966

ANALYSIS=Silicon

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 221 246 274 242
A DG ROA 4 4 484 539 600 530
A DG ORR 4 4 506 563 627 554
A NOL ORR 4 4 245 272 303 268
B DG AND 4 4 239 276 317 270
B DG ROA 4 4 519 597 687 584
B DG ORR 4 4 491 565 650 553
B NOL ORR 4 4 248 285 328 279
C DG AND 4 4 214 250 292 244
C DG ROA 4 4 423 494 577 482
C DG ORR 4 4 514 600 701 586
C NOL ORR 4 4 284) 328 383 320

ANALYSIS=Silver

(No detects)
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Table 5.1 (continued)

AlqAL'_/SIS=Sodinm

(No detects)

ANALYSIS=Strontium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 6.18 7.70 9.58 7.42
A DG ROA 4 4 4.97 6.18 7.70 5.96
A DG ORR 3 3 7.93 10.20 12.30 9.25
A NOL ORR 4 4 4.55 5.67 7.05 5.46
B DG AND 4 4 4.32 5.19 6.24 5.04
B DG ROA 4 4 4.63 5.57 6.70 5.41
B DG ORR 4 4 7.52 9.04 10.90 8.79
B NOL ORR 4 4 5.52 6.63 7.97 6.44
C DG AND 4 4 3.76 4.85 6.26 4.66
C DG ROA 4 4 4.17 5.38 6.95 5.17
C DG ORR 4 4 8.97 11.60 15.00 11.10
C NOL ORR 4 4 5.19 6.70 8.66 6.44

ANALYSIS=Sulfate

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 14.1 17.4 21.5 16.8
A DG ROA 4 4 69.9 86.4 107.0 83.4
A DG ORR 3 3 86.7 111.0 133.0 101.0
A NOL ORR 4 4 18.7 23.1 28.6 22.3
B DG AND 4 4 41.8 60.6 88.0 57.2
B DG ROA 4 4 134.0 195.0 283.0 184.0
B DG ORR 4 4 103.0 149.0 217.0 141.0
B NOL ORR 4 4 79.0 115.0 166.0 108.0
C DG AND 4 4 16.0 20.0 24.8 19.3
C DG ROA 4 4 47.2 58.6 72.9 56.7
C DG ORR 4 4 129.0 161.0 200.0 155.0
C NOL ORR 4 4 38.3 47.6 59.2 46.0

ANALYSIS=Thallium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 0 ....
A DG ROA 4 1 0.104 0.423 0.527 0.145
A DG ORR 4 1 0.164 0.608 0.825 0.240
A NOL ORR 4 0 ....
B DG AND 4 0 ....
B DG ROA 4 1 0.218 0.424 0.527 0.275
B DG ORR 4 2 0.315 0.523 0.761 0.403
B NOL ORR 4 1 0.320 0.623 0.773 0.410
C DG AND 4 0 . .
C DG ROA 4 1 0.257 0.404 0.511 0.327
C DG ORR 4 2 0.336 0.499 0.667 0.427
C NOL ORR 4 4 0.576 0.813 1.150 0.714
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Table5.1(continued)

ANALYSIS=Vanadium

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 30.3 32.7 35.3 32.4
A DG ROA 4 4 32.2 34.8 37.5 34.4
A DG ORR 4 4 34.2 36.8 39.8 36.4
A NOL ORR 4 4 32.4 35.0 37.7 34.5
B DG AND 4 4 44.8 65.8 96.6 61.9
B DG ROA 4 4 39.1 57.4 84.3 54.0
B DG ORR 4 4 23.4 34.4 50.5 32.4
B NOL ORR 4 4 45.9 67.4 98.9 63.4
C DG AND 4 4 42.6 45.8 49.2 45.3
C DG ROA 4 4 35.0 37.6 40.4 37.2
C DG ORR 4 4 46.6 50.1 53.8 49.5
C NOL ORR 4 4 41.4 44.5 47.8 44.0

ANALYSISfZinc

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 49.7 57.0 65.4 55.8
A DG ROA 4 4 40.7 46.7 53.6 45.7
A DG ORR 4 4 50.6 58.1 66.7 56.9
A NOL ORR 4 4 37.9 43.5 49.9 42.6
B DG AND 4 4 51.0 55.9 61.2 55.1
B DG ROA 4 4 41.1 45.1 49.4 44.4
B DG ORR 4 4 51.5 56.4 61.8 55.6
B NOL ORR 4 4 44.5 48.7 53.4 48.0
C DG AND 4 4 59.5 65.9 73.0 64.9
C DG ROA 4 4 51.1 56.5 62.6 55.6
C DG ORR 4 4 61.5 68.1 75.4 67.0
C NOL ORR 4 4 44.6 49.4 54.7 48.6

A sense of the statistical accuracy of the results can be obtained by comparing the
estimates to their corresponding confidence bounds: the median to the UCB95 and the X95
to the LTB9595, and by comparing the two confidence bounds. Consider, for example, the
beryllium, A horizon, ORR row in Table 5.1. The median and 95th percentile estimates are
0.78 and 1.28 mg/kg per gram. But, as indicated, we can be 95% confident only that the

median is less than 1.00, and 95% confident that the 95th percentile (for composites of three)
exceeds 0.96 mg/kg. On the basis of these data and statistical arguments, one could not rule
out beryllium contamination at a new test location, unless the level there was less than about

0.96. Since we are 95% certain only that the median is less than 1.00, we cannot be sure that
we will not receive samples in the future which are not contaminated, but for which
contamination cannot be ruled out on the basis of these data. This is an unavoidable

consequence of the study's small sample sizes. Of course, in practice, on the basis of risk

analysis, EPA guidelines, etc., levels much higher than this might be needed to trigger an
alarm. Nevertheless, on a purely statistical basis, the results are inadequate. To increase
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statistical precision, further combining of data may be necessary [e.g., over additional areas
(from Phase II data)], or it may simply be necessary to collect more data.

On the other hand, the overlap between LTB9595 (0.96) and UCB95 (1.00) is slight.
With additional Phase II data, the resolution will be better. In Sect. 5.6 it is shown that for
some of the PAHs (e.g., acenaphthene in Anderson County), it already is.

The usual summary statistics are not meaningful when ali of the observations are
nondetects. For these inorganics, Table 5.2 is an alternative. Table 5.2 contains 95% UCBs
for the detection probability for those analytes having fewer than three detects in ali four
areas. Field duplicates were dropped. (So there may be a few discrepancies between values
of the variable "Detect" in Tables 5.1 and 5.2.) The maximum detection limit is also given.
The maximum detection limits are computed only from nondetects. (Detection limits for the
detects were not provided.)

Results in Table 5.2 have been combined over areas to increase the sample sizes. Still,
the UCBs are considerably above 0.05. To be useful they will have to be recomputed using
more data or more combinations of areas, assuming the proportion of detects in the
additional data is about the same as in the original data. Probabilities of detecting higher
amounts in the more numerous original samples (before compositing) can also be estimated.

Table 5.2. Additional summary statistics for inorganics:
for mostly undetected 95% UCBs for detect/on probability

(Data combined over sampling areas)

Maximum
detection

Analysis Horizon N Detect limit (mg/kg) UCB

Antimony A 16 2 1.40 0.34
Cadmium A 16 0 0.25 0.17
Cadmium B 16 0 0.24 0.17
Cadmium C 16 0 0.31 0.17

Cyanide C 16 2 0.44 0.34
Mercury C 16 2 0.21 0.34
Molybdenum A 16 1 9.80 0.26
Molybdenum B 16 2 9.80 0.34
Molybdenum C 16 2 12.80 0.34
Osmium A 4 0 14.80 0.53
Osmium B 5 0 15.20 0.45
Osmium C 5 0 19.90 0.45
Silver A 16 0 2.10 0.17
Silver B 16 0 2.20 0.17
Silver C 16 0 2.80 0.17
Sodium A 1 0 301.00 0.95
Sodium B 1 0 332.00 0.95
Sodium C 1 0 305.00 0.95
Thallium A 16 2 0.51 0.34
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Using the criteria _significancelevel < 0.01,"the following analyte-horizon combinations
show significant differences among areas: aluminum A, B, C; antimony A; arsenic C; barium
B (p = 0.06 for F-test), C; copper A; lithium A; magnesium A, B; manganese A; mercury A,
C; nickel B (p = 0.08 for F-test); potassium A, B, C; silicon A, B, C; strontium B, C; sulfate
A, B, C; vanadium C; and zinc B (p = 0.08 for F-test), C. Of these, aU but zinc C show
significant differences among the three Dismal Gap areas.

To further explore the differences of antimony, arsenic, lithium, mercury, and sulfate A,
which had some nondetects, see Table 5.1. For arsenic, for example, it is clear from the table
that levels are higher for the ORR Dismal Gap Formation than for the other areas. The
analytes with no nondeteets can be examined in the same way, or using the usual F-test (Proc
GLM) approach. Consider, for example, aluminum. The horizon A data have the outlier
mentioned above, so consider horizon B. Here there is a significant (p = 0.006) difference
between the Dismal Gap Formation in Anderson County and the Dismal Gap Formation in
Roane County, but not between the Nolichucky and Dismal Gap formations on the ORR,
or for the comparison of the Dismal Gap Formation on- and off-reservation, or for the
comparison of on- and off-reservation in general. This is illustrated in Fig. 5.2. Other
comparisons can also be made.

5.4 HERBICIDES

Ali results for herbicides are from the Dismal Gap Formation A horizon, and ali are
nondetects. There are data for only 11 site_ from the ORR and 8 from Roane County. There
are no statistical outliers. Graphical examination reveals that the field duplicate and original
are generally in extremely close agreement. This suggests that perhaps the designation "U"
for nondetect has been applied too conservatively. Of course, these data are nevertheless
handled here as nondetects. The summary Table 5.3 parallels Table 5.2 for the inorganics. For
a fixed N (number of samples), as long as the number of detects is fixed (e.g., at 0), the UCB
is the same.

Table 5.3. Herbicides 95% UC'Bs for detection probabilities
(Data combined over sampling areas)

Maximum
detection

Analysis N Detect limit (/_g/kg) UCB

2,4,5-T 19 0 316 0.15
2,4-D 19 0 1894 0.15
2,4-DB 19 0 1421 0.15
Dalapon 7 0 937 0.35
Dicamba 19 0 421 0.15
Dichlorprop 19 0 1052 0.15
Dinoseb 19 0 221 0.15
MCPA 19 0 394685 0.15
MCPP 19 0 299961 0.15
Silvex 19 0 263 0.15

, q!
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As with the inorganic,s, these UCBs are currently too large to be of much practical value.
By combining results with future (Phase II) results, the number of samples will be increased.
Assuming that future data contain very few nondeteets, these UCBs will come down much
closer to the 0.05 range. Then, a detect will reflect, statistically, a departure from background.

5.5 PF_.STICH)ES

Ali pesticide results are for the A horizon. There are no statistical outliers and no
validation rejects. As with the herbicides, field duplicates and original results are ali very close.
Table 5.4 for pesticides is analogous to Table 5.2 for inorganics. To compute the table, field
duplicates were deleted. Where duplicate analyses were performed, originals were also
deleted. There are only two detects.

Table 5.4. Pesticides 95% UCBs for detection probabilities
(Data combined over sampling areas)

Maximum
detection

Analysis N Detect limit (pg/kg) UCB

4,4'-DDD 48 0 13.0 0.06
4,4'-DDE 48 0 13.0 0.06
4,4'-DDT 48 1 13.0 0.10
Aldrin 48 0 6.3 0.06
Aroclor-1016 48 0 130.0 0.06 .
Aroc!or-1221 48 0 254.0 0.06
Aroclor-1232 48 0 130.0 0.06
Aroclor-1242 48 1 130.0 0.10
Aroclor-1248 48 0 130.0 0.06
Aroclor-1254 48 0 130.0 0.06
Aroclor-1260 48 0 130.0 0.06
Dieldrin 48 0 13.0 0.06
Endosulfan I 48 0 6.3 0.06
Endosulfan II 48 0 13.0 0.06
Endosulfan sulfate 48 0 13.0 0.06
Endrin 48 0 13.0 0.06
Endrin aldehyde 48 0 13.0 0.06
Endrin ketone 48 0 13.0 0.06
Heptachlor 48 0 6.3 0.06
Heptachlor epoxide 48 0 6.3 0.06
Methoxychlor 48 0 63.0 0.06
Toxaphene 48 0 630.0 0.06
alpha-BHC 48 0 6.3 0.06
alpha-Chlordane 48 0 6.3 0.06
beta-BHC 48 0 6.3 ,,0.06
delta-BHC 48 0 6.3 0.06

gamma-BHC (Lindane) 48 0 6.3 0.06
gamma-Chlordane 48 0 6.3 0.06
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5.6 PAI_

Ali PAH results are for the A horizon. Most, but not all, of the results are nondetects.
Many results have the validation designation "R," and are thus not used in the statistical
analysis. (Ali of the originals in the original-reanalysis pairs are so designated). There are no
statistical outliers.

Again, the field duplicates and originals are nearly identical for ali of the PAHs and are
exactly equal for most. There are large deviations between the detection limits for some
analyses; in the case of acenaphthene, the deviations are several factors of 10.

Table 5.5 shows the pattern of detects and UCBs for the detection probability. Table 5.6
gives summary statistics for those few PAHs having one or more detects. Tables 5.5 and 5.6
parallel Tables 5.2 and 5.1 for the inorganics.

Of the PAHs, only pyrene showed a significant (p < 0.01) difference across areas, based
on the Lifereg analysis. Pyrene also shows significant differences within the Dismal Gap areas.
Notice that for a few of these analytes and areas, in contrast to the inorganics, LTB9595 does
exceed UCB95 (e.g., for acenaphthene or benzopyrene in Anderson County).

5.7 RADIONUCT.IDES

Many (74) of the radionuclide soil results are validation rejects, and in general, the data
structures for radionuclides vary considerably with analyte. Only a few of the anomalies are
listed here: There is almost no curium-244 data or neptunium-237 data. There are no
Nolichucky ORR results for many analytes (e.g., hafnium-181 and iridium-192). There are
fairly large discrepancies between many of the field duplicates and originals (e.g., for
americium-241 Roane County horizon A, or cobalt-60 Roane County horizon C). One of the
niobium-95 detection limits (82,000 pCi/g) is clearly an outlier. Ali of the technetium-99 data
are validation rejects.

Results for the mostly undetected analytes are summarized in Table 5.7. Results tor the
detects are summarized in Table 5.8.

On the basis of the ehi-square tests in Proc Lifereg, the following radionuclides-horizons
show significant differences (p < 0.01) over areas: plutonium-238 A; radium-226 A, B, C;
thorium-228 A; thorium-232 A; thorium-234 A, C. The all-detect chi-square tests tracked the
usual (F-test) results quite closely, though the significance levels are ali a little lower. Ali of
these showed significant differences within the Dismal Gap areas, except for thorium-228 A
and thorium-232 A.

To further explore the nature of the differences, see Table 5.8 or the data itself. For data
with ali detects, formal comparisons can also be made using Proc GLM. For example, on the
ORR, horizon A thorium-232 levels in the Nolichucky Formation are significantly higher than
levels in the Dismal Gap Formation (p = 0.0007).

Duplications of these results and related factors are discussed in Sect. 5.11 and in Sects.
6 and 8 of this report.



5-22

Table 5.5. PAl-ls 95% UCI_ for detection probability
for analytes with fewer than three detects

(Data combined over sampling areas)

Maximum
detection limit

Analysis N Detect (ttg/kg) UCB
iiii • iii l I I i lll|l ii i

Acenaph thylene 42 2 15130 0.14
Anthracene 42 0 4342 0.07

Benzo[ghi]perylene 35 1 500 0.13
Benzo [k] fluora nthene 42 1 112 0.11
Chrysene 30 0 987 0.10
Dibenzo[ah]anthracene 34 0 197 0.08
Fluoranthene 12 2 355 0.44

Indeno123cdpyrene 42 0 283 0.07
Naphthalene 43 2 11841 0.14

Table 5.6. Additkmalsummary Uatistivs for PAHs with several detects

Analysis Areas N Detect Median UCB95 X95 LTB9595

Acenaphthene DG AND 10 8 3.400 6.02 19.60 8.44
Acenaphthene NOL ORR 12 1 35.800 118.00 206.00 73.90
Acenaphthylene DG AND 8 1 7.870 53.30 127.00 23.70
Benzo[a]anthracene DG AND 11 10 1.750 2.39 4.88 3.01
Benzo[a]pyrene DG AND 11 7 2.420 3.08 4.98 3.64
Benzo[a]pyrene DG ROA 11 1 0.959 1.84 1.97 1.01

Benzo[a]pyrene NOL ORR 12 1 0.942 1.77 1.94 1.03
Be_o[b]fluoranthene DG ROA 11 2 1.250 1.63 1.94 1.48
Benzo[b]fluoranthene NOL ORR 12 4 1.160 1.42 1.79 1.42
Fluoranthene DG AND 8 2 1.950 20.30 50.00 6.37
Fluorene DG AND 8 3 3.370 14.30 71.80 14.10
Fluorene DG ROA 11 1 5.650 50.60 121.00 20.70

Fluorene DG ORR 11 1 10.000 93.60 214.00 33.90

Naphthalene DG ROA 12 2 171.000 342.000 495.00 233.00
Phenanthrene DG AND 11 10 14.800 25.30 86.00 37.80
Phenanthrene DG ROA 11 1 36.400 112.00 211.00 73.20
Pyrene NOL ORR 12 2 10.500 11.10 11.30 10.40
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Tab_ 5.7. Radionuclide 95% UC_ for dciectiou probabilitywith fewer _ two detects
(Dataoom_ over..mpnngareas)

Maximum detection UCB

Analysis Type Horizon N Detect limit (pCi/g) (pCi/g)

Americium-241 gamma A 16 0 0.06 0.17
Americium-241 gamma B 15 0 0.05 0.18
Americium-241 gamma C 15 0 0.06 0.18
Barium-133 gamma A 16 0 0.01 0.17
Barium-133 gamma B 15 0 0.01 0.18
Barium-133 gamma C 15 0 0.01 0.18
Chromium-51 gamma A 16 0 0.10 0.17
Chromium-51 gamma B 15 0 0.09 0.18
Chromium-51 gamma C 15 0 0.09 0.18
Cobalt-57 gamma A 16 0 0.01 0.17
Cobalt-57 gamma B 15 0 0.01 0.18
Cobalt-57 gamma C 15 0 0.01 0.18
Cobalt-60 gamma A 16 0 0.01 0.17
Cobalt-60 gamma B 15 0 0.01 0.18
Cobalt-60 gamma C 15 0 0.01 0.18
Curium-243 gamma A 12 0 0.19 0.22
Curium-243 gamma B 3 0 0.06 0.63
Curium-243 gamma C 3 0 0.07 0.63
Curium-244 alpha A 7 0 3.50 0.35
Curium-244 alpha B 1 0 0.83 0.95
Curium-245 gamma A 12 0 0.11 0.22
Curium-245 gamma B 3 0 0.11 0.63
Curium-245 gamma C 3 0 0.11 0.63
Curium-247 gamma B 3 0 0.01 0.63
Curium-247 gamma C 3 0 0.01 0.63
Europium-152 gamma A 16 0 0.07 0.17
Europium-152 gamma B 15 0 0.06 0.18
Europium-152 gamma C 15 0 0.06 0.18
Europium-154 gamma A 16 0 0.02 0.17
Europium-154 gamma B 15 0 0.02 0.18
Europium-154 gamma C 15 0 0.02 0.18
Hafnium-181 beta A 12 0 0.01 0.22
Hafnium-181 beta B 11 0 0.01 0.24
Haf.nium-181 beta C 11 0 0.01 0.24
Iridium-192 beta A 11 0 0.01 0.24
Iridium-192 beta B 11 0 0.01 0.24
Iridium-192 beta C 11 0 0.01 0.24

Neptunium-237 alpha A 1 0 0.03 0.95
Niobium-95 beta A 12 0 0.01 0.22
Niobium-95 beta B 11 0 82000.00* 0.24
Niobium-95 beta C 10 0 0.03 0.26
Plutonium-238 alpha C 3 0 0.10 0.63
Plutonium-239/240 alpha A 12 1 0.07 0.34
Plutonium-240 alpha A 4 0 0.06 0.53
Ruthenium-lO3 beta A 16 0 0.11 0.17
Ruthenium-103 beta B 15 0 0.01 0.18
Ruthenium-103 beta C 15 1 0.01 0.28

Uranium-236 alpha A 16 1 0.08 0.26
Uranium-236 alpha B 15 1 0.06 0.28
Uranium-236 alpha C 15 0 0.11 0.18
Zinc-65 gamma A 16 0 0.03 0.17
Zinc-65 gamma B 15 0 0.03 0.18
Zinc-65 gamma C 15 0 0.03 0.18
Zirconium-95 beta A 16 0 0.02 0.17
Zirconium-95 beta B 15 0 0.02 0.18
Zirconium-95 beta C 15 0 0.02 0.18

*Statistical outlier
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Table 5.8. Additional radionuclides sumum_ statistics (j_ci/g)

ANALYSIS= CESIUM-L37 TYPE=GAMMA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 3 0.11500 0.4880 1.9600 0.3710
A DG ROA 4 3 0.27000 1.1400 4.6100 0.8730
A DO ORR 4 4 0.59800 2.4700 10.2000 1.8800
A NOL ORR 4 4 0.52700 2.1800 8.9800 1.6500
B DG AND 4 4 0.06190 0.2100 0.7100 0.1640
B DO ROA 4 4 0.00935 0.0317 0.1070 0.0248
B DG ORR 3 2 0.03950 0.1700 0.4530 0.0908
B NOL ORR 4 3 0.00798 0.0286 0.0915 0.0214
C DG AND 4 3 0.03180 0.2550 1.7200 0.1020
C DG ORR 3 2 0.03490 0.4040 1.8900 0.0912

ANALYSIS-- CURIUM-247 TYPE=GAMMA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A NOL ORR 4 2 0.00552 0.00649 0.00716 0.00578

ANALYSIS =EUROPIUM-155 TYPE=GAMMA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 0.0806 0.0895 0.0994 0.0880
A DG ROA 4 4 0.0790 0.0877 0.0975 0.0863
A DG ORR 4 4 0.0948 0.1050 0.1170 0.1040
A NOL ORR 4 4 0.0896 0.0995 0.1100 0.0978
B DG AND 4 4 0.0741 0.1210 0.1960 0.1090
B DG ROA 3 3 0.0838 0.1470 0.2220 0.1160
B DG ORR 3 2 0.0435 0.0771 0.1150 0.0609
B NOL ORR 4 4 0.0908 0.1480 0.2400 0.1340
C DG AND 4 4 0.0750 0.1140 0.1740 0.1070
C DG ROA 4 4 0.0582 0.0888 0.1350 0.0827
C DG ORR 3 3 0.0911 0.1480 0.2120 0.1220
C NOL ORR 4 4 0.1070 0.1640 0.2500 0.1530

ANALYSIS =PLLrI'ONIUM-238 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG ROA 4 2 0.1060 0.1570 0.221 0.1340
B DG ROA 1 1 0.0980 0.1160 0.116 0.0946
B DG ORR 2 2 0.0853 0.0964 0.101 0.0857

ANALYSIS = PLU'I_NIUM-239 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 1 0.00914 0.0473 0.0513 0.0106
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Table 5.8 (continued)

ANALYSIS = POTASSIUM-40 TYPE=GAMMA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 19.3 24.0 29.9 23.20
A DG ROA 4 4 11.1 13.8 17.2 13.30
A DG ORR 4 4 16.3 20.3 25.3 19.70
A NOL ORR 4 4 15.2 18.9 23.5 18.30
B DG AND 4 4 26.2 63.0 151.0 53.50
B DG ROA 4 4 18.2 43.8 105.0 37.20
B DG ORR 3 2 3.8 10.6 21.9 7.01
B NOL ORR 4 4 16.6 40.0 96.1 33.90
C DG AND 4 4 22.3 26.8 32.1 26.00
C DG ROA 4 4 23.4 28.0 33.6 27.20
C DG ORR 3 3 19.5 24.0 28.0 22.10
C NOL ORR 4 4 25.2 30.2 36.1 29.30

ANALYSIS=RADIUM-226 TYPE=AIJJHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 1.820 2.220 2.710 2.150
A DG ROA 4 4 0.833 1.020 1.240 0.986
A DG ORR 4 4 0.786 0.961 1.170 0.931
A NOL ORR 4 4 0.740 0.904 I.I00 0.876
B DG AND 4 4 1.710 2.180 2.780 2.090
B DG ROA 4 4 0.865 1.100 1.410 1.060
B DG ORR 4 3 0.753 0.985 1.220 0.909
B NOL ORR 4 4 0.880 1.120 1.430 1.080
C DG AND 4 4 1.670 1.840 2.030 1.810
C DG ROA 4 4 0.786 0.866 0.954 0.853
C DG ORR 4 4 0.763 0.840 0.926 0.828
C NOL ORR 4 4 0.970 1.070 1.180 1.050

ANALYS!S =THORIUM-228 TYPE=AI_HA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 1.200 1.450 1.75 1.410
A DG ROA 4 4 0.988 1.190 1.44 1.160
A DG ORR 4 4 0.713 0.862 1.04 0.837
A NOL ORR 4 4 1.510 1.820 2.20 1.770
B DG AND 4 4 1.010 1.620 2.61 1.510
B DG ROA 4 4 0.733 1.180 1.90 1.090
B DG ORR 4 4 1.030 1.650 2.66 1.540
B NOL ORR 4 4 1.590 2.570 4.13 2.380
C DG AND 4 4 1.090 1.970 3.57 1.780
C DG ROA 4 4 0.712 1.290 2.34 1.160
C DG ORR 4 3 0.612 1.110 2.01 1.010
C NOL ORR 4 4 1.570 2.840 5.15 2.560
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Table5_S(conuinued)

ANALYSIS='H-IORIUM-230 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

•A DG AND 4 4 0.912 1.160 1.47 1.120
A DG ROA 4 4 0.746 0.947 1.20 0.912
A DG ORR 4 4 0.565 0.717 0.91 0.691
A NOL ORR 4 4 0.966 1.230 1.56 1.180
B DG AND 4 4 0.958 1.330 1.84 1.260
B DG ROA 4 4 0.868 1.200 1.67 1.140
B DG ORR 4 4 0.727 1.010 1.40 0.957
B NOL ORR 4 4 1.000 1.390 1.93 1.320
C DG AND 4 4 0.833 1.180 1.67 1.120
C DG ROA 4 4 0.508 0.719 1.02 0.681
C DG ORR 4 4 0.571 0.809 1.14 0.766
C NOL ORR 4 4 0.877 1.240 1.76 1.180

ANALYSIS=THORIUM-232 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 1.060 1.260 1.500 1.230
A DG ROA 4 4 0.945 1.120 1.340 1.090
A DG ORR 4 4 0.683 0.813 0.968 0.791
A NOL ORR 4 4 1.490 1.780 2.120 1.730
B DO AND 4 4 1.100 1.500 2.040 1.430
B DG ROA 4 4 1.280 1.740 2.370 1.660
B DG ORR 4 4 1.020 1.390 1.890 1.320
B NOL ORR 4 4 1.500 2.030 2.770 1.940
C DG AND 4 4 1.070 1.670 2.600 1.560
C DG ROA 4 4 0.680 1.060 1.650 0.988
C DG ORR 4 4 0.841 1.310 2.040 1.220
C NOL ORR 4 4 1.370 2.130 3.320 1.990

ANALYSISffiTHORIUM-234 TYPEffiBETA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 1.06 1.15 1.25 1.14
A DG ROA 3 3 1.43 1.56 1.67 1.51
A DG ORR 4 4 1.63 1.77 1.92 1.75
A NOL ORR 4 4 1.42 1.54 1.67 1.52
B DG AND 4 4 1.05 1.21 1.41 1.18
B DG ROA 3 3 1.29 1.53 1.73 1.43
B DG ORR 3 3 1.18 1.40 1.59 1.31
B NOL ORR 4 4 1.10 1.28 1.48 1.24
C DG AN]) 4 4 1.02 1.09 1.17 1.08
C DG ROA 3 3 1.35 1.45 1.54 1.41
C DO ORR 4 4 1.16 1.24 1.33 1.23
C NOL ORR 4 4 1.07 1.14 1.22 1.13
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Table 5.8 (continued)

ANALYSIS=TOTAL URANILrM TYPEfALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 0.999 2.190 4.79 1.910
A DG ROA 4 3 0.646 1.430 3.09 1.250
A DG ORR 4 4 1.310 2.870 6.29 2.510
A NOL ORR 4 4 1.150 2.510 5.50 2.190
B DG ROA 1 1 0.450 1.650 1.65 0.345
B DG ORR 2 2 0.316 0.791 1.16 0.326
C DG ROA 1 1 1.300 9.340 9.34 0.869
C DG ORR 2 2 0.299 1.210 2.15 0.315

ANALYSIS=TRITIUM TYPE=TRITIUM

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG ORR 9 5 0.0304 0.0445 0.0808 0.0466

ANALYSIS =URANIUM-233/234 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 0.925 1.080 1.25 1.040
A DG ROA 4 4 0.934 1.090 1.26 1.050
A DG ORR 4 4 0.937 1.090 1.27 1.060
B DG AND 4 4 0.916 1.310 1.87 1.220
B DG ROA 4 4 0.766 1.090 1.56 1.020
B DG ORR 4 4 1.110 1.590 2.27 1.480
C DG AND 4 4 0.871 1.110 1.42 1.060
C DG ROA 4 4 0.671 0.856 1.09 0.815
C DG ORR 4 4 0.663 0.846 1.08 0.805

ANALYSIS=URANIUM-235 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG ROA 4 3 0.0546 0.0660 0.0766 0.0603
A DG ORR 4 2 0.0563 0.0673 0.0790 0.0629
B DG AND 4 2 0.0380 0.0676 0.1140 0.0573
B DG ROA 4 2 0.0323 0.0583 0.0967 0.0480
B DG ORR 4 2 0.0666 0.1200 0.2000 0.0995
C DG AND 4 2 0.0384 0.0521 0.0669 0.0457
C DG ORR 4 2 0.0366 0.0496 0.0639 0.0432



ANALYSIS=URANIUM-235 TYPE=GAMMA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 0.0606 0.0727 0.0872 0.0706
A DG ROA 4 4 0.0768 0.0922 0.1110 0.0896
A DG ORR 4 4 0.0792 0.0950 0.1140 0.0923
A NOL ORR 4 4 0.0713 0.0855 0.1030 0.0831
B DG AND 4 4 0.0537 0.0733 0.1000 0.0696
B DG ROA 4 4 0.0639 0.0873 0.1190 0.0829
B DG ORR 3 3 0.0700 0.1000 0.1310 0,0870
B NOL ORR 4 4 0.0412 0.0563 0.0769 0.0534
C DG AND 4 4 0.0345 0.0444 0.0571 0.0427
C DG ROA 4 4 0.0626 0.0806 0.1040 0.0774
C DG ORR 4 4 0.0433 0.0557 0.0717 0.0536
C NOL ORR 4 4 0.0473 0.0608 0.0782 0.0584

ANALYSIS=URANIUM-236 TYPE=ALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

B DG ORR 3 1 0.0263 0.298 0.354 0.0243

ANALYSISfURANIUM-238 TYPEffiALPHA

Horizon Areas N Detect Median UCB95 X95 LTB9595

A DG AND 4 4 0.890 1.000 1.13 0.979
A DG ROA 4 4 0.992 1.120 1.26 1.090
A DG ORR 4 4 1.020 1.150 1.30 1.130
B DG AND 4 4 0.966 1.310 1.78 1.230
B DG ROA 4 4 0.825 1.120 1.52 1.050
B DG ORR 4 4 1.120 1.520 2.05 1.420
C DG AND 4 4 0.871 1.090 1.36 1.040
C DG ROA 4 4 0.743 0.928 1.16 0.887
C DG ORR 4 4 0.666 0.833 1.04 0.796

5.8 GAMMA SCREENING

The purpose of the gamma screening is to affirm that background cesium-137
levels are not higher than normal for the southeastern United States (about 10 pCi/cm2). So
far, a few results seem low (<8 pCi/cm2), and one has exceeded 13 (Table 5.9).

Table 5.9. Overall results for cesium-137 (in pCi/cm2)

Formation Location N Mean Std dev Min Max

Dismal Gap AND 12 7.870 3.007 3.775 14.424
Dismal Gap ROA 13 6.071 3.322 0.160 11.937
Dismal Gap ORR 12 8.541 1.525 6.024 11.053
Nolichucky ORR 12 9.504 1.642 6.760 11.962
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The data are also illustrated in Fig. 5.3. The very low results are from severely eroded
sites; the very high result is from a sediment deposition site.

Ali of the data are detects, and so they were analyzed using the usual F-tests (Proe
GLM). Probably because they arise as counts, the data seem to be better modelled using the
square-root rather than the log transformation. Both transformations and no transformation
were investigated, and the following conclusions about differences across areas are not
materially affected by the choice. (The gamma analysis results depart from the general
lognormal approach. The data have been available longer, so a slightly more careful analysis
was performed.)

There are significant differences between areas (p = 0.0001), mainly because the two on-
reservation areas exhibit significantly higher levels than the two off-reservation areas (p =
0.005). Some conclusions depend on whether the deposition and erosion sites are included
or excluded [e.g., the Anderson and Roane Dismal Gap areas differ significantly (p = 0.05)
when ali of the data are used, but do not (p = 0.69) when the sediment and deposition sites
are excluded]. These p-values were computed using the square-root transformation.

5.9 VOLATILE ORGANICS

No statistical analyses were performed on the volatile organics data. The purpose of
these analyseswas to screen for volatile organics--ideally to affirmthat, since sampling is from
background areas, volatile organics are absent. Although there are a few exceptions, this is
generally true. The exceptions are discussed in Sect. 6.

5.10 VARIANCE COMPONENTS

For radionuclides (except tritium) and inorganics, the variable LTB9595 is a tolerance
bound for composites of three. Tolerance bounds for noncomposites or composites of other-
than-three can also be computed from the background data, but to do this, estimates of
laboratory and spatial (field) standard deviations are needed. V, the variance of a composite
of k satisfies

V = L + S/k [Equation 5.1]

where L is the variance of laboratory error; S is the spatial variance of single (noncomposited)
samples. (S is the hypothetical variance of single samples measured without error.)

Strictly, Equation 5.1 applies to untransformed data, but it holds approximately for log-
transformed data, and we will assume it for the lognormal model. For the lognormal model,
computing a tolerance bound for a composite of k requires an estimate of V.

For composites of three, the quantity V can be estimated simply by computing the
maximum likelihood estimate of the pooled standard deviation of individual (composited)
observations using Proc Lifereg. L can be estimated from field duplicate differences, using
data from ali horizons. S can then be estimated using Equation 5.1.
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Tables 5.1Oa, 5.10b, and 5.10c contain standard deviation estimates for log concentrations
of inorganics, PAHs, and radionuclides. (Each standard deviation is the square root of the
corresponding variance, V, L, or S,of the log-transformed observations. A degree-of-freedom
adjustment has been made so that the standard deviations coincide with the usual unbiased
standard deviations when there are no nondetects.) These standard deviation estimates can
be used to compute tolerance bounds for composites of other than three, and, as discussed
below, to assess the advantage of compositing.

For a number of horizon areas, the spatial standard deviation is missing (.), which
indicates that the best estimate is actually zero. In particular, this happens ha groups having
relatively small overall standard deviation (of composites) and relatively large laboratory
standard deviation. It can be a consequence of the noise inherent in these small-sample-size
standard deviations or of anomalous discrepancies between field duplicates, as in Fig. 5.1.
However, it is also due in part to the fact that, unfortunately, the laboratory and spatial
standard deviations in Table 5.10 are biased: The laboratory standard deviations are computed
from field duplicate differences, but the field duplicates differ not just by laboratory error, but
by the small-scale spatial error as well (field duplicate samples were taken about 3 feet apart).
Since the field standard deviations are computed from the standard deviation of composites
(or overall standard deviation) using Equation 5.1, the spatial standard deviations tend to be
biased down and the laboratory standard deviations are biased up.

There are presently a few (i.e., one or two) standard samples--too few to be of much
value--but with additional standards data (Phase II), we would be able to improve the
standard deviation estimates in Table 5.10.

Means of untransformed observations do not depend on the degree of compositing, and
the same holds approximately for their logs. Thus, estimates of and confidence bounds for the
mean of BSCP composites of three are estimates and confidence bounds for other
background observations, whatever the degree of compositing. For composites of other than
three, V can be approximated using Equation 5.1 and Table 5.10. With mean and V estimates
so obtained, approximate tolerance bounds for composites of other than three can be
computed.

If there are sufficient data (i.e., sufficiently many degrees of freedom for error
estimation), variability of V estimates can be ignored, and tolerance bounds can be computed
from confidence bounds for means. After Phase II, when data from ten areas are available,
there will be sufficient data to do this. (There will be 30 degrees of freedom for error for the
data with four composited samples per area.)

At present there are only four areas (and thus 12 degrees of freedom for error), so
variability of V estimates cannot be ignored. Computing tolerance bounds for composites of
other than three when variance estimates are themselves variable requires approximation.
How best to do this is an open question, which will not be pursued here. (Difficulties are due
to statistical dependence between variance component estimates and, when there are
nondetects, between the mean and overall variance estimates.)
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Table 5.10a. Standarddc_Ralkmestimal_ for inorganics

Std dcv for Std dc-,, for Spatial
Number composites laboratory std dov

Analysis Horizon of areas N Detect mg/kg mg/kg mg/kg

Aluminum A 4 16 16 0.07371 0.08340 .
Aluminum B 4 16 16 0.07510 0.08340
Aluminum C 4 16 16 0.04292 0.08340 .

Antimony A 4 16 2 0.01716 0.00021 0.02972
Antimony B 4 16 5 0.18080 0.00021 0.31315
Antimony C 4 16 5 0.20313 0.00021 0.35183
Arsenic A 4 16 15 0.30859 0.12668 0.48739
Arsenic B 4 16 14 0.37651 0.12,668 0.61411
Arsenic C 4 16 14 0.18120 0.12668 0.22441
Barium A 4 16 16 0.14032 0.08984 0.18669
Barium B 4 16 16 0.06459 0.08984
Barium C 4 16 16 0.08079 0.08984 .

Beryllium A 4 16 16 0.15022 0.07614 0.22430
Beryllium B 4 16 16 0.17462 0.07614 0.27219
Beryllium C 4 16 16 0.14157 0.07614 0.20672
Boron A 4 15 6 0.25206 0.18610 0.29447
Boron B 4 16 7 0.24898 0.18610 0.28649
Boron C 4 16 8 0.17858 0.18610 .
Calcium A 4 16 11 0.22739 0.10830 0.34631
Calcium B 4 16 10 0.19691 0.10830 0.28484
Calcium C 4 16 11 0.28515 0.10830 0.45689
Chromium A 4 16 15 0.48154 0.09505 0.81764
Chromium B 4 16 15 0.51104 0.09505 0.86970
Chromium C 4 16 16 0.11510 0.09505 0.11244

Cobalt A 4 16 16 0.17544 0.19448
Cobalt B 4 16 16 0.27732 0.19448 0.34244
Cobalt C 4 16 16 0.23125 0.19448 0.21673

Copper A 4 16 16 0.07799 0.12343 .
Copper B 4 16 16 0.24288 0.12343 0.36230
Copper C 4 16 16 0.12808 0.12343 0.05920
Cyanide A 4 15 6 0.40933 0.65423 .
Cyanide B 4 16 3 0.43961 0.65423 .
Cyanide C 4 16 2 0.51676 0.65423
Iron A 4 16 16 0.06865 0.07635
Iron B 4 16 16 0.07311 0.07635
Iron C 4 16 16 0.03892 0.07635

Lead A 4 16 15 0.52447 0.08267 0.89706
Lead B 4 16 15 0.46754 0.08267 0.79705
Lead C 4 15 15 0.25815 0.08267 0.42358
Lithium A 4 15 13 0.07931 0.08759
Lithium B 4 16 16 0.10748 0.08759 0.10788
Lithium C 4 16 16 0.09763 0.08759 0.07468

Magnesium A 4 16 16 0.12717 0.08648 0.16148
Magnesium B 4 16 16 0.07447 0.08648
Magnesium C 4 16 16 0.08606 0.08648
Manganese A 4 16 16 0.18364 0.22096
Manganese B 4 16 16 0.31729 0.22096 039440
Manganese C 4 16 16 0.37468 0.22096 0.52411



5-33

Table5.10a (¢onti_xl)

Std dec for Std dec for Spatial

composites laboratory std decNumber

Analysis Horizon of areas N Detect mg/kg mg/kg mg/kg

Mercury A 4 16 11 0.04857 0.12164
Mercury B 4 16 3 0.07096 0.12164
Mercury C 4 16 2 0.04032 0.12164 •
Molybdenum A 4 16 1 0.00077 0.09063
Molybdenum B 4 16 3 0.08452 0.09063
Molybdenum C 4 16 2 0.04168 0.09063
Nickel A 4 16 16 0.10725 0.08665 0_10947
Nickel B 4 16 16 0.06789 0.08665
Nickel C 4 16 16 0.08447 0.08665
Potassium A 4 16 16 0.12317 0.09948 0112578
Potassium B 4 16 16 0.09787 0.09948 •
Potassium C 4 16 16 0.08604 0.09948

Selenium A 4 16 8 0.13627 0.03428 0.22843
Selenium B 4 16 8 0.11093 0.03428 0.18273
Selenium C 4 16 7 0.15584 0.03428 0.26331
Silicon A 4 16 16 0.06522 0.07328
Silicon B 4 16 16 0.08560 0.07328 0107662
Silicon C 4 16 16 0.09479 0.07328 0.10413
Strontium A 4 15 15 0.13506 0.11303 0.12804
Strontium B 4 16 16 0.11233 0.11303
Strontium C 4 16 16 0.15581 0.11303 0118576
Sulfate A 4 15 15 0.13133 0.22660
Sulfate A 4 15 15 0.13133 0.11303 0118576
Sulfate B 4 16 16 0.22732 0.22660 0.03112
Sulfate C 4 16 16 0.13291 0.22660

Thallium A 4 16 2 0.49324 0.00230 0.85431
- Thallium B 4 16 4 0.26926 0.00230 0.46635

Thallium C 4 16 7 0.20932 0.00230 036253
Vanadium A 4 16 16 0.04627 0.07229
Vanadium B 4 16 16 0.23423 0.07229 0138589
Vanadium C 4 16 16 0.04365 0.07229

-- Zinc A 4 16 16 0.08398 0.07695 0_05824
Zinc B 4 16 16 0.05562 0.07695
Zinc C 4 16 16 0.06218 0.07695 -

_
_

_

m
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Table 5.10b. Stmxtard deviatkmestimates fur PAils

No. Overall Sid d_ for Spatial
of std der laboratory std clev

Analysis Horizon areas N I_te, ct _g/kg _,g/kg _g/kg

Acenaphthene A 4 44 9 0.48495 0.12120 0.46956
Acenaphthylene A 4 42 1 0.74977 0.00250 0.74977
Benzo[a]anthracene A 4 34 10 0.28882 0.06289 0.28189
Benzo[a]pyrene A 4 45 9 0.19959 0.07481 0.18504
Benzo[b]fluoranthene A 4 42 6 0.12126 0.00304 0.12122
Benzo[ghi]perylene A 4 35 1 0.00022 0.00538
Benzo[k]fluoranthene A 4 42 1 0.00147 0.00443 .
Fluoranthene A 3 12 2 0.98880 0.00000 0.98880
Fluorene A 4 42 5 0.84931 0.04101 0.84832
Naphthalene A 4 43 2 0.29493 0.00174 0.29493
Phenanthrene A 4 45 11 0.48603 0.04292 0.48413
Pyrene A 4 43 3 0.01773 0.00244 0.01757
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Table 5.10e. Standard deviatkm etairrmte_fat radkmudk_

Std der. for Std der for Spatial
No. of composites laboratory std der

Analysis Horizon areas N Detect pCi/kg pCi/kg pCi/kg

Ce,slum-137 A 4 16 14 0.86473 0.75538 0.72901
Ce,sium-137 B 4 15 13 0.75205 0.75538
Ce,slum-137 C 4 15 5 1.23108 0.75538 1.68371
Curium-247 A 4 10 2 0.08841 0.00234 0.15307

Europium-155 A 4 16 16 0.06406 0.10821
Europium-155 B 4 14 13 030421 0.10821 0.49245
Europium-155 C 4 15 15 0.26000 0.10821 0.40949
Plutonium-238 A 4 16 3 0.22482 0.16557 0.26342
Plutonium-238 B 2 3 3 0.07899 0.16557
Plutonium-239 A 1 4 1 0.52589
Plutonium-239/240 A 4 13 1 0.03148 0.00738 0.05301
Plutonium-239/240 B 2 3 1 0.00331 0.00738
Plutonium-239/240 C 2 3 1 0.00424 0.00738
Potassium.40 A 4 16 16 0.13353 0.08258 0.18174
Potassium-40 B 4 15 14 0.54074 0.08258 0.92561
Potassium-40 C 4 15 15 0.11142 0.08258 0.12957

Raclium-226 A 4 16 16 0.12216 0.03761 0.20131
Radium-226 B 4 16 15 0.14817 0.03761 0.24823
Raclium-226 C 4 16 16 0.05899 0.03761 0.07871
Strontium-90 A 2 2 1 0.00000 0.00212
Thorium-228 A 4 16 16 0.11554 0.09349 0.11760
Thorium-228 B 4 16 16 0.29020 0.09349 0.47584
Thorium-228 C 4 16 15 036248 0.09349 0.60660
Thorium-230 A 4 16 16 0.14532 0.16105
Thorium-230 B 4 16 16 0.19924 0.16105 0.20318
Thorium-230 C 4 16 16 0.21185 0.16105 0.23838
Thorium-232 A 4 16 16 0.10641 0.09421 0.08571
Thorium-232 B 4 16 16 0.18747 0.09421 0.28074
"Ilaorium-232 C 4 16 16 0.27056 0.09421 0.43929
Tlaorium-234 A 4 15 15 0.04938 0.12634
Thorium-234 B 4 14 14 0.09249 O.12634
Thorium-234 C 4 15 15 0.04145 0.12634 .

Total uranium A 4 16 15 0.47783 0.21374 0.74021
Total uranium B 2 3 3 0.59390 0.21374 0.95973
Total uranium C 2 3 3 0.90163 0.21374 1.51715
Tritium* A 2 16 5 0.27557 0.01087 0.27536
Uranium-233/234 A 4 16 12 0.09143 0.07204 0.09753
Uranium-233/234 B 4 16 12 0.21695 0.07204 0.35444
Uranium-233/234 C 4 16 12 0.14909 0.07204 0.22608
Uranium-235(alpha) A 4 16 7 0.08668 0.24853
Uranium-235(aipha) B 4 16 6 0.32833 0.24853 0.37161
Uranium-235(alpha) C 4 16 6 0.12257 0.24853
Uranium-235(gamma) A 4 16 16 0.11092 0.10610 0.05605
Uranium-235(gamma) B 4 15 15 0.19241 0.10610 0.27803
Uraniu m-235(gamma) C 4 16 16 0.15365 0.10610 0.19251
Uranium-236 A 4 16 1 0.00187 0.01397
Uranium-236 B 4 15 1 0.80136 0.01397 1.38778
Uranium-238 A 4 16 12 0.07291 0.07382
Uranium-Z38 B 4 16 12 0.18569 0.07382 0.29512
Uranium-238 C 4 16 12 0.13604 0.07382 0.19793
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Because the laboratory standard deviations are too large and the spatial standard
deviations are too small, the ratio, R, of spatial-to-laboratory standard deviations is biased
down. This ratio is of interest because it can be shown that although compositing provides less
detail for field interpretation, the degree of compositing k that minimizes the overall variance
for a fixed total cost is given by R(A/F) 1/'z,where F is the cost per field sample and A is the
cost per sample sent to the laboratory. [Using Lagrange multipliers, minimize (V + S/k)/N
subject to NA + NkF = C, where N is the number of laboratory samples and C is the fixed
total cost.] Note that A includes the costs of data entry, verification, and validation.

In 1992, costs to the BSCP for laboratory analysis,data entry, validation, etc. were about
4.5 times the cost of field sampling. Because field samples were composited, this implies that
AfF > 4.5, and thus (A/F) 1/z> 2.1. From Tables 5.10a through 5.10c, values of R (which are
biased down) are in the vicinity of 4 for arsenic, 3 for beryllium, 10 for lead, and 1.5-11 for
potassium-40 (depending on horizon). In these cases, the optimal compositing levels (k) vary
from (at least) 3 up to (at least) 20 and support the use of composited samples in the
background study. Although it is difficult to quantify the cost of statistical variability,
compositing translates to direct savings to the project.

5.11 ADDITIONAL REMARKS

Many of the results need further consideration, particularly the field duplicate and
original results for some of the inorganicsbecause of the large discrepancy between them. In
contrast, the duplicate and original results are very close for the organics. Perhaps the
designation "U" for nondetect has been applied too conservatively for the organics (e.g., the
detection limits are programmaticor contract limits rather that the true laboratory detection
limits). In this background study, the use of high detection limits may not be conservative,
because it tends to obscure how low background values actually may be.

The procedure for making soil preparation laboratory (SPL) duplicate composited
samples from primary composites should be reconsidered. SPL composited sample splits will
provide for better assessment of laboratory error--as well as a method of validation that
depends only on simple statistical comparisons of results (rather than expensive and time-
consuming reviews of paperwork).

Statistics presented in this section may be biased upwards (too high), because of the
assignment of validation codes on the basis of deteet-nondeteet status. Because this is a
background study, the goal of which is to determine reference values as opposed to a study
designed to characterize contamination levels, upward bias will likely be regarded as
nonconservative.

Because many analytes do differ significantly with area, many that do not differ based on
current data probably would if sample sizes were larger or statistical variability was smaller.
The practical importance of differences is not considered in this section. In cases where no
significant difference was found, confidence limits for the true differences, or minimum
detectable differences, should be considered. In many cases the minimum detectable
differences may themselves be of practical importance. This would indicate a need for further
sampling (or more powerful statistical methods).
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Some of the analyses are inherently noisy. This is seen in the wide departure of the
confidence bounds from their corresponding median or percentile estimates. In certain cases
risk arguments may demonstrate that the results are adequate (or more than adequate)
despite the noise. In other cases the noise may be remedied by some method of combining
data that is more complicated than the lognormal model used here (e.g., a multivariate
analysis using vectors of measurements over horizons). It is likely, however, that in many cases
the only good way to remedy the noise--an unavoidable consequence of the survey's limited
sample sizes--is to get more data.
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6. DATA INTERPRETATION

6.1 SUMMARY

This section fulfills project objectives for technical evaluation of project data that will
maximizeits usefulness to other Environmental Restoration projects and field investigations.

Chemical compounds, minerals, elements, and radionuclides in soils can have several
sources. Extractionprocedures remove differing amounts of various soil constituents, andthe
location of the soil in the landscape can affect the data. Interpretation of this type of data,
then, must be done very carefully.

Screening of sites on the Oak Ridge Reservation (ORR) by a hand-held radiation
detector, plus gamma screening and analysisof volatile organic compounds (VOC.s) for ali
Phase I sites did not reveal any gross contamination, although one or more of the Roane
County and Anderson County sites had some detects for organic contaminants. Both VOC
and organic analytical techniques can be used elsewhere in the ORR without restriction as
to site properties or soil conditions. The Phase I data indicate that any VOC or organic
detects in suspected contaminated sites should be taken as a sign of contamination.

Inorganic compounds in soils present a much more difficult situation regarding
interpretation. Some inorganies are definitely inherited from the underlying geologic
formations, while others have an anthropogenie source from either global fallout or from local
and regional sources. For example, lead and arsenic can have two sources, while nearly ali
mercury can be considered a surface contaminant. Several metal elements including cadmium,
osmium, and silver were not detected in any soil samples. The presence of any of these would
be an indicator of possible contamination.

Radionuclides also have two primary sources, the underlying geology and global and
regional anthropogenic sources. However, a third possible source of radionuclides on the
ORR cannot be ignored, and their presence can be interpreted as a sign of local
contamination. Cesium-137 and strontium-90 also can have a local source as well as a global
fallout source. Some important radionuclides, such as thorium and potassium-40, have a total
geologic source; some other radionuclides, such as curium-247, tritium, and technetium-99,
have a mostly local source. Concentrations of these radionuclides above background levels
should be taken as indication of potential contamination from local sources.

In summary, none of the ORR Phase I sites exhibited any indication of disturbance in
the past 50 years approximately.For this reason, Phase I data can be considered "background"
and used as a basis of comparison with similar areas on the OKR where contamination is
known or suspected provided the underlying geology and soil classifications are the same.
Individual site-based interpretations are presented "_Appendix A (in Sects. A.7, A.8, and A.9)
for the ORR, Roane County, and Anderson County sampling areas. Analysis of data from
composited soil samples is discussed in Sect. A.10 of Appendix A.
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6.2 BASIC IDEAS AND CONC'EFIS OF INTERPRETING SOILS DATA

The intent of Background Soil CharacterizationProject (BSCP) data interpretation is to
partition soil chemical analysis data according to three sources: (1) the inherited geologic
source, (2) the world-wide or regional atmospheric depositional source, and (3) the source
introduced by local surface or subsurface deposition. Some portion of ali of these sources can
be considered to be hazardous, but the component of greatest concern to be screened out
and eliminated from this study is hazardous materials resulting from manufacturing and
processing activities.

Soil exuacfion factors that can affect the measured chemical content of mils: The
interpretation of analytical results of data from a soil environment can often be an exercise
in both frustration and uncertainty. The chemical extraction of inorganic soil components is
also fraught with great uncertainties. The pH of unbuffered soil extractants can change from
sample to sample, resulting in the extraction of differing amounts of what is to be measured.
Differing extracting methods and procedures result in differing amounts of what is measured.
The scientific literature is full of differing methods for extracting soil components.

The soil system is dynamic in both time and space. Included is a very dynamic biotic
component. For example, some inorganic ions are quite immobile, but if transformed into
organic compounds, they can be come very mobile andpotentially hazardous. Methyl mercury
is a prime example. Biotic compounds of arsenic and lead behave similarly. Therefore, the
interpretation of results must be based on a knowledge of what goes on at vario_lsdepths in
a soil system and how the whole soil system reacts and interacts. In this BSCP activity,
samples were collected from specific soil horizons rather than from prescribed depths. The
only exceptions were the gammascreening samples. Gamma screening was done primarilyto
determine the atmospheric input of cesium-137, so the upper 30 cm of the soil profile was
sampled in 5-cm increments.

Landscape factors that may affect the chemical content of mils: Several soil-landscape
variables can affect what is measured. Some variables can act independently, whereas other
variables interact in unpredictable ways. One major variable that can affect results and
interpretation of those results is the location of the soil in the landscape. A soil can be
affected by the adjacent soils, especially those soils at higher elevations. Rainfall can infiltrate
or run off from higher soils. Rainfall that has infiltrated soil at higher elevations can then
move laterally below the surface to affect soils dowerslope. The primary objective of BSCP
was to sample soils that were (1) geomorphically stable, (2) located in the highest part of the
landform so that there would be minimal effects from the immediate adjacent soils, (3) not
disturbed in the past 50 years or more and had a hardwood forest, (4) not eroded, and (5)
formed in residuum. However, reality dictated that some chosen sites were on side slopes,
some had a thin capping of either old conuvium or old alluvium, and some were located in
older lobloily pine plantations or in old-field succe_ional mixed pine and hardwood forests.

If future sites are sampled on recently eroded side slopes, in recently established pine
plantations, in depositional, concave toeslope-footslope areas, or in floodplains, the results
generated can be higher or lower compared with d_atafrom the Phase I soils that meet the
sampling objectives described in the preceding paragraph.In other words, the Phase I BSCP
data represent only a certain portion of the landscape that is underlain by Dismal Gap and
Nolichucky residual soils. Many of the solid waste storage sites and other potentially
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contaminated areas on the ORR are l,_ated on lower landscape positions. The background
levels of contaminants in colluvial or _loodplain soils can either be higher or lower than the
background levels measured in this pr,_ject.

Fa_:torsthat can affect the chemic'alcontents of A, B, and C soil horizons: Samples were
obtained from (1) the A horizon of the soil, (2) the B horizon of the _oil, and (3) the xC"
horizon (including either the lower E. horizon, a transitional BC or CB horizon, or the C
horizon.) The A horizon contains the most organic carbon and also the ]nighestbiotic activity.
Here, soil fauna can decompose or transform one compound into another or inorganic
compounds can be transformed into more mobile organic compounds. Both aerobic and
anaerobic respiration can occur in th_; surface mineral horizon of the soil.

The B horizoe of most soils, con_xr..onlyknown as the upper subsoil, is the soil zone in
which there is a net accumulation of _oil clay minerals and iron oxides. Here, soil fauna tend
to degrade organic compounds that have been translocated from the A horizon above,
releasing metal ions from an organic lFormto an inorganic form. Respiration in this part of
the soil tend_ to be aerobic on ped s,arfaces and along root channels and anaerobic within
peds. Dissolved organic carbon moves into and through this soil horizon. Whether it is
degraded and releases any metal ions clepends on it_rate of movement and time of residence.
Saturated flow will tend to move dissolved organic carbon compounds and other ions rapidly
through larger flow zones so that the soil fauna never come into contact with it. Another
process that often occurs in this upper subsoil zone results in the destruction of clay minerals
and the release of both silica and alumina ions and their lateral or downward translocation.

The C horizon occurs at a highlyvariable depth in the soil. It hegira at the upper zone
where saprolite or saprolitic material with its geologic str_ke and dip can be recognized or
where pedogeaic soil structure becomes minor. Here, soil proce_es are minimal,Lat there
is often some biotic component, especially the soil fauna associated with roots anddissolved
orgauic carbon that move downward along ped surfaces and along fracture andjoint sun aces.
Soil moisture remains nearly constant, and most soil fauna respiration is anaerobic, except
along cracks and pores open to the surface. Where C horizons occur close to the surface (less
than 50 cm to about 100 cm) as in most Dismal Gap and l'Iolichucky soils, there is a much
higher organic component than in the "C" horizon of Copper Ridge soils,that were sampled
below a depth of 140 to 160 cre. The C horizon zone of the soil tends to be the location
where there is deposition of ions translocated through the horizons eLbove.Here, manganese
and other ions Mth similar chemistry are often found in higher concentlrations. In this part
of the soil_water movement becomes increasingly channelized into well-defined flow zones.
Flow zones in this part of the soil usually have a rather intense reduction potential because
the oxygen partial pressure is very low. Here, some ions that are generally quite immobile are
transformed into more mobile forms. For example, manganese oxides are reduced, resulting
in greater mobility. The same happens with iron oxides that are traLusformedfrom ferric to
ferrous forms and acquire a layerof oriented hydrationwater or hydroxyl groups. Other ions
having similar geochemical properties can also become mobile in rids zone.

Factors that must be considered in the initial comparison of results: When making a
comparison with a new site, the best interpretation of results invoilves having a set of data
from the A, B, and C horizons of a particular site under similarvegetation to observe trends
of those ions in question. For example, contamination via surface de]positionon a grassy slope
should be confined to the surface if ions are immobile because Q,fthe shallow rooting of
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grasses. In a forest, contamination via surface deposition is a different situation. Here, stem
flow can deliver contaminants deeply into the soil through root flow zones and rapidly into
shallow water tables. Tree drip can produce zones where the level of contamination may be
higher. A high degree of spatial variabilityis normal in a forested soil. The data from an A
horizon at one site should not be compared with the B or C horizon data from another site.
Inorganic and natural radionuclide data from Dismal Gap and Nolichucky soils may not be
directly compared with data from Pumpkin Valley, Rutledge, or Maynardville soils because
soils from different geologic formations can have different levels of inher_led metals and
natural radionuclides. Inorganic data from residual soils may not be compm r_!with alluvial
or coUuvial soils. However, such restriction of data use will be reevaluated after Phase II
investigation.

6.3 V_ DATA COMPARISONS

Sc_nnin_ Gamma scanning via the methodology in ES/ER/TM-26/R1 can be
used anywhere andfor ali conditions for sample/site screening purposes, based on cesium-137
activity levels. This procedure requires that a standard cross-sectional area be sampled. This
is accomplished by using a rigid form that has sides 10 cm long and 5 cm deep. Ali soil must
be put into the special scanning container. The sampling form must to be thoroughly cleaned
of soil tO minimize cross-contamination. Obtaining a series of samples at 5-cm-thick
increments ensures that ali cesium-137 has been found for upland residual soils. However,
cesium levels for alluvialand colluvial soils can be much different. Colluvial soils usually have
higher levels of cesium-137 because of surface and subsurface transport from soils higher in
the landscape. In floodplain and low-terrace landscapes, it will often be necessary to sample
deeper, where moderndeposition of sediments has occurred, because the products of airborne
deposition can be buried below a depth of 30 cm. The other possibility is that the cesium-137
and other associated contaminants may have been removed from the site by surface erosion.

The gamma-scanningerror term must be considered in attaching significance to any data.
The error term for some elements is very low, less than 10%, whereas the error terms for
other elements, namely uranium-235 and uranium-238 tend to be large (>50%). Uranium
screening data were reported but should not be used because the contract laboratory will use
more sensitive analytical methods.

Volatile Organic Compounds: VOC analysiscan be done at any site on the ORR. Some
precautions must be considered in interpreting results. Certain organic compounds, such as
acetone, butanone, and other laboratory-induced compounds, commonly show up in the
results. These are mostly the result of contamination of the analytical apparatus. The
interpretation of other results must be based on the life of such volatile compounds in an
aerobic surface soil environment.

Pesticides, Herbicides, and PCI_: The analysis for these compounds is done on field
moist soil samples. The surface leaf litter in a forest soil is removed, and a sample is
immediately collected. For bare or grass-covered soft, a sample is collected from the upper
5 to 10 cm of the soil. Additional samples can be collected at depth to determine the extent
of downward migration. If an upwelling plume is suspected, a sample or samples can be
collected at depth to confirm or reject the hypothesis. The interpretation of results must be
based on the life of such compounds in a soil environment. Some compounds have a very long
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half-life,whereasothersarereadilydecomposedbytheindigenoussoilfauna.Most ofthe
compoundsthatwereanalyzedforBSCP haveaverylonghalf-lifeorthedaughterproducts
stillhaveundesirablebiochemicalproperties.Therefore,itishelpfulininterpretationifthe
timewhen thesuspectedcontaminationoccurredisknown.

Inorganics: Inorganics occur as cations and anions, as well as in the mineral fraction.
Some cations are relatively mobile, whereas others are not. Most anions are mobile because
there are very few anion retention sites in soils, the notable exceptions being the organic
carbon component of the surface soil layer (A horizon) and oxides that coat pea surfaces in
the subsoil (B horizon) or fracture faces in the C horizon.

Many cationsof metals,suchasaluminumand iron,aredominantcomponentsofali
mineral soils and are not diagnostic of any contamination. Some metals are inherited from the
underlying geology. If the distribution of these metals remains the same throughout the
various samplingdepths or increaseswith depth, they usually have a geologic origin, especially
if they are not mobile in a soil environment. Results must be interpreted carefully so that
anthropogenic contamination can be distinguished from geologically inherited inorganics.
Some mctais can be introduced by the use of sampling equipment. A comparison of ORR
source water (No. 1465) with the inorganics field rinse water (No. 1459) showed that the rinsc
water contained higher amounts of aluminum, iron, manganese, silica, strontium, andcopper.
Geologic inherited inorganics must be determined from the particulargeologic formation
because different geologic formations have differing levels of rare earths and heavy metals.
One must also be aware that sedimentation conditions vary within any geologic formation.
Another complicating factor in interpreting results is the past land use of a site. Past fertilizer
and lime applications can result in increased amounts of heavy metals and rare earths in the
surface soil, especially if rock phosphate was used. The widespread use of certain fungicides
and pesticides, such as copper sulfate or lead arsenate, can also affect interpretations.
Comparisons of inorganic results should be confined to the same geologic formation or
section of the formation. Without some baseline data from the Melton Valley section of the
Conasauga Group, comparison of Bear Creek Conasauga section data with Melton Valley
section data is tenuous, even from the same formation and from soils of similar morphology.

Radionuclides: The interpretation of radionuclides can be difficult. The presence of
certain nuclides, such as cesium-137, is nearly always the result of airborne deposition,
whereas other nuclides are ali inherited from the underlying rock. Uranium isotopes
(uranium-235 and uranium-238) present special problems in interpretation because some are
inherited from the underlying rock and some are the result of _irborne dust deposition.
Therefore, comprehensive assessment will be done after Phase II investigation.

6.4 INTERPRETATION OF PHASE I DATA

Detailed analytical results of the soil chemical analyses for organics, inorganic.s, and
radionuclides are given in Appendixes C, D, and E, respectively. The analytical procedures
are referenced to the EPA Contract Laboratory Program Statement of Work (EPA 1990a
and b).
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6.4.1 OrganicCompounds

Screening analysis for VOCs were negative except for the following sites. Site ROA-8
in Roane County contained 1,1,1-triehloroethane. Site ORR-31 on the reservation had
trichlorofiuoromethane, but the field duplicate for this site did not contain any contaminants.
The presence of detectable VOAs for any potentially contaminated ORR site samples can
be taken as a sign of probable contamination.

The analyses of organochlorine pesticides, polychlorinated biphenyls (PCBs), herbicides,
and polynuclear aromatichydrocarbons(PAHs) were performed only on surface soil samples.
The results indicate that no herbicides were detected in the A horizon of any Dismal Gap or
Nolichucky site. Pesticides were identified at only two sites, ROA-8 (4,4'-DDT) and ROA-14
(Aroclor 1242). Both of these sites are currently in old-field successional woods.

PAHs were detected at 7 of 12 Roane County sites, 7 of 24 sites on the ORR, and ali
Anderson County sites. ORR sites 13, 16, 19, 23, 24, 31, and 42 showed evidence of PAHs.
The ORR-2 primarysample showed evidence of PAHs, but the field duplicate sample did not.
The ORR-2 VOC sample also showed chloroform. This site is located immediately grid east
of the K-25 Site water treatment plant. Of interest is that the ORR sites closest to a major
highway did not show any indication of PAHs. Those sites that did indicate the presence of
PAHs occur in a random pattern. ORR-13 was located in an old farmyard and also close to
a recently planted pine plantation; thus there was some potential for contamination with
acenaphtene. ORR site 16 is located close to the intersection of a high-pressure gas pipeline
and an electrical transmission right-of-way. This site showed evidence of benzo[a]pyrene,
benzo[b]fluoranthene, and benzo[k]fluoranthene. Can these PAHs come from diesel exhaust
smoke or have another source? ORR-23 was located fairlyclose to a well cluster where three
wells had been drilled approximately5 to 6 years ago. ORR-31 was located near the edge of
an area where mature pines had been harvested. It is possible that the presence of
benzo[b]fluoranthene might be related to this past activity. The ORR-31 primarysample also
showed evidence of a VOC, trichlorofluoromethane, but the field duplicate sample did not.
The ORR-42 site, located some distance upslope into the woods, but close to the west end
of the Y-12 burial grounds, contained estimated "B" detects of both benzo[b]fluoranthene
and phenanthrene. However, ORR-43, located between ORR-42 and the Y-12 burial
grounds, does not contain any PAHs above detection limits.

The presence of organic compounds above minimum detection levels can be taken as a
sign of probable contamination on the ORR. However,. some of organic compounds are
detected more often off-site than on-site, suggesting that the presence of the organic
compounds in the ORR is not related to DOE activity.

6.4.2 Inorganic Compounds and Metals

Inorganics and metals were analyzed using five analytical techniques. The acid extraction
method, however, causes considerable laboratory variability, and some elements discussed here
are more susceptible to extraction by acid than others depending on the natural soil pH and
the nature of the compound. Acid extraction data will not be comparable to NAA data, to
total analysis data, or to cation-anion exchangeable data. Some of the data distribution by soil
horizon reflect the translocation of certain constituents, while other data indicate the surface
addition of contaminants (e.g., lead and mercury), and still other data indicate a geologic
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origin. Several metals were usually below detection limits, including cadmium, osmium, and
silver. The following discussion uses median values determined from statistical analysis.

The primary sources of the following information are IC Rankama and T. G. Sahama,
Geochemistry, The University of Chicago Press, 1950; and A. L. Page, R. H. Miller and D. R.
Keeney (Eds.), Methods of Soil Analysis, Part 2--Chemical and Microbiological Propern'es,
Agronomy Monograph No. 9, Part 2, 2nd cd., American Society of Agronomy, Soil Science
Society of America, Madison, Wisconsin, 1982.

Aluminum: Aluminum is a natural constituent of ali inorganic soils. Acid extraction
removes large quantities of aluminum from soils. Most of the aluminum comes from clay
lattices. The data indicate that Roane County Dismal Gap soils have significantly lower acid-
extractable median aluminum levels than do ORR and Anderson County Dismal Gap soils.
Acid-extractable aluminum levels are always lower in the A horizon of soils because the clay
mineral content is lower and is higher in clay-enriched subsoil B horizons and in C horizons
of Dismal Gap and Nolichucky soils.

Antimony:. This element was extracted with consistency only from the ORR Nolichucky
sites. It reaches a maximum in the B and C horizons. Its most likely source is the underlying
rock.

Arsenic: Arsenic can be inherited from the underlying rock and also can be added to the
soil as a surface contaminant from coal exhaust gases and from spraying arsenic-containing
pesticides on fruit trees. Acid-extractable arsenic contents of A, B, and C horizons were the
highest for ORR Dismal Gap sites. The remainder of the Phase I data does not exhibit any
trends or relationships indicating either a geologic origin or contamination from regional coal-
fired power plants. Arsenic can occur in the soil in the following valance states: -3, 0, +3, and
+5 in compounds that have varying solubility and dissociation constants. These compounds
can be translocated within the soil on fine clay particles. Biologic processes can transform
inorganic forms to volatile organic forms that are readily taken up by plants. Levels of arsenic
that are higher in the A horizon than in the subjacent B and C horizons should be taken as
a sign of potential contamination.

Barium: Acid-extractable barium occurs rather uniformly in ali soil horizons and at ali
Phase I locations. Barium occurs in slightly higher levels in the ORR Dismal Gap soils than
in off-site Dismal Gap soils. The source of most barium in soils is from geologic origins.

Beryllium: Beryllium was detected or estimated to be in ali samples from ali Phase I sites
but in very small amounts. Median beryllium levels were lowest in surface A horizons and
higher in B and C horizons. Because beryllium levels are so low and exhibit very high
variability, more samples would be needed to establish a reasonable background level.
Beryllium is closely associated with aluminum, where it can be substituted for aluminum in
the lattice structures of clay minerals and is probably correlated with the acid-extractable
aluminum levels reported in this study. Data did not show systematic differences between on-
site and off-site locations. Roane County sites have lower concentrations than other sites.

Boron: Boron was not detected in any of the ORR Nolichucky sites nor in any of the
Anderson County Dismal Gap sites. Boron does occur in ali horizons of the ORR and Roane
County Dismal Gap sites. The presence and distribution of boron are from geologic origins.
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However, some boron, from volcanic eruptions, is deposited on the soil surface and then
subjected to biologic uptake or to downward translocation. The results suggest a possible
analytical problem on this data set and need to be reevaluated with Phase II results.

Cadmium: There was no detectable cadmium at any Phase I site because natural
occurrence in soils is typically low. Therefore, any detectable cadmium can probably be
interpreted as local contamination.

Calcium: One must keep in mind that an acid extraction for determination of calcium is
of questionable validity. Total calcium from NAA will yield a much more valid result for
actual levels of soil calcium. However, interpretation of these data follows. Higher levels of
calcium in A horizons than in B or C horizons usually indicate that there have been past
additions of agricultural "limestone". Where there is a small increase of calcium in the A
horizon over the level in the B and C horizons, it can also be due to biologic translocation.
The low median calcium levels in Roane County Dismal Gap soils in conjunction with other
data, including potassium-40 data, indicate that the Roane County soils are more highly
weathered and probably had lower levels of calcium in the underlying parent rock. The ORR
Dismal Gap rocks were intermediate in calcium levels, and the Anderson County Dismal Gap
rocks contained the highest calcium levels.

Chromium: Chromium is present in about the same median amounts in allDismal Gap
sites. The Noliehucky data have problems. Composited data from ORR 16-2.8-42 (Samples
5064 and 5067) have nondetectable "U" levels of chromium in the A and B horizons, but
there is a detectable level in the C horizon beneath (sample 5070). In contrast, the other
ORR Noliehucky sites have chromium distributed throughout ali three soil horizons. This
results in median values being low in the A and B horizons of Nolichucky soils. The high
median chromium levels in the C horizons of the ORR Nolichueky soils are due to high levels
in only two of the four sites, highly unlikely given the random grouping of sites for
compositing. These data may not be correct either. In conclusion, chromium data for ORR
Nolichucky soils are highly suspect, but the data seem to be reasonable for ali of the Dismal
Gap sites. There are two common sources of chromium in soils, a small geologically inherited
component and as a flyash contaminant from coal-powered electric generating plants.

Cobalt: Median levels of cobalt appear to be distributed throughout all Phase I sites.
Roane County and ORR Dismal Gap sites have higher median levels of cobalt in A horizons
than in B horizons. There are probably two sources, that inherited from the underlying
geology and that occurring as a contaminant from the flyash of coal-powered electric
generating plants.

Copper:. Median levels of copper seem to be fairly evenly distributed throughout ali
Phase I soils. Median copper levels of C horizons are higher than in A and B horizons.
Copper occurs in soils in Cu+2and Cu +3compounds with varying solubilities and dissociation
constants. Copper can be biologically transloeated in the soil as well as being translocated
downward attached to clay minerals. Some of the copper reported in this study may also come
from the stainless steel sampling equipment. A comparison of the ORR rinse water with the
source water indicates that rinsate copper levels are higher than in the source water. This
trend was not seen in the Anderson County source and rinse water comparison.
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Cyanide: Cyanide levels are either below detection limits or just above detection limits
as "B" estimates. The presence of higher cyanide levels in any soil would be a sign of
potential contamination.

Iron: Iron is an important component of most well-drained upland soils, and large
amounts are readily extracted by an acid extraction procedure. Extractable iron levels are
usually associated with the clay content. Iron levels are always lower in the A horizons of soils
because of various soil processes that result in the translocation of iron compounds from A
and E soil horizons to subsoil B horizons. Reduced iron (Fe+2) is quite soluble, moving both
laterally and downward with soil water. Acid-extractable iron cannot be considered diagnostic
of any soil contamination.

Lead: Acid-extractable lead is the highest in ali surface A horizons, indicating that a
substantial source is from airborne deposition. The Anderson County sites have higher levels,
perhaps a reflection of being downwind from a major metropolitan area (Knoxville) and also
downwind from the Bull Run Steam Plant, where flyash and automobile exhaust deposition
would contribute to higher levels of lead. Some lead in soils is inherited from the underlying
rock.

Some of the lead data from the ORR Nolichucky Formation appears to have a laboratory
problem. Samples 5064 and 5067 (A and B horizons) have nondetected lead levels, while
sample 5070 from the C horizon has a value above detection and is not estimated. The lack
of data for the A and B horizon results in median values being much lower. With the
exception of these two samples, the rest of the Phase I data have detectable or estimated lead
in ali samples.

Lithium: Acid-extractable lithium occurs in ali samples, but the highest levels were in C
horizons. High levels of lithium in the soil surface over levels found in lower B and C
horizons would indicate a possibility of surface contamination.

Magnesium: Acid-extractable magnesium is a common constituent of most soils and
sometimes occurs in higher amounts than calcium. Magnesium levels are lower in Roane
County Dismal Gap soils than in Anderson County and ORR Dismal Gap soils. These data
indicate that the Roane County Dismal Gap soils are different from the ORR and Anderson
County Dismal Gap soils. Magnesium levels are higher in C horizons than in A and B
horizons. This distribution results from the usually net downward movement of this element.
Some surface A horizons can have slightly higher levels of both magnesium and calcium, a
result of biologic uptake. Past additions of agricultural lime can also result in higher levels of
surface magnesium. The ORR Nolichucky soils have less magnesium than the ORR Dismal
Gap soils, a reflection of the lower carbonate content of the Nolichucky Formation.

Manganese: Acid-extractable manganese has a varied soil distribution. Median contents
are the highest in surface A horizons and the lowest in C horizons. Manganese in soils has
several valance states, with some compounds having quite high solubility and others being
quite insoluble. Most soil manganese compounds have a valance of +2, +3, and +4. Most
soil manganese occurs in the oxide form, which has a very low solubility. Manganese along
with iron compounds in the soil is involved with oxidation-reduction processes as either an
electron donor or acceptor. Many soils are deficient in manganese. Manganese is of interest
in soils because of its association with other trace and potentially toxic metals.
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Mercury: Mercury occurs in ali surface A horizons of ORR Dismal Gap and ORR
Nolichucky soils, but only one Anderson County and only two Roane County A horizons from
eomposited sets contained mercury. Only ORR composited sets contained detectable amounts
of mercury in B and C horizons. The presence of mercury in soils can be taken as an
indicator of airborne deposition, and probably none is inherited from the underlying geology.

Moly_enum: Molybdenum levels were below the detection level for ali Phase I sites, but
there were a few "B" estimated detects. The presence of molybdenum above detection can
probably be taken as a sign that there is probably surface contamination.

Nickel: Acid-extractable nickel occurs in ali Phase I soils. Both Anderson County and
ORR Dismal Gap soils have higher amounts of nickel throughout than the Roane County
Dismal Gap soils and the ORR Nolichucky soils. Most of the nickel has a geologic origin, but
some nickel may come from automobile exhaust or from oil-burning power plants. However,
the level of nickel is the lowest in the soil surface and highest in the C horizon, indicating a
dominant geologic source.

Osmium: No osmium was detected in any Phase I soils. Its presence could be taken as
a sign of contamination.

Potassium: Potassium is an important element in ali soils. Its natural occurrence in soils
is of geologic origin. Potassium, being an important plant nutrient that is nearly always
limiting, is added to soils in fertilizer.That potassium fertilizer was added to some soils in this
Phase I study cannot be ruled out, but distributions by soil horizon and by location indicate
that very little potassium fertilizer was ever applied to the sampled sites. Roane County
Dismal Gap soils have the lowest potassium levels, another indication that these soils are
different from the ORR and Anderson County Dismal Gap soils. Anderson County Dismal
Gap soils have the highest potassium levels in ali three horizons when compared to the ORR
Dismal Gap median levels. ORR Nolichucky soils, having a higher clay mineral content and
also a higher mica content, have quite high potassium levels, especially in the C horizon.
Potassium levels in soils cannot be taken as an indicator of any contamination.

Selenium: Selenium, as estimated "B" detects, occurs in ali surface A and B horizons of
Anderson County Dismal Gap soils and only trace amounts in Roane County Dismal Gap
soils. No selenium was detected in any ORR Dismal Gap soils. Three of four ORR
Nolichucky composited site groups contained selenium but only as estimated "B" detects. The
presence of selenium above detection can probably be taken as an indication of probable
contamination.

Silicon: Silica is a dominant component of ali inorganic soils. Acid-extractable silica levels
were the lowest in ali three soil horizons of ORR Nolichueky soils and the highest for ORR
and Roane County Dismal Gap soils. However, since the acid-extractable silica does not
represent total silica content in the soil, it may not reflect the actual amount of silica in the
soil.

Silver:.Silver was not detected in any Phase I soil. Its presence above detection can be
considered a probable sign of potential contamination.
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Sodium: Sodium was not analyzed. Because sodium ions are so mobile, the presence of
sodium, unless in very high amounts from road salt contamination, cannot be used as a sign
of probable contamination.

Strontium: Acid-extractable strontium occurs in ali Phase I soils, but there is no evident
pattern with respect to either location or soil horizon. Strontium-90 was not detected in any
of the radionuclide analyses. If the A, B, and C soil horizons contain roughly equal amounts
of strontium, the most likely source is inherited from the underlying geology, mostly from
feldspars. If the soil surface contains higher levels of strontium, the most likely source is from
coal flyash deposition. If strontium-90 occurs in the soil, it is a sign of contamination.

Sulfate: The most likely source of sulfate anions found in the surface horizons of soils
is coal- and oil-fired electric power plants. Some sulfate can be inherited from the underlying
geology where pyritic compounds weather. The Dismal Gap Formation, at least on the ORR,
is known to contain pyritic materials.

Thallium: Ali thallium detects are "B" estimated detects. The presence of thallium above
detection would be an indication of probable contamination.

Vanadium: Acid-extractable vanadium occurs in ali Phase I soils, and there are no readily
apparent trends with respect to location or to soil horizon.

Zinc:. Acid-extractable zinc occurs in ali Phase I soils, with A horizons containing the
least and C horizons containing the most. The most likely source of the reported zinc is from
the underlying geology.

6.4.3 Radionuclides

Radionuclides in soils originate from three major sources: (1) naturally occurring in soils
and bedrock; (2) global fallout after atmospheric bomb tests and nuclear reactor accidents in
the former Soviet Union; and (3) local sources originating from uranium enrichment, isotope
production, and reprocessing activities. This project tried to include ali radionuclides that have
been or could be detected in any known contaminated areas of the ORR.

Radionuclides from global fallout and local sources are expected to be associated mainly
with surface soils (A horizon), and radionuclides from natural sources are expected to be
present in both surface and subsurface soils (B and C horizons). Therefore, except for
gamma- producing radionuclides, global fallout and local sources of radionuclides, such as
plutonium isotopes, neptunium-237, strontium-90, technetium-99, and tritium, were analyzed
only in A horizon soil samples and were not analyzed in B and C horizon soils.

A total of 34 isotopes was analyzed. In most cases, the majority of radionuclides were not
detected above the reported sample quantitation limit (qualifier UJ), or the analytical results
were rejected because of serious deficiencies in the ability to analyze the sample and meet
quality control criteria (qualifier R). The quantitation limit is approximate and may or may
not represent the actual limit of quantification neze.gsaryto accurately and precisely measure
the analyte in the samples, but it could be used as an upper bound of background
concentration. On the other hand, the analytical results having data validation qualifier "R"
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are reported because the presence or absence of the analyte cannot be verified, although the
analytical deficiencies were caused mainly by the absence of the analyte.

Radionuclides commonly detected are cesium-137; europium-155; potassium-40;
radium-226; curium-247; plutonium-238, and -238/240; thorium-228, -230, -232, and -234; and
uranium-233,-234, -235, and -238 (Table 5.8).

Cesium-137: The major source of this radionuclide is global fallout. Analytical results
showed that both Dismal Gap and Nolichueky Formation A horizon soils on the ORR have
a higher concentration than Dismal Gap formation soils at Anderson and Roane counties.
The amount of the radionuclide decreased drastically in B and C horizons. A difference was
also noticed from gamma screening results (see Sect. 6.2). The observation could suggest that
the past operation of Oak Ridge facilities may be a contributing factor for the higher level
of cesium-137 concentration. A more reasoned explanation is that the ORR sites have been
much less disturbed for the past 50 years than the sites off the reservation. However, the
statistical difference is significant but the actual quantity is very small. Background risk
assessment of ORR should, therefore, use ORR values rather than the overall average value,
and contaminated site assessment (cleanup reference value) should use off-site values.

Curium-247:Curium-247 is produced at ORNL as a part of isotope production activities.
Therefore, some of sediments/soils and wastes contain curium isotopes. The analyte was
positively identified in two soil samples from Nolichucky ORR. However, the concentrations
are very close to the detection limit.

Europium-155:Europium-155 is a fission product having a relatively short half-life
(5 years). The main source of this radionuclide is global fallout. The results show that the
amount in the soil is very small and that there is no significant difference among horizons or
among sites. The distribution results indicated that local sources are not a contributing factor,
although some of the ORR contaminated sites have europium-155 in soil and waste.

Plutonium-238 and -239/240:.Plutonium isotopes are global fallout radionuclides and were
positively identified in only a few samples from A horizon of Dismal Gap Roane and
Anderson counties and in B horizon of Dismal Gap Roane County and Dismal Gap ORR.
The presence of the radionuclides in both on-site and off-site locations suggests that there
is no contribution to the concentration by local sources. However, the plutonium-238 to
plutonium-239/240 activity ratio does not match the known ratio (0.045) in global fallout. The
observed values are at least ten times higher than the known ratio. This problem will be
discussed in the project final report after Phase II data evaluation.

Potassium-40:Potassium-40 is the most abundant naturally occurring isotope in soils. In
most cases, variability of potassium-40 is related to amounts of micaceous minerals and
organic matter in the soils.

Radium-226:Radium-226 is a naturally occurring radionuclide in soils and one of the
uranium-238 decay products. The analytical results show that soils from Dismal Gap Anderson
County have significantly higher amounts of radium-226 than other soils. The Dismal Gap
Roane County soils have a higher amount of radium than the Dismal Gap ORR soils but may
not be significant. No noticeable trends or differences in the distribution of the radionuclide
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were observed between horizons. Therefore, environmental risk and contaminated site
assessments should use on-site concentration values.

Technetium-99:Technetium-99 is one of the f'mion products that is introduced to the
environment by reprocessing of spent fuel or from global fallout. Technetium-99 data are still
being evaluated at the time of this report, because of uncertainty in the representativeness
of the analytical method used by the laboratory. Ali technetium results in this report were :_
rejected (as discussed in Sect. 4.5.3.8). However, further evaluation of the analysis method
and laboratory procedures may produce usable results, which will be incorporated in the
project final report. In addition, resampling and reanalysis is being considered to ensure the
availability of technetium data.

Thorium-228, -230, -232, and -234: Thorium isotopes occur naturally in soils and are
important for health risk assessment if the conecntration in soils is elevated. Thorium-232 is
a stable isotope, and the others are products of uranium or thorium decay. In the A and B
soil horizons, the thorium-232 concentration of Dismal Gap ORR sites is lower than others,
but that of Noliehucky ORR sites is higher than others. This observation suggests that the
thorium-232 distribution is related to geologic formation rather than local input. Thorium-228
was distributed in the same pattern as thorium-232. Thorium-234 distribution in the soils did
not show a consistent pattern.

Tritium: Although tritium forms naturally in the atmosphere, this source is not usually
a significant one. Tritium has been used in many different projects at ORNL, resulting in a
considerable amount of discharge to waste steams. Tritium was analyzed in most A horizon
samples from the Dismal Gap Formation. Ten ORR sites and eight sites in Roane County
were analyzed. Tritium was detected in five ORR sites with concentrations under 0.062 pCi/g.
The estimated quantitation limit was 0.04 pCi/g. No tritium was detected in any of the Roane
County samples.

Uranium-233/234, -235, and -238: Uranium was quantified by two different methods,
alpha spectroscopy for the isotopic series and gamma spectroscopy for uranium-235 and
uranium-238. Uranium isotope series occur naturally in soils, but the ORR soils were
expected to have additional inputs from local sources, such as Oak Ridge K-25 Site and Oak
Ridge Y-12 Plant operations. However, the analytical results of background soils do not
confirm such speculation. Uranium-233/234 data show that B horizon soils from Dismal Gap
ORR had a higher concentration than other sites but that C horizon soils from Dismal Gap
ORR contained less than other C horizon soils, except Nolichucky ORR soils. Uranium
analysis data for the Nolichucky ORR are so low that they should be reexamined. The A and
B horizon soils of the Dismal Gap ORR site have somewhat higher concentrations than C
horizon, but the off-site soils have the same trends. The uranium-235 data determined by the
alpha method showed the same trend with uranium-233/234 data, although the number of
detects for uranium-235 was lower. The uranium-235 results obtained from gamma spectrum
are higher than the alpha analysis results. In these results, the Noliehueky ORR data are
more reasonably close to the results from the other sites. Again, the results do not show a
difference in uranium concentration between on-site and off-site soil samples. The
uranium-238 results by alpha analyses show the same trend as the results of uranium-233/234.
In the final project report, the results of neutron activation analysis will be incorporated.
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7. BACKGROUND RISK EVALUATION

7.1 SUMMARY

The Phase I background soil data, collected from the Dismal Gap and Nolichucky
formations (horizon A) on the Oak Ridge Reservation (ORR) and from Anderson and
Roane counties, were evaluated in terms of potential adverse effects to human health. This
background risk evaluation provides a context for the discussion and comparison of risks
associated with site-related contamination and for determining contaminants of concern for
that site.

Three primary pathways of exposure were evaluated for inorganic analytes and
radionuclides and include (1) direct ingestion of soil, (2) dermal contact with soil, and
(3) external exposure to radionuclides in the soil. Background risks for individual analytes and
total pathway risk estimates (i.e., the sum of the background risks of ali analytes within a
pathway) were determined.

The constituents detected in the uncontaminated background softsamples were evaluated
within the context of EPA-approved guidelines for contaminated soils in which there are
three regions of concern for carcinogenic risk (<1.0 x 10-_ no concern; 1.0 x 10_s through
1.0 x 10-4, range of concern; and > 1.0 x 10"4, unacceptable) and two areas of concern in
terms of systemic risk (hazard index <1.0, no concern; and > 1.0, concern). The background
risks are reported in this manner, but the results are only for comparison with risks
determined for contaminated sites; the results do not pertain to remediation decisions.

Insummary,witha fewexceptions,thecarcinogenic-riskand noncarcinogenic-hazard
indicesdeterminedforindividualanalytes(foundinhorizonA oftheDismalGap Formation)
wereverysimilarforthethreesamplingareas(ORR andAndersonandRoanecounties).The
totalpathwaybackgroundrisksforingestionof soilare7.39x I0"4s,8.07x 10"_,and
6,14× 10"6;fordermalexposuretosoilare1.13x 10-5,1.20x I0-s,and9.33x 10-6;and
forexternalexposuretoradionuclidesare6.38x 10"4,8.51x 10"4,and5.43x 10-4forthe
ORR, AndersonCounty,andRoane County,respectively.The maincontributortotherisk
fortheingestionand dermalexposurepathwaysisberyllium.Cesium-137,potassium-40,
radium-226,and thorium-228arethemaincontributorstoriskfortheexternalexposure
pathway.

The total pathway hazard indices for ingestion of soil are 0.875, 0.685, and 0.973; and for
dermal exposure to soil are 0.455, 0.382, and 0.582 for ORR, Anderson County, and Roane
County, respectively. The total hazard indices for both pathways (i.e., ingestion of inorganics
plus dermal exposure to inorganic.s) in the Dismal Gap Formation are 1.33, 1.07, and 1.55 for
ORR, Anderson County, and Roane County, respectively. Arsenic and manganese are the
major contributors to the HI for the ingestion pathway; and the main contributors to the HI
for the dermal exposure pathway are manganese and vanadium. These background risk levels
are discussed further and assessed in Sect. 7.6.

These background riskestimates should be considered only in the context of comparison
with site-related risk. The EPA action level of 1.0 x 104, refers to r/sks related to hazardous
waste sites. The background risk results are not indicative of concerns or actions that would
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be identified with similar potential risks from a contaminated site, and care should be taken
not to misinterpret these results to pertain to remediation decisions.

7.2 [NTRODUCrlON

A primary goal of producing a comprehensive data base for naturally occurring
concentrations of soil constituents on the ORR is to support the need (for risk assessment)
to differentiate contamination from naturallyoccurringconstituents. The overall objective of
this section is to evaluate the Phase I backgrounddata relative to risk. The risk assessment
methodology in this study is based on the Risk Assessment Guidance for Superfund (RAGS)
(EPA 1989c) so that risk results for exposure to background soil constituents will be
comparable to site-related risk. Quantitative analysis of the inorganic (metals) and
radionuclide analytes found in undisturbed soil (no organic analytes were detected) will
identify the potential risks to human health associated with exposure to these naturally
occurring constituents.

Specific objectives of this section are to (1) evaluate the potential risks from exposure
to constituents in background soils on the ORR in order to provide a context for the
discussion of risks associated with site-related contamination in future risk assessments and

(2) provide a comparison based on background risk between the soils collected at the three
sampling locations. Because remedial investigation (RI) activities will use soil data specific to
the reservation to meet background needs, this evaluation focuses on background risks
associated with ORR soils. Accordingly, the results of each step of the background risk
evaluation are presented in full for the ORR soils. The same background risk evaluation
process has been applied to the Dismal Gap Formation soil data from Anderson and Roane
counties; however, only the total exposure risk and hazard results are presented for these
locations as part of the comparison of background risks associated with the three sampling
locales.

The organization of riskevaluation of background soils for Phase I from the Dismal Gap
and Nolichucky formations is presented in this report. The first step involves evaluating the
data from a risk assessment perspective and identifying the soil constituents that will be
considered in the assessment. This process would parallel the selection of potential
contaminants of concern at a contaminated site. Next is an assessment of the exposure
potential and the identification of exposure pathways. Subsequently, exposure is estimated
quantitatively, and the toxicity of the soil constituents is appraised. The results of the
exposure and toxicity assessments are brought together in the background risk
characterization section, which includes a comparison of background risks between the three
locations and a more detailed description of the ORR soils background risk evaluation. The
following sections describe the methodology used in evaluating site analytical data, physical
characteristics, potential pathways, and receptors in quantifying the potential risk to human
health from background soil constituents.
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7.3DATA EVALUATION

7.3.1DataUsability

In future site-specific investigations of the risk to human health posed by soil
contamination at the ORR, the background risk assoeiated with each analyte in this section
of the Background Soil Characterization Project (BSCP) can be compared with the risk
determinations for the analytes found in contaminated soils on the ORR. In addition, the
tc "-1soil background risk reported here can be used to discuss site-related risk in the context
of background risk. However, the most important aspect of these data for risk assessment is
in their application to the selection of potential contaminants of concern. The background
values can be used to attain an accurate assessment of the risk to human health posed by
contaminants found at higher concentrations than naturally occurring background
concentrations (two orders of magnitude above background concentrations, according to EPA
guidance; EPA/540/G-90/008, October 1990).

The risk evaluation of background soils on the ORR is to provide a context for the
discussion of risks associated with site-related contamination in future risk assessments. To
meet this objective, the background constituents detected in uncontaminated soils were
evaluated by the same methods typically used to assess the potential risks resulting from
exposure to contaminated soil. Similarly, the results of the background evaluation have been
discussed within the context of the Comprehensive Environmental Response, Compensation,
and Liability Aet (CERCLA) framework, which uses the potential risks estimated from
site-related contamination to determine if remedial action is necessary at a waste site.
Although reported in this manner, the background risk results are not indicative of concerns
or actions that would be identified with similar potential risks from a contaminated site. Care
should be taken not to misinterpret these results to pertain to remediation decisions.

7.3.2GeneralSite-SpecilicDataCollectionConsiderations

General guidance for collecting soil samples is given in the Project Plan for the BSCP
on the ORR in Oak Ridge, Tennessee (Energy Systems 1992). Guidance for soil sampling is
also included in the EPA publication Preparation of Soil Sampling Protocol Techniques and
Strategies (EPA 1983). Standard procedures were also followed for the collection of samples
(Kimbrough et al. 1988) and the Engineering Support Branch Standard Operation'procedures
and Quality Assurance Manual (EPA 1991a). Sample site selection and data collection are
discussed in Sects. 3.2 and 3.4 of this report.

7.3.3 General Site-Specific DataEvaluationConsiderations

The validated data included in this study consist of organic, inorganic, and radionuclide
analyses of soils from two formations (Dismal Gap and Nolichucky), three horizons (A, B,
and C), and three sampling areas (Roane County, Anderson County, and the ORR). Because
organics are not naturally occurring background constituents, they were not evaluated in this
risk assessment. For complete statistical analysis of the data, refer to Sect. 5. In this
background risk evaluation section, both carcinogenic (cancer risk) and noncarcinogenic
[hazard index (HI)] effects posed to a child and an adult in a hypothetical on-site residential
scenario will be determined for the ORR soil samples taken from horizon A only. The
analytes detected in horizon A for the ORR sampling areas will be divided into two data sets



7-4

(i.e., Dismal Gap horizon A and NolichuckT hori_.onA). Also included in this section is a
comparison of total risk (child + adult) and total HI (child + adult) for the three sampling
areas (Roane and Anderson counties and the OB.R) for the Dismal Gap Formation.

In this phase of the BSCP study, background soil samples taken from undisturbed
locations on the O]_ (from horizon A of the Dismal Gap and Nolichucky formations) best
represent the background constituents found or the reservation and,therefore, best represent
the background risk associated with these analyt_i.

7.3.4 Identification of Constituents Iv_uded in tl_-.Background Risk Evaluation

The identification of specific soil constituents included in the assessment of background
soil risk is based on methodology from Sect. 5 of RAGS (EPA 1989c). The number of
constituents that can be quantitatively evaluated in the risk evaluation is limited by the
availabilityof chemical-specific EPA-approved dos;e/response information. The constituents
considered in the quantitative assessment of risk and noncarcinogenic effects from the
background soil are listed in Table 7.1. Note, beryllLiumis the only inorganic analyte found in
the backgrcand soil samples for which an EPA-approved slope factor is available.

The risk from exposure to some constituen_a detected in soil cannot be quantiaed
because there are no current EPA-approved slolx; factors (SF) or reference doses (RfDs)
available. Therefore, exposure to these constituents can only be evaluated qualitatb, e!y
(Table 7.2). A quantitative assessment of these soil[constituents is not performed as part of
this evaluation.

7.4 EXPOSURE ASSESSMENT

An exposure assessment combines information about site characteristics and constituent
data with the exposure assumptions used by the risk:assessor. The objectives of the exposure
assessment are to determine or estimate the magnitude, frequency, and duration of present
and future pathways of potential human exposure to site-contaminants by:

• characterizing the exposure setting,
• identifying exposure pathways, and
• quantifying exposures.

7.4.1 Charac_rization of Extx_ure Setting

Characterization of the exposure setting involves identifying the general physical
characteristics of the site (e.g., clima:e and vegetation) and the characteristics of the
populations on cr near the site. This characterization ensures that ali potential constituent
migration pathways and potential receptols are evaluated in the risk assessment. Details of
the physical and environmental characteristicsof the ORR and Anderson and Roane counties
have already been discussed in Sect. 4 of the Project Plan for the BSCP (Energy Systems
992).

To estimate human health risk tbr background soil (i.e., uncontaminated soil), the soil
sampling areas were selected from areas with minimal soil erosion and deposition, minimal
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Table 7.1. Oak Ridge Rewxvation _und soil analytes evaluated quan_tatively

Upper 95%
Frequency Minimum Maximum confidence

of detection detected Median bound on the
Analyte detection concentration concentration concentration median

Dismal Ga_

Inorganics (mg/kg)

Arsenic 4/4 5.300 7.300 6.23910 10.3490

Barium 4/4 77.20 212.0 99.0600 124.690

Beryllium 4/4 0.550 2.200 0.78063 0.99871

Boron 1/3 16.40 21.10 13.5410 23.3130

Chromium VI 4/4 19.40 32.10 24.6530 54.3050

Cyanide 1/3 0.440 0.440 0.13003 0.28146

Manganese 4/4 768.0 2220 997.070 1347.50

Mercury 4/4 0.230 0.400 0.31591 0.34211

Mercury (salts) 4/4 0.230 0.400 0.31591 0.34211

Nickel 4/4 19.50 56.70 23.4810 27.9970

Nickel (salts) 4/4 19.50 56.70 23.4810 27.9970

Strontium 3/3 6.100 16.80 7.93480 10.2180

Vanadium 4/4 27.90 54.00 34.1560 36.8490

Zinc 4/4 42.30 108.0 50.6480 58.1260

Radionuclides (pCi/g)

Cesium-137 4/4 0.0210 0.900 0.59825 2.47050

Europium- 155 4/4 0.0840 0.110 0.09480 0.10530

Po tassium-40 4/4 14.000 22.00 16.3465 20.3483

Radium -226 4/4 0.7000 0.860 0.78646 0.96091

Thorium-228 4/4 0.5000 0.940 0.71322 0.86202

Thorium-230 4/4 0.3100 0.830 0.56516 0.71725

Thorium-232 4/4 0.4100 0.970 0.68310 0.81335

Thorium-234 4/4 1.5000 1.900 1.63470 1.77100

Uranium-233/234 4/4 0.6100 1.400 0.93725 1.08890

Ura nium-235 4/4 0.0569 0.120 0.07919 0.09499

Uranium-238 4/4 0.7500 1.700 1.02470 1.15490
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Table 7.1 (continued)

Upper 95%
Frequency Minimum Maximum confidence

of detection detected Median bound on the

Analyte detection concentration concentration concentration median

Nolichucky

Inorganics (mg/kg)

Antimony 1/4 0.490 0.490 0.46320 0.48482

Arsenic 3/4 5.800 6.400 3.08630 5.14460

Barium 4/4 59.70 106.0 75.3620 94.8610

Beryllium 4/4 0.730 0.850 0.78616 1.00580

Chromium VI 3/4 26.40 29.90 9.37800 20.8120

Manganese 4/4 405.0 935.0 653.480 883.140

Mercury 4/4 0.180 0.190 0.18493 0.20027

Mercury (salts) 4/4 0.180 0.190 0.18493 0.20027

Nickel 4/4 15.20 20.00 17.2860 20.6100

Nickel (salts) 4/4 15.20 20.00 17.2860 20.6100

Selenium 3/4 0.560 0.740 0.56611 0.71345

Strontium 4/4 3.200 6.100 4.55220 5.66690

Vanadium 4/4 29.40 35.20 32.4070 34.9620

Zinc 4/4 33.90 40.70 37.8920 43.4870

Radionuclides (pCi/g)

Cesium- 137 4/4 0.38000 0.7100 0.52689 2.17570

Curium-247 2/4 0.00530 0.0070 0.00552 0.00649

Europium-155 4/4 0.08400 0.0980 0.08955 0.09947

Potassium-40 4/4 14.0000 17.000 15.1952 18.9151

Radium -226 4/4 0.39000 1.4000 0.74007 0.90422

Thorium-228 4/4 1.20000 2.2000 1.50820 1.82290

Thorium -230 4/4 0.85000 1.2000 0.96648 1.22660

Thorium -232 4/4 1.20000 2.0000 1.49480 1.77980

Thorium-234 4/4 1.30000 1.5000 1.42250 1.54120

Uranium-235 4/4 0.04320 0.0969 0.07127 0.08549
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Table 7.2. Oak Ridge Reservation background soil analytes evaluated qualitatively

Upper 95%
Minimum Maximum confidence

Frequency detected detected Median bound on the
Analyte of detection concentration concentration concentration median

Dismal Gap

Inorganics (mg/kg)

Aluminum 4/4 16900 44300 20656 23311

Calcium 2/4 991 1860 907.04 1320.6

Chromium 4/4 19.4 32.10 24.653 54.305

Cobalt 4/4 11.3 36.7 14.523 19.363

Copper 4/4 12.4 30.1 16.137 18.339

Iron 4/4 23800 49000 29438 32946

Lead 4/4 14.6 35.4 20.306 47.993

Lithium 3/3 12.7 27.0 16.165 18.753

Magnesium 4/4 2090 7430 2845.9 3505.9

Potassium 4/4 1890 5390 2300.3 2815.1

Silicon 4/4 461 697 505.90 563.01

Sulfate 3/3 28.0 163 86.736 110.92

Thallium 1/4 0.790 0.790 0.16355 0.60786

Nolichucky

Inorganics (rng/kg)

Aluminum 4/4 20800 25100 22189 25041

Calcium 2/4 498 952 490.00 734.28

Chromium 3/4 26.40 29.90 9.3780 20.812

Cobalt 4/4 11.1 17.5 14.446 19.262

Copper 4/4 11.0 12.7 11.701 13.298

Iron 4/4 23000 32100 27901 31226

Lead 3/4 15.3 20.4 5.5086 13.131

Lithium 4/4 7.60 15.5 10.926 12.426

Magnesium 4/4 1730 2410 2008.0 2473.7

Potassium 4/4 2640 3230 2949.8 3610.1

Silicon 4/4 185 328 244.69 272.31

Sulfate 4/4 14.1 25.4 18.657 23.085
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groundwater discharge, and minimal influence of past and present DOE activities (on-site)
and agriculturalpractices (off-site). A hypothetical on-site resident scenario will be used to
determine human health risk associated with background soils; this scenario uses
conservatively based calculations, is an accepted default scenario by EPA, and is unlikely to
underestimate the exposure to background constituents for individualsresiding on or in the
vicinity of the ORR.

7.4.2 Identification of Extx_ure Pathways

The identification of exposure pathways of concern is determined by evaluating ali of the
components (source, transport medium, exposure point, potential receptors, and routes of
exposure) necessary to complete the potential exposure pathway. For an exposure pathway
to be considered complete, each of these components must be identified and linked to each
of the other components. Routes of exposure (ingestion, inhalation, dermal absorption, and
external exposure to radiation) and potential receptors are crucial in identifying the validity
of an exposure pathway. For example, an exposure scenario that includes dermal absorption
of subsurface soil contaminants would not be valid for general personnel (industrial)
receptors. However, for excavation workers, dermal absorption of subsurface soil
contaminants could be possible, and such a scenario would be valid.

In this assessment, potential health effects from background soils are considered for
horizon A surface soil in Roane and Anderson counties and from the ORR. Because soil
samples taken on the ORR are the most representative of the backgroundconcentrations on
the reservation, a detailed background risk analysis will use only the ORR soil data, and
general comparisons will be made with the background risk determinations and results for
Anderson and Roane counties. The following discussion evaluates the potential pathways
related to the on-site resident scenario resulting from exposure to constituents in the soil.

A hypothetical residential exposure scenario is used to assess the risk from soil because
it is protective of human health and is typically employed in the evaluation of risk from the
exposure to contamination on the ORR. If we assume that concentration levels in the soil are
constant, the potential pathways affecting the on-site resident would include direct exposure
to soil as well as exposure to constituents in the soil transferred to the air. The direct
exposure to soil would involve the ingestion and dermal contact routes of intake and exposure
to radionuclides. Because of the uncertaintyof modeling the air pathway,only direct exposure
pathways (ingestion, dermal, and exposure to radionuclides) are addressed here.

7.4.3 Quantification of _ure

Exposure, in the context of human health risk, is defined as the direct contact of a
person with a chemical or physical agent. To quantify exposure, one must determine exposure
concentrations and calculate chemical intakes for the various exposure pathways identified for
the site. The potential exposure pathways at background soil sampling areas are considered
quantitatively in the following section.

This section follows the procedure involved in developing the chronic daily intake (CDI)
of a constituent (also termed "intake" or "dose" for external exposure to radionuclides). The
CDI is the amount of a constituent an individual takes into one's body per day via ingestion
or dermal contact. The first consideration in deriving the CDI is the methodology employed



7-9

in the development of an exposure concentration, which is the amount of each constituent
in the various media to which receptors are exposed. To calculate the CDI, one evaluates the
exposure concentration in the context of the scenario, exposure pathway, and
constituent-specific exposure variables, such as duration of exposure and intake rate. The
quantification of exposure and calculation of the CDI for the resident are discussed in
Sects. 7.4.3.1 and 7.4.3.2.

7.4.3.1 Derivation of representative eaposure concentrations

This section and Sect. 7.4.3.2 address methods used in calculating the exposure
concentrations for the hypothetical on-site residential exposure scenario and pathways
evaluated in this background risk assessment. EPA guidance requires evaluation using the on-
site residential scenario, which is the most conservative. This typically requires determination
of risks associated with adult residents, as well as young children (especially with respect to
dermal contact and ingestion of soil). As a result of the statistical data evaluation process
described in Sect. 5, the set of background soil concentration data used in this background
risk assessment was compiled. The results are summarized in Tables 7.1 and 7.2 and include
the frequency of detection, the minimum and maximum detected concentrations of each
analyte, and the analyte median concentration as well as the upper 95% confidence bound
(UCB95) on the median. The UCB95 is assumed to be representative of the analyte
concentration and is used in the calculations of the CDI and dose. This upper confidence
bound is used to ensure that the exposure concentrations are not underestimated. Refer to
Sect. 5 for a complete statistical evaluation of the data and the list of analytes reported as
nondetects. The nondetected analytes are not evaluated in this risk assessment.

7.43.2 F_,xposureto residents

The potential exposure pathways associated with the on-site residential land use scenario
are direct ingestion of soil, dermal contact with soil, and external exposure to the
radionuclides in the soil. The representative concentrations (UCB95) of constituents in
sampling area soils in Table 7.1 are the concentrations used to quantify exposures via
soil-related pathways.

Table 7.3 lists the exposure variables associated with each exposure route considered for
the on-site resident. The variables used in each exposure equation have been derived from
standard intake rates, skin surface areas, and adherence factors (EPA 1991e). It was assumed
that the resident would be exposed to soil constituents for 350 d/year for 30 years. Ali
pathways were divided into two parts. First, a 6-year exposure duration was evaluated for
young children, which accounts for receptors with high intake rates relative to body weight.
Second, a 24-year exposure duration was assumed for adults. For example, for the soil
ingestion pathway, a child ingestion rate (200 rag/day) and body weight (15 kg) was assumed
for 6 years, while an adult ingestion rate (100 mg/day) and body weight (70 kg) was assumed
for 24 years. CDIs for ingestion and dermal contact, and dose for radionuclide external
exposure, for the background soil samples are listed in Table 7.4. Table 7.4 is separated by
formation (Dismal Gap and Nolichucky) and according to whether a background risk or HI
could be calculated (i.e., if an SF or RfD was available). In the cases where toxicity
information (SF or RfD) is not available, CDIs are given so that when values become
available in the future, a background risk or HI can be calculated for the constituents present
in this BSCP.
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Table 7.3. On-site resident mImsure scenario

Variable Value used Explanation/source

Residential ingestion scenario

Chronic daily intake (mg/kg-day) = CS x IR x FI x EF x ED
BW x AT

Intake (pCi) = CS x CF X IR x EF x ED

CS = Concentration in Chemical-specific (mg/kg; Concentration is obtained
soil pCi/g) from the data in Table 7.1

IR = Ingestion rate 0.0002 kg/day Child rate (Section 6,
RAGS, EPA 1989c)

0.0001 kg/day Adult rate (Section 6,
RAGS, EPA 1989c)

CF = Conversion factor 10s g/kg Conversion factor necessary
to convert to appropriate
units.

Irl = Fraction ingested 1 (unitless) Maximum value used;
equivalent to 100%

EF = Exposure frequency 350 d/year OSWER Directive 9285.6-
03 (EPA 1991e)

ED = Exposure duration 6 years Two-part (childhood and
adult) residential exposure
for a 30-year duration

24 years (OSWER Directive, EPA
1991e)

BW = Body weight 15 kg Child (OSWER Directive,
EPA 1991e)

70 kg Adult (Section 6, RAGS,
EPA 1989c)

AT = Averaging time 365 d x ED Averaging time
for noncarcinogens

365 d/year × 70 years Averaging time
for carcinogens
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Table 7.3 (continued)

Variable Value used Explanation/source

Residential dermal contact scenario

Chronic daffy intake (mg/kg-day) = CS x CF x SA x AF x ABS x EF x ED

BW x AT

CS = Concentration in Chemical-specific (mg/kg) Concentration is contained
soil in Table 7.1

CF ffi Conversion factors 10_ kg/mg and 104cm2/mz Necessary to convert
to appropriate units

SA = Available surface 0.728 mZ/d 50th percentile total body
area surface area

1.94 m2/d for children and adults,
respectively (Section 6,
RAGS, EPA 1989c)

AF = Adherence factor 1.00 mg/cm 2 Adherence factor for soil,
(EPA Region IV Interim
Guidance)

ABS = Absorption factor 0.001 (unitless) Equivalent to 0.1%
for inorganics (EPA New
Interim, Region IV,
Guidance 2/11/92)

EF = Exposure frequency 350 d/year OSWER Directive (EPA
1991e)

ED = Exposure duration 6 years Two-part (childhood and
adult) residential exposure
for a 30-year duration

24 years (OSWER Directive, EPA
1991e)

BW = Body weight 15 kg Child (OSWER Directive,
EPA 1991e)

70 kg Adult (Section 6, RAGS,
EPA 1989c)

AT = Averaging time 365 d/year x ED Averaging time
for noncarcinogens

365 d/year x 70 years Averaging time
for carcinogens
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Table 7.3 (continued)

Variable Value used Explanation/source

Residential external eq_osure scenario

Dose (pCi-yr/g) = CS x ED x (1-Se) x Te

CS = Concentration Chemical-specific (pCi/g) Concentration is obtained
in soil from the data in Table 7.1

ED = Exposure duration 6 years Two-part (childhood and
adult) residential exposure
for a 30-year duration

24 years (OSWER Directive, EPA
1991e)

Se - Gamma shielding 0.2 RAGS-part B, EPA 1991;
factor (unitless) sect. 4.1.2 (default value)

Te = Gamma exposure 1.0 RAGS-part B, EPA 1991;
time factor (unitless) sect. 4.1.2 (default value,

24h/24h)
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7_5 TOXICITY ASSESSMENT

The purpose of any toxicity assessment is to evaluate the potential for constituents to
cause adverse health effects in exposed individuals. This usually consists of an evaluation of
the relationship between the extent of exposure to a particular constituent and the increased
likelihood or severity of adverse health effects as a result of that exposure relative to a
baseline. The toxicity assessment generally involves two steps. The first step comprises
determining whether exposure to an agent can cause an increase in the incidence of a
particular health effect and whether that health effect will occur in humans. The second step
involves characterizing the relationship between the received dose of the constituent and the
incidence of adverse health effects in exposed populations.

The constituent-specific information in Sects. 7.5.1 and 7.5.2 provides general information
as well as constituent-specific discussion about health effects related to those constituents of
concern evaluated in the risk assessment for the background soil. Carcinogenic and
nonearcinogenic health effects are considered. Data used in this section are from human and
laboratory animal research and from occupational studies to characterize likely health effects
resulting from exposure to the constituents of potential concern. Tables 7.5 through 7.7
summarize toxicity information for the constituents. The health effects described in this
section are conservative and may not necessarily represent the actual health effects incurred
by exposure to constituent levels presented in this background soil evaluation.

7.5.1 Beryllium

Pure beryllium is a hard, grayish metal that is present in the earth's crust. It can be found
in emissions from coal combustion; in surface water and soil; and in house dust, food, drinking
water, and cigarette smoke. Industry employs beryllium in several ways, including in brake
systems for airplanes, for neutron monochromatization, as window material for x-ray tubes,
and in radiation detectors. Additionally, beryllium compounds are used in manufacturing
ceramics and refractories, chemical reagents, and gas mantle hardeners. The highest risk for
exposure to beryllium occurs among workers employed in beryllium manufacturing,
fabricating, or reclaiming industries. However, people who live near these industries and who
are sensitive to extremely low concentrations of beryllium in the air are also at risk. In
addition, smokers inhale unusually high concentrations of beryllium, depending on the source
of tobacco.

A limited amount of data indicates that the oral toxicity of beryllium is low; however, the
inhaled toxicity of beryllium is well documented. Humans inhaling massive doses of beryllium
compounds may develop acute berylliosis. Additionally, beryllium and its compounds are
presumed to have cancer-causing potential in the human lung when inhaled. The
cancer-causing ability has been investigated in workers exposed to beryllium. The degree of
harm depends on the amount and duration of exposure. Short-term exposure to beryllium may
cause noncarcinogenic health effects, such as acute pneumonitis berylliosis, while long-term
exposure may cause lung cancer (ATSDR 1988a).

7.5.2 Radionuclides

Radionuclides are unstable atoms of chemical elements that will emit charged particles
to achieve a more stable state. These charged particles are termed "alpha and beta radiation"
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Table 7.5. Toxicity information for carcinogenic potential ORR aaalytes
of concem-_n 1__

Oral slope EPA and Type of Slope factor basis/
Chemical factorLb lung class cancer slope factor source'

Inorganics (mg/kg-day)"1

Antimony NI) NI) NI) IRIS/HEAST
Arsenic NI) Ac Skin Water/IRIS/HEAST
Barium NI) NI) NI) IRIS/HEAST

Beryllium 4.30e + 00' BT NI) Intratracheal
Instillation/IRIS/
HEAST

Boron ND ND NI) IRIS/HEAST
Chromium ND Ac NI) IRIS/HEAST

Chromium (VI) ND M tumors' IRIS/HEAST
Cyanide NI) Dc NI) IRIS/HEAST
Manganese NI) Dc NI) IRIS/HEAST
Mercury NI) Dc NI) IRIS/HT
Mercury(salts) ND NI) ND IRIS/HEAST
Nickel ND biD NI) IRIS/HEAST

Nickel (salts) NI) ND ND IRIS/HEAST
Selenium ND Dc ND IRIS/HEAST
Strontium NI) NI) ND IRIS/HEAST
Vanadium ND NI) NI) IRIS/HEAST
Zinc NI) Dc NI) IRIS/I-IEAST

Radionuclides (pCi) "_

Cesium- 137 2.80e-11 D d various HEAST
Curium-247 2.20e-10 Wd ND HEAST

Europium-155 4.50e-13 Wd NI) HEAST
Potassium-40 I. 10e- I 1 D d various HEAST
Radium-226 1.20e-10 Wd various HEAST
Thorium-228 5.50e- 11 yd various HEAST
Thorium-230 1.30e-ll yd various HEAST
Thorium-232 1.20e-11 yd variOus HEAST
Thorium-234 4.00e-12 yd variOus HEAST
Uranium-233/234 1.60e-ll yd various HEAST
Uranium-235 1.60e-I1 yd variOus HEAST
Uranium-238 2.80e-11 yd various HEAST

NI) = No data availableor data inconclusive.
•Based on Integrated Risk InformationSystem(IRIS) (EPA 1992a)or Health EffectsAssessment

SummaryTables (HEAST) (EPA 1992b);oral (ingestion)slope factors.
Vrhe radionuclideoral slope factors includecontributionsfrom daughterproducts.
"EPAWeight of EvidenceClassificationSystemfor Carcinogenicity-usedto characterizethe extent to

whichavailabledata indicate that an agent is a human carcinogen:A = human carcinogen;B1 or
B2 = probable carcinogen(Bl indicatesthat limiteddata on humans are availableand B2 indicatessufficient
evidencein animals and inadequateor no evidencein humans);C - possiblehuman carcinogen;D = not
classifiableas to human carcinogenicithq,E = evidenceof nonearcinogenicityfor humans.

•Lung clearanceclassificationrecommended by the International Commissionon RadiologicalProtection:
Y = year;,W = week; D = day.
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Table 7.7. Toxicity information for external exposure to radionuclides
on the Oak Ridge Reservation

External ICRP Type
exposure slope lung of

Chemical factor_ b classc cancer

Radionuclides (g/pCi-yr)

Cesium-137 2.00e-06 D Various

Curium-247 9.20e-07 W NI)

Europium.155 5.90e-08 W ND

Potassium-10 5.40e-07 D Various

Radium-226 6.00e-06 W Various

Thorium-228 5.60¢-06 Y Various
Various

Thorium-230 5.40e-ll Y

Thorium-232 2.60e- 11 Y Various

Thorium-234 3.50e-09 Y Various
Various

Uranium-233/234 4.20e-11 Y

Uranium-235 2.40e-07 Y Various

Uranium-238 3.60e-08 Y Various

ND = No data availableor data inconclusive.
abased on IntegratedRisk InformationSystem(IRIS) (EPA 199'2a).
bThc radionuclideexternalexposureslope factorsincludecontributiomfrom daughter

products.
CLungclearanceclassificationrecommendedby the InternationalCommissionon Radiological

Protection(ICRP). Y ffiyear;W = week; D -- day.
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and "neutralgamma rays."Interaction of these chargedparticles (and gamma rays)with matter
will produce ionization events, or radiation, which may cause living cell tissue damage.
Because the deposition of energy by ionizing radiation is a random process, sufficient energy
may be deposited (in a critical volume) within a cell and result in cell modification or death
(ICRP 1991). In addition, ionizing radiation has sufficient energy that interactions with matter
will produce an ejected electron and a positively charged ion (known as free radicals)that are
highly reactive and may combine with other elements, or compounds within a cell, to produce
toxins or otherwise disruptthe overall chemical balance of the cell (EPA 1991b). These free
radicals can also react with deoxyribonucleic acid (DNA), causing genetic damage, cancer
induction, or even cell death.

Radionuclides are characterized by the type and energy level of the radiation emitted.
Radiation emissions fall into two majorcategories: particulate (electrons, alpha particles, beta
particles, and protons) or electromagnetic radiation (gamma and x-rays) (ASTDR 1989d).
Therefore, ali radionuclides are classified by the EPA as Group A carcinogens based on their
property of emitting ionizing radiation and on the extensive weight of evidence provided by
epidemiological studies of humans with cancers induced by high doses of radiation. Alpha
panicles are emitted at a characteristic energy level for differing radionuclides. The alpha
particle has a charge of +2 and a comparably large size. Alpha particles have the ability to
react (and/or ionize) with other molecules, but they have very little penetrating power and
lack the ability _o pass through a piece of paper or human skin. However, alpha-emitting
radionuclides are of concern when there is a potential for inhalation or ingestion of the
radionuclide. Alpha particles are directly ionizing and deposit their energy in dense
concentrations [termed high linear energy transfer (high LET)], resulting in short paths of
highly localized ionization reactions. The probability of cell damage increases as a result of
the increase in ionization events occurring in smaller areas; this may also be the reason for
increased cancer incidence caused by inhalation of radon gas. In addition, the cancer
incidence in smokers may be directly attributed to the naturally occurring alpha emitter,
polonium-210, in common tobacco products (Hammonds and Hoffman 1992).

Beta emissions generally refer to beta negative particle emissions. Radionuclides with an
excess of neutrons achieve stability by beta decay. Beta radiation, like alpha radiation, is
directly ionizing but, unlike alpha activity, beta particles deposit their energy along a longer
track length (low-LET), resulting in more space between ionization events (Hammonds and
Hoffman 1992). Beta-emitting radionuclides can cause injury to the skin and superficial body
tissue but are most destructive when inhaled or ingested. Many beta emitters are similar
chemically to naturally occurring essential nutrients and will therefore tend to accumulate in
certain specific tissues. For example, strontium-90 is chemically similar to calcium and, as a
result, accumulates in the bones, where it causes continuous exposure. The health effects of
beta particle emissions depend upon the target organ. Those seeking the bones would cause
a prolonged exposure to the bone marrow and affect blood cell formation, possibly resulting
in leukemia, other blood disorders, or bone cancers. Those seeking the liver would result in
liver diseases or cancer, while those seeking the thyroid would cause thyroid and metabolic
disorders. In addition, beta radiation may lead to damage of genetic material (DNA), causing
hereditary defects.

Gamma emissions are simply the energy that has been released from transformations of
the atomic nucleus. Gamma emitters and x-rays behave similarly but differ in their origin:
gamma emissions originate in nuclear transformations, and x-rays result from changes in the
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orbiting electron structure. Radionuclides that emit gamma radiation can induce internal and
external effects. Gamma rays have high penetrating ability in living tissue and are capable of
reaching ali internal body organs. Without such sufficient shielding as lead, concrete, or steel,
gamma radiation can penetrate the body from the outside and does not require ingestion or
inhalation to penetrate sensitive organs. Gamma raysare characterized as low-LET radiation,
as is beta radiation; however, the behavior of beta radiation differs from that of gamma
radiation in that beta particles deposit most of their energy in the medium throughwhich they
pass, while gammarays often escape the medium because of higher energies, thereby creating
difficulties in determining actual internal exposure. For this reason, direct whole-bedy
measurements are necessary to detect gammaradiation, while urine/fecal analyses are usually
effective in detecting beta radiation (Hammonds and Hoffman 1992).

People receive gamma radiation continuously from naturallyoccurring radioactive decay
processes going on in the earth's surface, from radiation naturally occurring inside their
bodies, from the atmosphere as fallout from nuclear testing or explosions, and from space or
cosmic sources. Cesium-137 (from nuclear fallout) decays to barium-137, the highest
contributor to fallout-induced gamma radiation (NCRP 1977). Beta radiation from the soil
is a less penetrating form of radiation but has many contributing sources. Potassium-40,
cesium-137, lead-214, and bismuth-214 are among the most common environmental beta
emitters. Tritium is also a beta emitter but contributes little to the soil beta radiation because

of the low energy of its emission and its low concentration in the atmosphere (NCRP 1977).
Alpha radiation is also emitted by the soil but is not measurable more than a few centimeters
from the ground surface. The majorityof alpha emissions are attributable to radon-222 and
radon-220 and their decay products (NCRP 1977). This contributes to what is called
background exposure to radiation (ATSDR 1989d).

The general health effects of radiation can be divided into stochastic (related to dose)
and nonstochastic (not related to dose) effects. The risk of development of cancer from
exposure to radiation is a stochastic effect. Examples of nonstochastic effects include acute
radiation syndrome and cataract formation, which occur only at high levels of exposures
(KiUough and Eckerman 1983).

Radiation can damage cells in different ways. lt can cause damage to DNA within the
cell, and the cell either may not be able to recover from this type of damage or may survive
but function abnormally. If an abnormally functioning cell divides and reproduces, a tumor
or mutation in the tissue may develop. The rapidlydividing cells that line the intestines and
stomach and the blood cells in bone marrow are extremely sensitive to this damage. Organ
damage results from the damage caused to the individual cells. This type of damage has been
reported with doses of I0 to 500 rads (0.I to 5.0 gray, in SI units). Acute radiation sickness
is seen only after doses of >50 rads (0.5 gray) which is a dose rate usually achieved only in
a nuclear accident (ATSDR 1989d).

When the radiation-damaged cells are reproductive cells, genetic damage can occur in
the offspring of the person exposed. The developing fetus is especially sensitive to radiation.
The type of malformation that mayoccur is related to the stage of fetal development and the
cells that are differentiating at the time of exposure. Radiation damage to children exposed
in the womb is related to the dose the pregnant mother receives. Mental retardation is a
possible effect of fetal radiation exposure (ATSDR 1989d).
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The most widely studied population that has had known exposure to radiation is the
atomic bomb survivors of Hiroshima and Nagasaki, Japan. Data indicate an increase in the
rate of leukemia and cancers in this population. However, the rate at which cancer incidence
is significantly affected by low radiation exposures, such as results of exposure to natural
background and industrially contaminated sites, is still undergoing study and is uncertain
(Hammonds and Hoffman 1992). In studies conducted to determine the rate of cancer and
leukemia increase, as well as genetic defects, several radionuclides must be considered. A brief
physical description, an industrial profile, and radiation emission information pertaining to the
primary radionuclides, which are major contributors to background risk (see Sect. 7.6), are
given in Sects. 7.5.2.1 through 7.5.2.4.

7.5.2.1 Ce_ium-137

Cesium occurs in nature as cesium-133 in the aluminosilicates, pollucite (a hydrated
silicate of aluminum and cesium) and lepidolite; in the borate, rhodizite; and in other sources
(Budavari et al. 1989, Klaassen et al. 1986). Cesium-137 is one of the artificial isotopes of
cesium and is one of the principal radionuclides present in reactor effluents under normal
operations. Cesium-137 may also be produced in nuclear and thermonuclear explosions,
through which it would be a primary contributor to human exposure through fallout radiation,
assimilation through the food chain, or beta dose to the skin (Budavari et al. 1989,
Klaasen et al. 1986). In addition, cesium-137, along with strontium-90, is one of the most
important fission products that was widely distributed in near-surface soils became of
historical weapons testing. Measurable concentrations still exist in the soil today, almost
exclusively in the upper 15 cm of soil; these concentrations decrease roughly exponentially
with depth.

Cesium-137 may also have important roles in medical treatments (a teletherapy source
or intercavitary or interstitial radiation source in treatment of malignancies) and as an
encapsulated energy source (Budavari et al. 1989, Casarett 1968). Cesium-137 decays to and
reaches radioactive equilibrium with its daughter product, barium-137m (Budavari et al. 1989,
Casarett 1968). Barium-137m is a very short-lived gamma emitter that can contribute to
external gamma exposure (Budavari et al. 1989).

7.5.2.2 Potassium-40

Potassium is a silvery white, light, very soft, chemically reactive member of the alkali
metal family. Potassium is used in manufacturing certain types of soap and glass, and
potassium nitrate (saltpeter) is used in matches and explosives. Potassium-40 is a naturally
occurring radioisotope of potassium and is found in the earth's crust in measurable quantities.
It is a major constituent of both igneous and sedimentary rocks, especially granite (> 30 pCi/g)
and shale (22 pCi/g), respectively. Potassium-40 has a half-life of 1.3 billion years and is used
in radioactive dating of rocks. In addition, potassium-40 is one of 17 naturally occurring
radioisotopes that decay to stable isotopes.

Potassium-40 is always present in the body; it decays with emission of beta particles and
a gamma ray, but the rate of decay is so relatively slow that it requires a whole body count
to detect. The rate is considered slow, but potassium-40 expels more than a million beta
particles per minute in the average adult. Although potassium-40 is present in the body, it is
not found in fatty tissues. Therefore, a measurement of the total quantity of potassium-40
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(along with other data) can be used to determine the relative proportions of lean and fatty
tissue in the body (Olasstone 1967). The lifetime total cancer risk SF is greater when
potassium-40 is ingested than when it is inhaled. The external exposure is only half as great
as the internal risk of ingestion.

7.5.23 Radium-226

Radium is a naturallyoccurringradioactive element that exists in several isotopic forms.
The radium isotopes are formed from the decay of uranium and thorium. Radium-226 is
formed from uranium-238 and uranium-234, and radium-226 has the longest half-life of the
radium isotopes (radium-228, radium-224, and radium-223). In general, the activity
concentration of radium-226 measured in most soils and rocks is comparable to those of
uranium-238 and uranium-234,suggesting that radiumdoes not tend to migrate from either
of its uranium precursors under stable conditions. Radium-226 is primarily an alpha and
gamma emitter.

Radium has been used as a component of luminous paints for clock and instrumentdials.
It has also been used in the treatment of cancer, in radiography,and in research. Radium is
released into the environment in coal fly ash and in uranium mining and processing wastes.
The background level of radiumin industrial regions in soil is about 8.1 pCi/g. Clays and soil
components generally retard the movement of radium in the environment, but acidic
processing wastes can enhance its movement. Radium may bioaccumulate in plants and
animals, and exposure through the food chain is possible.

Many environmental problems can be directly attributed to the decay products or
daughters of radium. The primary daughters are isotopes of radon--a colorless, odorless,
radioactive gas. Radon gas can infiltrate basements and water systems, resulting in significant
exposure via inhalation pathways.

7.5.2.4Thorium-228

Thorium is a naturallyoccurringradioactive element commonly found in the earth's crust.
It is also produced from monazite, a by-product of mineral sand mined for titanium and
zirconium. Much of the thorium mined in the United States is exported. Thorium is used for
fuel for nuclear reactors, mantles for camping lanterns, welding electrodes, aerospace alloys,
high temperature materials, special lighting fixtures, and nuclear weapons. Thorium is also
introduced into the environment from the use of phosphate fertilizers.

Natural thorium is primarilythorium-232, which has a slow decay process. The decay
series for thorium-232 proceexis through radium-228 to thorium-228, ending in lead-208, a
stable isotope. Thorium-228, as do ali thorium isotopes, emits alpha, beta, and/or gamma
radiation on decay. However, the majorradiation energies of concern from thorium-228 are
alpha and gamma emissions.

7.6RISK CHARACrERI7_ATION

The purpose of the risk characterization is to integrate and summarize the information
presented in the toxicity and exposure assessments. Potential carcinogenic effects are
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characterized by estimating the probability that an individual will develop cancer over a
lifetime from projected intakes (and exposure) and chemical-specific dose-response data
(i.e., SFs). Potential noncarcinogenic (systemic) effects are characterized by comparing
projected intakes of contaminants to toxicity values (i.e., Rfl_). The results of this
background risk analysisfor the hypothetical on-site residential exposure scenario (discussed
in Sect. 7.4) are summarized in this section.

Note that the k_organicanalytes listed in the tables include chromium VI, mercurysalts,
and nickel salts. The analytical laboratory reported detected concentrations for the total
chromium, mercury, and nickel found. Because (1) the concentrations were reported in this
form (i.e., no distinction between valences and speciation); (2) the percent gastrointestinal
(%OI) absorption toxicity values are known for chromium VI, mercury salts, and nickel salts;
and (3) the RIDs are known for mercury and nickel, it was necessary to assess ali types of
these analytes, which included the most toxic form of the metals. The RIDs for mercury and
nickel salts were assumed to be the same as those listed for metallic mercury and nickel. The
total pathway hazard indices include only one HI value for each pair (i.e., chromium and
chromium VI, mercury and mercury salts, and nickel and nickel salts); the most conservative
HI values were included in the total pathwayHI (i.e., HI for chromium VI, mercury salts, and
nickel salm were included in the pathway totals) to ensure that exposure is not
underestimated.

Also note that the CDIs, background risks, and background hazard indices are shown
with three significantfigures. In most cases, SFs and/orintake parameters are given with only
one significant figure; therefore, only one significant figure should be reported for the
calculated risks and HI values. However, for clarity and for comparison (of the calculated
values) in this section of the BSCP, three significant figures will be given.

7.6.1 EPA Guidance--Cm'cinogens

For carcinogens, risks are estimated as the incremental probability of an individual's
developing cancer over a lifetime as a result of exposure to the carcinogen (i.e., the term
"incremental"refers to excess individual lifetime cancer risk). Cancer risk from exposure to
contamination is expressed as excess cancer risk, that is, cancer incurred in addition to
normally expected rates of cancer development. An excess cancer risk of 1.0 x 10-_ indicates
one person in one million is predicted to incur cancer from exposure to this contamination
level. Excess cancer risks falling between 1.0 x 10"_and 1.0 x 10.4 are within the range of
concern, and cancer risks above 1.0 x 10"_are considered unacceptable by the EPA (1989c).
The excess cancer risk is determined by the application of an SF, which is a chemical-specific
value based on carcinogenic dose-response data. Because the SF are the upper 95%
confidence limit on the probability of a carcinogenic response, the carcinogenic risk estimate
represents an upper confidence bound estimate. Therefore, there is only a 5% probability that
the actual riskwill be higher than the estimate presented, and the actual risk maywell be less
than the estimate.

Slope factors used in the evaluation of risk from exposure to constituents in background
soils are listed in Tables 7.5 and 7.7. Slope factors are not currently available for ali
background constituents, and several constituents are not indicated by epidemiological studies
to be carcinogenic; consequently, these do not have SFs. Furthermore, SFs are not available
for several background constituents because their carcinogenicity has not been determined.
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These constituents may contribute to carcinogenic effects from exposure to the soil, but their
effect cannot be quantified at the present time.

7.6.2 EPA Ouidance--Noncarc/nogem

Noncarcinogenic effects are evaluated by comparing an exposure experienced over a
specified time period (e.g., 30 yean) with an RfD derived for a similar exposure period.
Some _ available for the constituents present in the background soil are given in
Table 7.6. To evaluate the noncarcinogenic effects of exposure to soil, the hazard quotient
(the ratio of the exposure dose to the RID) is calculated for each constituent. This
noncarcinogen hazard quotient (also referred to as HI) assumes that, below a given level of
exposure (i.e., the RID), even sensitive populations are unlikely to experience adverse health
effects. If the exposure level (intake) exceeds this threshold [i.e., if intake/RiD exceeds one
(1.0)], there may be concern for potential systemic health effects; the level of concern does
not necessarily increase linearly as the hazard quotient approaches or exceeds unity. In other
words, the HI is not a percentage or probability.

7.6.3 Background Risk and Hazard Index Comparisom Between the ORR and Anderson and
Roane Counties

Background soil samples were collected from soils of the Dismal Gap Formation in
Anderson and Roane counties and on the ORR. For detected analytes for which an SF or
an RfD were available, background risk or an HI were calculated for each analyte for each
of the three sampling areas. The results of these calculations are summarized in
Tables 7.8 and 7.9. A comparison can be made between the calculated human health risk (or
HI) for each analyte at the three sampling areas. This comparison can be used to
quantitatively and qualitativelyassess the similarities and differences in carcinogenic risk and
systemic effects posed by analytes found in background soil on and in the vicinity of ORR.
For the purpose of this comparison only, the total excess cancer risk and HI are used
[the risk to a child + the risk to an adult (Table 7.8), and the chronic HI for an adult 4- the
subchronic HI for a child (Table 7.9)]. Adult- or child-specific risks would vary in a similar
manner.

7.6.3.1 Background riskcomparisonsbetweentheORR and AndersonandRoane counties

The following discussion describes similarities and differences between calculated
background risk values for Roane and Anderson counties and the ORR. First consider the
background riskestimates for the residential ingestion of soil pathway (Table 7.8). The human
health cancer risk estimates for each analyte are approximately the same for the three
sampling areas (ORR, Anderson County, and Roane County), with the exception of
thorium-228 andcesium-137. The backgroundrisk posed by thorium-228 in Anderson County
is approximatelytwice the magnitude found on the ORR and is approximately 1.5 times larger
when compared with Roane County; background risk posed by thorium-228 is approximately
the same for ORR and Roane County. The background risk posed by cesium-137 on the
ORR is approximately twice that found in Roane County and five times that calculated for
Anderson County. The background risk posed by cesium-137 in Roane County is
approximately twice that shown for Anderson County. The thorium-228 and cesium-137
horizon A data have been shown statistically to vary significantly over sampling locations
(refer to the statistical analysis, Sects. 5.7 and 5.8).
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Table 7.& Comparative _tmd risk estimates from exposure to soil constituents from the
Oak Ridge Reservation, Anderson County, and Roane County--Dismal Gap lithology*

Oak Ridge Anderson goane
Analyte Reservation County County

Erposure pathway: residential ingestion of soil

Beryllium 6.72e-06 7.18e-06 5.57e-06
Cesium-137 8.72e-08 1.72e-08 4.04e-08
Europium-155 5.97e- 11 5.07e- 11 4.98e- 11
Potassium-40 2.82e-07 3.33e-07 1.91e-07
Radium-226 1.45e-07 3.35e-07 1.54e-07
Thorium-228 5.97e-08 1.00e-07 8.28e-08
Thorium-230 1.17e-08 1.90e-08 1.55e-08
Thorium-232 1.23e-08 1.91e-08 1.70e-08
Thorium-ZM 8.93e-09 5.81e-09 7.89e-09
Uranium-233/234 2.20e-08 2.17e-08 2.19e-08
Uranium-235 1.91e-09 1.47e-09 1.86e-09
Uranium-238 4.07e-08 3.54e-08 3.94e-08

Total pathway risk 7.39e-06 8.07e-06 6.14e-06

Exposure pathway: residential dermal exposure to soil

Beryllium 1.13e-05 1.20e-05 9.33e-06

Total pathway risk 1.13e-05 1.20e-05 9.33e-06

F_osure pathway: residential external exposure to radiation

Cesium- 137 1.19e-04 2.34e-05 5.49e-05
Europium- 155 1.49e-07 1.27e-07 1.24e-07
Potassium-40 2.64e-04 3.12e-04 1.79e-04
Radium-226 1.38e-04 3.19e-04 1.46e-04
Thorium-228 1.16e-04 1.95e-04 1.6lc-04
Thorium-230 9.30e-10 1.50e-09 1.23e-09
Thorium-232 5.08e-10 7.88e-10 7.02e-10
Thorium-234 1.49e-07 9.69e-08 1.31e-07
Uranium-233/234 1.10e-09 1.08e-09 1.09e-09
Uranium-235 5.47e-07 4.19e-07 5.31e-07
Uranium-238 9.98e-07 8.67e-07 9.66e-07

Total pathway risk 6.38e-04 8.51e-04 5.43e-04

TOTAL CUMULATIVE
RISKb 6.57e-04 8.71e-04 5.58e-04

aTotal cancer risk (risk to an adult plus risk to a child).
bl'he sum of the riskfrom ali analytesfor ali pathways.
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Table 7.9. Comlgtmtive background hazard _ eslimates f_om egtmsure to soil constituents
from the Oak Ridge Reservation, Anderson County, and Roune County--Dismal Gap lithology"

Oak Ridge Anderson Roane
Analyte Reservation County Covaty

Exposure pathway: residential ingestion of soil

Antimony -- 3.29e-02 --
Arsenic 4.88e-01 3.40e-01 4.59e-01
Barium 2.52e-02 2.05e-02 2.24e-02
Beryllium 2.83e-03 3.02e-03 2.34e-03
Boron 3.67e-03 -- 6.18e-03
Chromium VI 4.96e-02 5.66e-02 5.48e-02
Cyanide 1.99e-04 1.79e-04 4.13e-04
Manganese 1.9le-01 1.36e-01 3.29e-01
Mercury 1.61e-02 5.48e-03 8.29e-03
Mercury (salts) 1.61e-02 5.48e-03 8.29e-03
Nickel 1.98e-02 1.76e-02 1.41e-02

Nickel (salts) 1.98e-02 1.76e-02 1.41e-02
Selenium -- 2.64e-03 2.83e-03
Strontium 1.47e-04 1.10e-04 &87e-05
Vanadium 7.45e-02 6.62e-02 7.03e-02
Zinc 4.1le-03 4.03e-03 3.30e-03

Total pathway hazard indexb 8.75e-01 6.85e-01 9.73e-01

Exposure pathway: residential dermal o.posure to soil

Antimony -- 1.1_-02 --
Arsenic 2.52e-02 1.76e-02 2.37e-02
Barium 1.30e-02 1.06e_32 1.16e-02
P,ery.llium 2.92e-03 3.12/. 33 2.42e-03
Boron 1.89e-04 -- 3.19e-04
Chromium VI 3.99e-02 4.55e-02 4.41e-02
Cyanide _'_e-05 2.3le-05 5.33e-05
Manganese 1.97e-01 1.40e-01 3.40e-0!
Mercury 8.34e-04 2.83e-04 4.28e-04
Mercury (salts) 5.56e-03 1.89e-03 2.85e-03
Nickel 1.02e-03 9.07e-04 7.73e-04

Nickel (salts) 2.05e-02 1.81e-02 1.46e-02
Selenium -- 2.27e-04 2.43e-04
Strontium 7.84e-06 5.91e-06 4.75e-06
Vanadium 1.50e-01 1.33e-01 1.41e-01
Zinc 4.25e-04 4.17e-04 3.41e_04

Total pathway hazard indexb 4.55e-01 3.82e-01 5.82e-01

'_I'otalhazardindex(HI)(HIchronicforadultplusHlsubchronicforchild).
_'hetotal pathwayHI doesnotincludeHi valuesformercuryandnickelmetals.
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The calculated background risk of 5.97 x 104 for thorium-228 from the background
concentrations reported for thorium-228 in horizon A on the ORR is a conservative estimate
and will be used in this section. Also note that, for both cesium-137 and thorium-228, ali three
sampling areas have background risk estimates far below the EPA range of concern
(i.e., <1.0 x 10-6). The total pathway risks for ingestion of soil (i.e., the sum of the
background risk for each analyte in that pathway) are very similar between the three sampling
areas (7.39 x 10-6 for ORR, 8.07 x 10-6 for Anderson County and 6.14 x 10-6 for Roane
County) and are ali > 1.0 x 104, which is within the EPA's range of concern for
contaminated soils (refer to Sect. 7.6.1 for a general discussion on EPA guidance). The
pathway risks for the ingestion of soil that contains radionuclides only are 6.70 x 10 -7

(i.e., 7.39 x 10-6 minus 6.72 x 10-6), 8.90 x 10 -7, and 5.70 x 10 -7, respectively, for ORR,
Anderson County, and Roane County, and these background risk estimations are not within
the EPA range of concern. The potential risks resulting from the ingestion of soil containing
only beryllium are 6.72 x 10-6 on the ORR, 7.18 x 10-6 for Anderson County soils, and
5.57 x 10-6 for Roane County (refer to Table 7.8). Therefore, background risk posed by
ingestion of beryllium is driving the total pathway risk for the ingestion of soil into the EPA
range of concern (i.e., between 1.0 x 10-6 and 1.0 x 10-4).

Second, background risk estimates (T_.ble 7.8) for beryllium for the residential dermal
exposure to soil pathway are quite similar between the three sampling areas and are also in
the EPA range of concern for contaminated soils but fall below the unacceptable level of
1.0 x 10-4 (see Sect. 7.6.1 for EPA guidance summary). Upon comparison of the background
risks posed by the third exposure pathway, external exposure to radionuclides in soil
(Table 7.8), it is found that cesium-137 is the only analyte that shows a significant difference
between the three sampling areas; this observation is addressed statistically in
Sects. 5.7 and 5.8 and qualitatively in Sects. 6.3 and 6.4.3. Cesium-137 results from man-made
activities (see Sect. 6.4.3 and Sect. 7.5.2.1). The estimated background risk for cesium-137 on
the ORR is approximately five times that found in Anderson County and twice that found in
Roane County. The calculated background risk from external exposure to radiation posed by
cesium-137 in Roane and Anderson counties is within the EPA range of concern for
contaminated sites; the cesium-137 background risk on the ORR is slightly > 1.0 x 10-4. The
total pathway risks for external exposure to radionuclides (the sum of the background risk for
each radionuclide, in this case) are very similar between the three sampling areas (Table 7.8).

The total background risks (i.e., cumulative background risk from ali analytes for ali
pathways) for soils from the Dismal Gap Formation for the ORR, Anderson County, and
Roane County are 6.57 x 10-4,8.71 × 10-4,and 5.58 x 10'4, respectively (Table 7.8). This
information is illustrated graphically in Fig. 7.1 (these risk values were determined using the
UCB95 analyte concentrations and are represented as the top line of each box). The total
background risk for the Nolichucky Formation on the ORR is 7.45 x 10-4 and is also shown
in Fig. 7.1.

These background risk estimates should be considered only hl the context of comparison
with site-related risk. The EPA action level of 1.0 × 10-4 refers to r/sks related to hazardous
waste sites. Therefore, the background risk results are not indicative of concerns or actions
that would be identified with similar potential risks from a contaminated site.

Because of the variation between the cesium-137 levels (concentrations) on the ORR
and those in Anderson and Roane counties, some uncertainty exists concerning the
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background risk results for the cesium-137 data in the risk analysis discussed previously.The
gamma scan method was used in this project to screen cesium-137 levels to find appropriate
locations for soil sampling sites; data resulting from this method are not commonly used for
analysis of radionuclides or for evaluating risk. However, because of the concern stated
previously, the cesium-137 gamma screening data (0 to 5 cm depth) were evaluated in terms
of background risk andwill be disc_ here; these screening data were addressed statistically
in Sect. 5.8 and qualitatively in Sect. 6.3. The residential ingestion of rail pathway for the
Dismal Gap Formation on the ORR and in Anderson andRoane counties shows background
risks (from the cesium-137 gamma scan) of 6.18 × 104, 4.75 × 10"s, and 3.91 × 10"_,
respectively; these risks are below the EPA range of concern. The background risks from the
residential external exposure pathway for the ORR, Anderson County, and Roane County
are 8.41 × l0 -s, 6.46 × l0 "s,and 5.32 x 10-s, respectively; these risks are within the EPA
range of concern (i.e., 1.0 × 10_s through 1.0 × 10-4). For both exposure pathways, the risks
from cesium-137 (based on gamma scan data) on the ORR are approximately 1.5 times
greater than those for Anderson and Roane counties. If these cesium-137 risk numbers were
used in the calculation of total cumulative excess cancer risks, the excess cancer risks for the
ORR, Anderson County, and Roane County would be 6.22 × 10-4, 9.12 x 10"4, and
5.56 × 10-4, respectively.

7.6.3.2Backgmmad hazardindexcomparisombetweentheORR andAndeason
andRoane counties

Table 7.9 contains the total HI (chronic HI for an adult + subchronic HI for a child)
estimates determined for background analytes (where RfD values were available) found in
soil in the thr_ sampling areas. As indicated in Table 7.9, the metals detected vary between
the three locations; antimony and selenium are not found in soil from the ORR, antimony
is also not found in Roane County soil, and boron is not found in Anderson County. Upon
evaluation of the ingestion of soil pathway, when analytes were found in two or ali three of
the sampling areas, the calculated background HI values were very similar. ORR mercury
(and mercury salts) HI values, however, were found to be approximately twice those
determined for Roane County and approximately three times those found in Anderson
County. The ORR cyanide HI value is approximately one-half that found in Roane County
and the ORR strontium HI value is approximately 1.5 times higher than that found in Roane
County. The statistical analysis (Sect. 5.3) for mercury concentrations shows significant
differences in concentration for the horizon A data for the three sampling areas.No statistical
differences between sampling areas for the cyanide and strontium data (horizon A) were
reported in Sect. 5.3.

No single analyte (Table 7.9) was found to have a background HI greater than 1.0.
Exposure via ingestion, for ali soil locations, has a cumulative total pathway HI (the sum of
the background HI for each analyte in that pathway) of < 1.0. Therefore, systemic effects
resulting from ingestion of soil are not a concern for the background analyte concentrations.

The evaluation of dermal exposure to soil (Table 7.9) results in most analytes having
similar background HI values across the three samplingareas. The HI for nickel in the ORR
soil differs only slightly from that found in Anderson County; the nickel HI is approximately
1.5 times that found in Roane County. The HI for ORR mercury (and mercury salts) is
approximately twice that found in Roane County and three times that found in Anderson
County. The ORR background HI for exposure to cyanide is approximately half that found
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in Roane County. Furthermore, the total pathway HI determinations for the three sampling
areas are very similar and are ali < 1.0. Therefore, even sensitive populations are unlikely to
experience adverse systemic health effects when exposed to soil constituents at background
concentrations.

In Sects. 7.6.3 through 7.6.3.2, comparisons were made between the calculated risks or
HI values from backgroundconstituents in soils from the Dismal Gap Formation from three,
sampling areas (ORR, Roane County, and Anderson County). In summary, with the few
exceptions noted, the background riskand hazard indices (Tables 7.8 and7.9) determined for
individual analytes are very similar for the three sampling areas. In Sect. 7.6.4, carcinogenic
and systemic effects will be evaluated quantitatively for soil samples that best represent the
backgroundanalytes found on the ORR (i.e., the horizon A soil samples taken from the ORR
in the Dismal Gap and Nolichucky formations).

7.6.3__Bac.kground risk and HI compar_ns ruing the _, median, and
UCB95 analyte concentrations

The following discussion of the range in risk associated with the concentration
variability for background soil constituents applies only to this background soil data set. The
results associated with the background data set do not necessarily represent the actual
variabilityof constituent concentrations in soils of the Dismal Gap andNolichucky formations.
Tables 7.10 and 7.11 assess the variability in the risk and HI estimates for the three sampling
areas with respect to the analyte concentrations used in this background evaluation. These
tables include risk (Table 7.10) and hazard indices (Table 7.11) for three analyte
concentrations [i.e., the lower 95% confidence bound on the median concentration (LCB95),
the median concentration, and the UCB95]. Ali other tables in Sect. 7 (excluding Tables 7.10
and 7.11) use the UCB95 as the representative analyte concentrations.

The differences between the UCB95 and LCB95 total risk estimates for the ORR,
Anderson County, and Roane County are 2.89 x 104, 3.09 x 10"6,and 2.37 x 104,
respectively. This information is also illustrated graphically in Fig. 7.1. The cumulative
background risks determined using the UCB95 analyte concentrations are represented by the
top line; the risk determined using the median analyte concentrations is shown as the open
circle, and when the LCB95 concentration was used to calculate risk, this information is
represented by the bottom line. Note, that the variability between the three risk numbers
(within each sampling area) is relativelysmall and, therefore, the overall total background risk
to human health does not significantly change by varying the analyte concentration in this
manner.

The results tabulated in Table 7.11 show the variability in the hazard indices for each
sampling area using the three analyte concentrations. Again, the differences in the HI values
are very small. The results of these comparisons (risk and HI) illustrate high confidence in
the quantitative validity of this background soil data set (see Sect. 5). However, it should be
understood that these conclusions may not necessarily apply to the actual variability of
constituent concentrations in soils. Depending on the application of the background data
either the UCB95 or the LCB95 is more appropriate in terms of human health (refer to Sect.
2.3.4, Data User Guidelines).
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7.6.4 Backgmuad Risk Characterization for the ORR

The carcinogenic and systemic health effects are evaluated for elements that have both
an SF and an RfD. Other soil constituents, however, have only one (or neither) of the two
toxicity values. Each constituent detected in the ORR background soil has been included in
the risk or HI calculation, provided the constituent has at least one of the toxicity values. If
neither of the toxicity values is available for a constituent, a quantitative CDI can be
calculated (Table 7.4), but the carcinogerdc and systemic effect can only be evaluated
qualitatively (Table 7.2). Such constituents may contribute to carcinogenic and
noncareinogenic effects from exposure to the soil, but their effect cannot be quantified at
present. For constituents that have both an oral SF and an oral RJ_, both their carcinogenic
and systemic health effects are quantified.

7.6.4.1 Carcinogenic background risk characterization for the ORR

As discussed in Sect. 7.4, an on-site resident would be exposed to background soil
constituents via ingestion of soil, dermal contact with soil, and external exposure to
radionuclides in the soil. Table 7.12a-c lists the chemical-specific toxicity information, the
calculated CDIs (and dose), the calculated background cancer risk for an adult and a child,
the total background cancer risk (adult + child), and the total pathway risk for the analytes
found in the ORR background soils for which oral SFs were available. In general, for
beryllium (Table 7.12a), the background cancer risk for a child exposed to beryllium is slightly
higher than that of an adult for the ingestion pathway, and the child's risk is slightly lower
than that of an adult for dermal exposure. Beryllium is the only inorganic analyte found on
the ORR, horizon A, for which an oral SF is available. Exposure to beryllium via soil
ingestion or dermal contact in both the Dismal Gap and Nolichucky formations results in a
total (adult + child) background cancer risk between 1.0 x 10"_and 1.0 x 10-4 (the EPA
range of concern for contaminated soils). The total pathway background cancer risks from
exposure to beryllium across these two pathways combined (cumulative risk) are 1.80 x 10-s
and 1.81 × 10-5 for the Dismal Gap and Nolichucky formations, respectively. These total
background cancer risks are also within the EPA range of concern for contaminated soils.
Also included in Table 7.12b are the adult and child background cancer risk estimates for
ingestion of soil containing radionuclides. In general, the adult resident has a higher cancer
risk from ingestion of the soil than does the child resident. The total (adult + child) pathway
background cancer risks for ingestion of soil containing radionuclides are 6.72 x 10-7 and
6.60 × 10-7 for the Dismal Gap and Nolichueky formations, respectively. These risk values
are less than the lower limit of the EPA range of concern, which is considered acceptable for
exposure to site contaminants.

The adult and child background cancer risk estimates for external exposure to ORR soils
containing radionuclides are summarized in Table 7.12c. Again, in general, the adult resident
has a greater background cancer risk than the child resident. The total pathway background
cancer risks (adult + child) for Dismal Gap and Nolichucky lithologies are 6.38 x 10-4 and
7.26 × 10-4, respectively. These total background soil constituents risk estimates fall in the
EPA region of unacceptable risk (> 1.0 x 104) for exposure to contaminated sites.

The total (adult + child) exposure (ingestion of beryllium and radionuclides, dermal
contact with beryllium, and external exposure to radionuclides) background cancer risks are
6.57 × 10-4 and 7.45 × 10-4 for soils from the Dismal Gap and Nolichucky formations,
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respectively (i.e., the sum of total pathway risks found in Tables 7.12a through 7.12c). These
relatively high total exposure risk results are predominantly from the background risks
associated with the external extx_ure to radiation.

7.6.4.2 Noncarcinogenic background risk characterization for the ORR

The results of the assessment of systemic toxicity indicate that neither the ingestion of
inorganics nor the dermal absorption of inorganics pathway is a concern. Table 7.13a-f lists
the RiDs, CDIs for a child and an adult, background hazard indices for a child and an adult,
and the total (adult + child) background hazard indices for systemic toxicants.

In general, the child HI (subchronic) is greater than the adult HI (chronic) for both the
ingestion of soil and the dermal contact pathways. The total ingestion pathway His (adult +
child) for the Dismal Gap (Table 7.13b) and Nolichucky (Table 7.13c) formations are
8.75 x 10-1 and 5.25 x 10-1, respectively. Furthermore, the total dermal pathwayHI values
(adult + child) are 4.55 x 10-1 (Table 7.13e) and 3.77 x 10-1 (Table 7.13f) for Dismal Gap
and Nolichucky, respectively. The total (adult + child) pathway (ingestion and dermal)
background His for Dismal Gap and Nolichucky are 1.33 and 0.862, respectively. The Dismal
Gap soil His are above the EPA threshold of 1.0. Hence, there is a concern for human health
from systemic effects from these natural backgroundconstituents, according to EPA guidance
for site contamination.

%6.4.3Summmy of the bac_und risk and hazard index characterization for the ORR

In summary, the total pathway risk estimates for the carcinogens found in background
soil samples taken on the ORR are (1) between 1.0 x 10-6 and 1.0 x 10-4 for ingestion and
dermal contact with beryllium; (2) less than 1.0 x 10-6for ingestion of radionuclides; and (3)
greater than 1.0 x 10-4 for external exposure to radionuclides. The main contributor to the
risk for the ingestion and dermal exposure pathways is beryllium. Cesium-137, potassium-40,
radium-226, and thorium-228 are the main contributors to risk for the external exposure
pathway. Note, because the technetium-99 data did not pass validation, the results (risk) from
exposure to this radionuclide are not included in this risk evaluation. However, an EPA-
approved slope factor for technetium-99 is available. Therefore, if technetium-99 were
included in future riskevaluations, the background risk associated with radionuclides may be
greater than reported here.

The hazard indices estimated for ingestion of inorganics in background soil and for
dermal contact with the background soil are below the EPA guideline of 1.0;therefore, these
pathways pose no expected adverse effects to human health. The total pathway HI (ingestion
+ dermal) for Dismal Gap Formation samples is slightly above this threshold. Arsenic and
manganese are the major contributors to the HI for the ingestion pathway; and the main
contributors to the HI for the dermal exposure pathway are manganese and vanadium. Note
that the risksassociated with background soils on the ORR were estimated to provide a frame
of reference for interpreting the magnitude and relative importance of risks evaluated at
hazardous waste sites on the ORR. Therefore, risks from uncontaminated background soil
samples found to be within or above the EPA region of concern do not indicate concerns or
actions that would be identified with similar potential risks from a contaminated site.
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7.7 UN_TAINTIES AND ASSUMPTIONS

Risk assessment as a scientific activity is subject to uncertainty (Table 7.14). The
methodology used in this background risk evaluation follows EPA guidelines. The risk
evaluation in thisreport is subject to uncertainty pertaining to samplingand analysis,exposure
estimation, and toxicological data.

The major assumptions used in risk assessment are (1) that contaminant concentrations
detected and reported by the analytical laboratory are representative of true analyte
concentrations in soils (i.e., the analyteconcentration remains constant over the samplingand
analysis time period); (2) that the intake rates and exposure parameters are representative
of actual potentially exposed populations; and (3) that ali contaminant exposure and intake
are from the site-related exposure media (i.e., no other sources contribute to the receptor's
health risk). Even ff these assumptions are true, other areas of uncertainty may apply. The
toxicological data (SFs and RfDs) are frequently updated and revised, which can lead to over-
or underestimation of risks. These values are often extrapolations from animals to humans,
which also induces uncertainties in toxicity values. In addition, as mentioned earlier, in the
analyticalanalyses for metals (total metal only) risks may be overestimated because the metals
that are present are conservatively assumed to be in their most toxic forms. Furthermore, not
ali of the background chemicals reported in Table 7.2 currently have toxicity values; this can
lead to an underestimation of total risk because quantitative analysis of such chemicals is
currently not possible.

In addition, current analytical methods are limited in their ability to achieve detection
limits that are appropriate for use in risk assessment. Therefore, risks may be overestimated
as a result of analyte concentrations being reported at the method detection limit (MI)L)
which may be greater than the concentration at which adverse health effects would occur. The
risk of increased incidence of cancer from exposure to low-level radiation is estimated by
application of a risk factor to either the radiation dose or the radionuclide intake. Regardless
of the type of risk factor used, the same basic uncertainties remain. These uncertainties are
related to the model used for determining the health effects of radiation exposure. The model
most frequently used for deterr';ning risk of radiation exposure is the linear nonthreshold
model which assumes there is some increased risk for any increment of radiation exposure
with no threshold below which effects are not seen. TI_ is the most conservative model for

evaluating radiation risk; it uses data from high-dose radiation exposures (such as from the
survivors of the atomic bomb) and extrapolates risk from these high exposures to the low-
level environment or occupational dose range. The current EPA-recommended radiation risk
factors are based on the 1980 National Academy of Sciences Biological Effects of Ionizing
Radiation Committee (BEIR III) report. The BEIR III recommendations were increased
slightly by EPA to reflect recent information on the health effects of exposure to ionizing
radiation. In early 1990, the National Academy of Sciences published the results of the most
recent studies of the health effects of ionizing radiation, the BEIR V report, which increases
the estimates of cancer risk by a factor of 3 to 5 over the BEIR III report. These increases
are based primarily on a re-evaluation of the doses received by the atomic bomb victims.
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7.8PERSP_

In order to put the results from the BSCP risk evaluation into perspective, one should
consider the probability of an individual's developing cancer from unavoidable exposure to
naturallyoccurringbackgroundradiation in general. In the Background Information Document
for the Environmental Impact Statement for NESHAP5 Radionuclides (EPA 19890, EPA
evaluated risks from exposure to average nationwide levels of backgroundradiation. The risk
of fatal cancer for the U.S. population exposed to low-LET radiation over a lifetime
(70.7 years) was estimated to be 2.4 x 10-s, which accounts for approximately 1.5% of U.S.
cancer deaths. The average lifetime cancer risk for high-LET radiation exposure is estimated
to be 6.5 x 10-3 and accounts for approximately4% of ali U.$. cancer deaths. The total risk
of fatal cancer because of background radiation was approximately 8.9 x 10-3. From EPA's
risk factors for low-LET radiation, the ratio of cancer incidence to fatal cancers was
determined to be 1.6. Therefore, the lifetime risk of cancer incidence in the general
population is approximately 1.4 x 10-2 (see Fig. 7.1), which is approximately 100 times
greater than the upper bound (1.0 x 10"4)of EPA's range of concern and above the levels
registered in the vicinity of the ORR in this study.

To understand the background risk information presented in this report, it is important
to discern between adverse health effects resulting from unavoidable versus avoidable
exposure. The risk of cancer presented in the previous discussion, approximately 1.4 x 10"2,
is the result of the unavoidable exposure to natural radiation sources; that is, a risk that we
are ali subject to because we live on the surface of the planet Earth. The majorityof the risks
modeled from the exposure to background soil constituents discussed in this section are a
subset of the unavoidable riskassociated with exposure to natural radiationsources. The EPA
has determined that risk from exposure to hazardous waste sites are avoidable sources of
exposure. The risk resulting from exposure to such sources is referred to as incremental or
excess cancer risk because it is a cancer risk in addition to that which is unavoidable.

Therefore, to be protective of human health, the 1 x 10"_threshold for excess cancer risk was
selected to aid risk managers in the evaluation of preventable risks associated with CERCLA
sites.

It should be clear that an essential objective for ali RIs is to differentiate between risks
that are unavoidable (background) and avoidable risksassociated with site contamination. To
clarify, if unavoidable background risks from exposure to soil on the ORR (6 x 10"4)are not
separated from risks resulting from exposure to site contamination, the risk will always be in
the EPA's unacceptable range. The information presented in this document should be used
to make this differentiation and ensure that risk management decisions are based on excess
cancer risk.
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8. ASSESSMENT OF OVERAI2, DATA QUALITY OBJEC-WIVF__S

&l SUMMARY

Phase I activities established both field and laboratory data quality objectives at the
project planning stage. The project plan (Energy Systems 1992) discusses training,audits and
surveillances, and data management, as well as the establishment of PARCC (precision,
accuracy,representativeness, completeness, and comparability) parameters for evaluating the
field and analytical data.

Field sampling training was able to reduce possible variability related to personnel
changes. The sampling procedure was designed to effec_-'ely reduce the possibility of
cross-contamination throughout sampling activities. Audits and surveillances contributed to
improving procedures and practices. Data management activities ensured the organization,
consistency, traceability, integrity, and security of the data sets generated.

Representative sampling sites were selected by evaluating soilmorphology and vegetation
and by testing volatile organic compounds (VOCs) and fallout activity.Overall quality of site
selection is satisfactory, but a few off-site (AND and ROA) locations had excess loss of
surface soils due to erosion. Soil erosion is one of the contributing factors to lower average
cesium-137 values of off-site locations in comparison to ORR sites. Except for trip blanks,
laboratory source waters were used only for washing sampling equipment. Therefore, quality
of deionized water was a minor issue.

Analytical data quality was determined by analyzing (1) laboratory blanks to assess
contamination levels in the analytical process; (2) laboratory control samples to assess
analytical method bias, precision, and comparability; (3) matrix spikes to assess bias of the
method for the matrix,as well as precision of the method when performed in duplicate; and
(4) duplicates to assess precision of the sampling process and/or the analytical methods.

During the laboratory review process and the independent validation process, the data
were evaluated and qualified as discussed in Sects. 4.3 and 4.4, respectively. The majority of
the data were usable. Among the organics, PAH was only 74% usable. Among the
radionuclides, 4% of neptunium-237, 62% of strontium-90, and 0% of technetium-99 were
usable. The reasons of rejection are discussed in Sect. 8.5.9.2. Lists of sample numbers
belonging to each sample delivery group and sample numbers related to sites, horizons,
formations, and analyses are presented in Appendixes F and G, respectively.

8.2 INTRODUCTION

The purpose of this section is to present and assezs the results of field sampling and
analytical laboratory quality assurance (QA) and quality control (QC) activities for Phase I
of the BSCP. These QA/QC results are presented to illustrate that the data collected during
Phase I are of sufficient quality to meet project objectives. The quality assurance program was
designed to meet the requirements of QAMS-005/80 (EPA 1980a), ASME NQA-1 (ASME
1989), and with the Environmental Restoratit.a Division Quality Assurance Program Plan



8-2

(ES/ERfFM-4/R1). The quality assurance objectives were defined in the Project Plan
(ES/ER/TM-26/R1).

8.3 DATA QUALITY OB/EUHVF.S FOR FIELD MEASIYREMENT DATA

The field QA/QC objectives for BSCP Phase I data follow.

1. Data generated would withstand scientific scrutiny.
2. Data would be gathered using appropriate procedures for site selection, field sampling,

chain of custody, laboratory analyses, and data reporting.
3. Data could be used elsewhere on the Oak Ridge Reservation (ORR) for comparison of

similar residuum soils, or fill from soils from the same geologic formation.

The specific QA objective for ali data collected duringPhase I was, therefore, to obtain
precise and accurate measurements consistent with the intended use of the data and within
the limitations of the very few number of samples plus errors introduced or inherent in the
sampling and analytical procedures used.

These objectives were met through the development and implementation of (1) a QA
oversight program of audits and surveillances, (2) standard operating procedures accompanied
by a training program, (3) field sampling QC requirements, and (4) data and records
management systems.

8.4 DATA QUALrrY OBJECq'IVF.B FOR LABORATORY MEASUREMENT DATA

The laboratory QA/QC objectives for BSCP Phase I data follow.

1. Laboratory data generated would withstand scientific scrutiny and be subject to data
validation procedures.

2. Data would be generated using appropriate procedures for chain of custody, laboratory
analyses, and data reporting.

3. Data would be complete and of known precision and accuracy and will be technically
defensible and legally admissible.

These objectives were met through the development of a detailed Analytical Statement of
Work to ensure that the laboratories involved understood the requirements of the analytical
QC program. Also, the laboratories were to follow approved EPA procedures for their
chemical analyses and HASL-300 (AEC 1972) for radiochemical analyses to ensure that the
data generated were from widely accepted methods. Finally, these objectives were met
through an extensive data validation process which evaluated the CLP data packages for their
technical and legal integrity.
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8_5ASSESSMENT OF COMPLIANCE WITH DATA QU_ OB/EC-'HVI_

8.5.1 Audits and Surveillances

Audits and surveillances were performed by DOE Oak Ridge Field Office, Martin
Marietta Energy Systems, Inc., and others who reviewed and evaluated the adequacy of field
and laboratory performance and ascertained whether the QA/AC Plan was adequately and
uniformly implemented. Re.suits of the audits and surveillances were documented and
reported to management.

The following field surveillances were conducted for Phase I field quality control:

June 12, 1992: Energy Systems Surveillance Report JS-BSCP-92-01
February 25, 1993: DOE Oak Ridge EQA-92-12-10
February 25, 1993: Energy Systems QA Report JS-BSCP-93-01, Phase I Field Data

Validation

Corrective actions were taken after the reports were received.

The following analytical laboratory surveillances were conducted for Phase I analytical
quality control:

September 2, 1992: Environmental Restoration Surveillance Report 92ERTI-9, Data
Validation Methods

October 22-23, 1992: EnvironmentalRestoration Surveillance Report 92ERTI-10, Data
Validation Status

October 27, 1992: Environmental Restoration Surveillance Report 92ERTI-11,
Surveillance of Lockheed Analytical Laboratory in I,as Vegas,
Nevada

Written responses and corrective actions were taken after the reports were received.

8.5.2 Data Quality Indicators for Field Measurement Data

Both qualitative and quantitative criteria are used as indicators of the qual_,'yof the field
data. In determining whether the data are usable, especially in the decision process, the
integrity and authenticity of the data must be evaluated, and the analytical uncertainty must
be known. Field indicators generally used to qualitatively assess the data quality are
representativeness, comparability, completeness, sensitivity, and whether the data are
reasonable in terms of soil morphology, conceptual models of soil genesis, generalsoil forming
processes, and site location criteriaspecific for each site.

Analysis of field duplicates provides an assessment of the small-scale natural variability
of soil samples. Soil preparation laboratory (SPL) duplicates of composited samples provide
for some assessment of analytical laboratory variability,the variability introduced by the SPL
compositing method, and also natural soil variability. Other quantitative measures of field
quality control include proper sample preservation, use of field and source water blanks,
equipment rinsates, and suitable precleaned containers.



8-4

8.5.3 Data Quality Indicators for Analytical I.aboratory Measurement and
Soil Preparation Laboratot3, Data

Five qualitative and quantitative parameters are used as data quality indicators. The
review of data according to these parameters and the validation of the field and analytical
program are used to determine the usability of the data generated. The data quality indicators
to be used are precision, ac¢uraey, representativeness, comparability, and completeness.
Precision and accuracy are quantitative characteristics, whereas representativeness,
comparability, and completene_ are qualitative characteristics for evaluating the field and
analytical performance.

8.5.3.1 Precision

Precision is the measure of the reproducibility of measurements under a given set of
conditions. It is a quantitative measure of the variability of a group of measurements
compared to their average values. Precision is usually stated in terms of standard deviation
(s) and relative percent difference (RPD). The overall precision of measurement data is a
mixture of field sampling and laboratoryanalytical factors. Analytical precision is much easier
to control andquantify than samplingprecision. The historical data available to assess method
performance are dependent upon the samples received in the laboratory, while sampling
precision is unique to each site. Sampling precision in Phase I was determined by collecting
and analyzing field duplicate samples. The results from these measurements provide data on
the overall measurement. Analytical precision was determined by the measurement of
laboratoryreplicates. The measurement of the sampling precision is determined by subtracting
the analytical precision from the overall measurement precision.

8.53.2Accuracy

Accuracy is a measure of the bias in a measurement system. It is difficult to measure for
the entire data collection activity. Sources of error are the sampling process, field
contamination, preservation, handling, sample matrix, sample preparation, and analysis
techniques. The sampling accuracy can be assessed by evaluating the results of field blanks,
while the analytical accuracy can be assessed through the use of matrix spike and laboratory
control samples.

8.53.3 Representativeness

Representativeness is a qualitative parameter that is most concerned with the proper
design of the sampling program. It is an expression of how accurately and precisely the data
represent a characteristic of a population, the parameter variability at a sampling point, or an
environmental condition. Representativeness can be assessed bythe use of collocated samples.
Collocated samples are by definition samples collected such that the samples are equally
representative of a given point in space and time. This will provide both precision and
representativeness information.

8.53A Completeness

Completeness is defined as the percentage of measurements made which are judged to
be valid measurements. The completeness goal of a project is satisfied if a sufficient amount
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of valid data is generated for its intended use. The completeness of the project is assessed by
determining the number of measurements judged to be valid from the data validation and
evaluation process.

8.53.5 Comparability

Comparability is a qualitative parameter expressing the confidence with which one data
set can be compared against another data set. The sample data should be comparable with
other measurement data for similar samples and sample conditions. Comparability is assessed
by determining whether the standard teehnique_ (field and analytical) stated in the plan are
used and that the analytical results are reported in the appropriate units. Data sets can only
be compared with confidence when the precision and accuracy are known.

8.5A Training of Field and Soil Preparation Laboratory Personnel

The BSCP training program includes actual training in BSCP proc_ures. Training is
completed as required in the appropriate standard operating procedure (SOP), and training
records are maintained by the appropriate coordinator for the BSCP. Generally, the extent
of field/laboratory training is commensurate with the scope, complexity, and nature of the
activity along with the educational experience and proficiency of the person being trained.

QC measures for field locations, including selection of sampling locations, field data
recording, and sample collection, were implemented to meet the Phase I project objectives.
Sampling sites on the ORR were the responsibility of the ORR sampling team leader, while
sites in Anderson and Roane counties were the responsibility of the University of Tennessee
sampling team leader. Discussion of each site is presented in Sect. 3 and Appendix A.
Methods for field activities, including record keeping, sample identification, maintenance of
sample custody, and laboratory instrument calibration were specified in SOPs.

8.5.5 Field Data and Records Management

Field data management activities ensured the organization, consistency, traceability,
integrity, and security of the data sets generated during Phase I to enable the project to meet
its objectives. A unique identification code was assigned to each sample to ensure internal
consistency and compatibility. Sufficient information was recorded at each sampling site to
ensure that data were traceable to the sampling task: the location, sample identification,
sample depth, and sampling date. The chain-of-custody form listed the laboratory destination.

Records generated by the program that are required to (1) provide a complete and
accurate history of sample collection, analysis, and data reporting; (2) document conduct of
project business; and (3) support any future legal or administrative actions that may be taken
are retained in the project files. Similarly, records that furnish documentation or evidence of
qaality (e.g, project plans and results of QA oversight activities) were designated QA records
and added to the project files.

Records identified for Phase I sampling and analysis activities included project plans and
approvals, field and laboratory notebooks, chain-of-custody and request-for-analysis forms, and
instrument listings for gamma screening spectroscopy.
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Ali field activities followed standard record keeping and chain-of-custody procedures.
These included recordingsite-specific information in bound notebooks, with routine reviews
of the notebooks. Notebooks for ORR activities were divided into field notebooks, in which
ali field activities were recorded, and lab notebooks where ali laboratory activities were
recorded. Sample custody was established by the sampling team upon collection, through the
use of standard chain-of-custody forms, and maintained throughout sample processing and
delivery to the shipper for transport to the analytical service laboratories. Phase I field
QA/QC procedures included fieldduplicates, equipment-cleaning rinse samples, and VOC trip
water blanks. Specific field QC activities are discussed in Sect. 3.

8.5.6 Field Quality Program

8.5.6.1 Selection of sampling sites

Representative sampling sites were selected that were not disturbed by recent activities,
including ORR facility activities since 1942 and off-site activities, such as farmingoperations
or recreational uses, that resulted in surface soil disturbance.

A brief description of each site is presented in Appendix A. Ali sites met the minimum
qualifications specified in Sect. 3. Anderson County and Roane County sites had a more
varied land use history for the past 50 years than the ORR sites. Some of the off-reservation
sites were still being used for cattle pasture. This shows up in the gamma scanning results,
which have a much wider range than for the ORR sites, which were, for the most part,
abandoned 50 years ago, although there had been some logging on some of the ORR sites.

Any sign of recent (in the past 40 to 50 years) land disturbance, the presence of
man-made organic compounds, or the presence of radionuclides above global fallout levels
would immediately result in a site being rejected. Potential sites were initially chosen on the
basis of the lack of any recent land disturbance which, for most sites, was the presence of
old-field successional forest. Nearly ali of the sites had been cultivated and severely eroded
prior to being abandoned or planted in pines on the ORR or allowed to revert back to forest
on private lands.

8.5.6.2Colle_donofsamples

Representative samples were collected and transferred to temporary refrigerator storage
in the SPL (Room 375), to the Y-12 Plant analytical laboratory, or to the ORNL shipping
department for transfer to off-site analytical laboratories.

Ali VOC, organic, and tritium soil samples from A horizons were immediately preserved
on ice or within 15 minutes after being sar_apled.Samples that were collected for compositing
were usually not preserved until after they had been partially dried, sieved, mixed, and put
into suitable bottles. From that time, composited samples were preserved at 4"C + 4".
Observations that were made during Phase II activities indicated that an ice chest and the
refrigerator could generally maintain a temperature within 4 degrees of 4"C. If a large
number of warm samples was placed into the ice chest or in a refrigerator, the temperature
might exceed 8"C for a short period of time. Temperatures were checked with a max/min
thermometer. Great efforts were made to emure that representative samples were collected.
On the ORR, the designated sampling team leader sampled ali of the sites except for one
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absence between April 20 and 23. Ali off-ORR sites were sampled by or activities were
monitored by the University of Tennessee sampling team leader.

8.5.6.3 Handling of samples

Efforts were made to prevent cross-contamination at any site and between sites and to
maintain a complete chain of custody and detailed records of ali field and laboratory
compositing activities.

Ali pit digging equipment was thoroughly cleaned before going from one site to another.
Ali of the SPL cleaned stainless steel sampling equipment that was to be used at one site was
given a field rinse at the truck, rewrapped in aluminum foil, and carried to the site. One
sampling piece was used for each soil horizon and then placed into a container for used
equipment. Ali dirty equipment was cleaned, rimed, and wrapped in aluminum foil in the SPL
after the day's sampling had been done. The field logbook was where site and sample
descriptions were first recorded and where a unique sample number was assigned. From the
field logbook, ali container labels were filled out and then placed on the sample jar. Field
chain-of-custody forms were also filled out from the field logbook. Laboratory
chain-of-custody forms were filled out in the SPL for samples to be sent to analytical
laboratories. Two field logbooks were used for Phase I field activities. Ali activities that were
done in the SPL were recorded in the BSCP Phase I laboratory notebook.

Field and SPL quality levels ranged from DQ Level II to DQ Level IV. However, in
practice, DQ Level IV was adhered to throughout ali field sampling activities, including
screening samples for VOCs where samples were placed into precleaned glass containers. SPL
work with ESD composite soil samples was done under DQ Level IV.

Field quality control procedures are listed in Sects. 6.6.1.3 to 6.6.1.9 in ES/ER/TM-26/R1
(Energy Systems 1992). The following discussion covers the procedures that were followed
in collecting samples. Prior to going to the field, ali stainless steel sampling equipment was
thoroughly washed in the SPL with soap and water followed by a prescribed number of
distilled water rinses. After the final rinse the wet equipment was immediately wrapped with
one or more thicknesses of aluminum foil. The sampling equipment was taken to the field in
the back of a pickup truck. At or near the site, the sampling equipment was unwrapped and
given a field rime, then immediately rewrapped until it was used. Some sites were located a
considerable distance from the closest point of access. Here the riming was done at the truck,
the field-rinsed equipment wrapped in aluminum foil, placed into a backpack, and carried to
the site. A small pit was dug with a steel shovel deep enough to place the sample jar below
the soil horizon that was to be sampled. A sampling tool was unwrapped and used to remove
soil from the pit face directly into the jar. At no time were fingers used to piace a soil sample
into a precleaned glass sample container. Soil that was pushed by the sampling tool beyond
the mouth of the jar was discarded. Placing soil into the ESD gamma poly containers was the
only exception to this rule. Placing the entire volume of soil into the gamma poly container
required that the soil be packed into the lower restricted space with either the fingers or a
freshly cut stick of a convenient diameter. After each soil horizon was sampled, a new sample
tool was used to collect samples from the next soil horizon. Ali used stainless steel sampling
tools were returned to the laboratory for standard cleaning, riming, and aluminum foil
wrapping. Stainless steel sampling equipment was not given an acid rime because of potential
pitting and etching problems, nor was it given a solvent rinse as it would have been necessary
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to do this in a radiation-contaminated hood. Shovels that were used to open and fill pits were
thoroughly cleaned between sites to prevent any cross-contamination. In addition, soil
removed from pits was placed outside the 3- by 3-meter sample area.

Each sample was given its own identification number in the field. This number and the
description of each sample were f'LrStrecorded in the field logbook. From the field logbook,
sample container labels were filled out and placed on glass jars after the jar was filled. Each
sample that was logged into the field logbook was then transcribed onto a field
chain-of-custody form, which was signed by ali personnel involved in the sampling operation.

ESD SPL operations for Phase I consisted of placing soil samples in a refrigerator,
compositing operations, preparing laboratory chain-of-custody forms, packing samples into ice
chests, and taking them to shipping. In the latter part of Phase I activities, preparation of
laboratory chain-of-custody forms, new container labels, packing, and shipping were done by
APO personnel, according to Procedure BSCP-SOP-02, Rev. 0.

Compositing samples resulted in the destruction of individual samples obtained within
a given horizon and the creation of new composited samples. Ali of these activities were
recorded in the ESD soils laboratory logbook. New sample numbers were first recorded in
the laboratory logbook, then transcribed onto container labels and the appropriate chain-of-
custody form.

No field variances (Sect. 6.6.1.9 of the BSCP Plan, Energy Systems 1992) were needed
and none were made in any Phase I activities.

8.5.7 Field Data Validation

As part of the QA/QC effort to satisfy the data quality objectives of the project,
validation of the project field data is vital to ensure that the field data set is complete with
respect to procedure ESP-500, ESH_ub/87-21706/1, as specified in the project plan. A
validation worksheet listing the ESP-500 elements was prepared for each site sampled in
Phase I of the project, and the elements were checked off as they were found. The results
of the validation effort revealed that project field records are essentially complete but were
distributed among several sources, so that there was need for a general index of records and
their contents. This activity identified a lack of complete records on sample preservation and
a lack of land owner contact information for sites off the ORR. These areas were addressed
by project staff.

8.5.8 Field Quality Control Assessment

Samples and data collected to evaluate QC for the Phase I field and laboratory activities
were outlined in ES/ER/TM-26/R1 (Energy Systems 1992). The frequency and type of QC
samples collected were predetermined in the sampling plan based primarily on cost limitations.
The specific QA objectives for ali data were to obtain reproducible, precise, and accurate
measurements consistent with the intended use of the data and within the limitations of the
number of samples, sampling methodology, and analytical procedures used. For this report,
field QC includes actions ranging from site selection to sample receipt by the shipper. This
includes but is not limited to sample collection, custody, processing, preservation,
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cross-contamination, and field record keeping. Each of these actions is discussed herein as
appropriate.

Site and sample representativeness is an assessment of how well environmental conditions
are represented by the sites sampled and whether contamination of samples occurred between
collection and analysis. Representativeness is evaluated relative to field activities through
review of site selection rationale, frequency of sampling individual sites, and selection of
analytical parameters to be characterized.

Comparability for field activities is the confidence with which data collected at different
times from the same site may be compared. Objectives for comparability between samples are
met by (1) narrowly defined sampling methodologies, (2) site surveillance and use of standard
sampling devices and monitoring devices, (3) training of personnel, and (4) documentation
of sampling locations.

Cross-contamination is a possible problem during field sampling and composite sample
preparation. To minimize such a possibility, this project practiced the following procedures:
(1) each sample container was precleaned and had a certified rinsate water analysis;
(2) sampling equipment was used only once and rinsed on site before sampling; (3) contact
with distilled rinse water and stainless steel was a possible source of contamination, but the
possible influence to data quality was negligible (see water analysis results); (4) the soil
sampling procedure was designed to effectively reduce possible cross-contamination among
samples from different horizons within a soil profile; and (5) laboratory analytical procedures
were developed to ensure no cross-contamination among the soil samples.

8.5.8.1 Soil

Ali samples were collected in accordance with ES/ER_-26/R1 (Energy Systems 1992)
regarding sample collection procedures, sampling devices, sample container compatibility,
preservation, custody, and preanalytical SPL processing. Soil variability was evaluated in
Phase I through the collection of field duplicates.

The major purpose for obtaining field duplicates was to assess small-scale soil variability.
Field duplicate samples for VOA and organic analysis were sampled in two comers of the
sampling square, or about 3 meters apart. If the primary sample, for example, contained a
VOC and the field duplicate did not, then the primary sample with the VOC was rejected.
Field duplicate samples for compositing purposes were collected from different faces of the
soil pit, or from opposite ends of the primary sampling face, or a distance between 100 to
120 cre. Data from composited samples allowed for an initial look at SPL variability in
compositing and whether or not the analytical laboratory made an error. At least one notable
laboratory error was found when comparing primary and duplicate data for the A horizon
(ORR 5028 and ORR 5037) where the problem occurred and the B and C horizons (ORR
5031, 5034, 5040, 5043) which had very eomparable values. The Phase I field duplicates were
not intended to entirely assess analytical laboratory variability. A laboratory reference soil was
intended to assess analytical laboratory variability, but not enough reference soil samples were
sent.
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8.5.8.2 Water

Field QC samples were treated identically to primary samples in terms of sample
identification, custody, request for analytical services, and data processing. Results from QC
samples were not used to adjust the results obtained for primary or duplicate soil samples. QC
samples included trip water blanks, rinse water collected from field sampling equipment, and
source water used to rinse sampling equipment in the laboratory and in the field.

Trip blank. A sealed container of organic-free water was used to identify contamination
contributed to soil samples during transport from the field to the Y-12 analytical lab. Trip
blanks were transported to and from the field in the same manner and preserved in the same
manner as primary samples. Information from trip blanks is relevant to the interpretation of
VOCs in soil samples and in VOC field rinsates.

Rinse water. Field rinse water is obtained by the rinsing of sample collection tools after
arriving as close as possible to the sampling site. Analysis and comparison of the rinsate with
the source water determine if the cleaning procedures are adequate to avoid carry-over of
contamination from one site to another.

Comparison results from ali rinse water samples from field and laboratory equipment
cleaning operations with source water are presented in Tables 8.1 and 8.2. Sample
identification numbers and analytes for which there were no differences are not presented.

Table 8.1. Comparison of rinse water and
source water for metals on the ORR

(Units are micrograms per liter.)

Source water, Rinse water,Element
sample 1465 sample 1459

Al 18.0 U 54.6 B

Fe 5.0 U 65.5 B

Mn 1.0 U 3.7 B

Zn 11.6 B 6.1 B

Si 25.0 U 58.4 B

Sr 1.4 B 5.1

Cu 3.7 B 7.9 B

B = estimated between IDL and CRDL;
U = nondetect.
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Table 8.2. Comparison of somce water and rinse water for Anderson and
Roane counties

(Units are micrograms per liter.)

Anderson County Roane County

Element Source water, Rinse water, Source water, Rinse water,
sample 2177 sample 2174 sample 2177 sample 3144

Antimony 2.0 U 1.0 U

Arsenic 2.0 U 10.0 U

Chromium 2.0 U 2.8 B

Lead 1.8 U 1.0 U

Manganese 8.0 U 7.0 U

Mercury 0.2 U 0.08 B

Selenium 2.0 U 5.0 U

Silicon 419.0 398.0 419.0 95.5

Zinc 6.0 B 5.4 B 6.0 U 5.0 U

Boron 209.0 170.0 170.0 U 42.0 U

Lithium 24.0 U 9.0 U

Osmium 32.0 U 64.0 U

Sulfate NA 1230.0

Cyanide NA 4.0 U

B = estimated; U = nondetect; no qualifier letter is a detect.

Ali of these values, except for strontium rinse water, are either below detection limits (U)
or are estimates (B). The rest of the data are the same for both samples. The data indicate
(1) the variability in laboratory detection limits from day to day and (2) the ORR field rinse
water was removing ions from the stainless steel field sampling equipment. The comparison
of the ORR source and metals field rinses indicates that the rinse water has increased
amounts of iron, manganese, and aluminum. The increase in silicon is probably from water
storage in 1-gallon glass jugs carded to the field.

No tritium was detected in any of the field rinses or source water samples. Europium-155
and potassium-40 were detected in the radionuclides ORR rinse water but were not detected
in the ORR source water. No organics were detected in the ORR field rinse water samples.
Trip blanks and field rinse water samples for the ORR VOC analysis were estimated to
contain (J qualifier) acetone and 2-butanone. Comparisons of rinse water with source water
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do not indicate any sampling contamination problems; rather, most of the listed differences
are the result of laboratory contamination or instrument calibration lower limits of detection.

Most of these values are either below detection limits or are estimates. The rest of the

data are the same for both samples and are not listed. Of interest is that some numbers are
higher in the source than in the rinse water. This is most likely due to instrument variability
and sensitivity from day to day.

Trip blanks and field rinse water samples for Anderson County VOC analysis showed the
following estimates J or detects:

Sample Com_rx)und
2175 acetone J Rinse water
2178 acetone J Source water
2037 acetone J Rinse water

Chloroform was detected (14 #g/L) in sample 2024. This is a trip blank. This is most
likely laboratory contamination since no associated soft samples contained this compound.

The source water for Anderson County organic analyses did not contain any detects. The
field rinse water did not contain any organic detects.

Some of the Roane County trip blanks and rinse water samples for VOC analysis
contained estimated J detects of acetone and 2-butanone. These are considered to be due to
instrument contamination. Of note was the presence of carbon disulfide and
1,2-dichloropropane in the following VOC trip blanks: ROA [3042, 3043], [3068, 3069], and
[3095, 3096]. Each of these is a pair. The accompanying VOC soil samples for each trip blank
pair were ali resampled because of contamination from sealing the sample lid with a particular
brand of masking tape used by the University of Tennessee sampling crews. This practice was
promptly discontinued upon discovery of the problem.

The Anderson County rinse water for radionuclide analysis contained potassium-40, but
Roane County rinse water for radionuclides did not contain any detects for tritium. Neither
the Anderson nor Roane source water sample contained any rad detects.

8.5.9 Analytical Data Quality Assessment

The laboratory QC program was designed to ensure that ali data generated and reported
are scientifically valid, consistent with accepted methods, and of known accuracy. Ali
inorganics and organics were analyzed by Lockheed Analytical Laboratory (Las Vegas,
Nevada), while ali radiological samples were analyzed by EzoTek, LSI (Atlanta, Georgia). The
laboratories analyzed the following QC samples:

• laboratory blanks to assess the contamination levels in the analytical process;
• laboratory control samples to assess method bias, precision, and comparability;
• matrix spikes to assess the bias of the method for the matrix, as well as the precision of

the method when performed in duplicate; and
• field duplicates to assess precision of the sampling process and/or the analytical methods.
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8.5.9.1 Anal_c,al data validation

Section 4.4 details the data validation program followed for the BSCP. The criteria for
the BSCP were prepared specific to the methods defined for this project. The results of the
data validation with respect to the methods used for this project are provided in Sex:t. 4.4.
This section details the results of data validation with respect to formation eharacteristic_ and
provides an overall asse_ment of the data. Two sets of data qualifiers were used for this
project. During the laboratory review process, the data were qualified by the laboratory
generating the data. These qualifiers are defined in Sect. 4.3. The data were also qualified
during the data validation process. These qualifiers are defined in Sect. 4.4.

8.5.9.2 Qualification of the data

A total of 43 data packages were provided by the laboratories: 9 inorganic,
10pesticide/PCB, 5 chlorinated herbicide, 10 polynuclear aromatic hydrocarbon, and
9 radiological. This section provides an overall summary of the QC problems found during the
data validation process. The distribution of usable data by method is presented in Table 8.3.

Table 8.3. Distffoution of data usability

Percent
Analysis type Method Usable"

Organics Pesticide/PCB 100

Chlorinated herbicides 95

Polynuclear aromatic hydrocarbons 74

Inorganics Metals 98

Cyanide 100

Sulfate 100

Radiochemicals Gamma emitters 100

Thorium isotopes 100

Uranium isotopes 100

Total uranium 100

Neptunium-237 4

Plutonium isotopes 95

Strontium-90 62

Technetium-99 0

Tritium 86

"Includes estimated values.
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Pesticide/PCB. Ten data packages were provided for pesticide/PCB analysis. The sample
delivery groups provided by the laboratory are listed here by number.

", 042260
0424260
O43026O
O5O826O
0511260
0514260
O51926O
0523260
O72226O
0803260

The data were found to be 100% usable. The QC problems found during the data
validation that qualified the data J or UJ follow:

• TWOSDGs were extracted outside of holding times.
• Problems were observed in the GC/ECD instrument performance.
• There were calibration concerns, and surrogate recoveries were outside QC limits.

Chlorinated herbicides. Five data packages were provided by the laboratory for
chlorinated herbicide analysis.The sample delivery groups issued by the laboratory are listed
here by number.

O4226O
0424260
0430260
O5O826O
05112_0

The data were found to be 95% usable. There were 12 samples analyzed for dalapon which
were rejected because surrogate recoveries were below 10%. Some data were qualified J or
UJ because of calibration problems and surrogate recoveries that were outside of QC limits.

Polynuclear aromatic hydlocafl_ns, Ten data packages were provided by the laboratory
for polynuclear aromatic hydrocarbon analysis. The sample delivery groups issued by the
laboratory are listed here by number.

04226O
O42426O
043O26O
O5O826O
0511260
0514260
O51926O
O52326O
0722260

, Ii1_11h
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072260/0723260

The data were found to be 74% usable. The QC problems found during the data validation
process that rejected the data were

• very poor surrogate recoveries, < 10%;
• LCS and MS/MSD recoveries outside QC limits; and
• surrogate eoelution problems.

In addition to the rejected data, the data were also qualified J/UJ and JN/UJN/RN. The data
were qualified J/UJ because of missed holding times (1 SDG), coclution problems, calibration
problems, laboratory blank contamination (2 SDGs), surrogate recoveries and LCS recoveries
outside QC limits. The data were qualified JN/UJN/RN because of problems with the
laboratory's method of identifying peaks within the retention time windows.

Inorgani_ Nine data packages were provided by the laboratory for the analysis of
inorganic analytes. The sample delivery groups issued by the laboratory are listed here by
number. !

042260
0422260/0430260/0508260/0511260 for silicon only
0430260
0508260
0511260
0514260
0519260
0727260/0728260/0729260
072260/0723260

The data were found to be 98% usable for the metals and 100% usable for cyanide and
sulfate. The rejected metals data were for osmium due to predigestion recoveries being
outside QC limits. The data also had some analytes qualified as J or UJ. The reasons for tl_
qualification were

• calibration problems,
• the cyanide middle standard or ICV was not properly distilled,
• laboratory blank contamination, and
• MS and analytical spike recoveries were outside QC limits.

Radiochemical aaalyse_ The usability of radiochemical data generated in this project
were broken down by method and/or isotope. The data for gamma, isotopic thorium, isotopic
uranium, and total uranium were found to be 100% usable. The remaining isotopes had
percent usability values ranging from 0 to 95%. The data generated for technetium-99 were
not usable in this project because of the possibility of technetium loss during the muffle
furnace step of the procedure. This problem is being actively investigated and will be
discussed in the project final report. Isotopic neptunium was found to be only 4% usable due
to calibration errors and blank spike and matrix spike calculation errors, which when
corrected yielded recoveries outside QC limits. The isotopic plutonium data were found to
have 5% of the data unusable due to the laboratory's use of an outdated tracer solution.
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Strontium-90 data were found to have 38% of the data qualified unusable because the
laboratory did not provide self-absorption curves,which would provide information about how
much activity was being absorbed by the sample relative to the activity reaching the detector.
Also, 14% of the tritium data were found to be unusable because of very poor matrixspike
recoveries. Specific actions taken with the laboratory and results will be discussed in the
project final report.

Other isotopes may have been qualified as J or UJ for various reasons. Some of the
reasons for this qualification were

• blank spike and matrix spike recoveries were outside QC limits;
• unable to determine chemical separation specificity;
• no daily instrument performance cheek;
• calibration problems;
• laboratory performance or method accuracy could not be determined; and
• unable to assess aetMty, error, and/or minimum detectable activities in samples.

8.5.10 Data Gaps

The occurrences of rejected analytical data for organics, inorganics, and radionuclides
are tabulated in Appendix H. Most rejects are in PAHs and radionuclides. The rejected PAHs
include a variety of compounds (as discussed in Sect. 4), whereas only one inorganic (osmium)
was affected. Rejection of radionuclides can be ascribed to two isotopes: neptunium-237 and
technetium-99. Specifics are discussed in Seets. 4.5.2 and 4.5.3.

These gaps in intended Phase I data availability are being addressed with continued
evaluation and resampling/reanalysis following Phase II validation. Specifics are discussed in
Sects. 4.1 and 9.
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9. PLANNED PHASE II ACqTVfI'IV.,S

Remaining project activities for FY 1993 with respect to the approved, revised project
schedule (Rev. 3) appearing in Fig. 9.1 include the following:

® The first half of Phase II field samples were obtained during FY 1992. The Copper
Ridge Dolomite Formation was sampled both on-site and off-site at 36 locations (12 on
the ORR, 12 in Roane County, and 12 in Anderson County).

• The second half of Phase II field operations was completed early in FY 1993 by
obtaining soil samples at an additional 36 sites on the ORR (12 Chepultepec Dolomite
sites in the Knox Group and 24 limestone sites in the Chickamauga Group) for a total
of 72 sampling sites in Phase II. The 48 sampling sites from Phase I plus the 72 from
Phase II make a total of 120 sites, as called for in Sects. 5.2 and 5.3 of the Project Plan
(Energy Systems 1992), thereby completing the sampling of the three major soil groups
(the Chickamauga, the Knox, and the Conasauga) in and around the ORR. These results
will be reported in the Phase II data report and in the project final report.

• Ali ORR sampling sites will be accurately located with Global Positioning System
equipment.

• Chemical and radiological analyses of Phase II soil samples will be completed, followed
by validation of Phase II analytical data packages.

_. After validation, processed data will be placed in required formats, checked for
consistency, and input verified during data management activities.

• Project data will be transferred to and incorporated into the Oak Ridge Environmental
Information System (OREIS) within 30 days after completion of data processing and
verification activities.

• Neutron activation analysis (NAA) samples from Phase I were processed in a single
batch with Phase II soil samples in ORNL's Analytical Chemistry Division laboratory to
conserve equipment set-up time and sample preparation and to expedite logistics. NAA
re.suits for Phase I will be available at the same time as Phase II results and will be

validated and presented in the Phase II data report.

• Inductively coupled plasma/mass spectroscopy data are also being provided by the
commercial analytical laboratory concurrently with Phase II data. These data will also be
validated and presented in the Phase II data report.

• Further evaluation to render more neptunium-237 data usable and resampling and
reanalysis to obtain replacement technetium-99 data will be completed to dovetail with
analysis, interpretation, and reporting activities for the project final report.

• Statistical analysis and interpretation of the data obtained in Phase II will be performed
after validation and verification. Phase II data will be compiled and presented in the
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Phase II data report, due June 30, 1993. These data will be provided to the risk
assessment group for study and analysis.

® Overall, integrated statistical analysisand data interpretation of ali analytical results from
both Phase I and Phase II will be completed, followed by integrated riskassessment study
and production of the project final report. Project completion is scheduled for October
29, 1993. Specific schedule elements and corresponding dates appear in Fig. 9.1.

The above sequence of events refers to the project schedule originallypresented in the
Project Plan (Energy Systems 1992) that appears here as a revision (Rev. 3) in Fig. 9.1. The
Phase I data report (referred to in the schedule) and the BSCP Annual Report deliverable
are one and the same document.
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A.1 OAK RIDGE RESERVATION SITE DESC"RIFNONS

ORR Site No. 2. This site is located off Bear Creek Road close to the Clinch River, grid
location N29300, El0300. The actual site is located northeast of the K-25 water treatment
plant. Follow the road to where the power line right of way (ROW) crosses it. Then turn
fight, go up hill for about 200 ft, then left into the woods about 50 ft. The site is located in
a stand of large oak, red maple, sweet gum and white pine that was probably cleared and
pastured at one time but evidently never plowed. The underlying geology is the Dismal Gap
Formation. The soils are typical of the soils of largest extent that were mapped on this
formation. The soils are very heterogeneous. The geologic dip in the C horizon varies from
about 30 degrees to nearly vertical. Differential weathering of thin strata gives rise to very
abrupt and irregular degrees of weathering with some strata being very highly weathered and
other strata still hard and dense.

ORR Site No. 3. This site is located across Bear Creek Road from the Scientific Ecology
Group plant, grid N 29300, E11200. The actual site is located about 50 ft north of the cut
bank on the north side of the road. The vegetation on this site consists of old-field
successional forest that has not been disturbed since the field was abandoned. Most of the

old pines have died and fallen over. The present regrowth consists of young pine,oak, hickory,
sassafras, and cedar with a sparse ground cover of honeysuckle and poison ivy.The underlying
geology is the Nolichucky Shale. Because this site is on a stable landform, the soils were not
badly eroded before abandonment.

ORR Site No. 5. This site is located on the south side of Bear Creek Road about 300 ft
west of the main entrance to the Central Training Facility and about 25 ft sout.t"of the
security fence, grid N29300, E15300. The site is located in an old field that was severely
eroded before or after abandonment. Shallow gullies are on either side of this site. Vegetation
is old-field successional forest. Most of the old pines have died and fallen over. Present
vegetation consists of a dense stand of young pines along with cedar, oak, dogwood, and
sweet gum along with a generous stand of honeysuckle and greenbriar. This site is the only
ORR site that has a thick organic layer consisting primarily of mosses. The soils on this site
are very similar to those of ORR Site No. 3, except that they are more eroded with the plow
layer resting directly on the clayey subsoil beneath. The underlying geology is the Nolichucky
Shale.

ORR Site No. 10. This site is located about 300 ft north of the Tennessee Valley
Authority (TVA) power line ROW that parallels Bear Creek Road on the north side of the
road, grid N30200, E21460. This site is located in an old field that had been severely eroded
some time before abandonment. Vegetation is old-field successional forest that is now mostly
hardwoods consisting of white oak, hickory cedar, and ash. The pine have disappeared. This
site, being fairly open, has a dense ground cover of honeysuckle, Virginia creeper and poison
ivy. The soils on this site are more typical of soils on steeper slopes. In fact, this site is the
steepest of the ORR Phase 1 sites. The underlying geology is the lower Dismal Gap
Formation, with strata in the C and Cr horizons nearly vertical.

ORR Site No. 11. This site is located about 50 ft north of the TVA power line ROW that
parallels Bear Creek Road on the north side of the road, ORR Site No. 10 is located about
250 ft upslope. This site is located in an old field that had been severely eroded prior to or
after abandonment. Vegetation is old-field successional forest. Many pines have died and
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fallenover.There is considerableyoungbrushandsproutsof dogwood, sassafras,cherry,red
maple,and sweet gumalongwithanabundantgroundcover of poison ivyand honeysuckle.
The soils aretypicalof stableuplandsunderlainbythe upperDismal Gap Formation.

ORR Site No. 13. Thissite is locatedsouthof the TVA powerline ROW thatparallels
Bear CreekRoad on the northside. The actualsite, gridN29480,E23220, is located about
100 ftsouth of the ROWin forest.The site is locatedin anold farmyard.The remainsof the
chimneyare located about 200 ft east. Presentvegetationconsistsof sugarmaple and tulip
poplar.The surfacesoil shouldhavea higherpH andhigherfertility.There is muchevidence
of wormactivityon thissite The onlygroundcoveris a thickstandof poison ivy.The actual
soil pit is situated within a brecciatedzone of the NolichuckyShale. Because of the past
tectonicbrecciationthe soil is deeplyweathered.

ORR Site No. 15. This site is located close to the intersectionof the naturalgas line
ROW and the TVA power line ROW, gridN29700, E25720.The route into this site and
ORR Site No. 16 is throughthe firstgate west of the BearCreekand Route 95 intersection
on the northside of the road.This field roadis followeduntil the intersectionof the TVA
power line and the gas line ROW is crossed, then about 25 ft north of the gas line ROW.
The site is locatedin a severelyerodedold fieldwhichwasplantedto loblollypines.The trees
are about 40 to 50 y old and nearlyready for harvestingfor poles. There is a hardwood
understoryconsistingof oak,red maple,dogwoodanda sparsegroundcover of honeysuckle
andgrasses.The underlyinggeologyisthe lowerNolichuckyShale,whichin thisarea,is fairly
permeable as the saprolite fragmentsare mostlycoatedwith red iron oxides.

ORR Site No. 16. This site is locatedclose to the intersectionof the gas line ROW and
the TVA powerline ROW, grid N29700,E25928. The route into this site and ORR Site
No. 16 is throughthe first gate west of the Bear Creek and Route 95 intersectionon the
northside of the road.This field roadis followeduntil the intersectionof the TVA power
line and the gas line ROW is crossed,then alongthe power line ROW. The site is located
on a sideslopeof a severelyerodedold fieldwhichwas plantedto loblollypines.The trees
are about 40 to 50 y old and nearlyready for harvesting for poles. There is a hardwood
understoryconsistingof oak, red maple,dogwoodand a sparseground coverof honeysuckle
and grasses.The soilsare typicalthatareunderlainby the middleto lowerNolichuckyShale,
whichin thisarea,is less permeable thanat ORR Site No. 15, as the saprolitefragmentsare
mostlycoated withblackmanganeseoxides andclayplugged.

ORR Site No. 19. This site is located east of the Bear Creek and Route No. 95
intersectionwithinthe areaknownasthe BearCreekLow-levelWasteDisposalDevelopment
andDemonstration(LLWDDD) Site.The routeto thissite startsat the intersectionof Bear
CreekRoad and Gum HollowRoad.FollowGumHollowRoad to the intersectionwiththe
TVA powerline ROW.Turnleft andfollow thisroadto the intersectionwith the telegraph
ROW.Turn rightonto the telegraphROWroadfor about400 ft. The site is about60 ft east
into the woods.The site is located inan old field.Vegetation is old-fieldsuccessionalforest.
Most of the old pines h_,_edied and fallen over. Present vegetation is mostly young
hardwoodsof cherry,sweet gum, cedar,poplar,dogwood, and Virginiapine. The ground
surfaceis leaf coveredwith only scatteredhoneysuckleand poison ivy.The soils aretypical
of stablelandsurfacesthatareunderlainbythe steeplydippinglowerDismalGap Formation.
This site has thinvery fine grainedsandstonestratain the C horizon.The originallocation
of thissite was in a standof youngrecentlyreplantedpines andwas moved about300 ft to
the presentlocation.
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ORR Site No. 21. This site is located in the area known as the Bear Creek LLWDDD.
The route to this site starts at the intersection of Bear Creek Road and Gum Hollow Road.
Follow Gum Hollow Road to the intersection with the TVA power line ROW. Turn left and
follow this road for about 1,600 ft. The site is in the woods on the south side of the ROW,
grid N29700, F_.30940.The site is located in an old field that had been severely eroded before
abandonment. Vegetation is old-field successional forest and some planted loblolly pines.
Some pines have been harvested or have died and fallen over. Present vegetation consists of
cedar, poplar, dense sourwood, oak, and red maple. Some grape vines and some prairie
flowering plants are on the site. In addition to leaves, mosses and lichens cover part of the
ground surface. The soils are typical for moderate slopes that are underlain by the Noliehueky
Shale. Note that this site was moved a considerable distance from its original location. The
original location was underlain by a deeply weathered section of the lower Maynardville
Limestone which interbeds with the uppermost Nolichueky. When soil mapping was done in
the Bear Creek LLWDDD site, this particular area was thought to be part of the Nolichueky,
since the Maynardville was supposed to be high-grade limestone which gives rise to much
different soils. Subsequent mapping and study finally put this shale-limestone interbedded area
into the Maynardville which n_itated moving the site onto about the middle of the
Nolichucky.

ORR Site No. 22. This site is located within the area known as the Bear Creek
LLWDDD. The route to this site starts at the intersection of Bear Creek Road and Gum
Hollow Road. Follow Gum Hollow Road to the intersection with the TVA power line ROW.
Turn left and follow this road for about 800 ft. There is a cluster of wells on the north side
of the ROW. Turn right onto a rough track and go to the top of the ridge then turn left and
go down to where a large windthrow blocks the track. The site is about 100 ft beyond the
windthrow then about 50 ft south into the woods, grid N30520, F.31250. Vegetation at this
site is old-field successional forest of Virginia pine, shortleaf pine, dogwood, and cedar. The
surface is leaf covered and there is a sparse stand of honeysuckle. This site is located in the
transition zone between the Dismal Gap Formation and the Rogersville Shale. The saprolite
in the sampling pit was mostly RogersviUe with a very steep dip.

ORR Site No. 23. This site is located within the area known as the Bear Creek
LLWDDD. The route to this site starts _' the intersection of Bear Creek Road and Gum
Hollow Road. Follow Gum Hollow Road to the intersection with the TVA power line ROW.
Turn left and follow this road for about 800 ft. There is a cluster of wells on the north side

of the ROW. Turn right onto a rough track for about 50 ft. The site is in the woods about
20 ft to the east, grid N29800, E31830. Vegetation at this site is old-field su_ional forest.
Most of the pines have died and fallen over. Present vegetation is red maple, sourwood and
dogwoods, plus a ground cover of honeysuckle and poison ivy.The soils are typical examples
of the Dismal Gap Formation. The C horizon at this site contained glauconitic strata that
were sampled.

ORR Site No. 24. This site is located within the area known as the Bear Creek
LLWDDD. The route to this site starts at tb.e intersection of Bear Creek Road and Gum
Hollow Road. Follow Gum Hollow Road to the intersection with the TVA power line ROW.
Turn left and follow this road for about 600 ft. The site is on the south side of the ROW

then into the woods about 100 ft, grid, N29900, F_31980.The vegetation at this site is old-field
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successional forest with some planted lobloUy pine about 30 y old. Present vegetation is a
dense stand of poplar, dogwood, cedar, pine, an4_lred maple with a sparse ground cover of
poison ivy and honeysuckle. The soils are typi_al examples of the Nolichucky Shale. Of
interest were the thick manganese oxide coatings on fragment surfaces in the C&Cr horizons
that were covered by translocated day.

ORR Site No. 25. This site is located wiitl_inthe area known as the Bear Creek
LLWDDD. l"ne route to this site starts at the !intersection of Bear Creek Road and Gum
Z--IollowRoad. Follow Gum HoUow Road to the intersection with the TVA power line ROW.
Turn left and follow this road for about 400 ft. q_e site is on the south side of the ROW
then into the woods about 100 ft, grid, N29800, E32290. Present vegetation on this site is
planted loblolly pines that are about 40 to 50 y ,old.There is an understory of red maple,
dogwood, and :sweet gum. The ground surface is covered by a thick layer of pine needles and
there is a moderate gro, md cover of poison ivy and honeysuckle. The soils are typical
examples of th_ Nolichueky Shale.

ORR Site No. 26. This site is located east of the ORR area known as the Bear Creek
LLWDDD. The route to this site starts at the.,intersection of Bear Creek Road and Gum
Hollow Branch Road. Turn off Bear Creek onto Gum Hollow. Go to where the TVA power
line ROW erc_ses. Turn right down the ROW track for about 1400 ft. The site is about 75
to 80 ft north of the ROW in the woods, grid N30000, E34370. The site is in a severely
eroded old field that was abandoned well before 1942. Vegetation is old-field successional
forest where hardwoods have supplanted the early pine stage. Present forest vegetation
consists of red maple, oak, hickory, and a few ce_tar. The forest canopy is sufficiently dense
that there is very little vegetative ground cover. The ground surface is covered with leaves.
The soils are typical examples of the Dismal (?rapFormatior

ORR Site No. 2Z This site is located eas_tof the ORR area known as the Bear Creek
LLWDDD. "lTaeroute to this site starts at the haterseetion of Bear Creek Road and Gum
Hollow Branch Road. Turn off Bear Creek onto Gum Hollow. Go to where the TVA power
line ROW crosses. Turn right down the ROW track for about 1800 ft. The site is about 100 ft
north cf the ROW in the woods, grid N30100, F.34990.ORR Site 27 is separated from ORR
Site 26 by a drainageway. The _te is in an eroded old field that was abandoned well before
1942. Vegetation is old-field successional forest where hardwoods have supplanted the early
pine stage. Present forest vegetation consists of red and black oak, white oak, a few Virginia
pine and some; dead cedars. The understory eonsi.,_tsof beech, red maple, dogwood. Scattered
ferns occur under the dense forest canopy, otherwise the ground surface is covered by leaves.
This site and ORR Site No. 2 have the oldest forest vegetation for any of the ORR Phase
1 sites. The soils on this site are typical examples of the Dismal Gap Formation.

ORR Site No. 28. This site occurs along the"new haul road that was constructed a few
years ago to transport cover materials from the; Chestnut Ridge borrow area to the Y-12
burial groun&_.The rou,_e to this site starts ali the intersection of Bear Creek Road and the
new haul road. Turn o_to the new haul road. "]_aesite is about 300 ft beyond the gate on
Bear Creek into the woods about 20 ft from the edge of the TVA north-south power line
ROW, grid N29500, E34580. The site is in a 'very severely eroded old field when it was
abandoned. Vegetation is old-field successional forest. Most of the older pines have either
been harvest¢cl or died and fallen over. Present vegetation consists of a dense stand of young
Virginia pine along with cedar and poplar. Tnere is a sparse ground cover of honeysuckle,
mosses, and ferns. The soils are t3q_icalexamplez of the Nolichucky Shale.
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ORR Site No. 31. This site occurs along the new haul road that was constructed a few
years ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12
burial pounds. The route to this site starts at the intersection of Bear Creek Road and the
new haul road. Turn onto the new haul road. The site is about 3400 ft from the intersection.
The site is on the south side of the haul road and approximately 200 ft into cutover woods,
grid N29900, E35820. The site is in a very severely eroded old field when it was abandoned.
Vegetation is old-field su_essional forest. The pines were harvested 10 to 15 y ago. Present
vegetation consists of a dense stand of sweet gum, dogwood, cedar, hickory, poplar, and ash.
There is a sparse ground cover of honeysuckle and poison ivy. Even though there ha,l been
some tree harvesting, the actual site showed little, if any, disturbance from the harve, t. This
site occurs low on a long sideslope. Initial soil investigations indicated that there might be
some alluvial or colluvial capping. However, when the soil pit was opened the soil morphology
indicated that the upper 61 era of the soil formed in late Pleistocene Age or early Holocene
Age slope wash was derived from the Notiehucky Shale. The clayenriched subsoil has a clayey
texture, but the substratum beneath did not contain any retie rock structure.

ORR Site No. 32. Tlds site occurs along the new haul road that was constructed a few
years ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12
burial grounds. The route to this site starts at the intersection of Bear Creek Road and the
new haul road. Turn onto the new haul road. The site is about 5400 ft from the intersection

and about 100 ft grid north into the woods from the edge of the TVA power line ROW, grid
N30200, E36760. Vegetation is old-field successional forest. Most of the pine trees were
harvested or have died and fallen over. Present vegetation consists of a dense stand of
hardwood underbrush plus abundant honeysuckle and some greenbriar. The soils on this site
are typical examples of the upper Dismal Gap Formation.

ORR Site No. 33. This site occurs along the new haul road that was constructed a few
years ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12
burial grounds. The route to this site starts ,_t the intersection of Bear Creek Road and the
new haul road. Turn onto the new haul road. '_'he site is about 5700 ft from the intersection
and about 75 to 100 ft grid north into the woods from the edge of the TVA power line
ROW, grid N30000, E36970. This site is about 250-31)0 ft east of site 32. Vegetation is
old-field successional forest. Most of the pine trees were harvested or have died and fallen
over. Present vegetation consists of a dense stand of hardwood underbrush plus abundant
honeysuckle and some greenbriar. The soils on this site are typical examples of the middle
Dismal Gap Formation.

ORR Site No. 35. This site occurs along the new haul road that was constructed a few
years ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12
burial grounds. The route to this site starts at the intersection of Bear Creek Road and the
new haul road. Turn onto the new haul road. The site is about 6000 ft from the intersection

and about 150 ft grid north into the woods from the edge of the 'iVA power line ROW, grid
N30000, E37280. This site is about 250-300 ft east of site 33. Vegetation is old-field
successional forest. Most of the pine trees were harvested or have died and fallen over.
Present vegetation consists of a dense stand of sweet gum, dogwood, haw, sourwood and some
poplar. About 90% of the ground surface is leaf covered with the remainder covered by
honeysuckle, mosses and other forbes (weeds). The soils on this site are typical examples of
the lower Dismal Gap Formation.
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ORR Site No. 41. This site occurs along the new haul road that was constructed a few
years ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12
burial grounds. The route to this site starts at the intersection of Bear Creek Road and the
new haul road. Turn onto the new haul road. The site is about 7400 ft from the intersection

and about 400 ft grid north into the woods from the edge of the TVA power line ROW, grid
N30200, E39570. This site occurs in an old field that was severely eroded prior to or after
abandonment. Vegetation is old-field successional forest. Most older pines have died and
fallen over. The present vegetation is a fairlydense regrowth of pine, red maple, beech, and
poplar. The ground surface is covered with leaves. The soils are typical examples of the
Middle Dismal Gap Formation.

ORR Site No. 42. This site occurs on the new haul road that was constructed a few years
ago to transport cover materials from the Chestnut Ridge borrow area to the Y-12 burial
grounds. The route to this site starts at the intersection of Bear Creek Road and the new
haul road. Turn onto the new haul road. The site is about 8100 ft from the intersection and

about 30 ft grid north into the woods from the edge of the TVA power line ROW, grid
N30000, E40500. This site is in an old field that was severely eroded prior to or after
abandonment. Vegetation is old-field successional forest. Most of the old pine trees have died
and fallen over or were harvested. Present vegetation is a dense regrowth of poplar, sweet
gum, cedar, oak, dogwood, and beech. There is a sparse ground cover of honeysuckle and
poison ivy.The soils on this site are fairly typicalexamples of the middle to upper Nolichucky
Shale.

ORR Site No. 43. This site is the easternmost site on the ORR. It is fairly close to west
end of the Y-12 burial grounds. This site occurs on the new haul road that was constructed
a few years age to transport cover materials from the Chestnut Ridge borrow area to the
Y-12 burialgrounds. The route to this site starts at the intersection of Bear Creek Road and
the new haul road. Turn onto the new haul road. The site is about 9100 ft from the
intersection and about 200 ft grid north into the woods from the edge of the TVA power line
ROW, grid N30400, E41460. This site occurs in an old field that was severely eroded prior
to or after abandonment. Vegetation is old-field successional forest. Present vegetation is red
maple, poplar, abundant dogwood along with a dense ground cover of honeysuckle and poison
ivy. The soils on this site are typicalof stable upland positions that are underlain by the lower
Dismal Gap Formation. This site is very close to the Rogersville Shale boundary.
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A.2 ROANE COUNTY SITE D_ONS

ROANE Site No. 3. This site is on property belonging to Bowater or Kenneth Sutton. On
the Pattie Gap quadrangle, go south on Dry Fork Valley Road. This property lies northwest
from Salem Baptist Church.The site is in the hardwood forest 550 ft northwest of the church,
350 ft west of the creek, and 200 ft southeast of the power lines. The present vegetation is
oak, sweetgum, red maple, dogwood, and poison ivy. The underlying geology is the Dismal
Gap Formation. The site lies between several rills and gullies in a convex toeslope position.

ROANE Site No. 7. On the Pattie Gap quadrangle, go south on Dry Fork
Valley Road. After passing Blue Spring Road, the power lines will cross the road. The next
driveway on the fight will lead to Mr. and Mrs. John Walker's home. There is an old house
in the field to the right. Go through the cattle gate and follow the field road to the tobacco
patch. The site is in the hardwood thicket to the right. It is approximately 300 ft northeast
of Mr. Walker's present house and 50 ft south of the fence dividing Mr. Walker's property
from Kenneth Sutton's property. This site has been cleared at one time. The present
vegetation is tulip poplar, dogwood, red maple, and some Virginia pine. Age of the deciduous
trees indicates they have been established at least 40 y. There are many spots where rills are
beginning to develop. The underlying geology is the Dismal Gap Formation. There is evidence
of colluvium on this site. Oddly, in several places, sandstone fragments can be seen on the
surface. Presently, this area is occupied by cattle for pasture.

ROANE Site No. 8. On the Pattie Gap quadrangle, go south on Dry Fork Valley Road.
After passing Blue Spring Road, the power lines will cross the road. The next driveway on
the right will lead to Mr. and Mrs. John Walker's home. There is an old house in the field
to the right. Go through the cattle gate and follow the field road to the tobacco patch. The
site is in the hardwood thicket to the right. It is approximately 250 ft northeast of
Mr. Walker's present house and 70 ft south of the fence dividing Mr. Walker's property from
Kenneth Sutton's property. This site was cleared at one time. The present vegetation is tulip
poplar, dogwood, red maple, and some Virginia pine. Age of the deciduous trees indicates
they have been established at least 40 y. There are many spots where rills are beginning to
develop. The underlying geology is the Dismal Gap Formation. There is evidence of colluvium
on this site. Oddly, in several places sandstone fragments can be seen on the surface.
Presently, this area is occupied by cattle for pasture.

ROANE Site No. 9. This site is on property belonging to Bowater or Kenneth Sutton. On
the Pattie Gap quadrangle, go south on Dry Fork Valley Road. This property lies northwest
from Salem Baptist Church. The site is in the hardwood forest 500 ft northwest of the church,
500 ft west of the creek, and 200 ft southeast of the power lines. The present vegetation is
oak hardwoods mixed with Virginia pine. The underlying geology is the Dismal Gap
Formation, but there is an alluvial or colluvial capping about 30 cm thick. The site lies
between several rills and gullies in a convex toeslope position.

ROANE Site No. 10. This site is on property belonging to Don Manning. On the Pattie
Gap quadrangle, go south on Dry Fork Valley Road. Turn onto Gage Road. There is an
outbuilding of white blocks at the first drive to the right. Go through the gate and
immediately turn left. Cross the small drain and go up to the knob above. The site is in the
thicket north of the main creek. It is approximately 350 ft northwest of Dry Fork Valley Road
and 300 ft east from Gage Road. This site was cleared at one time. The present vegetation
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is shortleaf pine, reJ maple, and oak. Age of the deciduous trees indicates they have been
established at least 40 y. The underlying geology is the Dismal Gap Formation. There is
evidence of alluvium on this site. Several large rounded rocks were on site and in the profile.
The area north of this site was a sagegrass field with multiple gullies and fills. Presently, this
area is occupied by cattle for pasture.

ROANE Site No. 13. This site is on property belonging to Don Manning. On the Pattie
Gap quadrangle, go south on Dry Fork Valley Road. Go past Gage Road. The next driveway
on the fight leads to a white frame house belonging to Ms. Bea Wise. Behind the house is
a red barn. To the east of the barn a fence divides Ms. Wise's property from Mr. Manning's.
The site is in the forest 300 ft east of the peak of the barn roof. The present vegetation is
Virginia pine, red maple, dogwood, poison ivy, and chestnut oak. Age of the deciduous trees
indicates they have been established at least 40 y. The underlying geology is the Dismal Gap
Formation. The site is at the bottom of a long slope in a bench position. There is evidence
of alluvium in the area, but none was seen in this profile.

ROANE Site No. 14. This site is on property belonging to Don Manning. On the Pattie
Gap quadrangle, go south on Dry Fork Valley Road. Go past Gage Road. The next driveway
on the right leads to a white frame house belonging to MS. Bea Wise. Behind the house is
a red barn. To the east of the barn a fence divides Ms. Wise's property from Mr. Marming's.
The site is in the forest 100 ft east of the peak of the barn roof. The present vegetation is
tulip poplar, red maple, dogwood, poison ivy, and chestnut oak. The understory vegetation
is thick. Age of the deciduous trees indicates they have been established at least 40 y. The
underlying geology is the Dismal Gap Formation. However, this formation is very thin and
in digging the soil pit the Rogersville Formation was also exposed. The site is in a midslope
position. The slope rapidlydrops into a drainbelow the site.

ROANE Site No. 1Z This site is on property belonging to Robert and Mattie Sue Viar.
On the Pattie Gap quadrangle, go south on Dry Fork Valley Road. The Viar's live in the last
house on the fight before reaching Waterford Lane. The site is in the pine forest 500 ft west
of the Viar's home. The present vegetation is Virginia pine, eastern red cedar, and sweetgum.
The owners indicated this land has not been cleared in the last 40 y. The underlying geology
is the Dismal Gap Formation. The site lies between the convergence of two drains on a
convex slope.

ROANE Site No. 19. This site is on property belonging to Bowater or Kenneth Sutton.
On the Pattie Gap quadrangle, go south on Dry Fork Valley Road. This property lies
northwest from Salem Baptist Church. The site is in the hardwood forest 750 ft northwest of
the church, 750 ft west of the creek, and 200 ft southeast of the power lines. The present
vegetation is oak, red maple, hickory, eastern red cedar, and dogwood. The underlying
geology is the Dismal Gap Formation. The site lies between several rills and gullies on a
convex toe.slope.

ROANE Site No. 20. This site is on property belonging to Bowater or Kenneth Sutton.
On the Pattie Gap quadrangle, go south on Dry Fork Valley Road. This property lies
northwest from Salem Baptist Church. The site is in the hardwood forest 950 ft northwest of
the church, 1000 ft west of the creek, and 200 ft southeast of the power lines. The present
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vegetation is chestnut oak, sweetgum, and dogwood. The underlying geology is the Dismal
Gap Formation. The site lies between several rills and gullies in a toeslope position. Highly
eroded.

ROANE Site No. 21. This site is on property belonging to Bowater or Kenneth Sutton.
The property line could not be clearly defined. On the Pattie Gap quadrangle, go south on
Dry Fork Valley Road. This property lies northwest from Salem Baptist Church. The site is
in the hardwood forest 1100 ft northwest of the church, 1200 ft west of the creek, and 200 ft
southeast of the power lines. The present vegetation is oak, red maple, tulip poplar,
sweetgum, and club mosses. There was no evidence of a plow layer. The underlying geology
is the Dismal Gap Formation. The site lies between several rills and gullies in a midslope
position.

ROANE Site No. 22. This site is on property belonging to Bowater or Kenneth Sutton.
The property line could not be dearly defined. On the Pattie Gap quadrangle, go south on
Dry Fork Valley Road. This property lies northwest from Salem Baptist Church. The site is
in the hardwood forest 1400 ft northwest of the church, 1500 ft west of the creek, and 200 ft
southeast of the power lines. The present vegetation is oak, Virginia pine, tulip poplar,
eastern red cedar, and club mosses. The underlying geology is the Dismal Gap Formation.
The site lies between several rills and gullies in a midslope position on a bench.
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A.3 ANDERSON COUNTY SITE DESCRIPTIONS

ANDERSON Site No. 1. Take Highway 441 north. Turn right on to Hinds Creek Road.
Go 200 ft and turn left on to Old Andersonville Pike. Turn into the parking lot at Fairview
Church. The sites are in a hardwood thicket adjacent to the northeast end of the cemetery.
Located in the Norris Quadrangle, this site is located on property belonging to Margudet
Atldns. It is approximately 200 ft northeast of Fairview cemetery and 500 ft west from Hinds
Creek Road. This site had been cleared at one time. The present vegetation is tulip poplar,
dogwood, red maple, and some Virginia pine. Age of the deciduous trees indicates they have
been established at least 50 y. The underlying geology is the Dismal Gap Formation. There
was a water seep at approximately 40 cre. The slope dips strongly (30%) approximately 50 ft
from the site. Presently, this area is occupied by cattle for pasture.

ANDERSON Site No. 3. Take Highway 441 north. Turn fight on to Hinds Creek Road.
After several miles, the road forks. Take the road on the left, which is Judson Road. The site
is in a hardwood forest 100 ft northwest of Judson Road and 0.4 miles from the intersection
of Judson Road and Moore Valley Road (Cooper's Gap). Located on the Big Ridge Park
quadrangle, this site is located on property belonging to John Irwin. The present vegetation
is moss, poison ivy, dogwood, red maple, and Virginia pine. Age of the deciduous trees
indicates they have been established at least 50 y. The underlying geology is the Dismal Gap
Formation. The site is on a wide slope. The surface drops to a drainage way approximately
150 to the northwest. There are no hous_ near this site, although there are indications of
an old home site approximately 300 ft southwest of the site near Judson Road.

ANDERSON Site No. 4. Take Highway 441 north. Turn fight on to Hinds Creek Road.
After several miles, the road forks. Take the road on the left, which is Judson Road. The site
is in a hardwood forest 300 ft northwest of Judson Road and 0.6 miles from the intersection
of Judson Road and Moore Valley"Road (Cooper's Gap). Located on the Big Ridge Park
quadrangle, this site is located on property belonging to John Irwin. The present vegetation
is poison ivy, dogwood, elm, cherry, sourwood, red maple, and Virginia pine. Age of the
deciduous trees indicates they have been established at least 50 y. The underlying geology is
the Dismal Gap Formation. The site is in the middle of a steep slope. It was difficult to find
a good level position in which to dig.

ANDERSON Site No. 5. Take Highway 441 north. Turn right on to Hinds Creek Road.
After several miles, the road forks. Take the road on the left, which is Judson Road. The site
is in a hardwood forest 300 ft northwest of Judson Road and 0.6 miles from the intersection

of Judson Road and Moore Valley Road (Cooper's Gap). This site is 300 ft south from
Anderson Site No. 4, but slightly higher on the slope. Located on the Big Ridge Park
quadrangle, this site is located on property belonging to John Irwin. The present vegetation
is poison ivy,dogwood, oak, and Virginia pine. Age of the deciduous trees indicates they have
been established at least 50 y. The underlying geology is the Dismal Gap Formation. The site
is in the middle of a steep slope. It was difficult to find a good level position in which to dig.

ANDERSON Site No. 9. Take Highway 441 north. Turn left onto East Wolf Valley Road.
After passing Nolan Lane, go approximately 400 ft and turn fight into a driveway angling off
the road and up a steep grade. This site is on property belonging to Bill Lee on the Powell
quadrangle. After passing Mr. Lee's house, follow the old logging road until reaching property
owned by Billy Hughes. The site is in a hardwood forest on the fight side of the logging road
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downslope toward East Wolf Valley Road. It is approximately 1300 ft north of East Wolf
Valley Road and 0.25 miles west from Nolan Lane. The surrounding forest shows evidence
of having been logged in the last 40 y. The site is in a midslope position on a convex slope.
The trees on this site are older and were probablynot logged as recently as those closer to
the logging road. The present vegetation is tulip poplar, dogwood, red maple, and some
Virginia pine. The underlying geology is the Dismal Gap Formation. This site is 300 ft north
of Anderson Site No. 19.

ANDERSON Site No. 10. Take Highway 441 north. Turn right on to Hinds Creek Road.
Go 200 ft and turn left on to Old Andersonville Pike. Turn into the parking lot at Fairview
Church. The sites are in a hardwood thicket adjacent to the northeast end of the cemetery.
Located in the Norris Quadrangle, this site is located on property belonging to Marguriet
Atkins. It is approximately50 ft northeast of Fairview cemetery and 450 ft west from Hinds
Creek Road. This site had been cleared at one time. The present vegetation is tulip poplar,
dogwood, red maple, and some Virginia pine. Age of the deciduous trees indicates they have
been established at least 50 y. The underlying geology is the Dismal Gap Formation. The site
is in a level upland position. Presently, this area is occupied by cattle for pasture.

ANDERSON Site No. 11. Take Highway 441 north. Turn right on to Hind's Creek Road.
Drive several miles until two signs saying Hidden Drive are passed. We never did figure out
where Hidden Drive was located. There is a sawmill on the left and an open field. A 400-ft
concrete driveway lead up to Allen Johnson's home. A large knob sits to the left (west) of
Mr. Johnson's house. A road runs around the edge of this knob. This site is located 600 ft
northwest from Hind's Creek Road and 200 ft west of Mr. Johnson's house. The present
forest vegetation is tulip poplar, may apple, beech, red maple, and hickory. The understory
vegetation is very thick. This site has probably been cleared at some time. Age of the
deciduous trees indicates they have been established at least 50 y. The underlying geology is
the Dismal Gap Formation.

ANDERSON Site No. 12. Take Highway 441 north. Turn fight on to Hind's Creek Road.
Drive several miles until Hill Road enters on the right. Property is directly across from Hill
Road. Located on the Big Ridge Park quadrangle, this site is located on property belonging
to Swan Kidwell. Mr. Kidwell lives in the gray house with an equipment shed on the left side
of Hind's Creek Road just prior to reaching Hill Road. Go up the hill behind Mr. KidweU's
house. Cross under the power lines to the wooded area on the northwest side. This site is
located 500 ft northwest from Hind's Creek Road and 100 ft west of the power lines. It is
200 ft west from Anderson Site No. 22 on a wide slope. A drain lies between Sites 12 and 22.
The present forest vegetation is dogwood, sweetgum, hickory, and Virginia pine. A thick
carpet of grass underlies the trees. This site has probablybeen cleared at some time. Age of
the deciduous trees indicates they have been established at least 50 y. The underlyinggeology
is the Dismal Gap Formation. The site presently is used as pasture for cattle.

ANDERSON Site No. 19. Take Highway 441 north. Tum left onto East Wolf Valley
Road. After passing Nolan Lane, go approximately 400 ft and turn right into a driveway
angling off the road and up a steep grade. This site is on property belonging to Bill Lee.
After passing Mr. Lee's house follow the old logging road until reaching property owned by
Billy Hughes. The site is in a hardwood forest on the right side of the logging road downslope
toward East Wolf Valley Road. It is approximately 1000 ft north of East Wolf Valley Road
and 0.25 miles west from Nolan Lane. This site is on the Powell quadrangle. The surrounding
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forest shows evidence of having been logged in the last 40 y. The site is in a midslope position
on a convex slope. The trees on this site are older and were probably not logged as recently
as those closer to the logging road. The present vegetation is tulip poplar, sassafras, red
maple, moss, and some Virginia pine. The underlying geology is the Dismal Gap Formation.
This site is 300 ft south of Anderson Site No. 9.

ANDERSON Site No. 20. Take Highway441 north. Turn right on to Hinds Creek Road.
After several miles, the road forks. Take the road on the left, which is Judson Road. The site
is in a hardwood forest 100 ft northwest of Judson Road and 0.3 miles from the intersection

of Judson Road and Moore Valley Road (Cooper's Gap). Located on the Big Ridge Park
quadrangle, this site is located on property belonging to John Irwin. The present vegetation
is moss, poison ivy, dogwood, red maple, and Virginia pine. Age of the deciduous trees
indicates they have been established at least 50 y. The underlyinggeology is the Dismal Gap
Formation. The site is on a wide slope. There are several areas in which rills have developed
and erosion is evident. There are no houses near this site, although there are indications of
an old home site approximately 500 ft southwest of the site near Judson Road.

ANDERSON Site No. 21. Take Highway 441 north. Turn righton to Hind's Creek Road.
Drive several miles until Hill Road enters on the right. Property is directly across from Hill
Road. Located on the Big Ridge Park quadrangle, this site is located oa property belonging
to Swan Kidwell. Mr. Kidwell lives in the gray house with an equipment shed on the left side
of Hind's Creek Road just prior to reaching Hill Road. Go up the hill behind Mr. Kidwelrs
house. Cross under the power lines to the wooded area on the northwest side. This site is
located 700 ft northwest from Hind's Creek Road and 150 ft west of the power lines. It is
200 ft northeast from Anderson Site No. 12. The site is located in a saddle between two

slopes at the head of a drain. The present forest vegetation is dogweod,sweetgum, hickory,
and Virginia pine. A thick carpet of grass underlies the trees. This site has probably been
cleared at some time. Age of the deciduous trees indicates they have b_en established at least
50 y. The underlying geology is the Dismal Gap Formation. The site presently is used for
pasture for cattle.

ANDERSON Site No. 22. Take Highway 441 north. Turn right on to Hind's Creek Road.
Drive several miles until Hill Road enters on the right. Property is directly across from Hill
Road. Located on the Big Ridge Park quadrangle, this site is located on property belonging
to Swan Kidwell. Mr. Kidweil lives in the gray house with an equipment shed on the left side
of Hind's Creek Road just prior to reaching Hill Road. Go up the hill behind Mr. Kidwelrs
house. Cross under the power lines to the wooded area on the northwest side. This site is
located 500 ft northwest from I-find'sCreek Road and 300 ft west of the power lines. It is
200 ft east from Anderson Site No. 12 on a convex slope. A drain lies between sites 12 and
22. The present forest vegetation is dogwood,tulip poplar, eastern red cedar, and Virginia
pine. A thick carpet of grass underlies the trees. This site has probablybeen cleared at some
time. Age of the deciduous trees indicates they have been established at least 50 y. The
underlying geology is the Dismal Gap Formation. The site presently is used as pasture for
cattle.
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A.4 OAK RII_E RESERVATION SOIL PRO_

SITE NUMBER
ORR-2

See pages 20, 66, 67, 70, "]I, 91 in the phase I field book No. 1.

Location: Oak Ridge Reservation. Grid N29300, El0300.
Clamifi_7,ation:Ruptic Ultic Dystrochrepts; clayey Bt, loamy-skeletal Bw, C, and Cr, mixed,

thermic.
Gex_morphicPosition: Middle of convex sideslope.
$1OlX:and ASlX_ 16% West Northwest.
Parent Mate.aiM(s): Middle Dismal Gap Formation.
Vegetation: Oaks, few red maple, sweet gum, and white pine. This site was probably clea_ed

and probably pastured but never plowed.
_'bod By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson.
Rad. Scan: Air 25; Ground level 45.
Weather Yesterday: Partly cloudy, cool, scattered showers.
Present Weather:. Partly cloudy, cool.
Dam: May 6, 1992.

Soil Description

Oi 4 to 0 cm; leaf litter, 100% coverage, few tree sprouts.
A 0 to 5 cm; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
E 5 to 14 eta; yellowish brown (10YR 5/4) silt loam; weak fine subangular blocky

structure; very friable; clear wavy boundary.
BE 14 to 20 eta; yellowish brown (10YR 5/6) shaly silty clay loam; weak fine subangular

blocky structure; friable; clear wavy boundary.
Bt 20 to 32 eta; yellowish red (5YR 5/6) shaly clay; strong medium subangular blocky

structure; firm; ali peds coated with yellowish brown (10YR 5/6) materials; abrupt
irregular boundary.

BC&Cr 32 to 74 eta; strong brown (7.5YR 5/6) fragment interiors in BC materials and light
yellowish brown (2.5Y 6/4) fragment interiors in C and Cr materials. Fine earth and
clay flows are strong brown (7.5YR 4/6); nearly ali rock controlled structure; firm;
Much glauconite in BC materials; abrupt irregular boundary.

Cr 74 to 80 eta; Not described.

NOTES: The FSD composite samples were collected from a pit fare oriented with strike.
There was less variability than the field duplicate samples that were collected
from a pit fare oriented across the strike. See pages 66 and 67 in the field log
book for sketches. The field duplicate samples were collected from the
appropriate inclined soil horizon as shown in the sketch on page 67.

Depths of sampling are: A, 0 to 14 cm; B, 20 to 32 cm; C, 32 to 50 cm.
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SITE NUMBER
ORR-3

See pages 94, 109 and 128 in phase 1 field book No. I and pages 4 and 5 in phase 1, field
book No. 2.

Location: Oak Ridge Reservation. Grid N29300, E11200. This site is within 50 ft of the top
edge of Bear Creek road embankment.

Clamification: Typic Hapluduits; clayey, mixed, thermic.
Geomot'phic Position: Broad slightly convex sidesiope.
Slope and AsImct: 5% South.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Old field successional forest. Most old pines have died and fallen over. Present

regrowth is V. pine, W. pine, oak, hickory, sassafras,cedar, with a sparse poison ivyground
cover.

Deum'bed By:.D. A. Lietzke.
Sampling Crew:. Lietzke, Burgoa.
Rad. Scan: Air 50 ; Ground level 40.
Wea_ Yesterday: Clear, very warm, but with an evening shower.
Present Weather. Partly cloudy, very warm and humid.
Date: July 22, 1992.

Soil Description

Oi 3 to 0 cm; leaf litter and pine needles.
A 0 to 5 cm; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
Ap 5 to 15 cm; yellowish brown (10YR 5/4) silt loam; moderate medium granular

structure; friable; abrupt wavy boundary.
B&E 15 to 18 cm; dark yellowish brown (10YR 4/6) B part, and yellowish brown (10YR

5/6) E part;silty clay loam;weak medium subangularblocky structure; friable;abrupt
wavy boundary.

Bt 18 tO 40 cm; strong brown (7.SYR 4/6) clay; moderate medium subangular blocky
structure; firm; strong brown (7.5YR 4/4) peal coatings; abrupt irregular boundary.

C 40 to 51 cm; light olive brown (2.5Y 5/4) fragment interiors; plugged with strong
brown (7.5YR 5/4) clay; ali rock structure; abrupt irregular boundary.

Cr 51 to 60 cm; brown (7.5YR 5/2) fragment interiors with most surfaces coated with
dark red (2.5YR 3/6) iron-clay complexes.

NOTES: Samplingdepths for ESD composites are: A, 0 to 15 cm; B, 18 to 40 cm; C, 40
to 51 cm.
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SITE I_OMBER
OP_-5

See pages 95, 109, 133 in Phase 1, field book No. 1, and pages 1, 2 in phase 1, field book
No. 2.

Location: Oak Ridge Reservation. Grid: N29300, E15300. About 300 ft west of Central
Training facility main entrance and 25 ft south of the boundary fence.

Classification: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Broad bench landform on a convex spur.
Slope and Aspec_ 1%
Parent Material(s): Middle Nolichucky Shale with several carbonate strata.
Vegetation: Old field successional forest. Most old pines have died and fallen over. Present

regrowth is a dense standof young pines, cedar, oak, dogwood, and sweet gum along with
a generous stand of honeysuckle and greenbriar.

_'bed By:.D. A. Lietzke.
Sampling Crew:. Lietzke, Burgoa.
Rad. Scan: Air 40; Ground level 50.
Weather Yesterday. Clear and very warm with showers during the past evening.
Present Weather. Cloudy and cooler.
Date: July 22, 1992.

Soil Description

Oi 5 to 3 eta; mosses and pine needles.
Oe 3 to 0 cre; hemic materials, sapric materials and a dense root mat.
Ap 0 to 10 eta; yellowish brown (10YR 5/4) silt loam; moderate fine granular structure;

very friable; abrupt wavy boundary.
Bt 10 to 40 cm; strong brown (7.5YR 4/6) clay or silty clay; moderate medium

subangular blocky structure; firm; strong brown (7o5YR 4/4) pea coatings; abrupt
irregular boundary.

C&Cr 40 to 60 eta; olive brown (2.5Y 4/3) fragment interiors with red and black surface
coatings; strong brown (7.SYR 5/4) clay coatings on some surfaces and also as
plugged zones.

NOTES: This is the only ORR phase 1 site that has a thick moss layer.

Sampling depths are: A, 0 to 10 cm; B, 10 to 40 cm; C, 40 to 55 cm.
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NUMBER
ORR-lO

See pages 21, 39, 54, 55, 91 in the phase 1 field book No. 1.

Location: Oak Ridge Reservation. Grid N30200, E21460.
Classification: Typic Dystrochrepts; loamy-skeletal, m/xed, thermic.
Geomorphic Pec,ilion: Upper convex side,slope just below ridge crest.
Slope and As_ 20% South Southwest.
Parent Material(s): Lower Dismal Gap Formation.
Vegetation: Hardwood forest that re-generated from older severely eroded old-field forest

succession. Present trees are white oak, hickory, cedar, ash. Ground cover of leaves and
thick stand of poison ivy, five-leaf ivy and honeysuckle.

Deacn'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Farmer
Rad. Scan: Air 20; Ground level 20.
Weather Yesterday:.Cool, widely scattered showers in AM with clearing and warmer in the

PM as the front went through.
Preaent Weather:.Clear and warm.
Date: May 1, 1992.

Soil Description
Oi 4 tO 0 cm; leaf litter.
Oa 0 to 1 cm; sapric and hemic materials with a root mat.
A 1 to 12 cm; brown (10YR 4/3) shaly silt loam; strong f'me granular structure; very

friable; clear wavy boundary.
Bw 12 to 24 em; yellowish brown (10YR 5/6) shaly or very shaly silt loam or silty clay

loam; moderate medium subangularblocky structure; very friable; some peds coated
with darker materials; abrupt irregular boundary. (An intermittent Bt horizon,
formed in a carbonate stratum was dug out before sampling for ESD composites
started.)

C 24 to 46 cm; light olive brown (2.5Y 5/6) fragment interiors. Most fragment surfaces
thickly coated with yeliow_shbrown (10YR 5/4) silty materials. There are thin seams
of red (2.SYR 4/8) clay originally derived from carbonate seams in the rock. 60 to
90% geologic structure, interbedded with harder Cr materials at lower depths.

Cr 46 to 80 cm; light olive brown (2.5Y 5/6) fragment interiors; surface coatings of dark
red (2.SYR 3/6) and yellowish brown (10YR 5/4).

NOTES: Three sides of the pit were Typic Dystrochrepts. The fourth side had a Bt
horizon but it was confined to a thin carbonate stratum and it had disappeared
when the pit was enlarged to sample for ESD composites. The Oa horizon was
not sampled. Sample depths are: A, 1 to 12 eta: B, 12 to 24 eta; C, 24 to 46 eta.
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SITE NUMBER
ORR-11

See pages 16, 17, 32, 91 in the phase 1 field book No. 1.

Location: Oak Ridge Reservation. About 50 ft grid north of TVA power line ROW. Grid
N29800, E21460

_tion: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Lower slightly convex sidesiope. Severely eroded prior to or after

abandonment.
Slope and Aspect: 13% Southwest.
Parent Material(s): Upper Dismal Gap Formation and transition zone to lower Nolichucky.
Vegetation: Old field regrowth. Most pines have died and have fallen over. Young brush and

sprouts of dogwood, sassafras,cherry,red maple and sweet gum, with an abundant ground
cover of i_ison ivy and honeysuckle.

Descn'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Phillips, Farmer
Rad. Scan: Air 15;Ground level 70.
Weather Yesterday: Partly cloudy and cool.
Preumt Weather:.Clear and warmer.
Date: March 17, 1992.

Soil Description

Oi 4 to 0 cm; leaves and pine nee.dies.
Oa 0 to 1 cm; black (10YR 2/1) organic matter and root mat.
Ap 1 to 18 cre; brown (10YR 4/3) silty clay loam with fresh shale fragments; moderate

fine granular structure; friable;common fine roots; abrupt wavy boundary.
Bt 18 to 36 cm;yellowish red (SYR 5/6) silty clay or clay;moderate medium subangular

blocky structure;friable; few fine roots and few medium roots; strong brown (7.SYR
4/6) clay coats on ali ped faces; gradual wavy boundary.

BC 36 to 48 cre; strong brown (7.SYR 4/6) shaly silty clay or shaly clay; moderate coarse
prismatic parting to moderate medium to coarse subangular blocky structure; firm;
many fragments are oriented with respect to the geologic strike and dip. yellowish
and reddish parent materials saprolitic colors are also present.

C 48 to 85 cre; red (2.SYR 4/8) and yellowish red (SYR 5/8 fragment interiors;
material easily crushes to shaly or very shaly silty clay loam; 70 to 90% rock
structure; yellowish red (SYR 4/6) coatings on many fragment faces.

Cr 85 to 132 cre; fragment interiors range from red to olive; some fragment faces are
coated with dark red (10R 3/6) while other fragment surfaces are coated with
yellowish brown (10YR 5/4) clay; some fragments have light olive gray (SY 6/2)
fringes indicatingwetness conditions. Light brownish gray (2.5Y 6/2) flow zones also
occur in this horizon. Fine roots are in flow zones.

NOTES: Sampling depths are: A, 1 to 18 cm; B, 23 to 36 cm; C, 51 to 62 cm.
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SITE NI_,IBER
ORR-13

See ,ages 95, 109, 135 in phase 1 field book No. 1, and pages 12 and 13 of phase 1, field
bookNo.2.

Location: Oak Ridge Reservation. Grid: N29_), E23220.
_esdfication:TypicHapludults;clayey,mixed,thermic.
Geomorphic Ptmtion: Broad convex ridgetop.
Slope and Aspect: 3% Northwest.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Old house site. Probably a yard at one time. Present vegetation is maple and

popla;rwith a dense ground r.,overof poison ivy.
Descn'bed By:.D. A. Lietzke.
S_._pling Crew:.Lietzke, Burgoa.
Rad. Scan: Air 50; Ground level 60_
Weather YesWaday: Partly cloudy, very warm.
Present Weather:..Cloudy, very humid.
Date: July 22, 1992.

Soil Deu:ription

Oi 2 to 0 cm; leaf litter.
Ap 0 to 23 cm; brown (10YR 4/3) silt loam or shaly silt loam; strong fine granular

structure;very friable; abrupt wavy boundary.
Bt 23 to 46 cm; strong brown (7.SYR 4/4) clay or shaly clay; moderate medium

subangular blocky structure; friable; brown (10YR 4/4) ped coatings; clear wavy
boundary.

C 46 to 69 cm; brex_iated zone with many disoriented small fragments with olive
yellow (2.5Y 6/6) interiors; rock contlrolledstructure; friable;crushes easily to a shaly
or very shaly silty clay loam or silty clay.

NOTES: This site is in a brex_iated zone that is deeply weathered. Sampling depths for
ESD Composites are: A, 0 to Z3 cre; B, 23 to 46 cm; C, 46 to 56 cm.
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SITE NUMBER
ORR-IS

See pages 95, 111, 116, 117 in phase 1 field book No. 1.

_3cation: Oak Ridge Reservation. Grid: N29700, E25720. About 25 ft north of gas line
ROW.

Oa_ification: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Broad, slightly convex, ridgetop.
Slope and Aspect: 2-3% South Southwest.
Parent Material(s): Lower Nolichucky Shale.
Vegetation: Stand of 40 to 50 year old loblolly pines, with an understory of oaks, red maple,

dogwood, and a ground cover of honeysuckle and grasses.
Descn'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson.
Rad. Scan: Air 30; Ground level 40.
Weather Yesterday: Cloudy with scattered showers, cool.
Prment Weather:.Partly cloudy and cool.
Date: May 27, 1992.

Soil Description

Oi 2 to 0 cre; pine needles and a few leaves.
A 0 to 2 cm; brown (10YR 4/3) silt loam; moderate fine granular structure; very

friable; abrupt wavy boundary.
Ap 2 to 16 cm; yellowish brown (10YR 5/6) silt loam or silty clay loam; weak medium

granular structure; friable; abrupt wavy boundary.
Bt 16 to 36 cm; yellowish red (53(5/6) clay; moderate medium subangular blocky

structure; firm; strong brown (7.5YR 4/6) clay films on ali ped surfaces; few parent
material reds and yellows in some ped interiors in the lower part; abrupt irregular
boundary.

C/Cr 36 to '60 cm; olive yellow (2.5Y 6/8) fragment interiors and thin strong brown
(7.5YR 4/6) clay seams. Yellowish red (5YR 5/6) clay flows coating C horizon
material; most Cr horizon fragments coated with red iron oxides; ali rock controlled
structure; C and Cr materials occur in thin strata that had weathered differentially
with respect to each other.

Cr 60 to 70 cre; brown (7.SYR 4/4) fragment interiors of less weathered strata and
yellowish red (5YR 4/6) fragment interiors of more highlyweathered strata; darkred
(2.5YR 3/6-3/4) iron oxides on many fragment surfaces.

NOTES: Sampling depths are: A, 0 to 16 cm; B, 16 to 36 cm; C, 36 to 60 cm.
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SITE NUMBER
ORR-16

See pages 98, 11, 113 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. Grid: N29700; E25928.
Classification: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Sidesiope, slight convexity.
Slope and Aspect: 10% Southeast. Severely eroded prior to abandonment.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Loblolly Pine plantation with approximately 40 year old trees. Understory of

dogwoods, oaks, sweetgum. Sparse ground cover of honeysuckle and poison ivy.
Deum'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Burgoa.
Rad. Scan: Air 45; Ground level 60.
Weather Yestegday:.Clear and warm.
Present Weather:. Clear and warm.

Date: July 20, 1992.

Soil Description

Oi 3 to 0 cm; pine needles and some leaves.
A 0 to 7 cm; dark yellowish brown (10YR 4/4) shaly silt loam; moderate fine granular

structure; very friable; abrupt wavy boundary.
Ap 7 to 20 cre; yellowish brown (10YR 5/4) shaly silty clay loam; moderate medium

granular structure;very friable; clear wavy boundary.
Bt 20 to 33 cre; strong brown (7.5YR 4/6) clay or shaly clay; moderate medium

subangular blocky structure;friable; ali pealscoated; clear wavy boundary.
BC 33 to 43 cre; strong brown (7.5YR 5/4) very shaly silty clay loam; weak medium

subangular blocky structure and areas of rock controlled structure; firm; strong
brown (7.5YR 5/4) clay coatings on most fragment surfaces, with the clay coveting
a thick layer of black manganese oxides; abrupt irregularboundary.

C 43 to 88 cm; yellowish brown (10YR 5/6) fragment interiors; crushes to shaly silty
clay or very shaly silty clay loam; 90% rock controlled structure; clay plugged; some
black coatings; firm; abrupt irregular boundary.

NOTES: Sampling depths for FSD composites are: A, 0 to 20 cm; B, 20 to 33 cm; C, 43
to 63 cm.
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SITE NUMBER
ORR-19

See pages 21, 33, 35, 37, 42, 43, 91 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. 60 ft east of telegraph ROW within the Bear Creek
LLWDDD. Grid N33000, E28530.

Classification: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Top of broad spur ridge.
Slope and Aspect: 4% West.
Parent Material(s): Lower Dismal Gap Formation.
Vegetation: Old-field forest. Most pines have fallen. Young hardwoods of cherry,sweet gum,

cedar, poplar, dogwood and virginia pine. Sparse ground cover of honeysuckle. Ground
surface 100% leaf covered.

Described By:.D. A. Lietzke.
Sampling Crew: Lietzke, Wilson, Farmer.
Rad. Scan: Air 30; _Ground level 40.
Weathex Yesterday:.Cool, cloudy, light showers.
Present Weather:.Cool, cloudy with cold front moving through.
Date: April 27, 1992.

Soil Desc6ption

Oi 5 to 0 cm; leaf litter.
Oa 0 to 1 cm; sapric and hemic materials and dense root mat.
A 1 to 6 cm; dark brown (10YR 3/3) silt loam; moderate fine granular structure; very

friable; clear wavy boundary.
Ap 6 to 16 cm; yellowish brown (10YR 5/4) shaly silt loam; moderate fine granular

structure; very friable; abrupt wavy boundary.
BE 16 to 25 cm; strong brown (7.5YR 5/6) shaly silty clay loam; weak medium

subangular blocky structure; friable; clear wavy boundary.
Bt 25 to 51 cm;yellowish red (SYR 4/6) silty clayor clay;moderate medium subangular

blocky structure; friable;strong brown (7.SYR 5/6) clay on ali ped faces; clear wavy
boundary.

BC 51 to 54 cre; transition to C horizon with loss of soil structure andstart of geologic
strike and dip controlled rock structure.

C 54 to 84 cre; alternating strata of brown (7.SYR 4/3) very fine grained sandstone
saprolite and shale-siltstone saprolite. Saprolite is plugged with yellowish red (SYR
4/6) clay.

Cr 84 to 90 cre; Harder shale strata. Fragment interiors are olive brown (2.5Y 4/4).
Most surface are coated with blackmanganese oxides and some yellowish red (SYR
4/6)clay.

NOTES: The Bt horizon is continuous around the pit. The Cr horizon in shale starts at
60 cm depth while the Cr in the sandstone strata occurs at a depth of 80 to
84 cm below the surface. Sampling depths are: A, 0 to 16 cre; B, 25 to 51 cre;
C, 54 to 74 cre. This site was moved from its original location, which was in a
young stand of planted pines, to a location in an old field suczessional forest.
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SITE NUMBER
ORR-21

See pages 99, 107, 139, 158, 159 in phase 1 field book No. 1.

Ltx_tion: Oak Ridge Reservation. Grid: N29700, E30940. Site in old field grown up to pines.
O.a_,ification: Ruptic URic Dystrochrepts; clayey Bt, loamy-skeletal Bw, C and Ct, mixed,

thermic.

Geomorphic Position: Nearly level bench-like area on a convex sideslope.
Slope and Aspect: 9% South. Severely eroded.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Old field successional forest with a few tall pines remaining along with cedar,

poplar, dense stands of sourwood, oak and red maple. Some grape vines and some mosses
and lichen groundcover.

_'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Burgoa.
Rad. Senn: Air 35 ; Ground level 80.
Weather Yesterday:. Clear and warm.
Present Weather:.Partly cloudy and very warm.
Date: July 21, 1992.

Soil Dcmmption

Oi 2 to 0 cre; leaf litter.
Ap 0 to 10 cm;dark yellowish brown (10YR 4/6) shaly silty clay loam; moderate medium

granular structure; friable, abrupt wavy boundary.
Bt 10 to 26 cm; yellowish red (5YR 5/6) shaly clay; strong medium subangular blocky

structure; firm; strong brown (7.5YR 4/4) ped coatings; abrupt irregularboundary.
Cr 26 to 48 cm; inclined shaly strata with brown (7.5YR 4/2) fragment interiors; red

(10YR 4/6) surface coatings of iron-clay complex; abrupt irregular boundary.
2C 48 to 63 cm; yellowish brown and yellowish red saprolitic materials that crushes to

silty clay loam; this stratum impregnated with red iron compounds and black
manganese oxides.

3Cr 63 to 65 cm; harder shale saprolite.

NOTF__: This site was moved from its original location. The original location was on the
Maynardville Formation. See the Phase 1 map for the original and moved
locations.

Sampling depths are: A, 0 to 10 cm; B, 10 to 26 cre; C, 26 to 48 cm.
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SITE NUMBER
ORR-22

See pages 24, 35, 37, 46, 47, 91 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. Within Bear Creek LLWDDD site. Grid N30520, E31250.
Classification:Ruptic Ultic Dystrochrepts;clayey Bt, loamy-skeletal C andCr horizons; mixed,

thermic.

Geomorphic Position: Broad convex ridge crest.
Slope and Aspect: 3% Southwest.
Parent Material(s): Lower Dismal Gap Formation and transitionto Rogersville shale. The pit

was in mostly Rogersville saprolite.
Vegetation: Old-field woods of virginiapine, shortleaf pine, dogwoods, cedars. Surface 100%

leaf covered and with a sparse groundcover of honeysuckle.
Dmcn'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Farmer
Rad. Scan: Air 40; Ground level 40.
Weather Yesterday: Cloudy with scattered showers.
Present Weather:.Cloudy, cool, with scattered showers.
Date: April 28, 1992.

Soil Description

Oi&Oa 2 to 0 cm; leaf litter, litter fragments and root mat.
A 0 to 5 cm; dark grayish brown (10YR 4/2) silt loam; moderate fine granular

structure; very friable; clear wavy boundary.
Ap 5 to 15 cm; brown (10YR 5/3) shaly silt loam; weak medium granular structure;

friable; abrupt wavy boundary.
Bt 15 to 27 cm; yellowish red (5YR 4/6) clay; moderate medium subangular blocky

structure; firm;brown (7.5YR 4/4) clay on ali ped faces; abrupt irregularboundary.
C&Crl 27 to 46 cre; Alternating thin strata of soft and hard shale-siltstone saprolite with

light olive brown (2.5Y 5/4) fragmentinteriors; plugged with brown (7.5"Y 4/4) clay.
Ct2 46 to 54 cm; hardershale saprolite with most fragment surfaces coated with dark red

(2.5YR 3/4-3/6) iron oxides.

NOTES: Sampling depths are: A, 0 to 15 cm; B, 15 to 27 cm; C, 27 to 46 cm.
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SITE NUMBER
ORR-23

See pages I01, 107, 120, 121 in phase I field book No. I.

Location: Oak Ridge Reservation. Grid: N 29800, E 31830. About 50 ft north of TVA power
line ROW and about 20 ft east of road that goes to ORR-22.

Classification: Ruptic Ultic Dystrochrepts; clayey Bt, loamy-skeletal Bw, C, and Cr, mixed,
thermic.

Geomorphic Position: Interfluve between two drainageways.
Sk_l_ and Aspect: 2 to 3%, South.
Parent Matea'_(s): Lower Nolichucky Shale.
Vegetation: Old-field pines. Most have died andfallen over. Present canopy vegetation is red

maple, sourwood and dogwoods. Groundcover of honeysuckle and poison ivy.
_'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Burgoa.
Rad. Scan: Air 30; Ground level 70.
Weather Y_terday: Partly cloudy and cool.
Present Weather. Cloudy with showers
Date: May 28, 1992.

Soil l_:_ription

Oi 4 to 2 cm; pine nee,dies and leaves.
Oa 2 to 0 cm; hemic materials, sapric organic materials, many fine roots, and a root mat

at the mineral soil surface. (The Oa has variable thickness ranging from 0 cm to
about 2 cm in the area that was cleared of organic materials for sampling the
mineral soil.)

A 0 to 1 cre; darkyellowish brown (10YR 4/4) shaly silt loam; moderate fine granular
structure; very friable; abrupt wavy boundary.

Ap 1 to 12 cm; dark yellowish brown (10YR 4/6) shaly silty clay loam; weak medium
granular structure; friable;abrupt wavy boundary.

Bt 12 to 30 cre; yellowish red (SYR 4/6) shaly clay; moderate fine subangular blocky
structure; firm; strong brown (7.SYR 4/4) coatings on ali ped surfaces; abrupt
irregularboundary.

C&Cr 30 to 50 cre; strong brown (7.SYR 5/8) glauconitic fragment interiors and reddish
brown (SYR 4/4) clay flows; rock oriented strike and dip structure.

Cr&C 50 to 60 cre; Thin strata of both C and Cr siltstone saprolite materials. In addition
to the siltstone stratum, there is a red (10R 4/6) glauconitic stratum and a confined
flow zone stratum dominated by light brownish gray (10YR 6/2) wetness mottles;
some fragments in the C horizon are coated with reddish brown (SYR 4/4) clay.
Siltstone fragment interiors are yellowish brown (10YR 5/6).

NOTF__: This pit was dug and sampled for ESD compos,ites and gamma scan samples in
a light rain. The profile was not described until June 1, 1992. Sampling depths
are: A, 0 to 12 cre; B, 12 to 30 cre; C, 30 to 50 cm.
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SII_ _MBHR
ORR-24

See pages 101, 107 and 108 in phase 1 field book No. 1, and pages 8 and 9 in Phase 1 field
Book No. 2.

Location: Oak Ridge Reservation. Grid: N29900, E31980.
Classification: Ruptic Ultic Dystroehrepts; clayey Bt, loamy-skeletal, Bw, C and Cr, mixed,

thermic.

Cn_omorph_cPosition: Convex sideslope.
Slope and Aspect: 8% North.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Old field successional forest with some planted loblolly pine about 30 y old.

Dense undergrowth of poplar, dogwood, cedar, pine, red maple. Sparse ground cover of
poison ivy and honeysuckle.

Desen'lxxl By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Burgoa.
Rad. Scan: Air 50 ; Ground level 70.
Weather Yesterda F Clear to partly cloudy, very warm with a shower in the evening.
Present Weather:. Partly cloudy, very warm, very humid.
Date: July 22, 1992.

Soft Description

Oi 4 to 1 cm; pine needles and some leaves.
Oa&Oe 1 to 0 cm; hemic materials, sapric materials and a root mat.
A 0 to 5 cm; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
Ap 5 to 19 eta; dark yellowish brown (10YR 4/4) shaly silt loam; moderate fine granular

structure; very friable; abrupt wavy boundary.
Bw&Bt 19 to 26 cm; dark yellowish brown (10YR 4/4) shaly or very shaly silty clay loam;

weak medium subangular blocky structure; friable; abrupt wavy boundary.
C&Cr 26 to 49 eta; light olive brown (2.5Y 5/3) fragment interiors; rock controlled

structure; yellowish brown (10YR 5/4) coatings on most fragment surfaces. These
coatings cover thick black manganese oxide coatings.

Cr&C 49 to 60 cna; highly weathered shale and siltstone saprolite.

NOTE_: Sampling depths for ESD composites are: A, 0 to 19 cm; B, 19 to 26 cm; C, 26
to 49 eta.
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SITE NUMBER
ORR-25

See pages 95, 107, 124, 125 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. Grid: N 29800, E 32290. Site about 50 ft south of TVA
electric power line ROW.

Classification: Ruptic Ultic Dystrochrepts; clayey Br, loamy-skeletal Bw, C and Cr, mixed,
thermic.

Geomorphic Position: Upland summit, slightly convex.
SIop¢ and Aspoct: 2 to 3%, Southeast.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Loblolly pine plantation, 40 to 50 y old. Lower story of red maple, dogwood, and

sweet gum. Thick layerof pine needles on the ground surface along with moderate poison
ivy and honeysuckle.

_'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Burgoa.
Rad. Scan: Air 45; Ground level 60.
Weather Yesteniay:. Partly cloudy and cool.
Present Weather:.Overcast with showers.
Date: May 28, 1992.

Soil l_m_ption

Oi 4 to 2 cm; pine needles and leaves.
Oe&Oa 2 to 0 cm; sapric materials, hemic materials and root mat.
A 0 to 1 cm; yellowish brown (10YR 5/4) shaly silt loam; moderate fine granular

structure; very friable; abrupt wavy boundary.
Ap 1 to 17 cre; yellowish brown (10YR 5/4) shaly silty clay loam; weak medium granular

structure; friable; abrupt wavy boundary.
Br&Bw 17 to 34 cm;brown (7.5YR 4/4) shaly clay;about 50% moderate medium subangular

blocky structure in Bt strata and rock controlled strike and dip structure in Bw;
Fragment interiors are light yellowish brown (2.5Y 6/4); firm; abrupt irregular
boundary.

C&Cr 34 to 50 cm; strong brown (7.SYR 5/4) very shaly clay; strike and dip controlled
orientation of shale fragments; light olive brown shale fragment interiors; abrupt
irregular boundary.

Cr 50 to 60 cm; light olive brown (2.5Y 5/4) fragment interiors; red and black coatings
on fragment surfaces; thin carbonate seams are red (2.5YR 4/8) clay; larger cracks
contain strong brown (7.5YR 5/4) translocated clay.

NOTES: ESD composite samples were collected in a light rain. The ESD gamma scan
samples were collected and the profile described on the 1st of June, 1992 when
the weather was partly cloudy. Sampling depths are: A, 0 to I7 cm; B, 17 to
34 cm; C, 34 to 50 cre.
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SITE NUMBER
ORR-26

See pages 24, 74, 75, 78, 79, 91 in phase 1 field book No. 1.

I.a:w_tion:Oak Ridge Reservation. Grid N 30000, E34370. The site is 75 to 80 ft north of the
TVA power line ROW.

Clasification: Ruptic URic Dystrochrepts;clayey Bt, loamy-skeletal Bw, C, Cr, mixed, thermic.
Geomorphic Position: Lower convex sideslope.
Slope and Aspect: 14% South Southeast.
Patent Material(s): Middle Dismal Gap Formation.
Vegetation: This site has been plowed but was abandoned before the Atomic Energy

Commission (AEC) takeover in 1942. Present forest is hardwoods of red maple, oaks,
hickories, and a few cedars.

_'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson.
Rad. Scan: Air 15; Ground level 25.
Weather Yesterday: Partly cloudy ill the morning with afternoon scattered showers.
Present Weather:.Cloudy,scattered showers, cool. Got rained out before completing sampling

and soil description.
Date: May 11, 1992.

Soil Description

Oi 4 to 0 eta; leaf litter and root mat.
A Oto 6 cm; very dark grayishbrown (10YR 3/2) shaly silt loam; strong fine granular

structure; very friable; abrupt wavy boundary.
Ap 6 to 15 cm;dark yellowish brown (10YR 4/4) shaly silt loam; moderate fine granular

structure; very friable; abrupt wavy boundary.
Bt 15 to 30 cm; red (2.SYR 4/6) shaly clay or shaly silty clay; moderate medium

subangularblocky structure; friable; Strong brown (7.SYR) coatings on ali ped faces;
abrupt irregularboundary.

BC&C 30 to 50 cm; light olive brown (2.5Y 5/4) fragment interiors; soil matrix is yellowish
red (SYR 4/6) very shaly clay. BC has some weak soil structure, the C has ali rock
structure; abrupt irregular boundary.

C&Cr 50 to 80 cre; olive brown (2.5Y 4/4) fragment interiors; Cr fragments coated with
black manganese oxides; C horizon fragments coated with yellowish red (SYR 4/6)
and strong brown (7.SYR 5/6) materials.

NOTES: The BC&C and C&Cr horizons occur in thin strata that have geologic strike
and dip. It was not feasible to describe each separately, nor could they be
individually sampled.

Sampling depths: A, 0 to 15 cm; B, 15 to 30 cre; C, 30 to 60 cre. The field
duplicate samples, because they were sampled from another side of the pit
have different depths as follows: A, 0 to 15 cre; B, 18 to 36 cre; and C, 20 to
40 cm.
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SITE NUMBER
ORR-27

See pages 8, 9, 25, 32, 91 in phase 1 field book No. 1.

Location: Oak Ridge Reservation, Bear Creek area. 100 ft north of TVA power line
fight-of-way. Grid N30100, E34990.

Clataification: Ruptic URic Dystrochrepts; clayey Bt and loamy-skeletal Bw, C, and Cr
horizons; mixed, thermic.

Geomorphic Pmition: Mid side slope with slight convexity
Slope:and AtlmOz 7%, Southwest.
Parent Material(s): Upper Dismal Gap Formation.
Vegeaation: Old-field regrowth of red and black oak, chestnut oak, white oak, a few virginia

pine, some dead cedars. Understory of beech, oak, red maple, dogwood, and a few green
herbs. Ground covered 100% by leaves.

Detain'bedBy:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Phillips, Farmer.
Rad. Scan: Air 10; Ground level 15.
Pteviom Weather:. Rain and snow showers on March 14th and 15th.
Weather Today: Clear, 18 to 20 degrees in morning.
Date: March 16, 1992.

Soil Dm_ption

Oi 4 to 0 cm; leaf litter.
A1 0 to 5 cre; very dark grayish brown (10YR 3/2) silt loam; strong fine granular

structure; very friable; many fine roots; abrupt wavy boundary.
Ap 5 to 10 cre; dark brown (10YR 3/3) silt loam; moderate fine granular structure; very

friable; common fine roots; abrupt wavy boundary.
AB 10 to 23 cm; yellowish brown (10YR 5/4) silt loam; weak fine subangular blocky

structure; few medium roots; clear wavy boundary.
Bt 23 to 34 cre; strong brown (7.SYR 4/6) silty clay loam; moderate medium subangular

blocky structure; few roots; abrupt irregularboundary.
C 34 to 74 cre; olive brown (2.5Y 4/4-5/4) fragment interiors; material crushes to a

shaly or very shaly silty clay loam; yellowish real (SYR 4/6) clay coatings on some
fragment faces while other fragment faces coated with black manganese oxides in
the lower part of the horizon; more than 70% rock controlled structure; abrupt
irregular boundary.

Cr 74 to 80 cre; olive brown (2.5Y 4/4) fragment interiors; dark red (2.SYP. 3/6) and
black coatings on most fragment faces.

Notes: Depth to the Cr varied from 45 to 74 cm across the face that was sampled. Only the
Argillic part of the soil was described and sampled. One side of the pit had Cr
materials coming to within 20 cm of the surface. This old-field site was abandoned
some time before the AEC takeover and had already reverted to hardwoods.

Depths of sampling for FSD composites are: A, 0 to 10 cre; B, 23 to 34 cm; C, 34
to 53 cm.
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SITE NUMBER
ORR-28

See pages 103, 107, 129 in phase 1 field book No. 1, and pages 152 and 153 in phase 1 field
book No. 2.

Location: Oak Ridge Reservation. Grid: N29500, F_34580.About 20 ft grid west of edge of
power line ROW.

Classification: Ruptic Ultic Dystrochrepts; clayey Bt, loamy-skeletal Bw, C and Cr horizons;
mixed, thermic.

, Geomorphic Position: Mid side.slope with convexity. Severely eroded before abandonment.
Slope and As_ 5% Southeast.
Parent Material(s): Middle Nolichucky Shale.
Vegetation: Old field successional forest where older pines have been harvested. Present

vegetation of young pines, cedars and poplar.Sparse groundcover of honeysuckle, mosses
and ferns.

_'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Burgoa.
Rad. Scan: Air 45; Ground level 60.
Weather Yesterday: Clear and warm.
Present Weather:. Clear and warm.

Date: July 21, 1992.

Soil _ption

Oi 2 to 0 cre; mosses, pine needles, leaves and root mat.
A 0 to 2 cre; brown (10YR 4/3) silt loam or shaly silt loam; strong fine granular

structure;very friable;abrupt wavy boundary.
Ap 2 to 16 cre; yellowish brown (10YR 5/4) silt loam or shaly silt loam; moderate fine

granularstructure; very friable; abrupt wavy boundary.
Bt 16 to 25 cm; yellowish brown (10YR 5/8) shaly clay; moderate medium subangular

blocky structure; friable; strong brown (7.5YR 5/6) ped coatings; abrupt irregular
boundary.

C 25 to 35 cre; light olive brown (2.5Y 5/4) fragment interiors; red (2.SYR 4/6)
iron-claycoatings on some fragment surfaces; other areas plugged with yellowish red
(SYR 5/4) clay; abrupt irregularboundary.

Cr 35 to 52 cre; brown (10YR 4/3) fragmentinteriors; most surface coated with red and
yellowish red clay and iron oxides.

NOTES: If the Bt horizon is continuous around ali four sides of the pit the soil is
classified as a Typic Hapludult. If the Bt horizon is interrupted by a Bw, C or
Cr horizon then the soil is classified as a Ruptic UItic Dystrochrept.

Sampling depths are: A, 0 to 16 cre; B, 16 to 25 cre; C, 26 to 35 cm.

Depths of sampling for ESD composites are: A, 0 to 10 cre; B, 23 to 34 cre; C,
34 to 53 cre.
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SITE NUMBER
ORR-31

Seepages103,113,114,156,157inphaseIfieldbookNo. I.

Lcx:ation:Oak RidgeReservation.Grid:N29900,E35820.
Chmsifieation:TypicHapludults;clayey,mixed,thermic.
Geomorphic Position: Lower part of long slightly convex sideslope.
Slope and Aslxx:t: 3% Southeast.
ParentMaterial(s):Upper NolichuckyShale.
Vegetation:Oldfieldsuccessionalforest.The olderpineshavebeenharvestedinthepast10

to15y.Denseregrowthofsweetgum,dogwood,cedar,hickory,poplar,andash.Sparse
groundcoverofhoneysuckleandpoisonivy.

Ikscn'bedBy:.D.A.Lietzke.
SamplingCrew:.Lietzke,Burgoa.
Rad.Scan:Air35;Groundlevel60.
WeatlwxYesterday:.Clear andwarm.
PresentWeather:.Partlycloudy,verywarm andhumid.
Date: July 21, 1992.

Soil l_escription

Oi 2 to 0 cm; leaf litter.
A 0 to 8 cm; brown (10YR 4/3) silt loam; strong fine granular structure; very friable;

abrupt wavy boundary.
Ap 8 to 19 cre; yellowish brown (10YR 5/4) silt loam; moderate fine granular structure;

friable; abrupt wavy boundary.
Bt 19 to 40 cm; dark yellowish brown (10YR 4/6) silty clay; moderate medium

subangularblockystructure;friable;darkyellowishbrown(10YR 4/4)pe.xlcoatings;
clearwavyboundary.

C 40to61cre;yellowishbrown(10YR 5/4)siltloamorsiltyclayloam;weakcoarse
subangularblockystructure;firm;lightbrownishgray(10YR 6/2)wetnessmottles;
strongbrown(7.5YR4/4)pedzones,butmostpedsarenotcoated;abruptirregular
boundary.

2Cr 61to70cm;darkreddishgray(5YR 4/2)fragmentinteriors,withsurfacescoated
withblackmanganeseoxides.

NOTES: The upper 61 cm appears to be colluvium of entirely Nolichucky origins and of
early Holocene age.

Sampling depths are: A, 0 to 19 cm; B, 19 to 40 cre; C, 40 to 55 crn.
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S1TE NUMBER
ORR-32

See pages 25, 33, 35, 37, 50, 51, 91 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. About 100 ft grid north of TVA power line ROW. Grid
N30200, E36760.

Clamification: Ruptic Ultic Dystrochrepts; clayey Bt and loamy-skeletal, Bw, C and Cr
horizons; mixed, thermic.

Geomorphic Position: Mid point of long convex sideslope.
Slope and Aspect: 12% South.
Parent Material(s): Upper Dismal Gap Formation.
Vegetation: Old-field. Pines have almost ali died and fallen over. Present vegetation is thick

hardwood underbrush and abundant honeysuckle.
Descn'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Farmer
Rad. Scan: Air 15; Ground level 40.
Weather Yesterday:.Cloudy, cool, widely scattered showers.
Present Weather:.Cloudy, cooler with clearing in the afternoon.
Date: April 28, 1992.

Soil Description

Oi 4 to 0 cm; leaf litter and root mat.
A 0 to 5 cre; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
Ap 5 to 20 cre; dark yellowish brown (1_JYR4/4) silt loam or shaly silt loam; moderate

fine granular structure; very friable; abrupt wavy boundary.
Bt 20 to 32 cm; yellowish red (5YR 4/6) silty clay or clay; moderate medium subangular

blocky structure; strong brown (7.5YR 5/4) clay coatings on ali peal surfaces; clear
irregular boundary.

C 32 to 53 cm; fight olive brown (2.5Y 5/6) fragment interiors coated with brown
(7.SYR 4/4) clay; 60 to 80% rock controlled structure; clay plugged; abrupt irregular
boundary.

Cr 53 to 64 cre; light olive brown (2.5Y 5/6) fragment interiors; many fragment faces
coated with black manganese oxides; some fragment faces coated with red (2.SYR
4/6) iron-clay materials; some strong brown (7.SYR 4/6) clay in thin flow zone seams.

NOTES: Sampling depths: A, 0 to 20 cm; B, 20 to 32 cm; C, 32 tO 53 cm.
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SITE NUMBER
ORR-33

See pages 25, 35, 37, 62, 63, 91 in phase 1 field book No. 1.

Locatkm: Oak Ridge Reservation. Grid N30000, E369"/0.
Clmsificatioa- Ruptic Ultic Dystrochrepts; Clayey Bt, loamy-skeletal Bw, C, and Cr horizons,

mixed, thermic.
Ge_morphic PcBition: Middie of slightly convex lower sideslope.
Slope and Aspect: 13% South Southwest.
Parent Material(s): Middle Dismal Gap Formation.
Vegetation: Original old-field successional forest of pines has died and fallen over. Present

vegetation consists of dogwood, beech, sweet gum, poplar, red maple, pine, with a thick
ground cover of honeysuckle.

Descn'be_ABy:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson.

' ' Rad. Scan: Air 25; Ground level 40.
Weather Yesteniay:. Early morning showers then clearing and very windy.
_t Weather:. Clear, sunny afternoon with a light breeze.
Date: May 4, 1992.

Soil Description

Oi 7 to 0 cre; leaf litter, twigs and small branches, and a dense root mat.
A 0 to 5 cm; dark yellowish brown (10YR 4/4) silt loam; strong fine granularstructure;

very friable; abrupt wavy boundary.
Ap 5 to 12 cna; yellowish brown (10YR 5/6) shaly silt loam; moderate fme granular

structure; friable; abrupt wavy boundary.
Bt 12 to 27 cm; yellowish red (SYR 5/6) clay; moderate medium subangular blocky

structure; firm; strong brown (7.SYR 5/6) clay films on ali ped faces; clear wavy

; boundary.
• BC 27 to 53 era; strong brown (7.5YR 5/6) shaly or very shaly silty clay loam; weak
_ coarse subangular blocky structure; firm; 10 to 50% rock structure in thin harder

strata; abrupt irregular boundary.
C 53 to 63 cm; olive brown (2.5Y 4/4) fragment interiors; thick strong brown (7.5YR

5/6) coatings on most fragment surfaces and plugging cracks and fractures; abrupt
irregular boundary.

, Cr 63 to 80 cm; light olive brown (2.5Y 5/6) fragment interiors; surfaces coated with
black manganese oxides or yellowish brown (10YR 5/8) iron hydroxides.

NOTF_.S: Samphng depths are: A, 0 to 12 cm; B, 12 to 27 cm; C, 53 to 63 cm.
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SITE _ER
ORR-35

Seepages28,37,39,58,59,91inphaseI fieldbookNo. I.

Ia3catmn:Oak RidgeReservation.Grid:N30000,E37280.Siteislocatedabout150ftnorth
of cleared edge of ROW.

Chmification: Typic Hapludults; clayey, mixed, thermic.
Cn_morphk ]Position:Convex area just below rest of ridge.
Slope and _ 13% South Southwest.
Parent Material(s): Lower Dismal Gap Formation.
Vege_tiolnt: Old field successional forest where most pines have died and fallen or were

harvested. Present vegetation is sweet gum, dogwood, haw, sourwood with some poplar.
About 90% of ground surface is leaf covered the remainder is covered by honeysuckle,
mosses and other forbes.

I)es_- _ By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Wilson, Farmer.
Rad. Sca_ Air 15; Ground level 35.
Weather Yesterday: Cloudy with early morning showers, then clearing and windy in the

afternoon.

Present Weather:. Clear and windy.
Date.-May 4,1992.

Soil Ikscription

Oi 2 to 0 cm; leaf litter.
A 0 to 8 cm; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
Ap 8 to 19 cm; brown (i0YR 5/3) silt loam; weak fine granular structure;very friable;

abrupt wavy boundary.
E&B 19 to 31 cre; yellowish brown (10YR 5/4) silt loam, E-part, and strong brown (7.5YR

5/6) silty clay loam, B-part; weak medium subangular blocky structure; very friable;
abrupt irregular boundary.

Bt 31 to 52 cm; strong brown (7.5YR 4/6) clay; moderate medium subangular blocky
structure; friable; peds coated with yellowish red (5YR 4/6) clay; abrupt irregular
boundary.

BC 52to63cm;strongbrown(7.5YR4/6)shalyclay;weakmedium subangularblocky
structure;withabout10 to25% rockstructureremaining;highlyclayplugged.
Abruptirregularboundary.

C&Cr 63to80cm;darkyellowishbrown(10YR 4/6)fragmentinteriors;some fragment
surfacecoatedwithyellowishred(5YR 4/6)clayandotherscoatedwithred(2.5YR
4/6)iron-claymaterials.

NOTES: Sampling depths are: A, 0 to 19 cm; B, 31 to 52 cm; C, 63 to 80 cm.
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SITE NUMBER
ORR-41

See pages 12, 13, 28, 29, 91 in phase 1 field book No. 1.

Location: Oak Ridge Reservation. About 400 ft north of the TVA ROW. Grid N30200,
E39570.

CYmmification:Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Convex summit of small ridge. Soils were severely eroded prior to or

after abandonment.

Slope and Aspece 2-3%.
Parent Material(s): Middle Dismal Gap Formation.
Vegetation: Old-field successional forest. Most older pines have died and fallen over. Present

regrowth of pines red maple, beech and poplar. Ground surface covered with leaves.
Deum'bed By:.D. A. Lietzke.
Sampling Crew: Lietzke, Wilson, Phillips, Farmer
Rad. Scan: Air 10; Ground level 50.
Weather Yesterday:. Partly cloudy.
_t Weather:. Clear and warmer.
Date: March 17, 1992.

Soil Description

Oi 4 to 0 cm; leaf litter.
A 0 to 5 cm; very dark grayish brown (10YR 3/2) silt loam; moderate free granular

structure;very friable; many fine roots; abrupt wavy boundary.
Ap 5 to 12 cre; dark yellowish brown (10YR 4/4) heavy silt loam; weak fine granular

structure; very friable; common fine roots; abrupt wavy boundary.
Bt 12 to 28 cre; strong brown (7.5YR 4/6) silty clay loam or silty clay; moderate medium

subangularblocky structure; friable;common medium roots and common fine roots;
strong brown (7.5YR 5/6) clay flows on pea faces; clear wavy boundary.

BC 28 to 40 cm; strong brown (7.5YR 5/6) shaly silty clay or shaly clay; weak coarse
subangular blocky structure; some areas without soil structure; firm;few fine roots;
clay plugged with abrupt irregularboundary.

C 40 to 64 cm; strong brown (7.5YR 4/6) and yellowish brown (10YR 5/8) fragment
interiors; Material crushes easily to a shaly or very shaly silty clay loam; 60 to 80%
rock controlled structure; friable; few fine roots; considerable strong brown (7.5YR
4/6) clay on fragment surfaces; abrupt irregular boundary.

Crl 64 to 80 cm; harder fragment interiors of strong brown (7.5YR 4/6) and yellowish
brown (10YR 5/8); most fragments coated with dark red (10R 3/6) iron oxides.

Cr2 80 to 90 cm; harder fragment interiors of light olive gray(5Y 6/2) and yellowish
brown (10YR 5/8) with a few red coatings; most fxagments are wet and this horizon
is at the top of a perched water zone.

NOTES: Sampling depths for ESD composites are: A, 0 to 12 cm; B, 14 to 28 cm; C, 50
to 60 cm.
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SITE NUMBER
ORR-42

See pages 105, 111, 143, 154, 155 in phase 1 field book No. 1.

Iax_tion: Oak Ridge Reservation. Grid: N30000, E40500. Site in woods about 30 ft from
edge of power line ROW.

Clamific_tion: Ruptic UItic Dystrochrepts; clayey Bt, loamy-skeletal Bw, C, Cr horizon; mixed,
thermic.

Geomorphk: Position: Long, gentle, convex sideslope.
Slope and Aspect: 3% South.
Patent Material(s): Middle to upper Nolichucky Shale.
V©getation: Old field successional where most older pines have died and fallen over or were

harvested. Dense regrowth of poplar, sweet gum, cedar, oak, dogwood, and beech. Sparse
honey suckle and poison ivy ground cover.

Dram'bed By:.D. A. Lietzke.
Sampling Crew:.Lietzke, Burgoa.
Rad. Scan: Air 30; Ground level 90.
Weather Yesterday: Clear and warm.
Ptewmt Weather:. Clear and warm.

Date: July 21, 1992.

Soil Description

Oi 2 to 0 cm; leaves.
Oa 0 to 1 cre; hemic materials, sapric materials and root mat.
Ap 1 to 15 cre; yellowish brown (10YR 5/4) silt loam or shaly silt loam; moderate fine

granular structure; very friable; abrupt wavy boundary.
Bt 15 to 33 cre; dark yellowish brown (10YR 4/4) shaly clay; moderate medium

subangular blocky structure; firm; ali peds coated with brown (10YR 5/3) material;
abrupt irregular boundary.

C 33 to 47 cm; mottled dark yellowish brown (10YR 4/4), brown (10YR 5/3) and
grayish brown (10YR 5/'2)wetness streaks; extremely shaly clay; ali rock controlled
structure; abrupt irregularboundary.

Cr 47 to 56 cre; brown (10YR 4/3) fragment interiors; red (10R 4/6) and black coatings
on most fragment surfaces; some grayish brown (10YR 5/2) in flow zones.

NOTES: The Bw and Bt were sampled together. The Bw had similar morphology but
higher fragment content.

This site has limestone seams 2 to 5 cm thick that have weathered out to a

yellowish brown clay. Some of this clayey material was included in the very shaly
C horizon sample.

Sampling depths are: A, 1 to 15 cm; VB, 15 to 33 cre; C, 33 to 47 cm.
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SITE NUMBER
ORR-43

See pages 28, 82, 83, 86, 87, 91 in phase 1 field book No. 1.

I.a3cation:Oak Ridge Reservation. Grid N30400, EA1460. About 200 ft grid north of edge of
ROW.

Classification: Typic Hapludults; clayey, mixed, thermic.
Geomorphic Position: Broad, slightly convex sideslope.
Slope and Aspect: 2-3% South Southwest.
Parent Material(s): Lower Dismal Gap Formation within transition zone to RogersviUeShale..
Vegetation: Old field hardwoods of red maple, poplar, abundant dogwood, beexh, with thick

honeysuckle, and poison ivy groundcover.
By:.D. A. Lietzke.

Sampling Crew:.Lietzke, Wilson.
Rad. Scan: Air 20; Ground level 55.
Weather YesWxday:.Clear, warmer. Last rain on May 9th.
Present Weather. Clear and warm.

Date: May 11, 1992.

Soil Deu:ription

Oi 4 to 0 cm; leaf litter.
A 0 to 6 cm; dark brown (10YR 3/3) silt loam; strong fine granular structure; very

friable; abrupt wavy boundary.
Ap 6 to 15 cm; brown (10YR 5/3) silt loam or shaly silt loam; moderate fine granular

structure;very friable;abrupt wavy boundary.
Btl 15 to 37 _n; strong brown (7.5YR 4/6) clay or silty clay; moderate medium

subangular blocky structure; firm; clear wavy boundary.
Bt2 37 to 51 cm; strong brown (7.5 YR 4/6) shaly silty clay; moderate medium and

coarse subangular blocky structure; firm; Manganese oxide plugged at base of
horizon; abrupt irregularboundary.

C 51 to 70 cm; light olive brown fragment interiors; very soft saprolite with yellowish
red (2.5 YR 4/6) claystreaks and yellowish red (5YR 4/6) soil material coating some
fragment surfaces and filling spaces.

NOTES: Sampling depths: A, 0 to 15 cm; B, 15 to 37 cm; C, 51 to 70 cm.

Sampling depths for ORR-43 field duplicates are: A, 0 to 15 cm; B, 15 to
40 cm; C, 53 to 70 cre. The reason for the different depths is that strike and dip
oriented subsoil and substratum horizons vary around the sides of a pit.
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A.5 ROANE COUNTY SOIL PRO_

SITE NUMBER
ROANE No. 3

Location: Pattie Gap Quadrangle, Bowater property, 550 ft northwest from Salem Baptist
Church, 200 ft southeast from power line, 350 ft west of creek.

Classification: Typic Hapludults; fine-loamy, mixed, thermic.
ControlSection:31 to81cm oftheargillichorizon.
GeomorphicPosition:Convextoeslopeposition.
SlopeandAslmct:11% Southeast.
ParentMaterial(s):ThincolluvialmantleoverDismalGap Formation.
Vegetation:Oak,redmaple,sweetgum,dogwood,poisonivy.
_'bed By:.J.L.Branson.
SamplingCrew:.Branson,Timpson,Morris.
Tune SinceLastRain:0 days.
PresentWeather:.75°Frainingduringsampling.
Date:May 7,1992.

Soil Description

Oi 4 to 0 cre; leaves and pine needles.
Ap 0 to 15 cm; dark yellowish brown (10YR 4/4) loam; moderate medium granular

structure; friable; clear wavy boundary.
BE 15 to 31 cre; strong brown (7.5YR 5/6) and dark yellowish brown (10YR 4/4) silt

loam; moderate medium subangular blocky structure; friable; clear wavy boundary.
Btl 31to53cm;yellowishbrown(10YR 5/6)clayloam;weakcoarsesubangularblocky

structure;firm;gradualwavyboundary.
Bt2 53 to85 cm; mottledyellowishbrown (10YR 5/6),red (2.5YR4/6),and light

yellowishbrown(2.5Y6/4)clayloam;moderatemediumsubangularblockystructure;
firm;gradualsmoothboundary.

C 85+ cm; mottledyellowishbrown (10YR 5/6),darkred (2.5YR3/6),and fight
brownishgray(2.5Y6/2)loam;rockcontrolledstructure;firm.

NOTF.S: This site is on a footslope in an area that is highly dissected. The area around
the site has numerous rills and gullies. This area shows no evidence of having
been cleared or farmed within the last 50 y. The area 300 ft east of this site has
been clearcut by Bowater within the last 60 days.
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NUMBER
ROANE No. 7

Locatknu Pattie Gap Quadrangle, John and Imogene Walker property, 400 ft west from Dry
Fork Valley Road, 50 fi south from the property line between the Walker's and Kenneth
Sutton's tobacco patch, 300 northeast from the Walker's house.

Classification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 16 to 56 cm of the arg/Uichorizon.
Geomorphic Position: Upland.
Slope and Asp¢_ 4% South.
Parent Material(s): Colluvium over Dismal Gap Formation.
Vegetation: Virginia pine, red maple, dogwood, tulip poplar.
Descn'bed By:.J. L Branson.
Sampling Clew:. Branson, Livingston.
T'nne Since Last Rain: 1 day.
Present Weather:.65°F cloudy, sprinkled during sampling.
Date: May 6, 1992.

SoH Deu:ription

A 0 to 6 cm; very clarkgrayish brown (10YR 3/2) silt loam; moderate fine granular
structure; friable; abrupt smooth boundary.

Ap 6 to 16 cre; yellowish brown (10YR 5/4) silt loam; weak free subangular blocky
structure; friable; clear smooth boundary.

Btl 16 to 44 cm; yellowish brown (10YR 5/6) silty clay loam; moderate medium
subangular blocky structure; friable; clear smooth boundary.

2Bt2 44 to 56 cm; mottled red (2.5YR 4/6), strong brown (7.5YR 4/6), and light brownish
gray (2.5Y 6/2) clay;weak medium subangularblocky structure; firm;gradual smooth
boundary.

2C 56 tO 93 cm;mottled: red (2.SYR 4/6), strong brown (7.SYR 5/6), and light brownish
gray (2.5Y 6/2) clay; rock controlled structure; finn; clear wavy boundary.

2Cr 93+ cm; soft red shale fragments with some olive and yellow shale

NOTES: This site is in a group of deciduous trees surrounded by cattle pasture.
Indications are that area that had been cleared at one time and plowed. The
owners have assured me this area has not been cleared or cropped in the last
50 y. There is evidence of erosion with small fills beginning to form and shallow
surface horizons. Presently the land is open to cattle.
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SITE NUMBER
ROANE No. 8

Location: Pattie Gap Quadrangle, John and Imogene Walker property, 550 ft west from Dry
Fork Valley Road, 70 ft south from the property line between the Walker's and Kenneth
Sutton's tobacco patch, 250 northeast from the Walker's house.

Oassification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Se_ion: 17 to 67 cm of the argillic horizon.
Geomorphk Position: Upland.
Slope and Aspect: 6% South.
Parent Material(s): Colluvium over Dismal Gap Formation.
Vegetation: Virginia pine, red maple, dogwood, sweetgum.
Deum'bed By:.J. L. Branson.
Sampling Crew:.Branson, Livingston.
Tune Since Last Rain: 1 day.
Present Weather:.50° F cloudy, overcast.
Date: May 6, 1992.

Soil Description

A 0 to 5 cm; very dark grayish brown (10YR 3/2) silt loam; strong fine granular
structure; very friable; abrupt smooth boundary.

Ap 5 to 17 cm;yellowish brown (10YR 5/6) silt loam; moderate fine granular structure;
very friable; clear smooth boundary.

Btl 17 to 44 cm;strong brown (7.5YR 5/6) silty clayloam; moderate medium subangular
blocky structure; friable; gradual smooth boundary.

2Br2 44 to 80 cm; strong brown (7.5YR 5/6) clay; moderate medium angular blocky
structure; firm; gradual smooth boundary.

2C 80 to 95 cm; mottled red (2.SYR 4/6), yellowish brown (SYR 4/6), and light reddish
brown (2.SYR 6/4) clay; rock controlled structure; very firm consistency.

NOTES: This site is in a group of deciduous trees surrounded by cattle pasture.
Indications are that area that had been cleared at one time and plowed. The
owners have assured me this area has not been cleared or cropped in the last
50 y. There is evidence of erosion with smallrills beginning to form andshallow
surface horizons. Presently the land is open to cattle.
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SITE _ER
ROANE No. 9

Location: Pattie Gap Quadrangle, Bowater property, 500 ft northwest from Salem Baptist
Church, 200 ft southeast from power line, 500 ft west of creek.

O.assification: Ochreptic Hapludults; fine-loamy, mixed, thermic, shallow.
Control Section: 30 to 52 cm of the argillic horizon.
Geomorphic Position: Colluvial footslope position.
Slope and Aspece 12% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Oak hardwoods mixed with Virginia pine.
Descn'bed By:.J. L. Branson.
SamplingC/ew:. Branson, Timpson.
Tune Since Last Rain: 3 days.
Present Weather:.76° F sunny.
Date: April 14, 1992.

Soil Description

Oi 2 to 0 cm; leaves and twigs.
A 0 to 9 cm; dark grayish brown (10YR 4/2) silt loam or loam; moderate medium

subangular blocky structure;very friable; clear wavy boundary.
E 9 to 16 cm; brown (10YR 5/3) silt loam or loam; moderate medium subangular

blocky structure; friable; clear wavy boundary.
BE 16 to 30 cm; yellowish brown (10YR 5/6) silt loam;weak medium subangular blocky

structure; friable; clear wavy boundary.
Bt 30 to 52 cm; yellowish red (SYR 5/6) silty clay loam; weak medium subangular

blocky structure; friable consistency; clear wavy boundary.
Cr 52+ cm; soft red shale with some olive and yellowish brown strata.

NOTES: This site is on a footsiope in an area that is highly dissected. The area around
the site has numerous rills and gullies. This area shows no evidence of having
been cleared or farmed within the last 50 y. The area 300 ft east of this site has
been clearcut by Bowater within the last 60 days.
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SITE NUMBER
ROANE No. 10

Location: Pattie Gap Quadrangle, Don Manning property, 350 ft northwest from Dry Fork
Valley Road, 300 ft east from Gage Road

Classification: Ochreptic Hapludults; fine-loamy, mixed, thermic, shallow.
Control Section: 18 to 28 cm of the argillic horizon.
Geomorphic Position: Upland bench.
Slope and Aspect: 3% Southeast.
Parent Material(s): Thin alluvialcapping over Dismal Gap Formation.
Vegetation: shortleaf pine, red maple, oak.
_'bed By:.J. L Branson.
Sampling Crew:.Branson, Gallagher, Morris.
Tune Since Last Rain: 2 days.
Present Weather:. 85°F sunny.
Date: May 15, 1992.

Soil Description

Oi 7 to 5 cm; leaf litter.
Oa 5 to 0 cre; decomposed plant material.
Ap 0 to 18 cre; dark yellowish brown (10YR 4/4) silt loam; weak medium granular

structure; friable; clear irregular boundary.
2Br 18 to 28 cre; yellowish brown (10YR 5/4) shaly clay loam; moderate fine subangular

blocky structure; firm; clear smooth boundary.
2BC 28 to 40 cre; yellowish brown (10YR 5/4) shaly clay; moderate medium angular

blocky structure; firm; clear smooth boundary.
2CB 40 to 62 cra; strong brown (7.SYR 4/6) very shaly clay; moderate medium angular

blocky structure; firm; clear smooth boundary.
2Crl 62 to 83 cre; soft red shale with yellow and olive shale fragments
2Cr2 83 to 108+ cre; soft green shale with a thick band of manganese stained material

and concretions.

NOTES: This site is in a group of deciduous trees surrounded by cattle pasture.
Indications were the area had been cleared at one time and plowed. The
owners have assured me this area has not been cleared or cropped in the last
50 y. The site area is at the bottom of a long slope. This looks to be a terrace
remanent. There were rounded rock fragments in the profile and a large rock
approximately 20cm in diameter. There is evidence of erosion with small rills
and gullies forming in the sagegrass field to the north of the site. Presently the
land is open to cattle.
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SITE NUMBER
ROANE No. 13

Location: Pattie Gap Quadrangle, Don Manning property, 350 ft northwest from Dry Fork
Valley Road, 300 ft west from the property line between Bea Wise and Don Manning,
350 ft directly west from Ms. Wise's red barn.

Chmsification:Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 13 to 63 cm of the argillic horizon.
CmeomorphicPosition: Upland bench.
Slope and Aspece 3% East.
Parent Materiel(s): Dismal Gap Formation.
Vegetation: Virginia pine, red maple, chestnut oak, dogwood, poison ivy.
Ikacn_ed By:.J. L. Branson.
Sampling Crew:.Branson, Gailagher, Timpson.
Time Since Last Rain: 1 day.
Present Weather:. 75°F sunny.
Date: May 14, 1992.

Soil Description

A 0 to 2.5 cm; very dark brown (10YR 2/2) loam; strong fine granular structure;
friable; abrupt smooth boundary.

Ap 2.5 to 13 cm; yellowish brown (10YR 5/4) and brown (10YR 5/3) silt loam; weak
fine and medium granular structure; friable; clear wavy boundary.

Btl 13 to 50 cm; strong brown (7.SYR 4/6) on clay skins and strong brown ped interiors
(7.SYR 5/6); clay;moderate fine andmedium subangularblocky structure;firm;clear
wavy boundary.

Br2 50 to 78 cm; strong brown (7.SYR 4/6) clay; weak medium and fine subangular
blocky structure; firm; clear wavy boundary.

C 78 to 93 + cm; strong brown (7.SYR 4/6) clay; rock controlled structure; firm.

NOTES: This site is in a wooded area. The site area is at the bottom of a long slope.
Because it is in a low position, the possibility of this being an area of terrace
smears is likely. However, there were no indications in this profile to
substantiate this point.
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SITE NUMBER
ROANE No. 14

Ia3cation:Pattie Gap Quadrangle, Don Manning property. 350 ft northwest from Dry Fork
Valley Road, 50 ft west from the property line between Bea Wise and Don Manning,
100 ft directly west from Ms. Wise's red barn.

Classification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 19 to 58 cm of the argillic horizon.
Geomorphic Position: Upland on a convex sideslope.
Slope and Aspect: 13% East.
Parent Material(s): Dismal Gap Formation and RogersviUe Formation transition zone.
Vegetation: red maple, oak, tulip poplar, dogwood, poison ivy.
Descn'bed By:.J. L. Branson.
Sampling Crew:.Branson, GaUagher, Timpson.
Tune Since Last Rain: 1 day.
Present Weather:.80° F sunny.
Date: May 14, 1992.

Soil Deu_ption

A 0 to 8 cm; very dark brown (10YR 2/2) silt; moderate, medium granular structure;
very friable;clear smooth boundary.

Ap 8 to 19 eta; brown (10YR 4/3) loam; moderate medium granular structure;friable;
clear wavy boundary.

Bt 19 to 41 cre; strong brown (7.5YR 4/6) silty clay loam; weak medium subangular
blocky structure; firm; clear wavy boundary.

Bt&C 41 to 58 cre; mottled red (2.SYR 4/6), grayish brown (10YR 5/2), and olive brown
(2.5Y 4/4); channery silty clay; moderate medium subangular blocky structure; firm;
gradual wavy boundary.

Cr 58 to 104+ cre; primarily dark red and olive shale

NOTES: This site is in a wooded area. The site area is in the middle of a short slope.
The Dismal Gap is very thin and fluctuates in this area. The site showed some
indications of having Dismal Gap residuum, but when the pit was opened there
was more Rogersville shale than Dismal Gap. This area has a great deal of
groundcover, primarily vines and poison ivy. The area from the site drops
immediately into a drainageway.
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SITE NUMBER
ROANE No. 17

Location:PattieGap Quadrangle,RobertandMattieSueViarproperty,500 ftwest from Dry
ForkValleyRoad, 1000ft north fromWaterfordLane

Classification:TypicHapludults;clayey,kaolinitic,thermic.
Control_ 28 to 78 cm of the argUlichorizon.
OzomorphicPosition:Uplandon the crownof a convex slope.

and _ 2% East.
Parent_(s): DismalGap Formation.
Vegetation:Virginiapine, easternred cedar,sweetgum.
Descn'bedBy:.J. L Branson.
Sampli_ _ Branson,Timpson.
"llmeSinoe Lsst Rain:1 day.
PresentWeather:.6S°F cloudy,lightrain,
Date: April 20, 1992.

Soil Description

Oi 2 to 0 cm; pine needles, leaves, and twigs
A 0 to 15 cm; yellowish brown (10YR 5/4) silt loam;weak fine granularstructure;

friable;clearsmoothboundary.
AB 15 to 28 cm; dark yellowishbrown(10YR 4/6) silt loam; moderate fine subangular

blockystructure;friable;clear smooth boundary.
Btl 28 to 60 cm;yellowish red (5YR 4/6) clay;moderate mediumsubangularblocky

structure;friable;gradualsmoothboundary.
Bt2 60 tO 80 cm; yellowishred (SYR 4/6) clay;moderate mediumsubangularblocky

structure;friable;clearsmooth boundary.
C 80 to 104+ cm; mottled yellowishred (SYR 4/6), strongbrown(7.5"YR4/6), and

lightolive brown(2.5Y5/4) clay loam;rockcontrolledstructure;friable.

NOTES: Thissite liesbetween the convergenceof two drains,both of whichcontinually
carryat least some flowingwater.The site is on a convexslope in an areathat
had been cleared at one time.The owners have assuredme thisarea has not
been clearedor croppedin the last 50 y. Presentlythe land is open to cattle.
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SITE NUMBER
ROANE No. 19

Location: Pattie Gap Quadrangle, Kenneth Sutton/Bowater property, 750 ft northwest from
Salem Baptist Church, 200 ft southeast from power line, 750 ft west of creek.

Classification: Typic Hapludults; fine-loamy, mixed, thermic.
C.oatml Section: 18 to 47 cm of the argillic horizon.
Geomotphic Position: Convex toeslope position.
Slope and Asimct: 15% Southeast.
Pareat Material(s): Dismal Gap Formation.
Vegetation: Oak, red manic, hickory, dogwood, red cedar.
Descn'bed By:.J. L Bramon.
Sampling Crc_. Branson, Gallagher.
Time Since Last Rain: 2 days.
Present Weather:. 80° F sunny.
Date: April 23, 1992.

Soil l_cription

Oe 2 to 0 cre; decomposing leaves
A 0 to 6 cm; very dark grayish brown (10YR 3/2) silt loam; strong fine granular

structure; very friable; abrupt smooth boundary.
Ap 6 to 18 cre; dark yellowish brown (10YR 4/4) silt loam; weak medium granular

structure; very friable; clear smooth boundary.
Bt 18 to 47 cre; strong brown (7.SYR 4/6) clay loam; moderate medium subangular

blocky structure; friable; clear wavy boundary.
Cr 47 to 98+ cre; soft red shale with yellow and green shale fragments.

NOTES: This site is on a toeslope in an area that is highly dissected. The area around
the site has numerous rills and gullies. This area shows no evidence of having
been cleared or farmed within the last 50 y. We were unsure as to where the
boundary between Kenneth Sutton and Bowater was located, but had
permission to sample on both properties.
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SITE _ER
ROANE No. 20

Location: Pattie Gap Quadrangle, Kenneth Sutton or Bowater property. Site is located 800 ft
from Salem Baptist Church, 200 ft southeast of power line and 900 ft west of the creek.

_tion: Ochreptic Hapludults; fine-loamy, mixed, thermic, shallow.
Geomorphk Position: Convex toeslope position.
Slolm and Aslm_ 12% SouthcasL
Parent MateBal(s): Dismal Gap Formation.
Vegeaatiom Oak, sweetgum, dogwood, poison ivy,
Dram'bed By:.J. L. Branson.
Sampling Crew:.Branson, Gallagher.
T'nne Since Last Rain: 1 day.
Ptme_t Weather: 60 degrees, partlycloudy.
Date: May 5, 1992.

Soil Description

Oi 2 to 0 cm; leaves at_._ vine needles.
Ap 0 to 12 cm; yellowish brown (10YR 5/4) silt loam; weak medium granular

structure; very friable;clear smooth boundary.
Bt 12 tG 35 cre; yellowish red (SYR 4/6) clay; strong medium subangular blocky

structure; firm; g'_tdualsmooth boundary.
C 35 to 52 cm; dark red (2.5YR 3/6) saprolite that crushes easily to clay; rock

controlled struc:-are; abrupt irregularboundary.
Cr 52 to 72 cre; weathered reddish and olive shale.
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SITE NUMBER
ROANE No. 21

Location: Pattie Gap Quadrangle, Kenneth Sutton/Bowater property, 1100 ft northwest
from Salem Baptist Church, 200 ft southeast from power line, 1200 ft west of creek.

Oassification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 18 to 64 cm of the argiUichorizon.
Geomorphic Position: Midslope.
Slope and Aspect: 13% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Oak, tulip poplar, Virginia pine, sweetgum, red maple, club mosses.
Described By:.J. L. Branson.
Sampling Crew:.Branson, Morris.
T'nne Since Last Rain: 2 days.
Present Weather:.80° F sunny.
Date: May 11, 1992.

Soil Description

Oi 3 to 0 cm; leaves, moss, and pine needles
A 0 to 5 cna;brown (10YR 4/3) shaly silty clay loam; moderate, medium granular

structure; very friable; clear smooth boundary.
Ap 5 to 18 cm; dark grayish brown (10YR 4/2) silty clay loam; weak medium

subangular blocky structure; friable; clear wavy boundary.
Btl 18 to 36 cre; strong brown (7.SYR 4/6) clay loam; moderate medium subangular

blocky structure; firm;clear smooth boundary.
Br2 36 to 64 cre; strong brown (7.5YR 5/6) clay loam; moderate coarse subangular

blocky structure; firm; clear smooth boundary.
BC 64 to 74 cm; brown (7.SYR 5/4) silty clay loam; weak medium subangular blocky

structure; friable; gradual smooth boundary.
Cr 74+ cm; soft red shale with some olive and yellowish brown thin strata.

NOTES: This site is on a convex slope in an area that is highly dissected. The area
around the site has numerous fills and gullies. This area shows no evidence
of having been cleared or farmed within the last 50 y. Surfaces nearby show
evidence of extensive erosion and shallow depths. We were unsure as to
where the boundary between Kenneth Sutton and Bowater was located, but
had permission to sample on both properties.
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SITE NUMBER
ROANE No. 22

location: Pattie Gap Quadrangle, Kenneth Sutton/Bowater property, 1400 ft northwest
from Salem Baptist Church, 200 ft southeast from power line, 1500 ft west of creek.

Clamifieation: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 19 to 56 em of the argillie horizon.
Geomorphic Position: Midslope bench.
Slope and Aspeee 13% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Oak, tulip poplar, Virginia pine, red cedar, club mosses.
£kscn'bed By:.J. L. Bramon.
Sampling Crew:.Branson, Gallagher.
T'nneSince Last Rain: 1 day.
Present Weather:.60*F overcast, sprinkled lightly during sampling.
Date: May 5, 1992.

Soil I_:_ription

Oi 3 to 0 cm; leaves and pine needles.
Ap 0 to 19 eta; yellowish brown (10YR 5/6) silt loam; moderate medium 3ubangular

blocky structure; friable; dear, smooth boundary.
Btl 19 to 29 eta; strong brown (7.5YR 5/8) clay loam; moderate medium subangular

blocky structure; Cn'm;clear smooth boundary.
Bt2 29 to 45 cm; strong brown (7.5YR 4/6) clay loam; moderate medium subangular

blocky structure; firm; clear smooth boundary.
Bt&C 45 to 56 eta; red (2.5YR 4/6) and fight olive brown (2.5Y 5/4) clay; weak coarse

subangular blocky structure; firm; clear smooth boundary.
C56 to 100+ eta; mottled red (2.5YR 4/6), strong brown (7.5YR 5/8), and light
yellowish brown (2.5Y 6/4) clay loam; rock controlled structure.

NOTF_._: This site is on a slight bench in an area that is highly dissected. The area
around the site has numerous rills and gullies. This area shows no evidence
of having been cleared or farmed within the last 50 y. Surfaces nearby show
evidence of extensive erosion and shallow depths. We were unsure as to
where the boundary between Kenneth Sutton and Bowater was located, but
had permission to sample on both properties.
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A.6 ANDERSON COUNTY SOIL PROFILES

SITE NUMBER
ANDE_._ON No. 1

Location: Norris Ouadrangle, Margufiet Atkins property, 200 north of Fairview cemetery,
500 ft west from Hinds Creek Road.

Classification: Ochreptic Hapludults; clayey, kaolinitic, thermic, shallow.
Control Section: 28 tO 44cm argillic horizon.
C_neomorphicPosition: Midslope.
Slope and Aspect: 6% North.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginia pine, tulip poplar, red maple, dogwood.
Descn'bed By:.J. L Branson.
Sampling Crew:.Branson, Livingston, Gallagher.
Tune Since Last Rain: 0 day.
Present Weather:.85°F partly cloudy, heavy rain during sampling.
Date: July 17, 1992.

Soil Description

A 0 to10cm;darkbrown(10YR 3/3)siltloam;weak mediumgranularstructure;
veryfriable;clearsmoothboundary.

Ap 10to28cm;yellowishbrown(10YR 5/6)loam;weak mediumgranularstructure;
friable;clearwavyboundary.

Bt 28to44cre;yellowishred(5YR 5/6)channeryclay;moderatemedium
subangularblockystructure;firm;clearwavyboundary.

Cr 44to104cm;softolive,red,andyellowshale.

NOTE_: This site had been cleared at one time. Age of the deciduous trees indicated
they had been established at least 50 y. No evidence of a plow layer. Slope
dips strongly (30%) approximately50 from the site. Presently, this area is
occupied by cattle for pasture.
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SITE NUMBER
ANDERSON No. 3

Location: Big Ridge Park Quadrangle, John h'win property, 100 ft northwest from Judson
Road, 0.4 miles south from Moore Valley Road (also known as Cooper Gap).

Clus[fieation: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 16 to 53 cm entire argillic horizon.
Geomorphic Position: Upland, convex slope.
Slope and Aspect: 7% southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginia Pine, dogwood, red maple, mosses, poison ivy, sumac, red cedar.
Descn'bod By:.J. L Branson.
Sampling Crew: Branson, Timpson, Livingston, Gallagher, Entrekin.
T'nne Since Last Rain: 0 days.
Present Weather:.85°F Heavy rain during sampling.
Date:July15,1992.

Soil Desc6ption

Oi 2 to 0 cre; moss and pine needles
A 0 to 4 cre; dark brown (10YR 4/3) loam; moderate medium granular structure;

friable; abrupt smooth boundary.
Ap 4 to 16 cre; yellowish brown (10YR 5/4) loam; moderate fine granular structure;

friable;clear smooth boundary.
Btl 16 to 40 cm; yellowish red (SYR 4/6) clay; moderate medium angular blocky

structure; firm;clear wavy boundary.
Bt2 40 to 53 cm; yellowish red (SYR 4/6) clay loam; moderate medium angular blocky

structure; firm; clear wavy boundary.
Cr 53 to 90 cre; soft olive, red, and yellow shale
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SITE NUMBER
ANDERSON No. 4

I.acation: Big Ridge Park Quadrangle, John Irwin property, 300 ft northwest from Judson
Road, 0.6 miles south from Moore Valley Road (also known as Cooper Gap).

Classification: Typic Hapludults; fine-loamy, mixed, thermic.
Control S¢_on: 24 to 70 cm argillic horizon.
Geomorphic Position: Midslopc, convex shape.
Siol_ and Aspect: 24% Southea._t.
ParentMaterial(s):DismalGap Formation.
Vegetation:Virginiapine,dogwood,redmaple,elm,poisonivy,cherry,sourwood.
DescribedBy:.J.L.Branson.
SamplingCrew:.Branson,Timpson,Livingston,Gallagher,Entrekin.
T'nnc Since Last Rain: 4 days.
Present Weather:.85°F Cloudy.
Date: July 15, 1992.

Soil Description

Oi 3 to 0 cm; leaf litter, small roots, and pine needles.
A 0 to 5 cre; yellowish brown (10YR 5/4) loam; weak medium granular structure;

very friable; abrupt smooth boundary.
Ap 5 to 24 cre; yellowish brown (10YR 5/6) silt loam; weak fine granular structure;

friable; abrupt smooth boundary.
Btl 24 to 37 cm;strong brown (7.5YR 5/6) silty clay loam; moderate fine subangular

blocky structure; friable;clear smooth boundary.
Bt2 37 to 53 cm; yellowish red (5YR 4/6) clay loam; moderate medium subangular

blocky structure; friable; clear wavy boundary.
Bt&Cr 53 to 70 cre; Br:yellowish red (SYR 5/6) clay loam; moderate medium subangular

block structure; friable; Cr: soft olive, red, and yellow shale; abrupt wavy
boundary.

Cr 70 to 100 cm; soft olive, red, and yellow shale.
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SITE NUMBER
ANDERSON No. 5

Location: Big Ridge Park Quadrangle, John Irwin property. 300 ft northwest from Judson
Road, 0.6 miles south from Moore Valley Road (also known as Cooper Gap), 300 ft
south of Anderson No. 4.

Classification: Typic Hapluduits; fine-loamy, mixed, thermic.
Control Section: 6 to 56 cm of the argillic horizon.
Gecmmrphic Positkm: Midslope, convex shape.
Slope and Aspe_ 25% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginiapine, dogwood,oak,poisonivy.
_'bed By:.J.L.Branson.
Sampling_ Branson,Timpson,Livingston,Gallagher,Entrekin.
Tune SinceLastRain:4 days.
PresentWeather.85°FCloudy.
Date: July 15, 1992.

Soil Description

Oi 2 to 0 cm; leaf fitter, small roots, and pine needles.
A 0 to 6 cm; dark yellowish brown (10YR 4/4) loam; weak medium granular

structure;very friable; clear smooth boundary.
Ap 6 to 15 cm; dark yellowish brown (10YR 4/6) loam; weak fine granular structure;

friable; clear smooth boundary.
Btl 15 to 45 cm; yellowish brown (10YR 5/6) clay loam; moderate medium

subangular blocky structure; friable; clear smooth boundary.
Bt2 45 to 70 cm; strong brown (7.5YR 5/8) clay loam; moderate medium subangular

blocky structure; friable; clear smooth boundary.
Cr 70 to 122 cm; soft olive, red, and yellow shale.
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SITE _ER
ANDERSON No. 9

Location: Powell Quadrangle, Bill Lee property, 1300 ft north from
Hinds Creek Road, 0.25 miles west from Nolan Road, 300 ft north from Anderson
No. 19.

Classification: Ochreptic Hapludults; clayey, kaolinitic, thermic, shallow.
Control Sex:tion:12 to 35 cm of the argillic horizon.
Geomorphic Pmition: Middle portion of a convex slope.
Slope and Aspect: 15% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginia pine, red maple, tulip poplar, dogwood.
Descn'bed By:.J. L. Branson.
Sampling O'ew:.Branson, Timpson, Livingston, Gallagher, Entrekin.
T'nneSince Last Rain: 2 days.
Present Weather:.75°F cloudy.
Date: July 17, 1992.

Soil Description

Oi 2 to 0 cm; leaves and pine needles.
A 0 to 5 cm; dark brown (10YR 3/3) loam; moderate fine granular structure; very

friable;clear, smooth boundary.
Ap 5 to 12 cre; yellowish brown (10YR 5/4) loam; weak fine and medium granular

structure; friable;clear smooth boundary.
Bt 12 to 35 cm;strong brown (7.5YR 5/6) clay; moderate medium and coarse

subangular blocky structure; firm;clear wavy boundary.
BC 35 to 50 cm; strong brown (7.5YR 4/6) clay; 60% of structure is rock controlled;

firm; clear wavy boundary.
CB 50 to 62 cm; strong brown (7.5YR 5/6) clay loam; 80% structure is rock

controlled; firm;clear, wavy boundary.
Cr 62 to 105 cm; soft olive, red, and yellow shale.
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SITE NUMBER
ANDERSON No. 10

Location: Norris Quadrangle, Marguriet Atkins property, 50 ft north of Fairview cemetery,
450 ft west of Hinds Creek Road

Clmdfication: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section:: 40 to 77 cm argillic horizon.
Geomorphic Pmition: Upland slightly convex summit.
Slope and Aspect: 1% northeast.
Parent Material(0: Dismal Gap Formation.
Vegetation: Virginia pine, tulip poplar, red maple, dogwood.
Dcscn'bed By:.J. L Branson.
Sampling Crew:.Branson, Livingston, Gallaghcr.
Tune Since Last Rain: 0 day.
Present Weather:. 85°F partly cloudy, heavy rain during sampling.
Dam: July 17, 1992.

Soil Description

Oi 2 to 0 cm; roots and leaf fitter.
A 0 to 10 cm; very dark grayishbrown (10YR 3/2) silt loam; weak medium granular

structure; friable; clear wavy boundary.
E 10 to 21 cm; brown (10YR 5/3) silt loam; weak medium granular structure;

gr/able; clear smooth boundary.
BE 21 to 40 cm; yellowish brown (10YR 5/4) and strong brown (7.SYR 5/6) clay

loam; weak medium subangular blocky structure; friable; clear smooth boundary.
Bt 40 to 77 cm; yellowish red (SYR 5/6) clay loam; weak medium subangular blocky

structure; friable; clear smooth boundary.
Cr 77 to 136 cm; soft olive, red, and yellow shale.
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SITE NUIV_ER
ANDERSON No. 11

Location: Norris Quadrangle, Allen Johnson property, 600 ft northwest from Hinds Creek
Road, 200 ft west of Mx. Johnson's house

Oaugification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 18 to 56 cm of the argillic horizon.
Geomorphic Portion: Upland position.
Slop¢ and As_ 12% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: tulip poplar, may apple, beex:h,red maple, hickory.
_'bed By:.J. L. Branson.
Sampling _ Branson, Timpson, Livingston, Gallagher, Entrekin.
Tune Since Last Rain: 2 days.
Pre,ht Weather:.65°F partly cloudy.
Date: May 27, 1992 sampled for gammasamples and description. July 16, 1992 sampled

for zero contamination samples.

Soil Description

Oa 2 to 0 cm; crumbly organic matter.
A 0 to 6 cm; brown (10YR 43) silt loam; moderate fmc granular structure; very

friable; clear wavy boundary.
Ap 6 to 12 cre; yellowish brown (10YR 5/6) silt loam or loam; weak fine granular

structure; friable; clear wavy boundary.
BE 12 to 18 cm; strong brown (7.SYR 5/6) and brown (7.SYR 5/4) loam; moderate

fine subangular blocky structure; friable; clear wavy boundary.
Btl 18 to 30 cm; brown (7.SYR 5/4) clay; weak medium subangularblocky parting to

moderate fine subangular blocky structure; firm; clear wavy boundary;yellowish
red (SYR 5/6)on pedfaces.

Bt2 30 to 56 cm; strong brown (7.SYR 5/6) clay loam; weak medium subangular
blocky parting to moderate fine subangular blocky structure; friable; yellowish red
(SYR 5/6) on clay skins; clear irregularboundary.

CB 56 to 92 cm; brown (7.SYR 5/4); clay loam; about 50% fine medium subangular
blocky structure, remainder is rock controlled; friable to firm; gradual wavy
boundary.

Cr 92 to 140 cre; soft olive, red, and yellowish brown shale.
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SITE NUMBER
ANDERSON No. 12

_tion: Big Ridge Park Quadrangle, Swan Kidwell property, 500 ft northwest of Hinds
Creek Road, 450 ft from Mr. Kidwell's house, 100 ft west of the power lines.

Clarification: Typic Hapludults; fine-loamy, mixed, thermic.
Control Section: 16 to 56 cnaargillic horizon.
Geomorphic Position: Midslope.
Sloim and ASlmet: 15% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginia pine, dogwood, sweetgum, hickory.
Dmcn'bed By:.J. I.. Branson.
Sampling Crew:.Branson, Timpson, Livingston, Gallagher, Entrekin.
Tune Since Last Rain: 1 day.
Present Weather:. 80*F partlycloudy.
Date: July 16, 1992.

Soil i_m_'iption

Oi 2 to 0 cre; leaf litter and pine needles.
A 0 to 7 cre; dark brown (10YR 3/3) silt loam; moderate fine granular structure;

very friable; abrupt smooth boundary.
Ap 7 to 16 cm; yellowish brown (10YR 5/4) loam; weak medium granular structure;

friable; clear, wavy boundary.
Btl 16 to 41 eta; strong brown (7.5YR 4/6) clay; moderate coarse subangular blocky

structure; firm; clear, wavy boundary.
Bt2 41 to 56 cna; yellowish red (SYR 5/6) clay; moderate coarse subangular blocky

structure; firm; clear wavy boundary.
Crl 56 to 90 cna; soft olive, red, and yellow shale.
Cr2 90 to 122 cna; soft shale primarily red with ,_omeolive and yellowish brown colors.

NOTES: This site had been cleared at one time. Age of the deciduous trees indicated
they had been established at least 50 y. No evidence of a plow layer. Slope
dips strongly (30%) off to the side. Presently, this area is occupied by cattle
for pasture.
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S1TE NUMBER
ANDERSON No. 19

Location: Powell Quadrangle, Bill Lee property, 100 ft north from Hinds Creek Road,
0.25 miles west from Nolan Road, 300 ft south from Anderson No. 9.

Classification: Typic Hapludults; clayey, kaolinitic, thermic.
Control Section: 23 to 72 cm of the argillic horizon.
Geomorphic Position: Lower portion of a convex slope.
Slope and Aspect: 6% Southeast.
Patent Material(s): Dismal Gap Formation.
Vegetation: Virginia pine, red maple, tulip poplar, sassafras, mosses.
Descn'bed By:.J. L. Branson.
Sampling Crew:.Branson, Timpson, Livingston, Galagher, Entrekin.
Tune Since Last Rain: 2 days.
Present Weather:.75 °F Cloudy.
Date: July 17, 1992.

Soil Description

Oi 4 to0 cm;moss,smallroots,andpineneedles.
A 0 to13cm;verydarkgrayishbrown(10YR 3/2)siltloam;moderatemedium

granularstructure;veryfriable;abruptsmoothboundary.
Ap 13to2.3cm;yellowishbrown(10YR 5/6)loam;weak fineandmediumgranular

structure;friable;abruptsmoothboundary.
Btl 23 to39cm;yellowishred(5YR 5/6)clay;moderatemediumsubangularblocky

structure;firm;clearsmoothboundary.
Bt2 39to72cm;yellowishred(5YR 5/8)clay;moderatemedium subangularblocky

structure; firm;clear wavy boundary.
BC 72 to 95 cm;yellowish red (SYR 5/8) clay loam; weak medium subangular blocky

structure; friable; gradual wavy boundary.
Cr 95 to 135 cre; soft olive, red, and yellow shale.
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SITE NUMBER
ANDERSON No. 20

£xxmtion:Big Ridge Park Quadrangle, John Irwin property, 100 ft northwest from Judson
Road, 0.3 miles south from Moore Valley Road (also known as Cooper Gap), 300 ft
north of Anderson No. 3.

Clmsification: Typic Hapludults; clayey, kaolinitic, thermic.
Control Seaion: 13 to 63 cm of the argillic horizon.
Geomorphk Position: Upland, convex slope, area is highly eroded.
Slope and Aspect: 12% Southwest.
Parent Matexial(s): Disma'_Gap Formation.
Vegetation: Virginia pine, dogwood, tulip poplar, poison ivy, mosses.
_'bed By:.J. L. Branson.
Sampling Crew:.Branson, Timpson, Livingston, Gall_her, Entrekin.
Tune Since Last Rain: 0 days.
Present Weather:. 85°F Heavy rain during sampling.
Date: July 15, 1992.

Soil Description

Oi 2 to 0 fm; moss and leaf litter.
A 0 to 5 cm; dark brown (7.5YR 4/4) silt loam; moderate medium granular

structure; friable; clear smooth boundary.
Ap 5 to 13 cm; yellowish brown (10YR 5/6) silt loam; weak fine granular structure;

friable; gradual smooth boundary.
Btl 13 to 21 cm; strong brown (7.5YR 5/6) silty clay loam; moderate medium

subangular blocky structure; friable; abrupt smooth boundary.
Bt2 21 to 42 cm;yellowish red (5YR 5/6) clay; moderate medium subangular blocky

structure; firm; clear wavy boundary.
Br3 42 to 84 cm; red (2.5YR 4.8) clay; strong, medium subangular blocky structure;

friable; clear, wavy boundary.
Cr 84 to 90 cm; soft light olive, red and yellowish brown shale.
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SITE NUMBER
ANDERSON No. 21

Location:BigRidgeParkQuadrangle,Swan KidweUproperty,700ftnorthwestfrom
HindsCreekRoad,650ftnorthwestfromMr.Kidwell'shouse,150ftwestfrompower
lines,200ftnorthwestfromAndersonNo. 12.

Oassification:OchrepticHapludults;clayey,kaolinitic,thermic,shallow.
ControlSection:12to28cm argillichorizon.
GeomorphicPosition:Uplnndinthecurveconnectingtwoparallelslopesatthetopofa

smallridge.
Slope and Aspect: 11% Southeast.
Patent Material(s): Dismal Gap Formation.
Vegetation: Virginia pine, dogwood, swcctgum,hickory.
I:k:scn'lx:dBy:.J. L. Branson.
Sampling Crew'.Branson,Timpson, Livingston, GaUagher, Entrekin
Tnne Since Last Rain: 1 day.
Present Weather:.80° F partly cloudy to sunny.
Date: July 16, 1992.

Soil _ption

Oi 2 to 0 cm; leaf litter and pine needles.
A 0 to 6 cm; dark brown (10YR 3/3) silt loam; moderate medium granular

structure; friable;abrupt smooth boundary.
Ap 6 to 12 cre; yellewish brown (10YR 5/4) loam; moderate medium granular

structure; friable;clear smooth boundary.
Bt 12 to 28 cm; yellowish red (5YR 4/6) clay; strong medium subangular blocky

structure; firm;clear wavy boundary.
Cr 28 to 87 cre; soft olive, red, and yellow shale.

NOTES: This site had been cleared at one time. Age of the deciduous trees indicated
they had been established at least 50 y. No evidence of a plow layer. Slope
dips strongly (30%) approximately 50 from the site. Presently, this area is
occupied by cattle for pasture.
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SITE NUMBER
ANDERSON No. 22

Location: Big Ridge Park Quadrangle, John Irwin property, 100 ft northwest from Judson
Road, 0.3 miles south from Moore Valley Road (also known as Cooper Gap).

Cla_gifica_n: Ochreptic Hapludults; fine-loamy, mixed, thermic, shallow.
Control Section: 4 to 28 cm entire argillic horizon.
Oeomo_hic Positiom Upland.
Slope and _ 18% Southeast.
Parent Material(s): Dismal Gap Formation.
Vegetation: Virginia Pine, dogwood, cedar, poison ivy, red cedar.
_'bcd By:.J. L. Branson.
Sampling Crew:.Branson, Livingston.
T'nne Since Last Rain: 0 days.
Present Wea_ 85°F Heavy rain during sampling.
Date: July 15, 1992-zero contamination sampling. July 16, 1992-gamma sampling.

Soft Description

Oi 2 to 0 cm; roots, leaf litter, and pine needles.
A 0 tO 4 cre; darkbrown (10YR 4/3) loam; weak fine granular structure; friable; abrupt

smooth boundary.
Ap 4 to 14 cre; yellowish brown (10YR 5/4) silt loam; weak medium granular structure;

friable; clear wavy boundary.
Bt 14 to 28 cre; yellowish red (SYR 5/6) clay', moderate medium subangular blocky

structure; firm; clear irregular boundary.
Cr 28 to 98 cre; soft olive, red, and yellow shale

Note: A water seep occurred at approximately 50 cna.
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A.7 ANALYSIS OF OAK RIDGE RESERVATION S_

ORR-2. This site, based on both geologic information and soil survey data, is situated
within the Dismal Gap Formation. The soils are typicalof ORR Dismal Gap soils in that they
possess a very high degree of spatial variability.There was no visual field evidence of any
recent surface disturbance, nor had the site ever been plowed. The A horizon sample
consisted of A and E horizon soil material, the B horizon sample consisted of the entire
argiUichorizon and the C horizon consisted of transitionhorizons between the argillichorizon
and the Cr horizon. The VOA's sample (12.57) contained chloroform. This is considered to
be due to instrument contamination. The related water trip blank did not contain chloroform.
Two sets of A horizon samples were collected for tritium analysis(1189, 1198). No tritiumwas
detected in either sample but the detection limits reported were different. Two sets of
A horizon samples were collected for organics analysis (1190, 1201). Most of the reported
numbers, below detection limits, are similar, but statistical analysis would be needed to
determine ff any of the reported results are different. The ESD gamma scan analysis for
cesium-137 gave a median value of 8.33 pCi/cm2, a typical value for cesium in the upper
30 cna of the soil on a sloping site.

ORR-3. This site is located on the Nolichucky Formation and within 50 ft of the north
edge of the cutslope above Bear Creek Road. This site is in old-field successional woods and
there was no field evidence of recent surface disturbance. The A horizon soil sample
consisted of a thin A horizon and the old Ap horizon beneath. The B horizon sample
consisted entirely of argiltic horizon soil material and the C horizon sample was collected
entirely of C horizon material between the B horizon above and the Cr horizon beneath.
Acetone from instrument contamination was detected in a VOA sample (1271), but the
reported value is lower than for other samples that have a "U" qualifier. The organics analysis
indicated no detects. The ESD gamma scanning results gave a median cesium-137 value of
8.47 pCi/cm2 in the upper 30 cm of the soil profile.

ORR.5. This site is located in the Nolichucky Formation. This site is located behind the
security fence of the Central Training Facilityand about 50 ft south of Bear Creek Road. The
vegetation is old-field successional forest that was dominated by pines. This site had a layer
of pine needles and mosses 5 cm thick, and differed from manyother sites in this respect. The
A horizon sample consisted of an old Ap horizon. The B horizon sample ccJnsisted of the
entire argiUichorizon, and the C horizon consisted of a mixture of C andCr horizon materials
due to the steeply dipping strata. VOA sample (1272) contained acetone (from instrument
contamination). Ali organics were below detection limits. ESD gamma scanning results gave
a median cesium-137 value of 9.03 pCi/cm2 in the upper 30 cm of the soil profile, a typical
value of a stable site where there has been no recent erosion.

ORR.10. Tl_ site is situated in the transition zone between the Dismal Gap Formation
and the Rogersville Formation. Vegetation includes hardwoods indicating that this site had
reverted from agriculturalactivities well before other sites due to very severe erosion before
abandonment. The A horizon sample _nsisted entirely of A horizon materials,the B horizon
consisted of cambic materials,and the C horizon of C and Cr materials, an example of a fairly
typical Dismal Gap soft. VOA sample (1258) contained acetone (instrument contamination).
The tritium result was rejected. Ali organic results were below detection limits. ESD gamma
scanning results gave a median cesium-137 value of 10.97 pCi/cm2in the upper 30 cm of the
soil profile, an indication that this site was stable even though the slope was about 20%, and
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evidence indicates that the site had been severely eroded at one time before global fallout
started.

ORR-I1. Tlds site is located about 400 ft down slope from ORR-10. This site is located
in the Dismal Gap Formation. Vegetation consisted of old-field successional forest indicating
that this site was open when abandoned in 1942-43. The A horizon sample consisted of the
old At) horizon, the B horizon sample consisted of the entire thickness of the argillichorizon,
and the C horizon sample consisted mostly of C materials. Since ORR-10 and ORR-11 are
close together, the results should be closely comparable, except for the differences in past
land use, surface stability,and present vegetation. VOA analysis (sample number 1259) shows
nothing above detection limits, except for acetone (instrument contamination). No tritium was
detected. Ali organic results were below detection limits. ESD gamma scanning results gave
a median cesium-137 value of 7.26 pCi/_a 2 in the upper 30 cm of the soil profile, considerably
lower than for ORR-10 indicating that there has been some soil erosion since global fallout
started.

ORR-13. Tlm site is located in an abandoned farm yard. The soil had a thick dark surface
layer indicating that it had formed beneath grass vegetation. This site, in the Nolichucky
Formation, is underlain by a brecciated zone having higher porosity than is typical. VOA
sample (1273) had acetone as an instrument contaminant. Organics results indicated the
estimated "J" presence of a PAH, benzo[b]fluoranthene. Ali other datawere below detection
limits. Recent pine harvesting and replanting activity close to this site might have caused this
PAH to be in the soil. ESD cesium-137 gamma scanning results gave a median value of
8.94 pCi/cm2 in the upper 30 cm of the soil, indicating that this site has been stable.

ORR-15 and ORR-16. These sites are located about 250 ft apart on the Nolichucky
Formation. They have similar vegetation of 40- to 50-year old planted loblolly pines. The
majordifference is that one site, ORR-15, is located on a nearly level landform,and ORR-16
is located on a sideslope with 10% slope gradient and was severely eroded prior to
abandonment. With the exception of acetone due to instrument contamination, there were
no VOAs above detection limits. The organic results were also very similar with all results
below detection limits except for "J" estimates of benzo[a]pyrene, benzo[b]fluoranthene and
benzo[b]fluoraathene at very low levels at ORR-16. ESD gamma scanning results from
ORR-15 gave a median value of 8.08 pCi/cm2 in the upper 30 cm of the soil, indicating that
this site has been stable. ESD cesium-137 gamma results for ORR-16 gave a median value
of 9.93 pCi/cm2 in the upper 30 cm of the soil profile, indicating that this site has also been
stable since global fallout began.

ORR-19. This site is located on the Dismal Gap Formation. It is in an old field with
old-field successional forest dominated by pines. All samples were collected from appropriate
soil horizons. With the exception of acetone resulting from instrument contamination, there
were no VOAs above detection limits. Tritiumwas not found at this site, but the results were
rejected due to analytical laboratory problems. The organic results were ali below detection
limits, except for fluorene which has a "J" qualifier. ESD cesium-137 gamma scanning results
from ORR-19 gave a median value of 9.01 pCi/cm2 in the upper 30 cm of the soil, indicating
that this site has been stable.

ORR-21. This site underlain by the Nolichucky Formation. Present vegetation is old-field
successional forest once dominated by pines. This site is situated on a bench landform below
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an upper convex slope and had been severely eroded prior to abandonment. Ali VOA results
were below detection limits with the exception of acetone due to instrumentcontamination.
Ali organicsresultswere below detection limits.ESD cesium-137 gammascanning results from
ORR-21 gave a median value of 11.46 pCi/cm2 in the upper 30 cm of the soil indicating that
this site has probably received some soil deposition from higher areas since global fallout
began.

0RR-22. This site is in the transition zone between the Dismal Gap Formation and the
Rogersville Formation. It is situated on a high point in the landscape. The site is in an old
field. The present forest vegetation is old field successional dominated by pines. The
A horizon sample consists of a recently formed A horizon and the old Ap horizon beneath.
The B horizon consists of the entire thickness of the argillic horizon and the C horizon
sample consists of a mixture of the C and Cr soil materials. The soil is very typical of the
geology and landform location. The VOA data show no detects except for acetone, which is
the result of instrument contamination. Tritium was detected at this site (sample
number 1123). Ali organics were below detection limits. ESD gamma scanning results for
cesium 137 gave a mean value of 9.63 pCi/cm2, which indicates that this site has been stable
since global fallout commenced and that tittle cesium had been removed by erosion.

0RR-23, ORR.24, and 0RR-25. These three sites are closely related in terms of their
geology, landscape position, vegetation, and past land use. They are ali underlain by the
Nolichucky Formation, and all are in forest dominated by old-field successional pines. Ali
three sites have similar soil morphology with a superficial layer of organic materials. The
A horizon samples consisted of a thin A horizon and the old Ap horizon beneath. The
B horizon samples consisted of a mixture of the argillic and cambic horizons, and the
C horizon samples were a mixture of C and Or soil materials. Duplicate samples were
collected for VOA analysis from two of the three sites. The results were all below detection
except for acetone, which is due to instrument contamination. The organic results were also
ali very similar for all three sites, except for "J" estimates of acenapthene in ORR-23 and
pyrene in ORR-24. The results for benzoanthrene, chrysene and fluoranthene were ali
rejected. ESD cesium-137 gamma scanning results are similar for ORR-23 and ORR-24, 9.17
and 10.49 pCi/cm2 respectively, indicating site stability.ORR-25 had a result of 7.69 pCi/cm2
indications that some erosion had occurred since global fallout started.

ORR-26 and ORR-2Z These sites are also close together. Both are underlain by the
Dismal Gap Formation, have similarforest vegetation and past landuse, and are separated by
a quite deeply incised drainageway. Both sites are in old fields that were abandoned well
before 1942-43. The early successional pines on both sites had all been replaced by
hardwoods. The A horizon samples consisted of a recently formed A horizon and the older
Ap horizon beneath. The B horizon samples consisted of the entire thickness of the argillic
horizon, and the C horizons consisted of a mixture of C and Cr horizon materials. VOA
results were ali non-detects with the exception of Acetone and 2-butanone which are due to
instrument contamination. ORR-26 contained "J" estimated tritium while ORR-27 did not.

The organic results for both sites were below detection limits. ESD gammascanning data for
cesium-137 indicate low median results of 8.59 for ORR-26 and 6.35 pCi/cm2 for ORR-27.
ORR-26 is on a steeper slope gradient than ORR-27, but appears to be more stable. One
cannot rule out a forest fire on ORR-27 that could have led to some soil erosion.
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ORR-28. This site is located a short distance south of ORR-26 and ORR-27. ORR-28 is

underlain by the Nolichucky Formation and is in a dense stand of young pines with some
scattered hardwoods. The old-field successional pines had already been harvested from this
site, or had died and fallen over. The soft profile is typical of Nolichucky soils. The A horizon
sample consisted of a thin recently formed A horizon and the older Ap horizon beneath. The
B horizon sample consisted entirely of the argiUic horizon and the C horizon sample consisted
of mostly C horizon materials. Two samples were sent for VOA analysis. There were no
detects is the VOA results with the exception of acetone "J" value due to instrument
contamination. All organics were below detection limits, with two PAHs rejected. ESD gamma
scan results for cesium-137 showed a median value of 9.69 pCi/cm 2indicating that this site had
not been subjected to erosion since global fallout started, even though this site had been
severely eroded prior to abandonment.

ORR-31. This site is underlain by the Nolichucky Formation, but the upper 61 cm
consisted of coUuvium. Most of the old-field successional pines had been harvested in the past
I0 to 15 years, and there was evidence that the larger area around this site had been
disturbed, but that the actual site did not show any evidence of disturbance. This site was

considered marginal in terms of site quality during the site selection process, but with the
difficulty of locating suitable Nolichucky sites, it was sampled. Two samples were collected for
VOA analysis. One result showed the presence of trichlorofluoromethane but the other
sample did not. Both samples had acetone and one had 2-butanone, which are considered to
be due to instrument contamination. The organic results had a "J" estimate for
benzo[b]fluoranthene and the result for fluoranthene was rejected. All other organics were
below detection limits. ESD gamma scanning data showed a median value of 11.14 pCi/cm 2
for cesium-137, a value slightly higher than predicted. This site is on the lower part of a long
sideslope and had received some deposition of soil from higher on the slope. Specific data for
this site do not indicate that it should be rejected.

ORR-32, ORR-33, and ORR-35. These sites are all located adjacent to each other and are
separated by about 250 to 300 ft. Ali three sites are underlain by the Dismal Gap Formation
and have had similar old-field successional forest that was dominated by pines. Most of the
pines have recently died and fallen over releasing a dense understory of brush, small pines,
and small hardwoods. Ali three sites had similar soil morphology. The A horizon sample
consisted of a thin recently formed A horizon and the older Ap horizon beneath. The
B horizon sample consisted of the entire thickness of the argillic horizon, and the C horizon
sample consisted of a mixture of C and Cr materials. Acetone was found in all VOA samples
but is considered to be due to instrument contamination. All three sites have detectable

tritium. All organics were below detection limits. Data from ESD cesium-137 gamma scanning
had some spread, indicating that one site (ORR-35) was more subject to erosion than the
other two sites. ORR-32 had a median value of 7.88, ORR-33 had a value of 9.38, and
ORR-35 had a value of 5.87 pCi/cm 2. These differences cannot be explained in terms of soil
morphology, slope gradient, vegetation, or landscape position.

ORR-41, ORR.42, and ORR-43. These sites are located in close proximity and near the
west end of the Y-12 burial grounds. ORR-41 and ORR-43 are underlain by the Dismal Gap
Formation, while ORR-42 is underlain by the Nolichucky Formation. All sites had typical soils
of their geologic formation and had similar morphology. With the exception of acetone all
A horizon VOA analytes were below detection limits. Tritium was not detected in ORR-41,
the other sites were not analyzed. No organics were above detection limits irt ORR-41 and
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ORR-43. Benzo[b]fluoranthene and pyrene were estimated at very low levels in ORR.42. The
results of some PAHs for these sites were rejected. ESD cesium-137 gamma scan data for two
of the three sites indicated that there had been minimal surface instability since global fallout
started. ORR-41 had a median value of 10.89 pCi/cm2 in the upper 30 em of soil, ORR-42
had a value of 6.75, indicating erosion, and ORR-43 had a value of 8.48. Soft morphology for
ORR-42 indicates that this site had been somewhat less stable than the sites on either side.
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A.8 ANALYSIS OF ROANE COUNTY SITES

ROA-3, ROA-9, ROA-19, ROA-20, ROA-21, and ROA-22. These sites are located close to
each other in the central part of the sampling transect. Ali of these sites had old-field
successional forest of pines and hardwoods.

ROA-3. This site is located in a toeslope position. The entire soil profile consists of
colluviun_alluvium derived from soils of Conasauga Group rocks rather than residuum from
the Dismal Gap Formation. Acetone and2-Butanone were "J" estimates in the VOA analysis,
but they are due to instrument contamination. There were no other VOA analytes above
detection limits. No tritium was detected in the A horizon sample from this site. In the
organics analysis, only Naphthalene was estimated to be present. All other organics were
below detection limits. ESD cesium-137 gamma scan analysis for this site showed a median
value of 5.63 pCi/cm2, a low value indicating that this site has experienced erosion since the
start of global fallout.

ROA-7 and ROA-8. These sites are in close proximity.ROA-7 and ROA-8 are on a lower
sideslope. The upper 44 CN of the ROA-7 and the ROA-8 soil profiles are formed in
colluvium, and the soil beneath is residuum of the Dismal Gap Formation. Present forest is
old-field successional dominated by pines. This site is in a group of trees surrounded by cattle
pasture and the site is open to cattle grazing. With the exception of acetone, there were no
VOAs detected and no tritium detect. Benzo[b]anthracene was an estimated "J" detect but
there were no other organics detected. ESD cesium-137 gamma scan results gave a value of
6.64 pCi/cm2for ROA-7, indicating that this site has been eroding since global fallout started.
The corresponding value for ROA-8 is 11.93 pCi/cm2, indicating that there has been some
deposition on this site.

ROA-9. Tl_ site is located in a toeslope position. The upper 52 cm of the soil profile is
in colluvium. The A horizon and the B horizon samples are colluvial materials, while the
C horizon sample consists of Cr materials from the Dismal Gap Formation. There were no
VOAs detected, no tritium detected, and no organics detected. ESD cesium-137 gamma scan
showed a typicaluneroded site median value of I0.15 pCi/cm2 for the upper 30 cm of the soil
profile.

ROA-IO. This site is located at the north end of the Roane County transect. This site is
surrounded by an open field and cattle have access to this site. The upper 18 cm of the soil
formed in alluvium, but the lower part formed in residuum of the Dismal Gap Formation.
Present forest is old-field successional with both pines and hardwoods. With the exception ot
acetone there were no VOAs or organics detected. ESD cesium-137 gammascan results gave
a value of 8.56 pCi/cm2, indicating that this site has been relatively stable.

ROA-13 and ROA-14. These sites are in close proximity. The soft at ROA-13 formed in
residuum of the Dismal Gap Formation. Present forest is old-field successional dominated by
pines. The site is at the base of a long slope. With the exception of acetone and 2-butanone,
there were no VOAs detected. Benzo[b]fluoranthene was an estimated "J" detect. There
were no other organics detected. ESD cesium-137 gamma scan results gave a value of
1.98 pCi/cm2, a very low value indicating that this site has been eroding. ROA-14 occurs on
a convex sideslope. The upper 41 cm of the soil profile formed in coUuvium. Below 41 cm the
soil formed in the transition zone between the Dismal Gap and Rogersville forma*ions.
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Present forest is old-field successional dominated by hardwoods. With the exception of
acetone, there were no VOAs detected. Benzo[a]pyrene was an estimated "J" detect, but
there were no other organics detected. ESD gamma scan results gave a value of 8.20 pCi/cm2
for this site, an indication of relative stability.

ROA-1Z This site is isolated. The soil on this site is residuum of the Dismal Gap
Formation. Present forest vegetation is old-field successional dominated by pines. The site is
open to cattle. With the exception of acetone and 2-butanone resulting from instrument
contamination, there were no other VOAs detected, no tritium detected, and no organics
detected. ESD cesium-137 gamma scan results gave a value of 9.61 pCi/cm2, indicating that
this site has not been eroding.

ROA-19. This site is located in a toeslope position. The upper 47 cm of the soil profile is
formed in colluvium. The A horizon and B horizon samples came from this soil material. The
C horizon sample came from residuum of the Dismal Gap Formation. There were no VOAs
detected, no tritium detected, and no organics detected in the A horizon sample. ESD
cesium-137 gamma scan results showed a median value of 4.16 pCi/cm2, an indication that this
site has been eroding since the start of global fallout.

ROA-20. Tiffs site is located in a toeslope position. The soil is derived from residuum of
the Dismal Gap Formation. There were no VOAs detected, no tritium detect, but fluorene
was a "J" estimated detect in the A horizon. There were no other detects for organics. ESD
cesium-137 gamma scan results gave a value of 6.11 pCi/cm2, indicating that there has been
some soil erosion since global fallout started.

ROA-21. _ site is located in a midslope position. The upper 74 cna of the soft profile
formed in colluvium from the Dismal Gap Formation. The 2Cr horizon beneath is residuum
of the Dismal Gap. Present forest is old-field successional dominated by pines. There were
no VOAs detected and no organics detected. The ESD cesium-137 gamma scan data results
show a value of 5.40 pCi/cm2,an indication that this site has been eroding since global fallout
started.

ROA-22. Is located on a bench landform. The upper 45 cm of the soil profile is colluvium.
Below is residuum of the Dismal Gap Formation. Present forest is old-field successional but
now dominated by hardwoods. There were no VOAs detected, no tr"oiumdetected, but there
was an estimated "J" detect for naphthalene in A horizon samples. FSD cesium-137 gamma
scan results gave a value of 4.16 pCi/cm2 to a depth of 30 cm for this site, indicating that
there has been erosion since global fallout started.
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A.9 ANALYSIS OF ANDERSON COUNTY SITES

AND-l, AND-lO, andAND-11. These sites are located in proximityto each other. AND-1
formed in Dismal Gap residuum and is located in a woodlot that is also used for cattle
pasture. The A horizon sample consisted of an old Ap horizon, the B horizon sample
consisted of the entire thickness of the argillic horizon, and the C horizon samples of
Cr horizon materials. This site is also on a 30% slope and subject to accelerated soil erosion.
No VOAs occurred above detection limits, but several organics were detected. The results
from ESD cesium-137 gamma scanning gave a value of 6.58 pCi/cm2 in the upper 30 cm of
soil. This value indicates that this site has "-ecn and perhaps is still eroding, although at a very
slow rate. AND-10 occurs in an old field with old-field successional forest dominated by pines.
This site is on a nearly level ridgetop. The A horizon sample consisted of an A horizon, the
B horizon sample consisted of the entire thickness of the argillichorizon, and the C horizon
sample consisted of Cr materials. With the exception of acetone, ali VOA analytes were
below detection limits, but there were several organics estimated. Most were PAI-Is. In
addition, there were several organic rejects. ESD cesium-137 gammascanning results gave a
median value of 9.39 pCi/cm2, which agrees with the soil morphology indication of surface
stability. AND-l! occurs in a stand of hardwoods but was once an old field. The soil
morphology is typical of a more stronglyweathered and developed soil from the Dismal Gap
Formation than what is generally typical. With the exception of acetone, there were no VOA
analytes above detection limits. There were several "J" estimated organics. The ESD
cesium-137 gammascanning results gave a median value of 10.27 pCi/cm2for the upper 30 cm
of the soil profile. This value indicates that this site has not been eroding.

AND-3, AND-4, AND-5, AND-20, and AND-22. These five sites are clustered close
together. They are ali under the same ownership and have a similar old-field successional
forest that is dominated by pines. The underlying geology is the Dismal Gap Formation.
AND-3 formed wholly in residuum. AND-4 formed in 53 cnaof colluvium and the underlying
residuum. AND-5 formed in 70 cm of colluvium and the underlying residuum. AND-20
formed i_ 21 em of colluvium and the underlying residuum. AND-22 formed wholly in
residuum. With the exception of acetone resulting from instrument contamination, there were
no VOA analytes above detection limits. Ali gites showed estimated "J" amounts of several
PAils. ESD e._ium-137 gamma scan results indicated that AND-3 with a value of
4.73 pCi/cmz and AND-22 with a value of 3.80 pCi/cmz had been quite eroded. AND-20 with
a value of 7.03 pCi/cmz had been eroded to some extent, but AND-4 with a value of
9.97 pCi/cm z had not experiene_ any erosion.

AND-9 and AND-19. These sites are located close to each other, separated by about
300 ft. Both sites have typical soils that formed in Disma! Gap residuum. AND-9 occurs on
a convex sideslope while AND-19 occurs on the lower part of a sideslope. With the exception
of acetone there were no VOA analytes above detection limits for either site. However, there
were _everal "J" estimated organics, mostly PAI-Is for both sites. ESD cesium-137 gamma scan
results for AND-9 show a median value of 8.95 pCi/em2 in the upper 30 cnaof the soil profile,
while AND-19 shows a median value of 14.42. The soft profile description indicates that there
has been some soil deposition at this site.

AND-12 and AND-21. These sites are about 200 ft apart. Both sites are underlain by the
Dismal Gap Formation, and both soils are typical of Dismal Gap residual soils. Both have
similar old-field suece_ional forest dominated by pines but have slightly differing landscape
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positions Cattle are allowed to graze on both sites. With the exception of acetone, there were
no VOA analytes above detection limits. Both sites contain estimated "J" PAHs. AND-12 also
contains Aroclor 1242 above detection limits. ESD cesium-137 gamma scan data shows a
median value of 7.31 pCi/cm2, a lower than normal value, indicating that there has been some
soil erosion from this site. The value for AND-21 is 6.35, also a lower than normal value
indicating that there has been soil erosion from this site.
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A.10 ANALYSIS OF DATA FROM COMPOS1TED SAMPLES

Ali of the composited sample data seem tobe reasonable in light of geostatistical concepts
with the exception of the following samples (ordered by sample number).

5004 Copper is very low compared in this B horizon sample compared to the A and
C horizons.

.5014 Cesium-137 and potassium-40 values were not detected. However, ESD gammascan
data show these to be present. No Europium-lS5 was in this sample, but was found
in samples from above and below this horizon.

5028 Much of the data is 2 times higher than the field duplicate. It is very difficult to
explain this other than laboratory dilution error.

5031 Cobalt in this B horizon sample is very low in comparison to the horizons above and
below.

5068 No cesium-137 is reported, yet the ESD gammascan data show that some is present.

5070 Chromium is very high compared to levels below detection limits in the A and
B horizons above. Lead has the same problem when the A and B horizon samples
are below detection limits.

5079 Both chromium and lead have very high values when compared to A andB horizon
samples above.

7020 No cesium-137 was found in this A horizon sample even though the ESD gamma
scan shows its presence.

7029 Potassium-40 has a very high value compared to the B and C horizon samples giving
a reverse distribution. FSD gammascan data alwaysshow an increase of K-40 in the
B horizon.

6002 The cesium-137 value is higher in the B horizon than in the A horizon. This is not
substantiated by FSD gamma scan data.

6020 There is no cesium-137 detect for this A horizon sample though the FSD gamma
scan data indicate its presence.



Appendix B

SCREENING ANALYSIS DATA



B-2

NO'I_ When available, the validation qualifiers are used in this
appendix. When validation qualifiers are not available,
the corresponding laboratorydata qualifiers are used.
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VALIDATOR DATA OUALIYIER DEFINrHONS

The following definitions provide brief explanations of the qualifiers assigned to the data
in this appendix.

U The analyte was analyzed for but was not detected above the
reported sample quantitation limit.

J The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the
sample.

N The analysis ind/cates the presence of an analyte for which
there is presumptive evidence to make a tentative
identification.

JN The analysis indicates the presence of an analyte that has
been tentatively identified, and the associated numerical
value represents its approximate concentration.

UJ The analyte was not detected above the reported sample
quantitation limit. However, the reported quantitation limit
is approximate and may or may not represent the actual limit
of quantitation necessary to accurately and precisely measure
the analyte in the sample.

R The sample results are rejected because of serious
deficiencies in the ability to analyze the sample and meet
quality control criteria. The presence or absence of the
analyte cannot be verified.

UN The laboratory did not register this compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. No other
qualification of the data was made.

UYN The laboratory did not report the compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. The data were
qualified as estimated, J, because of other discrepancies with
the data.

RN The laboratory did not report the compound, but there was
evidence of a compound that was within the retention time
window but was not reported. The data were qualified as
unusable, R, because of other discrepancies with the data.
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LABORATORY DATA QU.aJ.,IFII_ DEFINI'HONS

The following contract laboratory data qualifiers are used in this project.

orgu

Ouaez Exp, n

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Indicates presumptive evidence of a compound [used only for tentatively
identified compounds (TICs)].

P Used for pesticide/aroclor target analytes when there is greater than 25%
difference for detected concentrations between the two gas chromatograph (OC)
columns. The lower of the two is reported and flagged.

C Used for pesticide results where the identification has been confirmed by
GC/mass spectrograph (MS).

B Used when the analyte is found in the associated blank as well as in the sample.

D Identifies ali compounds in an analyte at a secondary dilution factor.

A Indicates that a TIC is a suspected aldol-condensation product.

X Other specific flags may be used to properly define the results. If they are used
they must be fully described and attached to the Sample Data Package.

Inorgnic

Oealif F.Xl,mion

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Spiked sample recovery not within control limits.

E Reported value estimated because of the presence of interference.

M Duplicate injection precision not met.

B Reported value was obtained from a reading that was less than the CRDL, but
greater than or equal to the instrument detection limit (IDL).

S Reported value was determined by the method of standard additions (MSA).

W Post-digestion spike for furnace atomic absorption is out of control limits, while
sample absorbance is less that 50% of spike absorbance.

* Duplicate analysis not within control limits.

+ Correlation coefficient for the MSA is less than 0.995.
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Table B.1. Volatile orl_mic analysis results for soil samples
A horizon

Analysis Units A horizon Qual. field dup Qual.

Location = AND; Formation - DISMAL GAP; Site = ]

Acetone /Lg/kg 100 U
Benzene /Lg/kg 5 U
BromK¢lich l oromethane /Lg/kg 5 U
Bromoform /4g/kg 5 U
Sromomethane /Lg/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrach loride /Lg/kg 5 U
Chtorobenzene /Lg/kg 5 U
Cht oroethane /_g/kg 10 U
Chtorofom /Lg/kg 5 U
Chtoromethane /6g/kg 10 U
Ci s- 1,2-D ich t orc.athene #g/kg 5 U
Ci s- 1,3-Di chtoropropene p.g/kg 5 U
Di bromochl oromethane /_g/kg 5 U
Ethyl Benzene /Lg/kg 5 U
Methylene Chloride /Lg/kg 5 U
Ortho Xylene /Lg/kg 5 U
Styrene #g/kg 5 U
Tel rach toroethene /Lg/kg 5 U
To luene /Lg/kg 5 U
Trans- 1,2-Di chtoroethene /Lg/kg 5 U
Trans- 1,3-Oich loropropene /_g/kg 5 U
Tr i chloPoethere /6g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1 -Dich l oroethane #g/kg 5 U
1,1 -Dich l oroethene /Lg/kg 5 U
1,1,1 -Tr ich loroethane /Lg/kg 5 U
1_1,2-Tri chtoroethane /Lg/kg 5 U
1,1,2,2-Tetrach toroethane #g/kg 5 U
1,2-Di ch l oroethane /Lg/kg 5 U
1,2-D i ch l oropnopane /_g/kg 5 U
2-Butanone #g/kg 100 U
2- Hexanone /Lg/kg 50 U
4-Nethy[ - 2-Pentanone /Lg/kg 50 U

Location =AND; Fonna_n =DISMALGAP; Site = 3

Acetone #g/kg 5 J
Benzene #g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chlorobenzene #g/kg 5 U
Chtoroethane #g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene ;g/kg 5 U
Cis-l,3-Dichtoropropene ;g/kg 5 U
Dibromochloromethane #g/kg 5 U
Ethyl Benzene #g/kg 5 U
Nethytene Chloride #g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene #g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Toluene _g/kg 5 U
Trans-l,E-Dichloroethene #g/kg 5 U
Trans-l,3-Dichloropropene #g/kg 5 U
Trichloroethene #g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1-Dichloroethane #g/kg 5 U
1,1-Dichloroethene #g/kg 5 U
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Table B.1 (continued)
A horizon

Analysb Uni_ A horizon Oual. field dup Oual.

1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichloroethane #g/kg 5 U
1,1e2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Oichloropropane #g/kg 5 U
2-Sutanone ;g/kg 100 U
2-Hexanone _g/kg 50 U
4-Methyt-2-Pentanone _g/kg 50 U

Location =AND; Fommtion =DISMALGAP; She = 4

Acetone _g/kg 13 J
Benzene _g/kg 5 U
Bromodichtoromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Disulfide ;g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene _g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane ;g/kg 10 U
Cis-l,2-Dichloroethene _g/kg 5 U
Cis-l,3-Dichloropropene _g/kg 5 U
Dibromochtoromethene _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-le2-Oichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropnopene _g/kg 5 U
Trichtoroethene _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichtoroethene ;g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichloroethane _g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
2-Butanone _g/kg 100 U
2-Hexanone _g/kg 50 U
4-Nethyt-2-Pentanone _g/kg 50 U

Location = AND; Formation = DISMAL GAP; She = 5

Acetone _g/kg 8 J
Benzene #g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide ;g/kg 5 U
Carbon Tetrachloride Ag/kg 5 U
Chtorobenzene _g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform _g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichloroethene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Oibromochloromethane _g/kg 5 U
Ethyl Benzene ;g/kg 5 U
Methylene Chloride ;g/kg 5 U
Ortho Xylene ;g/kg 5 U
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Table B.1 (oonlinued)
A horizon

Analysb Unit A horizon Qual. field dup Qual.

Styrene _glkg 5 U
Tetrachtoroethene _glkg 5 U
Totuene _g/kg 5 U
Trans-l,2-Oichtoroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichloroethene _g/kg 5 U
Vinyt Chtoride _g/kg 10 U
Xytene (Neta + Para) _g/kg 5 U
1,1-Dichloroethane _g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroethane #g/kg 5 U
1,1,2-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichloroethane #g/kg 5 U
lw2-Dichtoropropane #g/kg 5 U
2-Rutanone _g/kg 100 U
2-Hexanone ;g/kg 50 U
4-Nethyt-2-Pentanone _g/kg 50 U

Location =AND;Formation =DISMALGAP; Site = 9

Acetone _g/kg 8 J
BenZene _g/kg 5 U
Bromodicht oromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride ;g/kg 5 U
Chlorobenzene #g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichtoroethene #g/kg 5 U
Cis-l,3-DichtoroproF_ne _g/kg 5 U
Dibromochloromethane #g/kg 5 U
Ethyt Benzene _g/kg 5 U
Nethylene Chtoride #g/kg 5 U
Ortho Xylene #g/k9 5 U
Styrene _g/kg 5 U
Tetrachloroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,5-Dichloropropene _g/kg 5 U
TrichtorQ,_thene #g/kg 5 U
Vinyt Chloride _g/kg . 10 U
Xylene (Neta + Para) #g/kg .... 5 U
1,1-Dichloroethane #g/kg 5 U
1,1-Dichloroethene #g/kg 5 U
1,1,1-Trichtoroethane _g/kg -5 U
1,102-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Dichtoropropane #g/kg 5 U
2-Butanone _g/kg 100 U
2-Hexanone #g/kg 50 U
4-Nethyl-2-Pentanone _g/kg 50 U

Location =AND;Fomu2don =DISMALGAP; S_e = 10

Acetone #g/kg 6 J
Benzene ;g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Disutfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
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Table B.1 (continued)

A horizon

Analys_ Uni_ A horizon Oual. field dup Oual.

Chtorobenzene _g/kg 5 U
Chtoroethane #g/kg 10 U
ChLoroform _g/kg 5 U
ChLoromethane ;g/kg 10 U
Cis-l,2-Dichlonoethene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Dibromochtoromethane _g/kg 5 U
Ethyt Benzene _g/kg 5 U
Nethytene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _g/kg 5 U
Tetnachloroethene _g/kg 5 U
Toluene _g/kg 5 U
Tnans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichtoroethene _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Neta + Para) _g/kg 5 U
1,1-Oichloroethane #g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichloroethane #g/kg 5 U
l.l,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Dichtoropropane #g/kg 5 U
2-Butanone #g/kg 100 U
2-Hexanone _g/kg 50 U
4-Nethyt-2-Pentanone _g/kg 50 U

Location =AND;Formation =DISMALGAP; Site = 11

Acetone #g/kg 5 d
Benzene _g/kg 5 U
Bromodichtoromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Disutfide #g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene #g/kg 5 U
Chtoroethane #g/kg 10 U
ChLoroform #g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene #g/kg 5 U
Cis-l,3-Dichloropropene #g/kg 5 U
Dibromchtoromethane #g/kg 5 U
Ethyt Benzene #g/kg 5 U
Nethytene Chloride #g/kg 5 U
Ortho Xytene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,]-Dichtoropropene #g/kg 5 U
TrJchtoroethene #g/kg 5 U
Vinyl Chtoride #g/kg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1-Dichtoroethane ;g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroethane #g/kg 5 U
1,1,2-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
2-Butanone #g/kg 99 U
2-Hexanone #g/kg 50 U
4-Hethyt-2-Pentanone #g/kg 50 U
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Table B.1 (continued)
A horizon

Analysis Units A horizon Oual. field dup Oual.

Location =AND; Formation =DISMALGAP; Site = 12

Acetone _g/kg 7 J
Benzene #g/kg 5 U
Bromodichloromethane ;g/kg 5 U
Bromoform _glkg '5 U
Bromomethane _g/kg 10 U
Carbon Disulfide ;g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene #glkg 5 U
Chtoroethane #glkg 10 U
Chloroform _g/kg 5 U
Chlor_nethane _g/kg 10 U
Cis-l,2-Dichtoroethene ;g/kg 5 U
Cis-l,3-Dichtoropropene #g/kg 5 U
Dibr_chtor_thane ;g/kg 5 U
Ethyl Benzene ;g/kg 5 U
NethyleneChloride ;g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene _g/kg 5 U
ToLuene _g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-1,3-Dichloropropene _glkg 5 U
Trichtoroethene ;glkg 5 U
Vinyl Chloride _glkg 10 U
Xylene (Neta+ Para) ;g/kg 5 U
1_l-Dichlor_thane ;g/kg 5 U
1,1-Dichlor(_th_ Ag/kg 5 U
1_l,1-Trichlor_thane Ag/kg 5 U
1,1,2-Trichlor_thane ;g/kg 5 U
1,1,2,2-Tetraohloroethane ;g/kg 5 U
le2-Dichlorc_thane ;g/kg 5 U
1_2-Dichtor_r_ne Ag/kg 5 U
2-Butane #g/kg 100 U
2-Hexa_ ;g/kg 50 U
4-Nethyl-2-Pentanone _g/kg 50 U

Location = AND; Formation = DISMAL GAP; S_e = 19

Acetone ;glkg 100 U
Benzene ;g/kg 5 U
Br_ichloromethane Ag/kg 5 U
Br_form ;g/kg 5 U
Br_thane ;g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chtoroethane ;g/kg 10 U
Chtoroform ;g/kg 5 U
Chtoromethane ;g/kg 10 U
Cis-l,2-Oichloroethene _g/kg 5 U
Cis-l,]-Oichloropropene _g/kg 5 U
Dibr_chloromethane ;g/kg 5 U
Ethyl Benzene _g/kg 5 U
Nethytene Chloride #g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene _g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichtoroethene #g/kg 5 U
Vinyt Chloride _g/kg 10 U
Xylene (Hera + Para) _g/kg 5 U
1,1-Dichloroethane _g/kg 5 U
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Table B.I (continocd)
A horizon

Analysis Units A horizon Oual. field dup Oual.

1,1 -Dich toroethene /_g/kg 5 U
1,1,1 - Tr ich toroethane /_g/kg 5 U
1,1,2-Tri chtoroethane /Lg/kg 5 U
1,1,2,2-Tet rach toroethane /Lg/kg 5 U
1,2-0 i ch l oroethane ;g/kg 5 U
1,2-D i chtoropropane /Lg/kg 5 U
2-Butanone /Lg/kg 100 U
2-Hexanone /Lg/kg 50 U
4-Nethy t - 2- Pentanone /tg/kg 50 U

Ix)cation = AND; Formation = DISMAL GAP; Site = 20

Acetone /tg/kg 5 J
Benzene /Lg/kg 5 U
Bn_i ehtoromethane gg/kg S U
Bromoforln /_g/kg 5 U
Bron_methane #g/kg 10 U
Carbon Disulfide /tg/kg 5 U
Carb0_Tetrach toride /Lg/kg 5 U
Chtor_zer_ /Lg/kg 5 U
Chlor_t hane gg/kg 10 U
Chlorofom 14g/kg 5 U
Chlor_tha_ /Lg/kg I0 U
Cis- 1,2-D i oht oroethene /tg/kg 5 U
Cis-1,3-Dich loropropene /_g/kg 5 U
Pibromochl oromethane /Lg/kg 5 U
Ethyl Benzene /tg/kg 5 U
Methyl erie Chloride /Lg/kg 5 U
Ortho Xylene /6g/kg 5 U
Styrene Bglkg 5 U
Tel rach t oroet hene /Lg/kg 5 U
Tot uene /Lg/kg 5 U
Trans- 1,2-Dich loroethene /tg/kg 5 U
Trans- 1,3-Oich toropropene /Lglkg 5 U
Tr i ch l oroethene ;g/kg 5 U
Vinyl Chloride p.g/kg 10 U
Xylene (Meta + Para) _tg/kg 5 U
1,1 -D ich t oroet hane /tg/kg 5 U
1,1 -D ich toroethene /Lg/kg 5 U
1,1,1 -T r i chloroethane /tg/kg 5 U
1,1,2-Tri chtoroethane /Lg/kg 5 U
1,1,2,2-Tel rach l oroethane /_g/kg 5 U
1,2- Dicht oroethane /rg/kg 5 U
1,2- Dichl oropropane /Lg/kg 5 U
2- Butanone /Lg/kg 100 U
2- Hex_none /_g/kg 50 U
4-Methy t - 2-Pentanone #g/kg 50 U

Location =AND; Formation =DISMALGAP; S_e = 21

Acetone ;g/kg 6 J
Benzene ;g/kg 5 U
Sromodichtoromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chloroethane ;g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane ;g/kg 10 U
Cis-l,2-Dichloroethene ;g/kg 5 U
Cis-l,3-Dichloropropene #g/kg 5 U
Dibromochloromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Methylene Chloride _g/kg 5 U
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Table B.1 (continued)
A horizon

Analysis Units A horizon Oual. field dup Oual.

Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Totuene _g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Pichtoropropene _g/kg 5 U
Trichioroethene #g/kg 5 U
Vinyt Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichloroethane _g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachloroethar_' #g/kg 5 U
1,2-Oichloroethane ;g/kg 5 U
1.2-Dichtoropropane _g/kg 5 U
2-Butanone ;g/kg 100 U
2-Hexanone #g/kg 50 U
4-Nethyt-2-Pentanone ;g/kg 50 U

Location = AND; Formation = DISMAL GAP; Site = 22

Acetone #g/kg 10 J
Benzene _g/kg 5 U
Bvomoclichtovomethane _g/k9 5 U
Bromoform _g/kg 5 U
Sromomethane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachtoride _g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chloroethane 6g/kg 10 U
Chloroform #g/kg 5 U
Chtoromethane _g/kg 10 U
Cis-l,2-Dichtoroethene #g/kg 5 U
Cis-l,3-Dichloropropene #g/kg 5 U
Dibromochloromethane _g/kg 5 U
Ethyl Benzene #g/kg 5 U
Nethytene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
TohJene _g/k9 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-Dichtovopvopene #g/kg 5 U
Trichloroethene _g/kg 5 U
Vinyt Chtovide #g/kg 10 U
Xylene (Hera + Para) #g/kg 5 U
1,1-Dichtoroethane #g/k9 5 U
1,1-Dichloroethene #g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachloroethane #g/k9 5 U
1,2-Oichloroethane #g/kg 5 U
1,2-Dichlovopropane #g/kg 5 U
2-Butanone #g/kg 100 U
2-Hexanone #g/kg 50 U
4-Nethyl-2-Pentanone #g/kg 50 U

Location =ORR; Formation =DISMALGAP; Site = 2
Acetone #g/kg 26 BJ
Benzene #g/k9 5 U
Bromodichloromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene #g/kg 5 U
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Table B.I (continued)

A horizon

Analysis Units A horizon Oual. field dup Qual.

Chl oroethane /_g/kg 10 U
Chloroform /_g/kg 8
Chtoromethane Ii,g/kg 10 U
Ci s- 1,2-D ich toroet hene /Lg/kg 5 U
Cis- 1,3-D i chtoropropene /Lg/kg 5 U
Di bromocht or omethare #g/kg 5 U
Ethyl Benzene /Lg/kg 5 U
Freon- 113 #g/kg 5 U
Methyl ere ChIor i de _g/kg 5 U
Ortho Xylene /Lg/kg 5 U
Styrene /Lg/kg 5 U
Tel rach toroethene /_g/kg 5 U
Toluene ILg/kg 5 U
Trans- 1,2-Di ch[oroethene /Lg/kg 5 U
Trans- 1,3-D i chtoropropene /Lg/kg 5 U
Tri chl oroethene /Lg/kg 5 U
Tri ch lorof l uoromethane /Lg/kg 5 U
Vinyl Acetate /Lg/kg 5 U
Vinyl Chloride /Lg/kg 10 U
Xylene (Neta + Para) /_g/kg 5 U
1,1 -D i chlo roethane /Lg/kg 5 U
1,1 -D ich toroethene #g/kg 5 U
1,1,1 -Trich loroethane #g/kg 5 U
1,1,2- Tr i ch l oroethane /Lg/kg 5 U
1,1,2,2- Tet rach t oroethane /Lg/kg 5 U
1,2-D i chl oroet hare /Lg/kg 5 U
1,2-D ich t onopropane /Lg/kg 5 U
1,4-Dich t orobenzene /Lg/kg 5 U
2-Sutanone #g/kg 99 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2-Hexanone /Lg/kg 50 U
6-Nethyl-2-Pentanone /Lg/kg 50 U

Location =ORR; Formation =DISMALGAP; Site = 10

Acetone _g/kg 14 BJ
Benzene _g/kg 5 U
Br_ichlor_tha_ _glkg 5 U
Bromoform _g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disutfide ;g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene ;g/kg 5 U
Chloroethane ;glkg 10 U
Chloroform ;glkg 5 U
Chloromethane _91kg 10 U
Cis-l,2-Dichloroethene _g/kg 5 U
Cis-l,3-Dichloropropene _g/kg 5 U
Dibromochloromethane _g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 _g/kg 10 U
Nethylene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene ;g/kg 5 U
Toluene ;g/kg 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichloroethene _g/kg 5 U
Trichlorofluoromethane _g/kg 10 U
Vinyl Acetate _g/kg 10 U
Vinyl Chloride _g/kg 10 U
Xylene (Neta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichloroethene _g/kg 5 U
1,1,1-Trichloroethane _g/kg 5 U
1,1,2-Trichloroethane _g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U



B-13

Table B.I (continued)
A horizon

Analysb Uni_ A horizon Oual. field dup Qual.

1,2-Dichlorobenzene _g/kg 5 U
1,2-DichLoroethane _g/kg 5 U
1,2-Dichtoropropane ;g/kg 5 U
1,3-Dichlorobenzene _g/kg 5 U
1,4-Dichtorobenzene #g/kg 5 U
2-Butanone ;g/kg 98 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone #g/kg 69 U
4-HethyL-2-Pentanone _g/kg 49 U

Location = ORR;Formation = DISMAL GAP;Site = l l

Acetone _g/kg 52 BJ
Benzene _g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Disulfide ;g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chtoroethane ;g/kt 10 U
Chloroform ;g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Ci s- 1,3-0i ch toropropene ;g/kg 5 U
Di bromochl oromethane ;g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 #glkg 10 U
Hethylene Chloride ;glkg 5 U
Ortho Xylene #glkg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene ;g/kg 5 U
Toluene ;g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
TrichLoroethene _g/kg 5 U
Trichlorofluoromethane _g/kg 10 U
Vinyl Acetate #g/kg 10 U
Vinyl Chloride #g/kg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Dichtoroethane ;g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1=Trichtoroethane #g/kt 5 U
1,1,2-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-Dichtorobenzene _g/kg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-Dichloropropane _g/kg 5 U
le3-Dichlorobenzene _g/kg 5 U
1,4-Dichlorobenzene _g/kg 5 U
2-Butanone #g/kg 100 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2-Hexanone _g/kg 50 U
4-MethyL-2-Pentanone _g/kg 50 U

Location =ORR; Formation =DISMALGAP; S_e = 19

Acetone ;g/kg 41 BJ
Benzene #g/kg 5 U
Bromodicht oromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Disulfide ;g/kt 5 U
Carbon Tetrachloride _g/kg 5 U
ChLorobenzene ;g/kg 5 U
Chtoroethane #g/kg 10 U
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Table B.I (continued)
A horizon

Analys_ Uni_ A horizon Qual. fielddup Qual.

ChtorofoMn _glkg 5 U
Chloromethane _glkg 10 U
Cis-l,2-Oichtoroethene _g/kg 5 U
Cis-1,3-Oichtoropropene _glkg 5 U
Di bromochtoromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon- 113 _g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetnachtoroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-DichLoroethene _g/kg 5 U
Trens-l,3-Pichtoropropene _g/kg 5 U
Trichtoroethene _g/kg 5 U
Trichtoroftuoromthane #g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-DichLoroethene _g/kg 5 U
1,1,1-Trichtoroethane _glkg 5 U
1,1,2-Trichtoroethene ;glkg 5 U
1,1,2,2-TetrachLoroethane _glkg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-Dichl, oropropane _g/kg 5 U
1,4-Pichtonobenzene _g/kg 5 U
2-Butanone _g/kg 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone _g/kg 50 U
4-Nethyt-2-Pentanone ;g/kg 50 U

Loco_on = ORR; Fonnalion = DISMAL GAP; Site = 22

Acetone #g/kg 26 BJ
Benzene _g/kg 5 U
Bromodichtoromethane Bg/kg 5 U
Bromoform _g/kg 5 U
Bromomethane _glkg 10 U
Carbon Disulfide _glkg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene _glkg 5 U
Chtoroethane Bglkg 10 U
Chtorofom Ag/kg 5 U
Chloromethane Ag/kg 10 U
Cis-1,2-Dichtoroeth_ Ag/kg 5 U
Cis-1,3-Dichlor_r_ _g/kg 5 U
Dibromochtoromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 _g/kg 5 U
Methylene Chloride ;glkg 5 U
Ortho Xylene _glkg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Oichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropnopene #g/kg 5 U
Trichtoroethene _g/kg 5 U
Trichtoroftuoromethane ;g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride ;g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-pichloroethane _g/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1,1,1-Trichtoroethane ;g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
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Table B.1 (continued)
A horizon

Analysis Units A horizon Oual. field dup Oual.

1,2-D ich toropropane /Lg/kg 5 U
I, 4-O ich torobenzene /¢glkg 5 U
2-Butanone /Lo/kt. 100 U
2-Chloroethyl Vinyl Ether /Lg/kg 5 U
2- Hexanone /_g/kg 51 U
4-Methyl -2-Pentanone /_g/kg 51 U

Location = ORR;Formation= DISMAL GAP;Site = 26

Acetone _g/kg 64 gd
Benzene _g/k9 5 U
Bromodichtoromethane #g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene #g/kg 5 U
Chloroethane _g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Dibromochtoromethane ;g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 _g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrechtoroethene _g/kg 5 U
Toluene #g/kt 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichtoroethene gg/kg 5 U
Trichtoroftuoromethane #g/kt 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichloroethane ;g/kt 5 U
1,1,2-Trichtoroethane ;g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Dichtoropropane ;g/kg 5 U
1,4-Dichlorobenzene #g/kg 5 U
2-Butanone ;g/kg 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone #g/kg 50 U
4-Methyl-2-Pentanone _g/kg 50 U

Location =OR.R; Formation =DISMAl, GAP; Sue = 27

Acetone #g/kt 53 BJ
Benzene #g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform #g/kt 5 U
Bron_methane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene #glkg 5 U
Chtoroethane #glkg 10 U
Chloroform #glkg 5 U
Chloromethane #g/kt 10 U
Cis-l,2-Dichtoroethene #g/kt 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Dibromochtoromethane #g/kg 5 U
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Table S.1 (continued)
A horizon

Analysis Units A horizon Qual. field dup Qual.

Ethyl Benzene _g/kg 5 U
Freon- 113 _g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho Xylene #¢g/kg 5 U
Styrene _g/kg 5 U
Tetra_h toroethene #g/kg 5 U
Toluene /_g/kg 5 U
Tfans- 1,2-D i chtoroethene _g/kg 5 U
Trans- 1,3-Pichtoropropene #¢g/kg 5 U
Tr ich toroet hene #_g/kg 5 U
Tr ich l orof t uoromethane #g/kg 5 U
Vinyl Acetate _g/kg § U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) #¢g/kg 5 U
1,1 -Dich t oroethane #_g/kg 5 U
1,1 -Di chioroethene #Lg/kg 5 U
1,1,1 -Trich toroethane _g/kg 5 U
1,1,2-Tr ich l oroethane /_g/kg 5 U
1,1,2, E-Tel r _chloro___hane /_g/kg 5 U
1,2-D ich t oroethane #Lg/kg 3 U
1,2-D ich t oropropane _g/kg 5 U
1,4- Oich t orobenzene /Lg/kg 5 U
2-Butanons #g/k_ 8 BJ
Z-Chloroethyl Vinyl Ether /Lg/kg 5 U
2-Hexenons 16g/kg 49 U
4-Methy I - 2-Pent anone #_g/kg 49 U

Location = ORR;Formation= DISMAL GAP;Site = 32

Acetone _g/kg 12 J
Benzene /Lg/kg 5 U
Bromodicht oroamthane #g/kg 5 U
Bromofom #g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Di sut f i de /Lg/kg 5 U
Carbon Tetrachloride #Lg/kg 5 U
Chtorobenzene _g/kg 5 U
Chloroet hane pg/kg 10 U
Chtorofom /6g/kg 5 U
Chtoromethane /_g/kg 10 U
Ci s- 1,2-O i cht ore,athene _g/kg 5 U
Cis-1,3-O ich loropropene /_g/kg 5 U
Di bromochtoromethane _g/kg 5 U
Ethyl Benzene #¢g/kg 5 U
Froon-113 /Lg/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene /6g/kg § U
Styrene pg/kg 5 U
Tel rach t oroethene _g/kg 5 U
Toluene /_g/kg 5 U
Trans- 1,2-D ich toroethem: /Lg/kg 5 U
Trans- 1,3-Di ch loropropene #g/kg 5 U
Tr i chl oroethene _g/kg 5 tj
Tr ich t orof tuoromethane /Lg/kg 5 U
Vinyl Acetate /Lg/kg 5 U
Vinyl Chloride /Lg/kg 10 tj
Xylene (Meta + Para) _g/kg 5 tl
1,1 -D ich toroethane /Lg/kg 5 t l
1,1 -D ich toroethene /Lg/kg 5 U
1,1,1 - Tr ich l oroethane /Lg/kg 5 U
1,1,2-Tr ich loroethane /Lg/kg 5 U
1,1,2,2-Tel rach toroethens /_g/kg 5 U
1,2-D i ch toroet hane /6g/kg 5 U
1,2-D i cht oropropane #g/kg 5 U
1,4-D ich tor obenzene /_g/kg 5 U
2-Butanone /Lg/kg 98 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2- Hexanone /_g/kg 49 U
4-Methy l -2oPentanone #g/kg 49 U
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Table B.1 (continued)
A horizon

Analysis Units A horizon Oual. field dup Oual.

Libation = ORR; Formation = DISMAL GAP; Site = 33

Acetone #g/kg 55 SJ
Benzene _g/kg 5 U
Bromodicht oromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene #g/kg 5 U
Chloroethane #g/kg 10 U
Chloroform _g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l.3-Dichtoropropene _g/kg 5 U
Dibromochloromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 #g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Toluene ;g/kg 5 U
Trans-l,2-Dichtoroethene #g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichloroethene ;g/kg 5 U
Trichtorofluonomethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Oichtoroethane _g/kg 5 U
lel-Pichtoroethene _g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichioroethane _g/kg 5 U
1,1,2,2-TetrachLoroethane #g/kg 5 U
1,2-Oichtoroethane ;g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
1,4-Dichtovobenzene _g/kg 5 U
2-Sutanone #g/kg 100 U
2-Chloroethyl Vinyl Ether ;g/kg 5 U
2-Hexanone _g/kg 50 U
4-Methyt-2-Pentanene _g/kg 50 U

Location = ORR; Formation = DISMAL GAP; Site = 35

Acetone ;g/k9 ? BJ
Benzene _g/kg 5 U
Bromodichtoromethane #g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene _g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform _g/kg 5 U
Chloromethane #g/ks 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Dichtovopropene _9/kg 5 U
Dibromochtoromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 _g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho XyLene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene _g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Tnans-l,3-Dichtoropropene #g/kg 5 U
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Table B.1 (continued)
A hot,on

Analysis Units A horizon Oual. fielddup Ouai.J i,i i,,

Tr ich toroet hene /Lg/kg 5 U
Tr | cht orof tuoramethone /Lg/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl ChLoride /Lg/kg 10 U
XyLene (Meta + Para) _g/kg 5 U
1,1 -Oich toroethane _9/kg 5 U
1,1 -Oi chtoroethene /Lg/kg 5 U
1.1.1 - Tr | chtoroethane /Lg/kg 5 U
1,1,2- Tr i chtoroethane /Lg/kg 5 U
1,1,2,2- TeLrach t oroethane _g/kg 5 U
1,2-D ich t oroethane _g/kg 5 U
1,2-D t chtoropropane _g/kg 5 U
1.4-D t chtor obenzene #g/kg 5 U
2-Butanone /Lg/kg 6 aJ
2-ChLoroethyL Vinyl Ether /Lg/kg 5 U
2- Hexanone _g/kg 50 U
4- Nethyt - 2- Pentanone /Lg/kg 50 U

Location =ORR; Formation =DISMALGAP; S_e =41

Acetone _g/kg 16 J
Benzene _g/kg 5 U
Bromodi cht oromethane _g/kg 5 U
Bromofom _g/kg 5 U
Bromomethane _g/k9 10 U
Carbon Disutftde _g/kg 5 U
Carbon TetrachLoride _g/kg 5 U
Chtorob4mzene _9/kg 5 U
ChLoroethane _g/kg 10 U
ChLoroform _g/kg 5 U
ChLoromethane _g/kg 10 U
Cis-l,2-Dichtoroethene ;g/kg 5 U
Cis-l,3-DichLoropropene _g/k9 § U
Otbromochtoromthane #g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 _g/kg 5 U
MethyLene ChLoride _g/kg 5 U
Ortho XyLene #g/kg 5 U
Styrene #g/kg 5 U
Tetrachtoroethene _g/kg 5 U
ToLuene _9/kg 5 U
Trans-l,2-Otchtoroethene _g/kg 5 U
Trans-l,3.-Oichtoropropene _g/kg 5 U
Trichtoroether_ _g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl ChLoride _g/kg 10 U
XyLene (Meta + Para) _g/kg 5 U
1.1-Oichtoroethane _g/kg 5 U
1.1-Dichtoroethene _g/kg 5 U
1,1.1-Trichtoroethane #g/kg 5 U
1,1,2-TrichLoroethane _9/kg 5 U
1,1.2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethmne _g/kg 5 U
1,2-Oichtoropropane _glkg 5 U
1,4-Dichtorobenzene _glkg 5 U
2-Butanone _g/kg 99 U
2-ChLoroethyL Vinyl Ether _g/kg 5 U
2-Hexanone #g/kg 49 U
4-Methyt-2-Pentanone ;g/kg 49 U

Location =ORR; Formation =DISMALGAP;S_e = 43

Acetone _g/kg 100 U
Benzene ;g/kg 5 U
Bromodichtoromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane _g/kg 10 U
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Table B.1 (continued)
A horizon

Analys_ Uni_ A horizon Oual. fielddup Qual.

Carbon Oisutfide _glkg 5 U
Carbon Tetrachtoride _glkg 5 U
Chtorobenzene pglkg 5 U
Chtoroethane pglkg 10 U
Chtorofom _g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Oichtoroethene _g/kg 5 U
Cis-1,3-Oichtoropropene _glkg 5 U
Dibromochtoromethane #g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 _g/kg 5 U
Methylene Chloride _glkg 5 U
Ortho Xylene ;glkg 5 U
Styrene _glkg 5 U
Tetrachloroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Oichtoroethene _glkg 5 U
Trans-l,3-Oichtoropropene _glkg 5 U
Trichtoroethene _g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate ;glkg 5 U
Vinyl Chloride ;glkg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Oichtoroethene _g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-Dichtoropropane #g/kg 5 U
1,4-Dichtorobenzene ;g/kg 5 U
2-Butanone #g/kg 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Nexanone _g/kg 50 U
4-flethyt-2-Pentanone #g/kg 50 U

Location =ORR; Formation =NOLICHUCI_; S_e = 3

Acetone ;g/kg 12 J
Benzene _g/kg 5 U
SronKclichtoromethane _g/kg 5 U
Bromoform #g/kg 5 U
Sromomethane #g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene #g/kg 5 U
Chloroethane #g/kg 10 U
Chtorofom ;g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Pichtoroethene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Dibromochtoromethane ;g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 ;g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene #g/kg 5 U
Tetrachtoroethene ;g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichtoroethene #g/kg 5 U
Trans-l,3-Dichtoropropene #g/kg 5 U
Trichtoroethene #g/kg 5 U
Trichtoroftuoromethane #g/kg 5 U
Vinyt Acetate #g/kg 5 U
Vinyt Chtoride #g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane #g/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1,1,1-Trichtoroethane #g/kg 5 U
1,1,2-Trichtoroethane #g/kg 5 U
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Table B.1 (continua:l)
A horizon

Analysb Uni_ A horizon Oual. fielddup Qual.

1.1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichloroethane _g/kg 5 U
1,2-Dichloropropane _g/kg 5 U
1.4-Dichlorobenzene #g/kg 5 U
2-Butanone _g/kg 98 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2-Hexanone _g/kg 49 U
4-Nethyt-2-Pentanone _g/kg 49 U

Location =ORR;Formation =NOLICHUCKY; Site= 5

Acetone ;g/kg 19 J
Benzene Kg/kg 5 U
Bromoclichtoromethane _g/kg 5 U
Bromoform _g/kg 5 U
Brommethane ;g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene _g/kg 5 U
Chloroethane _g/kg 10 U
Chloroform _g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Dichtoropropene #g/kg 5 U
Dibromochtoromethene _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 #g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene #g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Oichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichtoroethene _g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtonoethane _g/kg 5 U
l.l-Pichtoroethene _g/kg 5 U
l,l,l-Trichtoroethane ;g/kg 5 U
1,1,2-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
1,4-Dichtorobenzene _g/kg 5 U
2-Sutanone _g/kg 99 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone _g/kg 50 U
4-Methyt-2-Pentanone _g/kg 50 U

Location = ORR; Formation = NOLICHUCKY; Site = 13

Acetone ;g/kg 10 J
Benzene _g/kg 5 U
Bromodichtoromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethmne _g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene _g/kg 5 U
Chtoroethane _g/kg 10 U
Chtorofom _g/kg 5 U
Chtonomethane _g/kg 10 U
Cis-lo2-Dichtoroethene Ag/kg 5 U
Cis-l.3-Oichtoropropene #g/kg 5 U
Dibromochtoromethane _g/kg 5 U
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Table B.1 (continued)
Ahorizon

Analysb Uni_ A horizon Qual. fielddup Qual.

Ethyl Benzene _g/kg 5 U
Freon-113 _g/kg 5 U
Nethylene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene #g/kg 5 U
Tetrachloroethene _g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Pichtoroethene _g/kg 5 U
Trans-l,3-Oichtoropropene #g/kg 5 U
Trichtoroethene #g/kg 5 U
Trichlorofluor_thane _glkg 5 U
Vinyl Acetate ;g/kg 5 U
Vinyl Chloride #glkg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1-Dichtoroethane #g/kg 5 U
1,1-Dichloroether_ #g/kg 5 U
1,1el-Trichlonoethane _g/kg 5 U
1,1,2-Trichloroethane #glkg 5 U
1,1,2,2-Tetrachloroethane #glkg 5 U
1,2-Oichloroethane ;glkg 5 U
1,2-Dichtoropropar_ #glkg 5 U
1,4-Oichlorobenzene _g/kg 5 U
2-Butanene _g/kg 99 U
E-Chloroethyl Vinyl Ether #g/kg 5 U
2-Hexanone _g/kg 50 U
6-Nethyl-2-Pentanone #g/kg 50 U

Location= ORR;Formation= NOLICHUCKE"Size= 15

Acetone #g/kg 18 d
Benzene pg/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromofom #g/kg 5 U
Sromomethane #g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride Fg/kg 5 U
Chlorobenzene #glkg 5 U
Chtoroethane ;glkg 10 U
Chtorofom #glkg 5 U
Chloromethane ;glkg 10 U
Cis-1,2-Dichtoroether_ ;g/kg 5 U
Cis-l,3-Dichloropropene #g/kg 5 U
Dibromochtoromethane #g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 #g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Toluene #g/kg 5 U
Trans- 1,2-Di chtoroethene #g/kg 5 U
Trans- 1,I-Di chloropropene #g/kg 5 U
Trichtoroethene #g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate #g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1-Dichtoroethane #g/kg 5 U
1,1-Dichloroethene #g/kg 5 U
1,1,1-Trichloroethane _g/kg 5 U
1,1,2-Trichloroethane #g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichloroethane #g/kg 5 U
1,2-Dichtoropropane #g/kg 5 U
1,4-Dichlorobenzene #g/kg 5 U
2-Butanone #g/kg 98 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2-Hexanone #g/kg 49 U
4-Nethyl-2-Pentanone #g/kg 49 U
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Table S.1 (continued)
A how.on

Analysis Units A horizon Qual. field dup Qual.

Location = ORR; Formation - NOLICHUCK_; Site = 16

Acetone _g/kg 13 J
Benzene lKg/kg 5 U
Bromodich l oromethane /Lg/kg 5 U
Bromoform _g/kg 5 U
Broemmethane pg/kg 10 U
Carbon DisuLfide _g/kg $ U
Carbon TetrachLoride _g/kg 5 U
Chtorobenzene _g/kg 5 U
Chl oroet hane _g/kg 10 U
Chlorofom _g/kg 5 U
Chtoromethane /¢g/kg 10 U
Ci s- 1.2- I)ich t oroet hene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Oi bromochl oromethane _g/kg 5 U
Ethyl Benzene /Lg/kg 5 U
Freon- 113 /Lg/kg 5 U
gethylene Chloride /Lg/kg 5 U
Ortho Xylene /Lg/kg 5 U
Styrene #g/kg 5 U
Tel rechl oroet hene /Lg/kg 5 U
Toluene #g/kg 5 U
Trans- 1,2-Oich loroethene _g/kg 5 U
Trans- 1,3-Dich Loropropene /Lg/kg 5 U
Tr ich loroethene /¢g/kg 5 U
Tr ich lorof l uoromethane jxg/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyt Chtoride /Lg/kg 10 U
Xylene (Neta + Para) #g/kg 5 U
1,1 -Oich t oroethene /¢g/kg 5 U
1,1 -Dich loroethene #g/kg 5 U
1,1,1 - Tr ich loroethane /Lg/kg 5 U
1,1,2-T Pi chloroethane #g/kg 5 U
1,1,2,2- Tetrach toroethane /Lg/kg 5 U
1,2-D ich t oroethane /Lg/kg 5 U
1,2-D i ch[ oropropane /xg/kg 5 U
1,/,-D ich [ orobenzene /Lg/kg 5 U
2-Butanone #g/kg 98 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2- Hexanone /Lg/kg 49 U
4-Net hyt - 2-Pent anone #g/kg 49 U

Location = ORR; Formation = NOIdCHUCKY;" Site = 21

Acetone /Lg/kg 8 J 11 J
Benzene #g/kg 5 U 5 U
Bromodich l oromethane /Lg/kg 5 U 5 U
Bromoform /Lg/kg 5 U 5 U
Brom_ethane /Lg/kg 10 U 10 U
Carbon Disulfide /Lg/kg 5 U 5 U
Carbon Tetrachloride /¢g/kg 5 U 5 U
Chl orobenzene /Lg/kg 5 U 5 U
Chloroethane #g/kg 10 U 10 U
Chl orofor_ #g/kg 5 U 5 U
Chl oromethane /¢g/kg 10 U 10 U
Ci s- 1,2-D ichtoroethene _g/kg 5 U 5 U
Cis-1,3-Oich [oropropene /Lg/kg 5 U 5 U
Oi br omochl oromethane /_g/kg 5 U 5 U
Ethyl Benzene /Lg/kg 5 U 5 U
Freon- 113 #g/kg 5 U 5 U
Nethylene Chloride /Lg/kg 5 U 5 U
Ortho Xylene /Lg/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tet rach t oroethene /Lg/kg 5 U 5 U
Toluene /Lg/kg 5 U 5 U
Trans- 1,2-Dich [oroethene /_g/kg 5 U 5 U
Trans- 1,3-Di chLoropropene _tg/kg 5 U 5 U
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Table B.1 (continued)
A horizon

Analys_ Uni_ A horizon Qual. field dup Qual.

Trichloroethene #glkg 5 U 5 U
Trichlorofl_r_thar_ Ag/kg 5 U 5 U
Vinyl Acetate _g/kg 5 U 5 U
Vinyl Chloride _g/kg 10 U 10 U
Xylene (Meta + Para) ;g/kg 5 U 5 U
1,1-Oichtonoethane _g/kg 5 U 5 U
1,1-Dichloroethene #g/kg 5 U 5 U
1,1,1-Trichloroethane ;g/kg 5 U 5 U
1,1,2-Trichloroethane _g/kg 5 U 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U 5 U
1,2-Dichloroethane _g/kg 5 U 5 U
1,2-Dichloropropane #g/kg 5 U 5 U
1,4-Dichlorobenzene #g/kg 5 U 5 U
2-Butanone _g/kg 98 U 100 U
2-Chloroethyl Vinyl Ether ;glkg 5 U 5 U
2-Hexanene _g/kg 49 U 50 U
4-Methyl-2-Pentanone _g/kg 69 U 50 U

Location =ORR; Fomuuion =NOLICHUCIC_," Site =23

Acetone ;glkg 14 J 18 d
Benzene _g/kg 5 U 5 U
Br_ichlor_thar_ ;g/kg 5 U 5 U
Bromoform ;g/kg 5 U 5 U
Sromomethane ;g/kg 10 U 10 U
Carbon Disulfide _glkg 5 U 5 U
Carbon Tetrachloride ;g/kg 5 U 5 U
Chtorobenzene ;glkg 5 U 5 U
Chl oroet hane _g/kg 10 U 10 U
Chl oroform _glkg 5 U 5 U
Chloromethane _g/kg 10 U 10 U
Cis-l,2-Dichloroethene #g/kg 5 U 5 U
Cis-l,3-Dichtoropropene #g/kg 5 U 5 U
Dibromochloromethane _g/kg 5 U 5 U
Ethyl Benzene #g/kg 5 U 5 U
Freon-113 ;g/kg 5 U 5 U
Methylene Chloride ;g/kg 5 U 5 U
Ortho Xylene #g/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachloroethene #g/kg 5 U 5 U
Toluene #g/kg 5 U 5 U
Trans-l,2-Dichloroethene #g/kg 5 U 5 U
Trans-l,3-Dichloropropene #g/kg 5 U 5 U
Trichtoroethene #g/kg 5 U 5 U
Trichtoroftuoromethane #g/kg 5 U 5 U
Vinyl Acetate ;g/kg 5 U 5 U
Vinyl Chloride ;g/kg 10 U 10 U
Xylene (Meta + Para) ;g/kg 5 U 5 IJ
1,1-Dichloroethane xg/kg 5 U 5 U
1,1-Dichloroethene _g/kg 5 U 5 U
1,1,1-Trichloroethane _g/kg 5 U 5 U
1,1,2-Trichloroethane sg/kg 5 U 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U 5 U
1,2-Dichloroethane sg/kg 5 U 5 U
1,2-Dichloropropane _g/kg 5 U 5 U
1,4-Dichiorobenzene #g/kg 5 U 5 U
2-Butanone #g/kg 99 U 100 U
2-Chloroethyl Vinyl Ether #g/kg 5 U 5 U
2-Hexanone #g/kg 50 U 50 U
4-Nethyl-2-Pentanone #g/kg 50 U 50 U

Location = ORR; Formation = NOLICHUCK_; S_e = 24

Acetone _g/kg 100 U 10 d
Benzene #g/kg 5 U 5 U
Bromodichloromethane #g/kg 5 U 5 U
Bromoform _g/kg 5 U 5 U
Bron_nethane #g/kg 10 U 10 U
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TableB.1(con_nued)
A horizon

Analys_ Umts A honzon Oual. fielddup Oual.

Carbon Disutfide #g/kg 5 U 5 U
Carbon Tetrachloride #g/kg 5 U 5 U
Chtorobenzene ;g/kg 5 U 5 U
Chtoroethane ;g/kg 10 U 10 U
Chloroform #g/kg 5 U 5 U
Chloromethane ;g/kg !0 U 10 U
Cis-l,2-Oichtoroethene _g/kg 5 U 5 U
Cis-l,3-Dichloropropene #g/kg 5 U 5 U
Dibromochtoromethane _g/kg 5 U 5 U
Ethyl Benzene #g/kg 5 U 5 U
Freon-113 ;g/kg 5 U 5 U
Methylene Chloride _g/kg 5 U 5 U
Ortho Xylene ;g/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachloroethene #g/kg 5 U 5 U
Toluene _g/kg 5 U 5 U
Trans-l,2-Dichtoroethene #g/kg 5 U 5 U
Trans-l,3-Pichtoropropene #g/kg 5 U 5 U
Trichtoroethene _g/kg 5 U 5 U
Trichtoroftuoromethane _g/kg 5 U 5 U
Vinyl Acetate _g/kg 5 U 5 U
Vinyl Chloride #g/kg 10 U 10 U
Xylene (Meta + Para) _g/kg 5 U 5 U
1,1-Oichtoroethane _g/kg 5 U 5 U
1,1-Dichtoroethene _g/kg 5 U 5 U
1,1,1-Trichloroethane _g/kg 5 U 5 U
1,1,2-Trichtoroethane _g/kg 5 U 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U 5 U
1,2-Dichtoroethane _g/kg 5 U 5 U
1,2-Dichloropropane _g/kg 5 U 5 U
1,4-Dichtorobenzene ;g/kg 5 U 5 U
2-Butanone _g/kg 100 U 100 U
2-Chloroethyl Vinyl Ether _g/kg 5, U S U
2-Hexanone _g/kg 50 U 50 U
4-Methyt-2-Pentanone #g/kg 50 U 50 U

Location= ORR; Formation= NOLICHUCIC_; Site= 25

Acetone #g/kg 24 J
Benzene ;g/kg 5 U
aromodichtoromethane #g/kg 5 U
Bromoform _g/kg 5 U
Brommethane #g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene _g/kg 5 U
Chloroethane _g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Oibromochloromethane _g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 ;g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene #g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichtoroethene #g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichtoroethene #g/kg 5 U
Trichtorofluoromethane . _g/kg 5 U
Vinyl Acetate #g/kg 5 U
Vinyl Chloride ;g/kg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Dichtoroethane #g/kg 5 U
1,l-Dichtoroethene ;g/kg 5 U
1,1,1-Trichloroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
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Table B.I (continued)
A horizon

Analys_ Unit A horizon Ouai. field dup Oual.

1,1,2,2-Tetrachtoroethene _g/kg 5 U
1,2-Dichloroethane _g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
1,4-Oichlorobenzene _g/kg 5 U
2-Butanone _g/kg 98 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone _g/kg 49 U
4-Methyt-2-Pentanone _g/kg 49 U

Location= ORR; Format_. = NOLICHUCIO'; Site = 28

Acetone #g/kg 22 J 14 J
Benzene _g/kg 5 U 5 U
Bromodichtoromthane _g/kg 5 U 5 U
Bromoform _g/kg 5 U 5 U
Bromomethane _g/kg 10 U 10 U
Carbon Disulfide #g/kg 5 U 5 U
Carbon Tetrachloride ;g/kg 5 U 5 U
Chlorobenzene #g/kg 5 U 5 U
Chtoroethane #g/kg 10 U 10 U
Chloroform #g/kg 5 U 5 U
Chloromethane #g/kg 10 U 10 U
Cis-l,2-Oichtoroethene ;g/kg 5 U 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U 5 U
DibromochtoroBethane _g/kg 5 U 5 U
Ethyl Benzene _g/kg 5 U 5 U
Freon-113 _glkg 5 U 5 U
Methylene Chloride _g/kg 5 U 5 U
Ortho Xylene _g/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachtoroethene #g/kg 5 U 5 U
Toluene _g/kg 5 U 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U 5 U
Trans-l,3-Dichloropropene #g/kg 5 U 5 U
Trichtoroethene #g/kg 5 U 5 U
Trichtoroftuoromethane _g/kg 5 U 5 U
Vinyl Acetate #g/kg 5 U 5 U
Vinyl Chloride #g/kg 10 U 10 U
Xylene (Meta + Para) _g/kg 5 U 5 U
1,1-Dichtoroethane _g/kg 5 U 5 U
1,1-Dichtoroethene _g/kg 5 U 5 U
1,1,1-Trichloroethane _g/kg 5 U 5 U
1,1,2-Trichtoroethane _g/kg 5 U 5 U
1,1,2,2-Tetrachloroethane #g/kg 5 U 5 U
1,2-Dichtoroethane #g/kg 5 U 5 U
1,2-Dichtoropropane #g/kg 5 U 5 U
1,4-Dichtorobenzene #g/kg 5 U 5 U
2-Butanone #g/kg 98 U 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U 5 U
2-Hexanone #g/kg 49 U 50 U
4-Methyt-2-Pentanone _g/kg 49 U 50 U

Location= ORR; Formation = NOLICHUCKY; Site= 31

Acetone #g/kg 27 J 78 J
Benzene _g/kg 5 U 5 U
Bromodichtoromethane _g/kg 5 U 5 U
Bromoform _g/kg 5 U 5 U
BroeKxnethane #g/kg 10 U 10 U
Carbon Disulfide #g/kg 5 U 5 U
Carbon Tetrachloride _g/kg 5 U 5 U
Chlorobenzene _g/kg 5 U 5 U
Chtoroethane #g/kg 10 U 10 U
Chloroform ;g/kg 5 U 5 U
Chloromethane ;g/kg 10 U 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U 5 U
Cis-l,3-Dichloropropene _g/kg 5 U 5 U
Dibromochloromethane _g/kg 5 U 5 U
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, , Table B.1 (continued)
A horizon

Analys_ Unit A horizon Oual. field dup Oual.
ii,| i

Ethyl Benzene _g/kg 5 U 5 U
Freon-113 _g/kg 5 U 5 U
Methytene Chtoride _g/kg 5 U 5 U
Ortho Xytene Jg/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachloroethene ;g/kg § U 5 U
Toluene _g/kg 5 U 5 U
Trans-l,2-Oichtoroethene _g/kg 5 U 5 U
Trens-l,3-Dichtoropropene _g/kg 5 U 5 U
Trichtoroethene _g/kg 5 U 5 U
TrichlorofLuoromethane _g/kg 24 5 U
Vinyl Acetate _g/kg 5 U 5 U
Vinyl Chloride _g/kg 10 U 10 U
Xylene (Meta + Para) _g/kg 5 U 5 U
1,1-DichLoroethane _g/kg 5 U 5 U
1,1-Dichtoroethene _g/kg 5 U 5 U
1,1,1-Trichloroethane ;g/kg 5 U 5 U
1,1,2-Trichloroethane #g/kg 5 U 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U 5 U
1,2-Dichtoroethane _g/kg 5 U 5 U
1,2-Dichtoropropane _g/kg 5 U 5 U
1,4-Dichtorobenzene _g/kg 5 U 5 U
2-Butanone _g/kg 100 U 7 BJ
2-Chloroethyl Vinyt Ether _g/kg 5 U 5 U
2-Hexanone _g/kg 50 U 50 U
4-Methyt-2-Pentanone _g/kg 50 U 50 U

Location=ORR; Formation =NOLICHUCKE; Site =42

Acetone _g/kg 18 J 15 J
Benzene _g/kg 5 U 5 U
Bromodichtoromethane _g/kg 5 U 5 U
Bromoform _g/kg 5 U 5 U
Bromomethane _g/kg 10 U 10 U
Carbon DisuLfide _g/kg 5 U 5 U
Carbon TetrachLoride ;g/kg 5 U 5 U
Chtorobenzene #g/kg 5 U 5 U
ChLoroethane _g/kg 10 U 10 U
Chtoroform ;g/kg 5 U 5 U
Chtoromethane #g/kg 10 U 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U 5 U
Cis- 1,3-D i chtoropropene ;g/kg 5 U 5 U
Oibromocht oromethane #g/kg 5 U 5 U
Ethyt Benzene _g/kg 5 U 5 U
Freon-113 _g/kg 5 U 5 U
Methylene Chtoride _g/kg 5 U 5 U
Ortho Xytene _g/kg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachtoroethene ;g/kg 5 U 5 U
Toluene ;g/kg 5 U 5 U
Trans-l,2-Oichtoroethene _g/kg 5 U 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U 5 U
Trichtoroethene _g/kg 5 U 5 U
Trichtoroftuoroatethane _g/kg 5 U 5 U
Vinyt Acetate _g/kg 5 U 5 U
Vinyt Chtoride _g/kg 10 U 10 U
Xytene (Meta + Para) _g/kg 5 U 5 U
1,1-Dichtoroethane _g/kg 5 U 5 U
1,1-Dichtoroethene _g/kg 5 U 5 U
1,1,1-Trichtoroethane _g/kg 5 U 5 U
1,1,2-Trichtoroethane _g/kg 5 U 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 UX 5 U
1,2-Dichtoroethane _g/kg 5 U 5 U
1,2-Oichtoropropane _g/kg 5 U 5 U
1,4-Dichtorobenzene _g/kg 5 U 5 U
2-Butanone _g/kg 100 U 100 U
2-Chtoroethyt Vinyt Ether ;g/kg 5 U 5 U
2-Hexanone ;g/kg 50 U 50 U
4-Methyt-2-Pentanone #g/kg 50 U 50 U
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TableB.I(_n_ued)
A horizon

Analysis Units A horizon Oual. fielddup Oual.

Location = ROA; Formation = DL_MAL GAP; S_e = 3

Acetone ;g/kg 5 J
Benzene ;g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide, _glkg 5 U
Carbon Tetrachloride _g/kg 5 O
Chlorobenzene _g/kg 5 U
Chloroethane ;g/kg 10 U
Chlorofom _g/kg 5 U
Chloromethane ;g/kg 10 U
Ci s- 1,2-O i chl oroethene _g/kg 5 U
Cis-1,3-Oichloropropene _g/kg 5 U
Oi bromochtoromethane ;g/kg 5 U
Ethyl Benzene _g/kg 5 U
Nethylene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _glkg 5 U
Tetrachloroethene _glkg 5 U
Toluene ;glkg 5 U
Tfans- 1,2-Dich loroethene _g/kg 5 U
Trans- 1,3-Dich toropropene _g/kg 5 U
Tr i cht oroethene vg/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (_eta + Para) _g/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichloroethane _g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-DichLoroethane ;g/kg 5 U
1,2-Dichloropnopane _g/kg 5 U
2-Butanone _g/kg 5 BJ
2-Hexanone _g/kg 50 U
4-Nethyl-2-Pentanone ;g/kg 50 U

Location = ROA; Formation = DISMAL GAP; S_e = 7

Acetone ;glkg 7 J
Benzene _g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Brocr_thane ;g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene ;g/kg 5 U
Chloroethane _g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane ;g/kg 10 U
Cis-l,2-Dichloroethene ;g/kg 5 U
Cis-l,3-Dichloropropene _g/kg 5 U
Oibromochloromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 ;g/kg 5 U
Nethylene Chloride ;g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachlonoethene ;g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichloroethene #g/kg 5 U
Trichlorofl_r_thane ;g/kg 5 U
VinylAcetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Neta + Para) _g/kg 5 U
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Table B.1 {cont/uued)
A horizon

Analysis Units A horizon Qual. field dup Qual.

1,1 -Oi chtoroethane /_g/kg 5 U
I,I-Dich tor_ther_ /Lg/kg 5 U
1,1,1 -Trich toroethane /Lg/kg 5 U
1,1,2 - Tr i cht oroethane ;g/kg 5 U
1,1,2,2- Tel rach toroethane _g/kg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-D ich tonopropene /Lg/kg 5 U
1.4-D |cht orobenzene /tg/kg 5 U
2-Butanone /Lg/kg 100 U
2-Chloroethyl Vinyl Ether #g/kg 5 U
2- Hexanone /6g/kg 50 U
4-Methyl.-2-Pentanone #g/kg 50 U

Location =ROA;Fonnation =DISMALGAP; Site = 8

Acetone gg/kg 7 J
Benzene _g/kg 5 U
Bromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Oisulficle _g/kg 5 U
Carl:on Tetrachloride ;g/kg 5 U
Chtorobenzene #g/kg 5 U
Chtoroethane ;g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Pichtoroethene _g/kg 5 U
Cis-l,3-Oichtoropropene _g/kg 5 U
Oibromochtoromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Freon-113 gg/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene ;g/kg 5 U
Tetrachtoroethene _g/kg 5 U
Toluene ;g/kg 5 U
Trans-l,2-Oichloroethene _g/kg 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U
Trichtoroethene #g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1,1,1-Trichloroethane ;g/kg 8
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Oichloroethane _g/kg 5 U
1,2-Dichtoropropane _g/kg 5 U
1,4-Dichtorobenzene _g/kg 5 U
2-Butanone _g/kg 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Xexanone _g/kg 50 U
4-Methyl-2-Pentanone gg/kg 50 U

Location = ROA; Formation = DISMAL GAP; S_e = 9

Acetone _g/kg 100 U
Benzene _g/kg 5 U
Sromodichloromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disutfide _g/kg 5 U
Carbon Tetrachtoride _g/kg 5 U
Chtorobenzene _g/kg 5 U
Chloroethane ;g/kg 10 U
Chloroform _g/kg 5 U
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Tablc B.1 (continual)

A horizon

Analysis Units A horizon Oual. field dup Oual.

Chl oromethane /Lg/kg 10 U
Cis-1,2-Pich toroethene /¢g/kg 5 U
Cis-1,3-D ich loropropene /¢g/kg 5 U
Di bromochl oromthane /Lg/kg 5 U
Ethyl Benzene /¢g/kg 5 U
Nethy tene Chtor i de /Lg/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene /Lg/kg 5 U
Tel rach t oroet hene /Lg/kg 5 U
Toluene /Lg/kg 5 U
Trans- 1, Z-Di chtoroethene /Lg/kg 5 U
Trans- 1,3-D ich l oropropene /Lg/kg 5 U
Tr ich l oroet hene /¢g/kg 5 U
Vinyl Chloride /Lg/kg 10 U
Xylene (Meta + Para) /Lg/kg 5 U
1.1 -D ich l oroethane ;g/kg 5 U
1,1 -Dich t oroethene #g/kg 5 U
1,1,1 - Tr i chtoroethane /Lg/kg 5 U
1,1,2- Tr i cht oroethane #g/kg 5 U
1,1,2,2-Tet rach toroethane /Lg/kg 5 U
1,2-D i chl oroethane /Lg/kg 5 U
1,2-D ich t oropropane /Lg/kg 5 U
2-Sutanone /¢g/kg 100 U
2-Hexanone /Lg/kg 50 U
4 -Methyt - 2- Pentanone /¢g/kg 50 U

Location = ROA;Formation =DISMALGAP; Site = 10

Acetone #9/kg 8 J
Benzene #g/kg 5 U
Bromodichloromethane #g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane #g/kg 10 U
Carbon Disulfide _glkg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene _g/kg 5 U
Chloroethane #g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Dichloropropene #g/kg 5 U
Dibromochtoromethane #g/kg 5 U
Ethyl Benzene #g/kg 5 U
Freon-113 #g/kg 5 U
Nethytene Chloride ;g/kg 5 U
Ortho Xylene ;g/kg 5 U
Styrene _g/kg 5 U
Tetrachlonoethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichloroethene #g/kg 5 U
Trichtorofluoromethane #g/kg 5 U
Vinyl Acetate #g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachloroethane #g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Dichloropropane #g/kg 5 U
1,4-Dichlorobenzene #g/kg 5 U
2-Butanone #g/kg 100 U
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone _g/kg 50 U
4-Methyl-2-Pentanone _g/kg 50 U
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Table B.I (continued)
A horizon

Analysis Units A horizon Oual. field dup Quai.

Location = ROA; Fonmuion =DISMALGAP; S_e = 13

Acetone _g/kg 8 J 10 J
Benzene _g/kg 5 U 5 U
Brontodichtoromethane _g/kg 5 U 5 U
Bromfom _g/kg 5 U 5 U
Bromo_.thane _g/kg 10 U 10 U
_arbon_isutfide _g/kg 5 U 5 U
Carbon TetrachLoride _g/kg 5 U 5 U
Chtorobenzene _glkg 5 U 5 U
Chtoroethane #g/kg 10 U 10 U
Chtorofem ;g/kg 5 U 5 U
Chtoromethane _g/kg 10 U 10 U
Cis-l,2-Oichtmoethene _g/kg 5 U 5 U
Cis-!e3-Oichtoropropene ;g/kg § U 5 U
Dibromochtoromethane _g/kg 5 U 5 U
Ethyt Benzene #g/kg 5 U 5 U
Freon-113 ;g/kg 5 U 5 U
MethyLene ChLoride _glkg 5 U 5 U
Ortho XyLene #glkg 5 U 5 U
Styrene _g/kg 5 U 5 U
Tetrachtoroethene #g/kg 5 U 5 U
Totuet_ #g/kg 5 U 5 U
Trans-l,2-OichLoroethene #g/kg 5 U 5 U
Trans-l,3-Dichtoropropene _g/kg 5 U 5 U
TrichLoroethene _g/kg 5 U 5 U
Trichtoroftuoromethane ;g/kg 5 U 5 U
Vinyt Acetate _g/kg 5 U 5 U
Vinyt ChLoride _glkg 10 U 10 U
Xyter_ (Meta + Para) _g/kg 5 U 5 U
1,1-Dichtoroethan= _g/kg 5 U 5 U
l_l-Dichtoroether_.. _g/kg 5 U 5 U
1,1,1-Trichtoroethane ;g/kg 5 U 5 U
1,1,2-Tr_chtoroethane ;g/kg 5 U 5 U
1,1,2,2-Tetrachtoroethane ;g/kg 5 U 5 U
1,2-Dichtoroethane _g/kg 5 U 5 U
1,2...Dichtor_propane _g/kg 5 U 5 U
1,4-Dichtorobenzene #g/kg 5 U 5 U
2-Butanone #9/kg 79 8J 9 BJ
2-Chtoroethyl Vinyl Ether #g/kg 5 U 5 U
2-Hexanone _!kg 50 U 49 U
4-Methyt-2-Pentanone _g/kg 50 U 49 U

Location= ROA;Formation=DJ_SMALGAP;S_ = 14

Acetone #g/kg 8 J
Benzene ;g/kg 5 U
Brozodichtoromethane _g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane pg/kg 10 U
CarvonDisutfide #g/kg 5 U
Carbon TetrachLoride gg/kg 5 U
ChLorobenzene ;g/kg 5 U
ChLoroethane ;g/kg 10 U
Chtorofom _g/kg 5 U
_htoromethene ;g/kg 10 U
Cis-l,2-Dichtoroethene ;g/kg 5 U
Cis-l,3-Dichloropropene _g/kg 5 U
Dibromochtoromethane _g/kg 5 U
Ethy[ Benzene #q/kg 5 U
Freons113 _g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene _g/kg 5 U
ToLuene _g/k_ 5 U
Trans-l,2-D_chtoroethe_e _g/kg 5 U
Trans-l,3-Dichtoroprope._e _g/kg 5 U
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Table B.1 (continual)
A horizon

Analysis Unim A horizon Oual. fielddup Oual.

Trichloroethene _g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichloroethane pg/kg 5 U
1,1-Dichloroethene _g/kg 5 U
1,1,1-Trichioroethane _g/kg 5 U
1,1,2-TrichLoroethane _g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-Dichloroethane _g/kg 5 U
1,2-Oichloropropane _g/kg 5 U
1,4-Dichlorobenzene #g/kg 5 U
2-Butanone #g/kg 35 BJ
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-flexanone _g/kg 50 U
4-Methyl-2-Pentanone _g/kg 50 U

Location = ROA; Formation = DISMAL GAP; Site = 17

Acetone ;g/kg 10 J
Benzene _g/kg 5 U
Bromoclichl oromethare _g/kg 5 U
Bromfom _g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide _glkg 5 U
Carbon Tetrachloride _g/kg 5 U
Chlorobenzene _g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform _g/kg 5 U
Jhloromethane ;g/kg 10 U
Cis-l,2-Dichloroethene _g/kg 5 U
Cis-l,3-Oichtoropropene #g/kg 5 U
Dibromochloromethane _g/kg 5 U
Ethyl Benzene ;g/kg 5 U
Freon-113 #g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _glkg 5 U
Tetrachtoroethene _glkg 5 U
Toluene _g/kg 5 U
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichtoroethene ;g/kg 5 U
Trichtoroftuoromethane _g/kg 5 U
Vinyl Acetate _g/kg 5 U
Vinyl Chlorid-_ _g/kg 10 U
Xylene (Meta + Para) _g/kg 5 U
1,1-Dichtoroethane _g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroet!.,_e _g/kg 5 U
1,1,2-Trichtoroethane #g/kg 5 U
1,1,2,2-Tetrachloroethane #g/kg 5 U
1,2-Dichtoroethane #g/kg 5 U
1,2-Oichloropropane #g/kg 5 U
1,4-Dichtorobenzene #g/kg 5 U
2-Sutanone _g/kg 8 BJ
2-Chloroethyl Vinyl Ether _g/kg 5 U
2-Hexanone _g/kg 50 U
4-Methyl-2-Pentanone #g/kg 50 U

Location = ROA; Formation =DISMALGAP; Site = 19

Acetone _g/kg 100 U
Benzene #g/kg 5 U
Bromodichloromethane #g/kg 5 U
Bromoform _g/kg 5 U
Bromomethane _g/kg 10 U
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Table B.1 (mnfinued)
A horizon

Analy_ Uni_ A horizon Oual. field dup Oual.

Carbon Disutfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene #g/kg 5 U
ChLoroethane _g/kg 10 U
Chtorofom _g/kg 5 U
Chloromethane ;g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-1.3-Dich toropropene _g/kg 5 U
Di bromochtoromethane _g/kg 5 U
Ethyl Benzene _g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene _g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Dichtoroethene _g/kg 5 U
Trans-l,3-Dichtoropropene _9/kg 5 U
TrichLoroethene _9/kg 5 U
Vinyl Chloride _g/kg 10 U
Xylene (Meta + Para) vg/Rg 5 U
1,1-Dichtoroethane ;9/kg 5 U
1,1-Dichtoroethene _g/kg 5 U
1.1,1-Trichtoroethane _g/kg 5 U
1,1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _9/kg 5 U
1.2-Dichtoroethane _g/kg 5 U
1.2-Oichtoropropane _g/kg 5 U
2-Butanone _g/kg 100 U
2-Hexanone _g/kg 50 U
4-Methyt-2-Pentanone #g/kg 50 U

LocoAon = ROA; Formation =DISMALGAP; S_e =20

Acetone #g/kg 100 U
Benzene ;g/kg 5 U
Sromodichtoromethane _g/kg 5 U
Bromoform ;g/kg 5 U
Bromomethane _g/kg 10 U
Carbon Disulfide _g/kg 5 U
Carbon Tetrachloride _g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chtoroethane _g/kg 10 U
Chloroform ;g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichioroethene #q/kg 5 U
Cis-l,3-Dichtoropropene _g/kg 5 U
Oibromochloromethane _g/kg 5 U
Ethyl Benzene ;g/kg 5 U
Methylene Chloride _g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachtoroethene _g/kg 5 U
Toluene _g/kg 5 U
Trans-l,2-Oichtoroethene ;g/kg 5 U
Trans-l,3-Dichloropropene _g/kg 5 U
Trichtoroethene _g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Dichtoroethane ;g/kg 5 U
1,1-Dichtoroethene ;g/kg 5 U
1,1,1-Trichtoroethane _g/kg 5 U
1.1,2-Trichtoroethane _g/kg 5 U
1,1,2,2-Tetrachtoroethane _g/kg 5 U
1,2-Dichtoroethane _g/kg 5 U
1,2-Dichtoropropane ;g/kg 5 U
2-Sutanone _g/k9 100 U
2-Hexanone _g/kg 50 U
4-Nethyt-2-Pentanone _g/kg 50 U
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Table B.1 (continued)
A horizon

Analysis Units A horizonQual. fielddup Qual.

Location = ROA; Formation= DISMAL GAP;Site = 21

Acetone _g/k9 100 O
Benzene _g/kg 5 U
Bromodichtoromethane #g/kg 5 O
Bromofom _g/kg 5 U
Bnomomethane #g/kg 10 O
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chlorobenzene ;g/kg 5 U
Chtoroethane #g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane #g/kg 10 U
Cis-l,2-Dichtoroethene #g/kg 5 U
Cis-l,3-Oichtoropropene _g/kg 5 O
Oibromochtoromethane _g/kg 5 U
Ethyl Benzene ;g/kg 5 U
Methylene Chloride #g/kg 5 U
Ortho Xylene #g/kg 5 U
Styrene _g/kg 5 U
Tetrachloroethene _g/kg 5 O
Toluene #g/kg 5 O
Trans-l,2-Dichloroethene _g/kg 5 U
Trans-l,3-DichLoropropene _g/kg 5 U
Trichtoroethene #g/kg 5 U
Vinyl Chloride #g/kg 10 U
Xylene (Meta + Para) #g/kg 5 U
1,1-Oichtoroethane #g/kg 5 U
1,1-Oichtoroethene #g/kg 5 O
1,1,1-Trichtoroethane ;g/kg 5 U
1,1,2-Trichloroethane #g/kg 5 U
1,1,2,2-Tetrachloroethane _g/kg 5 U
1,2-Dichloroethane _g/kg 5 U
1,2-Dichtoropropane #g/kg 5 U
2-Sutanone _g/kg 100 U
2-Hexanone #g/kg 50 U
4-Nethyl-2-Pentanone #g/kg 50 U

Location = ROA;Formation =DISMALGAP; Site =22

Acetone ;g/kg 98 U
Benzene ;g/kg 5 U
Bromodichtoromethane #g/kg 5 U
Bromoform #g/kg 5 U
Bromomethane ;g/kg 10 U
Carbon Disulfide #g/kg 5 U
Carbon Tetrachloride #g/kg 5 U
Chtorobenzene ;g/kg 5 U
Chtoroethane #g/kg 10 U
Chloroform #g/kg 5 U
Chloromethane _g/kg 10 U
Cis-l,2-Dichtoroethene _g/kg 5 U
Cis-l,3-Oichlonopropene _g/kg 5 U
Oibromochloromethane ;g/kg 5 U
Ethyl Benzene _g/kg 5 U
Methytene Chloride #g/kg 5 U
Ortho Xytene #g/kg 5 U
Styrene #g/kg 5 U
Tetrachtoroethene ;g/kg 5 U
Toluene #g/kg 5 U
Trans-l,2-Dichtoroethene #g/kg 5 U
Trans-l,3-Oichloropropene #g/kg 5 U
Trichtoroethene #g/kg 5 U
Vinyt Chloride #g/kg 10 U
Xylene (Neta + Pare) #g/kg 5 U
1,1-Dichtoroethane #g/kg 5 U
1,1-Dichtoroethene #g/kg 5 U
1,1,1-Trichtoroethane #g/kg 5 U
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Tablee.l {oneeee)
A horizon

Analysis Units A horizon Qual. field dup Qual.

1,1,2- Tr ich t oroethane /tg/kg 5 U
1e1,2,2- Tet racht ovoethane jtg/kg § U
1,2-D ichtoroet hane /rg/kg 5 U
1,2- Pich toropropane #tg/kg § U
2-Sutanone #tg/kg 98 U
2-Hexanone /tg/kg 49 U
4-Methyl - 2-Pentanone #tg/kg 49 U
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Table B.2. Weighted gamma screening results for soil samples
Depm (cre)

Analysis Units 00-.05 05-10 10-15 15-20 20-25 25-30

Location = AND; Formation = DISMAL GAP; Site = 1

Cs-137 pCi/g 1.0405 0.1665 0.0405 ld N 0.0024
K-40 pCi/g 15.3184 17.2832 24.2441 28.9573 27.5187 26.7698
U-238 pCi/g N 1.5935 N 3.2284 N 1.0655
Ra-226 pCi/g 0.5906 0.6374 0.6665 0.5316 0.5379 0.5178
Th- 232 pCi/g 0.8824 0.9491 1.1162 1.1710 1.1096 1.1050
U-235 pCi/g N N ii N ii 0.0548

Location =AND;Fomunion = DISMAL GAP;Site = 3

Cs-137 pCi/g 0.5910 0.1505 0.0473 0.0247 0.0148 N
K-40 pCi/g 22.0278 20.0736 20.3150 22.0944 23.9437 22.9413
U-238 I:¢i/g N 2.1177 N 1.6575 N 4.4991
Ra-226 pCi/g 0.5822 0.6817 0.5955 0.5933 0.6653 0.5522
Th-232 pCi/g 1.1588 1.1267 1.1139 1.2530 1.3566 1.3722
U-235 pCi/g 0.1369 N 0.1372 0.0526 N N

Location = AND; Formation = DISMAL GAP; Site = 4

Cs-137 pCi/g 1.4287 0.1510 0.0498 0.0627 0.0692 0.0263
K-40 pCi/g 38.6418 35.0762 34.7543 38.6450 39.4480 36.5679
U-238 pCJIg N ii N N N N
Ra-226 pCi/g 0.6041 0.5853 0.5594 0.5266 0.5971 0.5300
Th-232 pCi/g 1.0622 0.9718 0.9949 1.1156 1.2681 1.1060
U'235 pCi/g N N N N N N

Location = AND; Fomuaion = DISMAL GAP; Site = 5

Cs-137 pCi/g 0.7101 0.0924 0.0095 ii N N
K-40 pCilg 42.2530 42.8831 42.2073 42.2013 39.4710 36.9445
U-238 pCi/g N N 3.4697 3.5550 N 1.1683
Ra-226 pCi/g 0.5661 0.5771 0.5308 0.5410 0.5666 0.6190
Th-232 pCi/g 1.1098 1.1491 1.1711 1.1772 1.1599 1.1139
U-235 pCi/g N 0.2555 N N 0.2688 0.0803

Location = AND; Formation = DISMAL GAP; Site = 9

Cs-137 pCi/g 1.2969 0.2461 0.0855 0.0120 0.0403 0,0043
K-40 pCi/g 17.1819 18.9354 20.4686 22.2786 22.6142 20.6699
U-238 pCi/g 1.1784 N N 5.1406 4.5186 2.2496
Ra-226 pCi/9 0.5175 0.7025 0.7756 0.8913 0.7526 0.7397
Th-232 pCi/g 0.8142 1.2333 1.4551 1.4779 1.5131 1.3_8
U-235 pCi/g N 0.4942 N 0.2734 0.2443 0.0979

Location = AND; Formation = DISMAL GAP; Site = 10

Cs-137 pCi/g 1.7352 0.4507 0.0784 0.1257 0.0380 0.0010
K-40 pCi/g 11.8015 11.8693 12.2725 12.5808 16.4545 18.3984
U-238 pCi/g 4.0791 2.6709 1.0747 0.6061 1.2632 1.0706
Ra-226 pCi/g 0.7584 0.6983 0.7517 0.7760 0.7012 0.7227
Th-232 pCi/g 0.9708 0.8848 0.9176 0.9236 1.0609 1.0965
U-235 pCi/g 0.2239 0.1365 0.1481 0.1374 0.1045 0.0549
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Table B.2 (continued)
Depth (cra)

Analysis Units 00-05 05-I0 I0-15 15-20 20-25 25-30

Location = AND; Fommdon = DISMAL GAP; Site - 11

Cs-137 pCi/g 1.3817 0.3935 O.1478 O.0640 0.0289 0.0109
K-40 pCi/g 27.4654 26.5695 27.4711 30.7996 34.7116 35.2470
U-238 pCi/g 2.9494 2.7268 2.5674 1.3655 3.0768 1.9468
Ra-226 pCi/g 0.5614 0.5051 0.4774 0.5233 0.5704 0.6033
Th-232 pCi/g 0.8008 0.8003 0.8681 0.9982 1.1924 1.2761
U-235 pci/g 0.3359 0.1403 0.1355 0.0286 0.1508 0.0515

Location = AND; Formation = DISMAL GAP; Site = 12

Cs-137 pCi/g 1.0709 0.1372 0.0255 0.0175 0.0314 0.0386
K-40 pci/g 24.4291 26.2972 30.1365 32,0915 34.8006 33.3333
U-238 pCi/g N N N 4.7411 3,5144 4.4903
Ra-226 pci/g 0.5542 0.6450 0.6896 0,7044 0.7390 0.6715
Th-232 _i/g 0,7771 0.8903 0.9694 1.2797 1,3595 1,3283
U-235 pCi/g 0,1039 N 0.1844 0.2166 0,1761 0.2364

Location = AND; Formation = DISMAL GAP; Site = 19

Cs-137 pCi/g 2.1956 0.3944 0.0641 0,0341 0.0048 0.0092
K-40 pCi/g 10.8236 13.7935 14.9526 19.0090 21.5009 21.5915
U-238 pCi/g 0.9936 0.8918 2.4189 2.7871 2.3963 1.3233
Ra-226 pCi /g 0. 5843 0• 7096 0• 6770 0. 6492 0. 6780 O.6273
Th-232 pCi/g 0.8043 1,0076 1.0909 1.2560 1.3327 1,2870
U-235 pCi/g 0.1024 0.1452 0.1432 0.1029 0.1650 0.0666

Location = AND; Formation = DISMAL GAP; Site = 20

CS-137 pCi/g 1,1134 0.0549 0.0363 N 0.0403 N
K-40 pCi/g 17.3193 16.7671 18.7084 21.6877 20.6868 19.2249
U-238 pCi/g N N N N 4.0640 N
Ra-226 pCi/g 0.7066 0.6747 0.6899 0.7344 0.7655 0.5821
Th-232 pCi/g 1.0379 0.9686 1. 1993 1.4205 1.4101 1.2856
U-235 pCi/g N N N N 0.2252 0.0902

Location = AND; Formation = DISMAL GAP; Site = 21

Cs-137 pCi/g 0.8445 0.1873 0.0844 0.0787 0.0172 0.0154
K-40 pCi/g 21.1842 21.1774 29.5182 28.1374 26.8110 28.8829
U-238 pCi/g N N 5.6762 3.7402 4.0914 4.3602
Ra-226 pCi/g 0.4616 0.5328 0.5716 0.4946 0.5707 0.5243
Th-232 pCi/g 0.8694 0.8480 1. 1365 1.1462 1.1399 1.2445
U-235 pCi/g N N N 0.1963 0.2800 0.2204

Location = AND; Formation = DISMAL GAP; Site = 22

Cs-137 pCi/g 0.5353 0.0534 0.0255 0.0269 0.0248 0.0075
K-40 pCi/g 29.6099 26.6361 27.9045 25.3770 28.1517 29.2053
U-238 pCi/g 3.1628 2.6898 3.2686 3.3346 2.9950 1.2268
Ra-226 pCi/g 0.6262 0.6201 0.6371 0.6038 0.6204 0.5593
Th-232 pCi/g 1.0610 1.0666 1.2126 1.2661 1.1991 1.1141
U-235 pCi/g 0.1576 0.1492 0.1560 0.1608 0.1619 0.0565
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Table B.2 (continued)

Depth (crn)

Analysis Units 00-05 05-10 10-15 15-20 20-25 25-30

Location = ORR; Formation = DISMAL GAP; Site = 2

Cs-137 pCi/g 1.7189 0.2115 0.0747 0.0422 0.0284 0.0131
K-40 pCi/g 15.1972 16.3894 19.4542 21.4761 23.1861 22.8751
U-238 pCi/g 3.2767 2.3829 2.3630 2.0251 2.4461 2.7837
Ra-226 pCi/g 0.9044 0.7510 0.6634 0.6080 0.7755 0.5888
Th-232 pCi/g 1.0133 0.9939 1,0647 1.0588 1.1916 1.3749
U-235 pCi/g 0.0967 0.1449 0.1463 0.1388 0.1908 0.1606

Location = ORR,. Formation = DISMAL GAP; Site = 10

Cs-137 pCi/g 1,3656 0.8561 0.2386 0.1730 0.0296 0.0148
1(-40 pCi/g 22.0029 23.1574 16.1954 19.3380 17.1920 17.0671
U-238 pCi/g 3,5354 3,6073 2,3943 2,8313 2,4951 0,4048
Ra-226 pCi/g 0.7174 0.6503 0.4937 0.5869 0.8397 0.5044
Th-232 pCi/g 1.1676 1,2337 0.9389 1.1499 1.1452 1.0976
U-235 pCi/g 0,1695 0,1837 0,0671 0,1521 0,1485 0,0242

Location = ORR; Formation = DISMAL GAP; Site = 11

Cs-137 pCi/g 1.3536 0.4110 0.1274 0.0915 0.0516 0.0220
1(-40 pCi/g 27.3335 26.2783 24.7049 22.4150 28.9250 30.8557
Ra-226 pCi/g 0.8693 0.72/,/, 0.6513 0.6776 0.7523 0.8685
Th-?.32 pCi/g 1,4545 1,3252 1,3623 1,3867 1,5733 1,6720
U-235 pCi/g 0,1348 0,1714 0,1145 0,1162 0,1227 0,1354

Location = ORR; Formation = DISMAL GAP; Site = 19

Cs-137 pCi/g 1.15976 0.0860 0.0184 0.0049 0.0072 0.0044
1(-40 pCi/g 9.78573 12.2284 13.9657 15.6700 17.5225 19.3992
U-238 pCi/g 2.35735 2.1892 0.6857 1.4209 0.5366 1.7466
Ra-226 I:¢i/g 0.55824 0.6651 0.6638 0.7204 0.7024 0.7533
Th-232 I:¢ i/g 0.69456 0.9246 0.9387 1,0822 1.1208 1.2394
U-235 pCi/g 0.13685 O.13---_ 0.0849 0.0545 0.0412 0.1009

Location = OP,R; Fonnadon = DISMAL GAP; Site = 22

Cs-137 pCi/g 1.5205 0.3829 0.0907 0.0285 0.0265 0.0101
K-40 pCi/g 13.5478 15.9145 18.1063 26.8466 28.8003 27.9817
U-238 pCi/g 3.2313 2.3585 2.4392 2.9163 2.8677 1.3261
Ra-226 pCi/g 0.6656 0.6936 0.7541 0.7897 0.6973 0.5653
Th-232 pCi/g 0.9694 1.0370 1.1640 1.4235 1.4542 1.4183
U-235 pCilg 0.1789 0.1117 N 0.1689 X 0,0530

Location = ORR; Formation = DISMAL GAP; Site = 26

Cs-137 pCi/g 1.3703 0.2945 0.0957 0.0251 0.0116 0.0129
1(-40 pCi/g 18.3172 17.9569 20.0332 20.9431 21.5800 26.3039
U-238 pCi/g 3.3415 2.8359 2.7844 2.9593 2.5301 1.6265
Ra-226 pCi/g 0.8390 0.5569 0.6158 0,6438 0.6505 0.6739
Th-232 pCi/g 1,0653 0,9838 1,0935 1,1993 1,3079 1,4047
U-235 pCi/g 0.1761 0.1001 0.1578 0,1472 0.1718 0,0495

Location = ORR; Formation = DISMAL GAP; Site = 27

Cs-137 pCi/g 1.2572 0.3332 0.1850 0.0111 0.0082 0.0013
K-40 pCi/g 12,6756 14,8813 14,8364 15,4542 16.6053 16,9683
Ra-226 pCi/g 0.7552 0.8678 0.6976 0.7580 0.7483 0.6641
Th-232 pCi/g 0.9894 1.1002 1.0336 1.0406 1.0213 0.9938
U-235 pCi/g 0.1628 0.1161 0,1443 0.1126 0.1126 0.0949
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Tab (coning)
Depth (cre)

Analysis Units 00-05 05-10 10-15 15-20 20-25 25-30

Location = ORR; Formation = DISMAL GAP; Site = 32

Cs-137 3Ci/g 1.0464 0.2435 0.1281 0.0150 0.0001 0.0005
K-40 _i/g 15.4072 15.6139 15.8296 16.9094 20.7083 21.1364
U-238 _Ci/g 1.0328 1.2187 2.0979 1.2029 0.8208 0.7408
Ra-226 aCi/g 0.6552 0.5872 0.6975 0.6931 0.6028 0.5331
Th-232 _i/g 1.0246 0.9444 0.9937 1.0446 1.1923 1.0643
U-235 _i/g 0.0761 0.0511 0.1186 0.0571 0.0617 0.0455

Location = ORR; Formation = DISMAL GAP; Site = 33

Cs-137 oCi/g 2.6559 0.3720 0.0489 0.0306 0.0283 0.0200
K-40 _Ci/g 19.1068 17.4362 19.8696 18.0485 16.6901 19.5761
U-238 =Ci/g 7.8303 3.4469 3.7913 3.1028 2.1457 2.4243
Ra-226 _Ci/g 1.2161 0.7522 0.6108 0.6012 0.6634 0.7477
Th-232 _Ci/g 1.3637 1.0643 1.1503 1.1354 1.1780 1.1920
U-235 aCi/g O.1426 O.1776 O.1254 O.1659 N O. 1333

Location = ORR; Formation = DISMAL, GAP; Site = 35

Cs-137 pCi/g 0.87748 0.09969 0.02041 0.01806 0.00300 0.0191
K-40 pCi/g 6.20873 5.68209 5.81069 6.62107 7.71612 10.6939
U-238 pCi/g 3.08327 2.05896 0.75256 3.83585 1.26806 2.4462
Ra-226 pCi/g 0.72322 0.81582 0.88972 0.75208 0.71532 0.8264
Th-232 pCi/g 0.80594 0.94075 0.90856 0.89607 0.89224 1.0554
U-235 pCi/g 0.11851 0.10982 0.13253 0,12612 0.02210 0.1065

Location = ORR; Formation = DISMAL GAP; Site = 41

Cs-137 pCi/g 2.0686 0.60128 0.3249 0.0779 0.0207 0.0216
g-40 pCi/g 10.7427 9.92154 11.0152 18.5631 18.6508 20.0673
Ra-226 pCi/g 0.7561 0.72228 0.6847 0.6112 0.5917 0.7496
Th-232 pCi/g 1.0634 1.00867 1.0485 1.4132 1.5553 1.6006
U-235 pCi/g 0.1896 0.13170 0.1131 0.1402 0.1234 0.1315

Location = ORR; Formation = DISMAL GAP; Site = 43

Cs-137 pCi/g 1.2980 0.3329 0.0690 0.0321 0.0300 0.0385
K-40 pCi/g 16.9967 16.2910 15.8280 17.67'80 18.1977 22.3797
U-238 pCi/g 4.9464 2.6392 1.7212 2.7298 5.6479 4.1528
Ra-226 I:Ci/g 0.8646 0.9468 0.8196 0.7193 0.6794 0.7219
Th-232 I=Ci/g 1.2621 1.1425 1.1133 1.2199 1.1961 1.2745
U-235 pCi/g 0.2573 0.2029 N 0.1681 0.1775 0.1858

Location = ORR; Formation = NOLICHUCKY; Site = 3

Cs-137 pCi/g 1.18164 0.3320 0.0515 0.0236 0.0261 0.0017
K-40 pCi/g 9.83880 11.2675 10.9431 11.8086 15.6450 15.6981
U-238 pCi/g 2.51189 1.9898 1.9450 2.2331 2.4346 0.8476
Ra-226 I:g:i/g 0.76528 0.7156 0.6469 0.7372 0.7150 0.7377
Th- 232 I:Ci/g 1. 00806 1.0064 0.9741 1.1360 1.2901 1.2811
U-235 pCilg 0.15702 0.1385 0.0556 0.1362 0.1167 0.0301

Location = ORR; Formation = NOLICHUCKE," Site = 5

Cs-137 pCi/g 1.13769 0.42327 0.0943 0.0288 0.0096 0.0034
K-40 pCi/g 8.44980 9.81740 10.3635 11.9426 13.3605 14.0540
U-238 pCi/g 0.86/,00 2.24251 1.9811 1.9422 2.3860 0.8546
Ra-226 pC_/g 0.84649 1.03180 0.7932 0.7644 0.7808 0.6828
Th-232 pCi/g 1.09361 1.27041 1.1657 1.1789 1.2477 1.2289
U-235 pCi/g O. 10365 O. 16878 0.0620 O.1338 O.1376 0.0866
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Table13.2(coneneed)
Depth (cm)

Analysis Units 00-05 05-10, 10-15 15-20 20-25 25-30

Location = ORR; Formation = NOLICHUCKY; Site = 13

Cs-137 PCi/9 1,2523 0,4773 0,0890 0,0208 0,0035 0,0064
K-40 pci/g 15,2972 13,4125 13,4367 12.9746 12.8163 18.2887
U-P..38 pci/g 2,7410 2,1689 2,1121 1,9954 0,7563 1,1959
Ra-226 pCi/g 0,8298 0,7163 0,6500 0,6454 0,5691 0,6463
Th-232 pci/g 1,2134 1,1583 1,1003 1,0305 0,9680 1,2154
U-235 pci/g 0,1304 0,1522 0,1367 0,1359 0,1241 0,0759

Location = ORR; Formation = NOLICHUCKE; Site= 13

Cs-137 :¢i/g 1,31838 0,37165 0,06814 0,03282 0,0439 0.0376
IC-40 _Ci/g 7,57668 7,42748 8,37181 9,91225 12,7679 15,2212
U-238 :¢i/g 3,92091 3,55493 3,02203 0,85926 3,2127 3,7710
Ra-226 oCi/g 0,75488 0,74257 0,81304 0,68292 0,7380 0,8035
Th-232 aCi/g 1.10444 1.17495 1.21709 1.32450 1.5444 1.6724
U-235 _Ci/g 0,25544 0,19953 0,19982 0,26038 0,2233 0,2312

Location = ORR; Formation = NOLICHUCA_; Site = 16

Cs-137 pci/g 1,4118 0,3658 0,0694 0,0235 N 0,0261
K-40 pci/g 18,6789 17,0942 16,7292 16,9414 12,1189 13,0763
U-238 pCi/g II 0.7675 3.3155 X X 1.0901
Re-226 pCi/g 0,8334 0,7990 0,7655 0.7565 0,7995 0,7460
Th-232 pci/g 1.4208 1.4286 1.3369 1.3412 1.3938 1.3556
U-235 pci/g X 0,1074 ii ii ii 0,0920

Location = ORR: Formation = NOLICHUCK_," Site = 21

Cs-137 pci/g 3.0932 0,1176 0,0299 0,0294 0.0157 0,0081
K-40 pCi/g 34.9695 30,5231 24,6009 23,5949 27,9409 36.0979
U-238 pCi/g 4.6271 3.0044 2.9325 3.2139 2.6644 1.2930
Ra-226 pci/g 0.7174 0.6222 0.7803 0.5500 0.5476 0.5080
Th-232 pci/g 1,7714 1,6407 1,6096 1,7286 1,6812 1.4985
U-235 pCi/g O.2569 0.0629 O.1863 0,1076 0,2444 0,0296

Location = ORR; Formation = NOLICHUCKY; Site = 23

Cs-137 pCi/g 1,0747 0.5820 0,0663 0,0405 0,0283 0,0380
K-40 pCi/g 10,2992 12,4700 21,3062 27,4506 28.2411 29,2868
U-238 pCi/g 2.5799 2.7668 3.8144 4.3977 4.8436 2.5994
Ra-226 pCi/g 0.7428 0.7925 0.6529 0.5557 0.6003 0.5588
Th-232 pCi/g 1.1539 1.2869 1.5108 1.6378 1.6599 1.6898
U-235 pCi/g 0,2182 0,2202 0.2275 0,2288 0,2327 0,2311

Location =ORR; Formation =NOLICHUCKY; S_e =24

CS-137 pCi/g 1.8149 0.4331 0.1023 0.0399 0.0273 0.0016
K-40 pCi/g 29.1557 25.3314 27.3521 28.6304 30.9524 31.1790
U-238 pCi/g 4,1051 4,5234 1,1107 2,5580 2,8852 0.9021
Ra-226 pCi/g 0.8650 0,6682 0.6839 0,6464 0.6724 0,6171
Th-232 pCi/g 1.5330 1,3191 1,5141 1,5585 1.6765 1,6022
U-235 pCi/g 0.2297 0,1567 0.1659 0,1657 0,1667 0,0492

Location =ORR;Formation =NOLICHUCK_; S_e =25

Cs-137 pCi/g 1.2195 0.0508 0,0220 0.0459 0.0073 N
K-40 pci/g 22,2143 21,5251 22.0695 28,4921 32.4522 33,0335
u-238 pci/g N N 1,4411 ii ii X
Ra-226 pCi/g 0.6716 0.6243 0.6632 0.6693 0.6224 0.5640
Th-232 pCi/g 1.2591 1.3567 1.3916 1.6653 1.6946 1.6435
U-235 pci/g 0,2184 N X 0.2563 N X
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Tablee.2 (mntin=a)
Depth (cre)

Analysis Units 00-05 05-10 10-15 15-20 20-25 25-30

Location = ORR; Formation - NOLICHUCKY; Site -- 28

Cs-137 pCi/g 1.4521 0.4315 0.1465 0.0288 0.0241 0.0079
K-40 pCi/g 10.9102 12.0193 12.0245 28.8269 35.8351 35.2583
U-238 pCi/g 2.6364 2.1114 2.3656 1.5656 3.10% 0.9010
Ra-226 pci/g 0.8626 0.9214 0.8631 0.7461 0.5446 0.6036
Th-232 pci/g 1.0515 1.1281 1.2079 1.4183 1.4688 1.4185
U-235 pCi/g 0.1886 0.1687 0.1/,67 0.3551 0.1632 0.0079

Location= ORR; FonnatJo. = NOLICHUCKK; Site= 31

CS-137 pCi/g 1.81133 0.40512 0.06764 0.01823 0.0082 0.0093
K-40 pci/g 7.58745 7.85760 7.91839 8.72471 10.7174 13.0808
U-238 pci/g 3.21282 1.08908 2.3007? 1.38541 0.8731 2.0346
Ra-226 pCi/g 0.81426 0.87903 0.84332 0.89600 0,8555 0.7552
Th-232 pCi/g 1.10946 1.08215 1.11157 1. 13255 1.1654 1.2004
U-235 pCi/g O.18207 0.27899 O.14678 0.06268 0.0492 0.0811

Location= ORR; Fonnation = NOLICHUCKY,. Site = 42

Cs-137 pCi/g 1.1265 0.1807 0.0418 0.0249 0.0041 0.0093
K-40 pci/g 12.7187 13.3355 21.0567 23.6743 20.8052 19.6050
U-238 pCi/g 3.2981 2.1334 1.1212 2.5000 1.2277 1.6120
Ra-226 pci/g 0.7?55 0.6449 0.7492 0.5907 0.6654 0.6581
Th-232 pCi/g 1.1648 1.1105 1.2794 1.3561 1.3606 1.2759
U-235 pci/g 0.1788 0.1978 0.0899 0.0443 0.0432 0.0236

Location = ROA; Formation = DISMAL GAP; Site = 3

Cs-137 pCi/g 0.8547 O.1987 0.0747 0.0327 0.0061 0.0162
K-40 pCi/g 11.5364 10.8670 10.6.631 10.4249 10.9776 11.0646
U-238 pci/g 4.2823 1.7353 2.7705 2.4742 2.5445 2.4345
Ra-226 pci/g 0.7445 0.9087 0.8165 0.7291 0.6889 0.6538
Th-232 pci/g 1.1137 1.1802 1.1179 1.1422 1.1728 1.1765
U-235 pci/g 0.0547 0.1555 0.1333 0.0_2 0.1412 0.1444

Location = ROA; Formation = DISMAL GAP; Site = 7

Cs-137 pCi/g 1.00018 0.06758 0.05618 0.0358 0.0033 0.0022
K-40 pCi/g 7.85868 9.07075 8.85627 10.6781 15.1970 18.7766
U-238 pCi/g 2.25179 1.0%97 1.61468 1.6798 1.3074 1.1676
Ra-226 pci/g 0.78784 0.7?87? 0.80245 0.7743 0.7757 0.7139
Th- 232 pci/g 0.99946 1.15157 1.09878 1.1931 1.3321 1.4702
U-235 pci/g 0.09426 0.17547 0.32156 0.1489 0.13679 0.0258

Location = ROA; Formation = DISMAL GAP; Site = 8

Cs-137 _Ci/g 1.80437 0.47874 0.07930 0.02469 0.02150 0.0078
K-40 _Ci/g 6.84697 6.31750 6.59872 7.26?35 8.17710 10.9998
U-238 _Ci/g 2.17199 1.97052 2.13584 1.33850 1.17409 1.2732
Ra-226 _C|/g 0.73428 0.74100 0.75145 0.79693 0.74925 0.7442
Th-232 _Ci/g 1.10390 1.07?75 1.10967 1.16853 1.29059 1.2971
U-235 _i/g 0.16511 N 0.11434 0.13874 0.14543 0.1043

Location = ROA; Formation = DISMAL GAP; Site = 9

Cs-137 pCi/g 2.3?360 0.33769 0.03726 0.00893 0.00427 0.00863 I'/
K-40 pCi/g 7.97527 7.65437 7.31478 7.00821 7.48968 7.82609
U-238 pci/g 1.68335 1.37521 0.69534 1.51008 0.79716 1.24066 =
Ra-226 pCi/g 0.76762 0.79481 0.75858 0.78649 0.78544 0.71572
Th-232 pCi/g 1.07995 1.15073 1.02602 1.03807 1.01271 0.96568
U-235 pCi / g 0.20495 0.16226 0.04 140 0.08682 0.08396 O.05803



B-41

T_lc Bg. (mnl_ued)
Dcp_ (cre)

Analys, is ,, gni_ 00-05 05-10 10-.1,5 15-20 20-25 25-30

Location = ROA; Formation = DISMAL GAP; Site = 10

Cs-137 pCi/g 0.6479 O.OZ_) 0.0289 0.0182 0.0259 0.0257
K-40 pCi/g 11.1886 12.2562 13.1197 17.5574 19.4597 21.8072
U-238 pCi/g 2.2086 0.4811 2.2488 1.1617 1.9573 2.7254
Ra-226 pCi/g 0.6988 0.7406 0.7150 0.7095 0.7025 0.7337
Th-232 pCi/g 0.9756 1.1513 1.1846 1.4620 1.5374 1.7462
U-235 pCi/g 0.1505 0.0913 0.0219 0.0350 0.1580 0.1664

Location = ROA; Formation = DISMAL GAP; Site = 13

Cs-137 pCi/g 0.20342 0.03059 0.01112 0.0064 0.0494 0.0253
K-40 I:Ci/g 6.21173 6.58742 8.07113 11.7095 16.5192 19.2372
U-238 pCi/g 2.28876 1.65555 2.15058 1.3867 1.0939 2.4900
Ra-226 pCi/g 0.70700 0.70586 0.71849 0.6952 0.6415 0.6707
Th-232 pCi/g 1.01938 0.97115 1.01649 1.1559 1.2880 1.4293
U-235 pCi/g 0.10645 0.07286 0.12643 0.1399 0.1517 0.1553

Location = ROA; Formation = DISMAL GAP; Site = 14

cs-137 pCi/g 1.5469 0.2365 0.0486 0.0053 0.0383 0.0366
K-40 pCi/g 15.9916 21.2335 20.4532 17.4199 18.2892 18.5685
U-238 pCi/g 4.1361 3.5846 2.4398 3.9481 4.4876 3.7519
Ra-226 pCi/g 0.6981 0.6281 0.6715 0.6370 0.6924 0.5819
Th-232 pCi/g 1.2680 1.3550 1.4823 1.4512 1.5986 1.5064
U-235 pCi/g 0.1999 0.2226 0.1907 0.2500 0.1130 0.2129

Location = ROA; Formation = DISMAL GAP; Site = 17

Cs-137 pCi/g 1.06811 0.41668 0.12426 0.0491 0.0243 0.0144
K-40 pCi/g 7.86085 8.01872 8.32302 12.3916 15.1041 17.0407
U-238 pCi/g 1. 49078 0.61736 1.98948 2.0866 2.3101 0.7476
Ra-226 l:)Ci/g 0.74439 0.74809 0.68905 0.6?79 0.7289 0.7326
Th-232 pCilg 1.015_ 1.02281 I .05709 1.1309 1.2731 1.3357
U-235 I:_i/g 0.08073 0.15287 lle 0.1279 N 0.0391

Location = ROA; Formation = DISMAL GAP; Site = 19

Cs-137 pCi/g 0.77258 0.07183 0.02488 0.02617 0.01874 0.02448
K-40 pCi/g 7.65583 9.00872 8.31273 9.59149 9.03652 9.54134
U-238 pCi/g 1.22403 2.76961 2.52996 2.85302 2.96084 2.53167
Ra-226 pCi/g 0.98148 1.22142 1.13411 0.92588 1.00616 0.94241
Th-232 pCi/g 1.22177 1.38829 1.21685 1.26869 1.33524 1.25627
U-235 pCi/g 0.10668 0.20344 N 0.17395 0.10917 0.06610

Location = ROA; Formation = DISMAL GAP; Site = 20

Cs-137 :)Ci/g 0.86373 0.16857 0.0694 0.0374 0.0177 0.0102
K-40 :)Ci/g 8.37732 9.10996 15.4059 18.4632 26.6641 29.0528
U-238 _Ci/g 2.96989 3.16190 1.9166 3.9993 1.1015 0.6548
Ra-226 :)Ci/g 0.98084 0.64519 0.6469 0.6153 0.5690 0.6767
Th-232 :,Ci/g 0.94018 0.97558 1.2443 1.2996 1.4085 1.4203
U-235 :)Ci/g 0.18081 0.15951 0.1336 0.1782 0.0445 0.0749

Location = ROA; Formation = DISMAL GAP; Site = 21

Cs-137 pCi/g 0.9331 0.1301 0.0;_048 0.03094 0.01416 0.03293
K-40 pCi/g 12.7528 12.7725 9.16888 8.93252 9.76466 9.57555
U-238 pCi/g 3.6122 1.3212 3.17418 3.58721 2.33844 3.60514
Ra-226 pCi/g 0.6918 0.8860 0.79204 0.87766 1.03810 0.89798
Th-232 pCi/g 1.2858 1.3053 1.11T/7 1.17581 1.22282 1.26791
U-235 pCi/g 0.1020 0.0993 0.18391 0.20862 0.20426 0.23618
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Depth (cre)

Analysis Units 00-05 05-10 10-15 15-20 20.-25 25-30

Location --- ROA; Fonnat_ -- DISMAL GAP; Site -- 22

Cs-137 pCt/g 0.56818 0.11340 0.0243 0.0286 0.0322 0.0077
IC-40 pC|/g 7.228/+9 8.81445 12.4847 17.6887 21.6703 21.7934
U-238 pC:t/g 3.73728 2.25628 2.3393 3.0799 3.0480 1.1228
Re-226 pC:J/g 0.72895 0.65960 0.6180 1.0002 1.0064 0.9894
Th-232 pC|/g 0.92026 0.95387 1.0513 1.3405 1.5092 1.4504
U-235 pCi/g 0.13483 0.11169 0.1491 0.0546 0.3750 0.0671

aN = not detected.
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Table 133. Unweighted punua screeniug results for soil samples

Analysts Units 00-05 05-10 1(3-15 15-20 20-25 25-30

Location = AND; Fomm6on = DISMAL GAP; Site = 1

Cs-137 pCi/cm2 5.245 1.112 0.216 Na N 0.015
K-40 pCi/cm2 77.220 115.400 129,100 161.900 154.600 162.600
U-238 pCi/cm2 H 10.640 N 18.050 H 6.472
Ra-226 pCi/cm2 2.977 4.256 3.549 2.972 3.022 3.145
Th-232 i_|/cm 2 4.448 6.337 5.944 6.547 6.234 6.712
U-235 pCi/cm2 N N H II N 0.333

Location ffi AND; Formation ffi DISMAL GAP; Site = 3

Cs-137 pCi/cm 2 3.276 0.941 0.297 0.144 0.077 N
K-40 pCi/cnn2 122.100 125.500 127,700 128.700 124.100 118.400
U-238 pCi/cm= N 13.240 H 9.655 N 23.220
Ra-226 pCi/cm2 3.227 4.262 3.743 3.456 3.448 2.850
Th-232 pCi/cm2 6.423 7.044 7.002 7.299 7.031 7.082
U-235 pCi/cm = 0.759 N 0.863 0.306 N N

Location = AND; Formation = DISMAL GAP; Site = 4

Cs-137 pCi/cm2 7.805 0.921 0.313 0.378 0.404 0.162
g-40 pCi/cm2 211.100 214.000 218.500 233.300 230.100 224.600
U-218 pCi/cm 2 H N N H N H
Ra-226 pCi/cm2 3.300 3.571 3.517 3.179 3.483 3.255
Th-232 pCi/cm2 5.803 5.929 6.255 6.755 7.397 6.793
U-235 pCi/cm2 H N N H N H

Location = AND; Fomuuion = DISMAL GAP; Site = 5

Cs-137 i_i/c:m2 3.946 0.560 0.062 H N N
K-40 pCi/cm2 234.800 260.000 276.500 268.400 2]5.800 207.000
U-238 pCi/cm 2 N H 22.730 22.610 N 6.546
Ra-226 pCi/cm2 3.146 3.499 3.477., 3.441 3.385 3.468
Th-232 pCi/cm2 6.167 6.967 7.672 7.487 6.929 6.241
U-235 pCi/crez N 1.549 N N 1.606 0.450

Location = AND; Formation = DISMAL GAP; Site = 9

Cs-137 pCi/cm 2 7.064 1.246 0.3866 0.0465 0.190 0.0201
K-40 pCi/em2 93.590 95.870 92.6000 86.5300 106.400 96.5700
U-238 pCi/cm 2 6.419 N N 19.9660 21.260 10.5100
Ra-226 pCi/cm2 2.819 3.557 3.5090 3.4620 3.541 3.4560
Th-232 pCi/¢m2 4.435 6.244 6.5830 5.7400 7.119 6.5400
U-235 pCi/cm 2 N 2.502 II 1.0620 1.149 0.4574

Location = AND; Formation = DISMAL GAP; Site = 10

Cs-137 pCi/cm 2 4.9990 2.8280 0.5041 0.7931 0.275 0.007
K-40 pCi/cm2 34.0000 74.4800 78.9000 79.3600 118.900 134.400
U-238 pCi/cm 2 11.7520 16.7600 6.9090 3.8230 9.128 7.821
Ra-226 pCilcm2 2.1850 4.3820 4.8330 4.8950 5.067 5.279
Th-232 pCi/cm2 2.7970 5.5520 5.8990 5.8260 7.666 8.010
U-235 pCilcm 2 0.6450 0.8568 0.9521 0.8666 0.755 0.401
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TableB.3(mnenued) ....
Depth(_)

A_l_is Units 00-0,5 05-10 10--15 I5-_ 20-25 25-30

Location = AND/Forum/ion = DISMAL GAP; Site - 11

Cs-137 pCi/c,n2 6.389 2.294 0.Q2i 0.421 0.177 0.062
K-40 pCi/cm= 127.000 154.900 171.200 202.600 212.400 202.600
U-238 p_:i/u. = 13.638 15._7 16.000 8.!_2 18.827 11.190
Ra-226 pCi/cm2 2.596 2.945 2.975 3.442 3.490 3._8
Th-232 I=¢i/cm2 3.703 4.666 5.410 6.566 7.296 7.335
U-235 pCi/cre2 1.553 0.818 O.a_ O.188 0.923 0.296

Locadon =: AND; Fonna_n = DIS._4L GAP; S_e = 12

Cs"137 pCi/c_ 5. _9 0.815 O.139 0._2 O.159 O.200
K-40 p_/cre = 134.800 156.1_)0 163.400 169.'700 176.300 172.700
U-238 I=¢1/c_2 Ni H N 25.071 17.804 23.264
Ra-226 p(:i/cm2 3.058 3.829 3.7_9 3.725 3.744 3.479
Th-232 pCi/cB 2 4.288 5.285 5.256 6.767 6.887 6.882
U-235 pCi/c_ 2 0.573 N 1.000 1.145 0.892 1.225

/.,ocat/on :: AND; Fonnation = DISMAL GAP; Site = 19

Cs-137 pCi/c_ 2 11.;!500 2.4830 0.4194 0.198 0.024 0.050
K-40 pCi/_ 2 55. _00 86.8300 97.7600 110.100 108.300 116.400
U-238 pCi/cm2 5.0910 5.6140 15.8150 16.143 12.070 7.134
Ra-226 pCi/c_n2 2.9940 4.4670 4.4260 3.760 3.415 3.382
Th-232 pCi/cm2 4.'1210 6.3430 7.1320 7.275 6.713 6.938
U-235 pCi/cm2 0.5249 C.9140 0.9366 0.596 0.831 0.359

/.,ocadon :: AND; Formation = DISMAL GAP; Site = 20

Cs-137 pCi/cm_ 6.284 0.356 0.196 N 0.197 N
K-40 pCi/cre2 97.750 108.500 101.100 104.600 101.200 90.5300
U-238 pCi/cm2 N N N N 19.881 H
Ra-226 pCi/cIn 2 3.988 4.366 3.728 3.542 3.745 2.7410
Th-232 pCi/m 2 5.858 6.268 6.481 6.851 6.898 6.0540
U-235 pCi/cm2 N N N N 1.102 0.4249

Location = AND; Formo_n = DISMAL GAP; Site = 21

Cs-137 pCi/c_n2 3.965 1.209 0.471 0.,&38 0.090 0.081
K-40 pCi/m 2 99.460 136.700 164.800 156.500 139.900 151.000
U-238 pCi/m 2 H N 31 .(_q) 20.303 21.349 22.795
Ra-226 pCi/cre 2 2.167 3.439 3.191 2.751 2.978 2.741
Th-232 p(:i/m 2 4.082 5.474 6.345 6.375 5.968 6.506
U-235 pC:i/cB2 H N N 1.092 1.461 1.152

Location = AND; Formation = DISMAL GAP; Site = 22

Cs-137 pCi/cm= 3.019 0.325 O.144 O.144 O.139 0.045
K-40 J:)Ci/cn12 167.000 162.400 157.800 136.2;00 158.100 176.400
U-238 I:)Ci/cre2 17.838 16.400 18.686 17.910 16.82, 7.410
Ra-226 pCi/r_ 2 3.532 3.781 3.603 3.243 3.484 3.378
Th-232 pCi/_ 2 5.984 6.503 6.857 6.800 6.734 6.729
U-235 pCi/cm2 0.889 0.910 0.082 0.863 0.909 0.341
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Table1.3 (matinee(I)
Depm(cre)

,.,.Analysis Units 00-05 05-10 10-15 15-20 20-25 25-30

Location - ORR; Fonnation - DISMAL GAP; Site - 2

Cs-137 Pci/cm2 6.188 1.2180 0.427 0.279 O.182 0.077
K-40 PCi/cre 2 54.710 94.3700 111.200 142.000 148.600 134.300
U-238 Pci/cm2 11.796 13.7210 13.507 13.390 15.677 16.343
Ra-226 Pci/cm2 3.256 4.3240 3.792 4.020 4.970 3.457
Th-232 Pci/cm2 3.648 5.7230 6.086 7.001 7.637 8.072
U-235 Pci/cm2 0.348 0.8346 0.836 0.918 1.223 0.943

Location = ORR; Formation = DISMAL GAP; Site = 10

Cs-137 Pci/cm2 4.7590 3.6820 1.4140 0.8727 0.174 0.0825
K-40 pCi /cma 76.6800 99.6000 95.9900 97.5600 100.900 95.3200
U-238 Pci/cm2 12.3210 15.5150 14.1910 14.2840 14.644 2.2610
Ra-226 Pci/cm2 2.5000 2.7970 2.9260 2.9610 4.928 2.8170
Th-232 Pci/cm:' 4.0690 5.3060 5.5650 5.8010 6.721 6.1300
U-235 Pci/cm 2 0.5908 0.7902 0.3978 0.7672 0.872 0.1353

Location - ORR; Formation = DISMAL GAP; Site = 11

Cs-137 Pci/cm2 4.3100 1.672 0.583 0.3982 0.200 0.086
K-40 pCJ/cre2 87.0300 106.900 113.000 97.5500 112.200 120.800
Ra-226 pCi/cm2 2.7680 2.947 2.979 2.9490 2.918 3.400
Th-232 pCi/cm 2 4.6310 5.391 6.231 6.0350 6.103 6.546
U-235 pCi/cm2 0.4293 0.697 0.524 0.5058 0.476 0.530

Location = ORR; Formation = DISMAL GAP; Site = 19

Cs-137 pCi/cm2 8.0650 0.6030 0.1264 0.0293 0.048 0.027
K-40 pCi/cre2 68.0500 85.7700 96.0700 93.0800 115.000 121.400
U-238 pCi/cm2 16.3930 15.3550 4.7170 8.4400 3.522 10.930
Ra-226 pCi/cm2 3.8820 4.6650 4.5660 4.2790 4.610 4.714
Th-232 pCi/cm 2 4.8300 6.4850 6.4570 6.4280 7.356 7.756
U-?.35 pCi/cm2 0.9517 0.9563 0.5841 0.3240 0.270 0.632

Location = ORR; Formation = DISMAL GAP; Site = 22

Cs-137 pCi/cm2 6.1200 2.3930 0.568 0.156 0.142 0.055
K-40 pCi/cm2 54.5300 99.4500 113.400 147.200 154.600 152.500
U-238 pCi/cre= 13.0060 14.7380 15.277 15.990 15.394 7.227
Re-226 pCilcm2 2.6790 4.3340 4.723 4.330 3.743 3.081
Th-232 pCi/cm2 3.9020 6.4800 7.290 7.805 7.806 7.730
U-Z35 pCi/cmz 0.7199 0.6982 N 0.926 N 0.289

location = ORR; Formation = DISMAL GAP; Site = 26

Cs-137 pCi/cm2 6.3840 1.5310 0.519 0.136 0.056 0.063
K-40 pCi/cln 2 85.3400 93.3400 108.600 113.700 103.800 127.600
U-238 pCi/cm2 15.5680 14.7410 15.094 16.066 12.170 7.890
Ra- 226 pCi/cre 2 3.9090 2.8950 3.338 3.495 3.129 3.269
Th-232 Pci/cm2 4.9630 5.1140 5.928 6.511 6.291 6.814
U-235 pCr/cre2 0.8203 0.5202 0.856 0.799 0.826 0.240
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TableB.3(con_-eed)
Depth (cre)

Analysis Units 00-05 05-10 I0-15 15-20 20-25 25-30

Location= ORR; Formation = DISMAL GAP; Site= 27

Cs-137 pCi/cre 2 4.1350 1.3330 0.8371 0.0548 0.0427 0.0074
K-40 pCi/c,n2 41.6900 59.5400 67.1200 76.5600 86.6300 99.0100
Ra-226 pCi/cm 2 2.4840 3.4720 3.1560 3.7550 3.9040 3.8750
Th-?.32 pCi/cm z 3.2540 4./,020 4.6760 5.1550 5.3280 5.7990
U-235 lUC|/c:m= 0.5355 0.4647 0.6526 0.5576 0.5876 0.5540

Location= ORR; Fonna6on = DISMAL GAP; Site= 32

Cs-137 pCi/cm 2 5.2290 1.642 0.908 0.103 0.001 0.003
K-40 pC|/ca_ 76.9900 105.300 112.200 116.100 130.400 148.800
U-238 pCi/cm_ 5.1610 8.219 14.870 8.259 5.169 5.215
Ra-226 pCi/cm2 3.2740 3.960 4.944 4.759 3.796 3.753
Th-232 pC_/cm2 5.1200 6.369 7.043 7.172 7.508 7.493
U-?.35 pCi/cm 2 0.3801 0.345 0.841 0.392 0.389 0.321

Location= ORR; Formation = DISMAL GAP; Site= 33

Cs-137 pCi/cm_ 6.2440 2.304 0.322 0.194 0.202 0.128
K-40 I_|/cre 2 44.9200 108.000 131.000 114.500 118.700 125.600
U-238 pCi/cre2 18.4090 21.350 24.996 19.684 15.260 15.554
Ra-226 pCi/ra 2 2.8590 4.659 4.027 3.814 4.718 4.797
Th-232 pCi/cm2 3.2060 6.592 7.58/, 7.203 8.378 7.648
U-235 pCi/cm2 0.3353 1.100 0.827 1.053 N 0.855

Location = ORR; FOrmation = DISMAL GAP; Site = 35

Cs-137 pCi/cm2 4.7848 0.6679 0.1397 0.1281 0.0224 0.1295
K-40 pC|/c_ 33.8500 38.0700 39.7800 46.9500 57.5700 72.4300
U-238 pC|lcre2 16.8100 13.7950 5.1520 27.2000 9.4610 16.5680
Ra-226 pCi/cm2 3.0430 5.4660 6.0910 5.3330 5.3370 5.5970
Th-232 pCi/cm2 4.3940 6.3030 6.2200 6.3540 6.6570 7.1480
U-?..35 pCi/cm2 0.6461 0.7358 0.9073 0.8943 0.1649 0.7216

Location = ORR; Formation = DISMAL GAP; Site = 41

Cs-137 pCi/c_ 2 5.8770 2.9120 1.6000 0.3356 0.0821 0.0866
K-40 pCi/r-.m2 30.5200 48,0500 54.2500 79.9700 73.8200 80.4500
Ra-226 pCi/cm _' 201480 3.4980 3.3720 2.6330 2.3420 3.0050
Th-232 i:_i/c:m2 3.0210 4.8850 5.1640 6.0880 6.1560 6.4170
U-235 pCi/cm2 0.5387 0.6378 0.5568 0.6040 0.4883 0.5270

Location = ORR; Formation = DISMAL GAP; Site = 43

Cs-137 pCi/cm2 5.5710 1.920 0.434 0.195 0.172 0.199
K-40 pCi/cre2 72.9500 93.950 99.590 107.500 104.200 115.300
U-238 pCi/cm2 21.2300 15.220 10.830 16.600 32.340 21.395
Ra-226 pCi/cm2 3.7110 5.460 5.157 4.374 3.890 3.719
Th-232 pCi/cm2 5.4170 6.589 7.005 7.418 6.849 6.566
U-235 pCi/cre2 1.1043 1.170 N 1.022 1.016 0.957
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Tzb e3 (conUnu)
Dcpm (cre)

Analysis Units 00-05 05-10 10-15 15-20 20-25. 25-30

Location= ORR; Formation = NOLICHUCA'_; Site= 3

Cs-137 IIilra2 6.0110 2.0850 0.3760 0.1497 0.1431 0.0093
K-40 IIilra2 50.0500 70.7600 79.9500 74.7600 85.7500 84.4400
U-258 IIilra2 12.7780 12.4960 14.2100 14.1380 13.3440 4.5590
Ra-226 IIi/ra 2 3.8930 4.4940 4.7200 4.6670 3.9190 3.9680
Th-Z32 Iii/ra = 5.1280 6.3200 7.1170 7.1920 7.0710 6.8910
U-235 Iiilra2 0.7988 0.8698 0.4059 0.8622 0.6399 0.1617

Location= ORR,.Fornmtio. = NOLICHUCKI_; Site= $

Cs-137 Iii/cre 2 6.0/,00 2.0630 0.6278 0.2066 0.0691 0.025
K-40 Iii/ra 2 44.8600 47.8500 69.0000 85.7000 96.6500 103.100
U-238 Iii/ra 2 4.5870 10.9300 13.1900 13.9370 17.2600 6.269
Ra-226 Iii/ra= 4.4940 5.0290 5.2810 5.4850 5,6480 5.009
Th-232 Iii/ra 2 5.8060 6.1920 7.7610 8.4600 9.0260 9.015
U-255 Iii/ra = 0.5503 0.8226 0.4130 0.9602 0.9951 0.636

Location= ORR; Formation = NOLICHUCI_; Site= 13

Cs-137 Iii/ra= 5.2460 2.8940 0.6197 0.1525 0.028 0.045
K-40 Iii/ra = 64.0800 81.3200 93.6000 94.8700 101.300 127.600
U-258 Iii/ra = 11.4820 13.1500 14.7130 14.5900 5.978 8.344
Ra-226 Iii/ra 2 3.4760 4.3430 4.5280 4.7190 4.498 4.509
Th-232 IIi/ra 2 5.0830 7.0230 7.6650 7.5350 7.651 8.480
U-235 IIilra 2 0.5462 0.9227 0.9523 0.9934 0.981 0.530

Location= ORR; Formation= NOLICHUCKY; Site= 15

Cs-137 IIi/cln2 5.2010 2.0500 0.3867 0.1945 0.2486 0.2083
K-40 IIi/ra = 29.8900 40.9700 47,5100 58.7400 72.3300 84.2800
U-238 IIi/ra 2 15.4680 19.6090 17.1500 5.0920 18.2000 20.8800
Ra-226 IIi/ra = 2.9780 4.0960 4.6140 4.0470 4.1810 4.4490
Th-232 IIi/ra= 4.3570 6.4810 6.9070 7.8490 8.7490 9.2600
U-255 II i/ra 2 1.0077 1.1006 1.1340 1.5430 1.2650 1.2804

Location= ORR; Fom,uuion = NOLICHUCK_; Site= 16

Cs-137 IIilra2 6.754 2.168 0.482 0.158 N 0.1715
K'40 Iii/ra = 89.360 101.300 116.000 114.100 75.210 85.8200
U-238 Iii/ra= N 4.548 22.990 N N 7.1540
Ra-226 pCi/ra 2 3.987 4.735 5.308 5.095 4.962 4.8960
Th-232 IIi/ra 2 6.797 8.466 9.270 9.033 8.650 8.8970
U-235 IIi/ra 2 H 0.637 H H N 0.6039

Location = ORR; Formation = NOLICHUCKZ; Site = 21

Cs-137 Iii/ra 2 10.650 0.724 0.165 0.156 0.092 0.055
K-40 Iiilcm 2 120.400 187.900 135.600 125.100 164.600 243.300
U-238 IiiIra2 15.931 18.495 16.164 17.040 15.696 8.715
Ra-226 Iiilra 2 2.470 3.830 4.301 2.916 3.226 3.424
Th-232 Iii/ra2 6.099 10.100 8.872 9.165 9.904 10.100
U-235 Ii i Icm2 0.885 0.388 1.027 0.570 1.440 0.200
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Table 133 (continued)
Depth(ota)

Analysis Units 00-05 05-10 10--15 15-20 20-25 25-30

Location= ORR; Formation = NOUCHUCKD Site= 23

Cs-137 pCi/c_n2 5.4950 2.9620 0.352 0.201 0.156 0.195
g-40 pCi/c:m2 52.6600 63.4600 113.200 136.100 155.100 150.300
U-238 pC:i/Cre= 13.1910 14.0800 20.266 21.804 26.601 13.340
Ra-226 pCi/cln2 3.7980 4.0330 3.469 2.755 3.297 2.868
Th-232 pCi/cm2 5.9000 6.5490 8.027 8.120 9.116 8.672
U-235 pCi/c:m2 1.1156 1.1205 1.209 1.134 1.278 1.186

Location = ORR,. Formation = NOLICHUCKK; Site = 24

Cs-137 I:)Ci/cre 2 6.922 2.744 0.586 0.251 0.166 0.009
g-40 pCilcm2 111.200 160.500 156.700 180.400 188.500 183.800
U-238 pCi/cm2 15.657 28.660 6.363 16.118 17.571 5.318
Ra-226 i_i/em 2 3.299 4.234 3.918 4.073 4.095 3.638
Th-232 pCi/cm= 5.847 8.358 8.674 9.820 10.210 9.445
U-235 pCi/cre2 0.876 0.993 0.951 1.0_ 1.015 0.290

Location = ORR; Formation = NOLICHUCKY; Site = 25

Cs-137 pCi/cm2 6.829 0.357 0.152 0.265 0.042 N
K-40 pCi/cm2 124.400 151.300 152.500 164.200 186,600 202.000
U-238 pCi/cm2 N M 9.958 N N N
Ra-226 pCi/cm 2 3.761 4.388 4.583 3.857 3.579 3.449
Th-232 pCilcm 2 7.051 9.536 9.616 9.597 9.744 10.050
U-235 pCi/c_ 1.223 N II 1.477 N N

Location = ORR; Formation = NOI.JCHUCI_; Site = 28

Cs-137 pCi/cm2 5.6950 2.859 0.9707 0.179 0.156 0.053
g-40 pCi/CIII 2 42.7900 79.640 79.6500 178.900 233.000 237.500
U-238 pCilcm 2 10.3400 13.990 15.6700 9.715 20.217 6.069
Ra-226 pCi/cm2 3.3830 6.105 5.7170 4.630 3.541 4.066
Th-232 pCi/cln2 4.1240 7.475 8.0010 8.802 9.680 9.555
U-235 pCi lcre:' 0.7398 1.118 0.9716 2.204 1.061 0.053

Location = ORR; Formation = NOLICHUCK_," Site = 31

Cs-137 pCi/cm2 8.0260 2.515 0.4244 0.1162 0.0571 0.0692
K-40 pCi/cm2 33.6200 /+8.780 49.6800 55.6200 74.2500 97.4000
U-238 pCi/cln2 14.2360 6.761 14.4350 8.8320 6.0490 15.1500
Ra-226 i_:i/(m 2 3.6080 5.457 5.2910 5.7120 5.9270 5.6230
Th-232 pCi/cnl 2 4.9160 6.718 6.9740 7,2200 8,0740 8.9380
U-235 pCi/cm2 0.8068 1.732 0.9209 0.3996 0.3406 0.6039

Location = ORR; Formation = NOLICHUCI_; Site = 42

Cs-137 pCilcm2 5.1130 1.114 0.269 0.172 0.028 0.064
K-40 pCi/cm2 57.7300 82,200 135.500 163.400 141,600 135.000
U-2.T_ pCi/Cl_ 2 14.9700 13.150 7,215 17.255 8.356 11.100
Ra-226 pCi/cm2 3.5200 3.975 4.821 4.077 4.529 4.532
Th-232 pCilcm2 5.2870 6.845 8.233 9.360 9.260 8.786
U-235 pCi/cm2 0.8116 1.219 0.579 0,306 0.294 0.163
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TableB3 (oantinaed)
DepthC_)

Analysis Units 0o-05 05-10 10-15 15-20 20-25 25-30

Location = ROA; Formmion = DISMAL GAP; Site = 3

Cs-137 pci/cm 2 3.8940 1.0290 0.3963 0.1884 0.0366 0.0939
K-40 PCi/c:m2 52.5600 56.2800 55.3800 60.1100 65.8000 64.0200
U-238 pci/cm 2 19.5100 8.9870 14.6920 14.2660 15.2520 14.0860
Ra-226 pCi/cm 2 3.3920 4.7060 4.3300 4.2040 4.1290 3.7830
Th-232 pCi/cm2 5.0740 6.1120 5.9280 6.5860 7.0300 6.8070
U-235 pci/cm 2 0.2494 0.8053 0.7068 0.2551 0.8463 0.8357

Location = ROA; Formation = DISMAL GAP; Site = 7

Cs-137 pci/cm 2 5.5770 0.4298 0.3674 0.2311 0.0190 0.012
K'40 pci/cm 2 43.8200 57.6900 57.9200 68.9700 87.9600 101.000
U'238 pci/cm 2 12.5560 6.9640 10.5600 10.8500 7.5670 6.318
Ra-226 pci/cm 2 4.3930 4.9530 5.2480 5.0010 4.4900 3.863
Th-232 pCi/cM2 5.5730 7.3240 7.1860 7.7060 7.7100 7.955
U-235 pCi/cm2 0.5256 1.1160 2.1030 0.9617 0.3932 0.140

Location = ROA; Fommtion = DISMAL GAP; Site = 8

Cs-137 pCi/cm2 8.0060 3.085 0.5213 O. 1544 O.1284 0.0417
K-40 pcilcm 2 30.3800 40.710 43.3800 45.4500 48.8500 58.7500
U-238 pCi/cm2 9.6371 12.698 14.0410 8.3710 7.0140 6.8000
Ra-226 pCi/cm2 3.2580 4.775 4.9400 4.9840 4.4760 3.9750
Th-232 pcilcm 2 4.8980 6.945 7.2950 7.3080 7.7100 6.9280
U-235 pCi/cm _' 0.7326 N 0.7517 0.8677 0.8688 0.5575

Location = ROA; Formation = DISMAL GAP; Site = 9

Cs-137 pCilcm2 8.2530 1.5750 0.2062 0.0478 0.0259 0.0594
K-40 pCi /cm2 27.7300 35.7000 40.4800 37.5500 45.3800 53.8200
U-238 pCi/cm2 5.8530 6.4140 3.8480 8.0910 4.8300 8.5320
Ra-226 pCi/clll2 2.6690 3.7070 4.1980 4.2140 4.7590 4.9220
Th-Z32 pcilcm 2 3.7550 5.3670 5.6780 5.5620 6.1360 6.6410
U-235 pcilcm 2 0.7126 0.7568 0.2291 0.4652 0.5087 0.3991

Location = ROA; Fomu_ion = DISMAL GAP; Site = ]0

Cs-137 pci/an 2 3.7990 0.3148 0.2066 0.116 0.160 0.145
K-40 pCi/cre2 65.6100 83.7200 93.9500 111.700 120.300 122.600
U-238 pCi/cm2 12.9510 3.2920 16.1040 7.391 12.100 15.322
Ra-226 pCi/cm2 4.0980 5.0670 5.1200 4.514 4.343 4.125
Th-232 pC i ICln 2 5 -7210 7.8770 8.4830 9.301 9.504 9.817
U-235 pCilcm2 0.8828 0.6247 0.1569 0.223 0.977 0.936

Location = ROA; Formation = DISMAL GAP; Site = 13

Cs-137 pCi/cre2 1.2490 0.2110 0.0775 0.0417 0.2744 0.1310
K-40 pCi/cm2 38.1400 45.4400 56.2800 76.1000 91.8300 99.6100
U-238 pCi/cm 2 14.0530 11.4200 14.9960 9.0120 6.0810 12.8930
Ra-226 pCi/cm2 4.3410 4.8690 5.0100 4.5180 3.5660 3.4750
Th-__32 pCi/cm2 6.2590 6.6990 7.0880 7.5120 7.1600 7.4010
U-235 pCi/cm2 0.6536 0.5026 0.8816 0.9091 0.8434 0.8043
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Table 13.3(mntined)
IIIIII II I

Depth(cre)

Analysis Units 00-.05 05-10 10-15 15-20 20-25 25-30

Location - ROA; Fonna_n = DISMAL GAP; Site ffi 14

Cs-137 pCilcm2 6.6610 1.273 0.240 0.0282 0.1766 0.1812
K-40 pCi Icru2 68.8600 114.300 101.I00 91.8900 84.2400 91.9700
U-238 pCi/cm 2 17.8100 19.296 12.060 20.8260 20.6700 18.5830
Ra-226 pCi/cm2 3.0060 3.381 3.319 3.3600 3.1890 2.8820
Th-232 pCi/Cltt 2 5.4600 7.29_ 7.327 7.6550 7.3630 7.4610
U-235 pCi Icru2 0.8606 1.198 0.943 1.3190 0.5204 1.0546

location = ROA; Fonnat_n = DISMAL GAP; Site = 17

Cs-137 pCi/cm2 5.8400 2.4480 0.8032 0,3014 0.1427 0.0807
K-40 pCi/cm 2 42.9800 47.1100 53.8000 76.0100 88.5400 95.5300
U-238 pCi/cm2 8.1510 3.6270 12.8600 12.7990 13.5420 4.1910
Ra-226 pCi/cm 2 4.0700 4.3950 4.4540 4.1580 4.2730 4.1070
Th-232 pCi/c:m2 5.5520 6.0090 6.8330 6.9370 7.4630 7.4880
U-235 pCi/cm2 0.4414 0.8981 N 0.7843 N 0.2194

Location= ROA; Formation= DISMAL GAP; Site= 19

Cs-137 pCi/ca 2 3.4210 0.2884 O. 1308 O.1243 0.0852 O.1190
K-40 pCi/cre2 33.9000 36.1700 43.7000 45.5500 41.0800 46.3900
U-238 pCi/cm 2 5.4200 11.1200 13.3000 13.5490 13.4600 12.3090
Ra-226 pCi/c:m2 4.3460 4.9040 5.9620 4.3970 4.5740 4.5820
Th-232 pCi/cm2 5.4100 5.5740 6.3970 6.0250 6.0700 6.1080
U-235 pCi/un 2 0.4724 0.8168 N 0.8261 0.4963 0.3214

Location = ROA; Formation = DISMAL GAP; Site = 20

Cs-137 pCi/c_ = 4.4180 0.9735 0.3815 0.203 0.091 0.053
K-40 pCi/cm 2 42.8500 52.6100 84.6400 100.200 137.400 150.900
U-238 pCi/cre2 15.1910 18.2600 10.5300 21.704 5.676 3.401
Ra-226 pCi/cm2 5.0170 3.7260 3.5560 3.339 2.932 3.515
Th-232 pCi/cm 2 4.8090 5.6340 6.8360 7.053 7.258 7.377
U-235 pCi/cm2 0.9249 0.9212 0.7342 0.967 0.229 0.389

Locadon = ROA; Fo_n = DISMAL GAP; Site = 21

Cs-137 pCi/cm2 4.2540 0.6300 0.1158 0.1568 0.0758 0.1691
K-40 pCiicma 58.1400 61.8700 51.8500 45.2700 52.2800 49.1800
U-238 pCilcm2 16.4680 6.4000 17.9500 18.1800 12.5200 18.5160
Ra-226 pCi/cm2 3.1540 4.2920 4.4790 4.4480 5.5580 4.6120
Th-232 pCi/cre2 5.8620 6.3230 6.3210 5.9590 6.5470 6.5120
U-235 pCi/cre2 0.4649 0.4812 1.0400 1.05T3 1.0936 1.2130

Location = ROA; Fonna_n = DISMAL GAP; Site = 22

Cs-137 pCi/cm 2 3.0710 0.6686 0.1269 0.1348 0.1314 0.0303
K-40 pCi/cre2 39.0700 51.9700 65.2700 83.4200 88.4800 86.2800
U-238 pCi/cm2 20.2000 13.3030 12.2300 14.5250 12.4450 4.4450
Ra-226 I:¢i/cre 2 3.9400 3.8890 3.2310 4.7170 4.1090 3.9170
Th-232 pCi/cre2 4.9740 5.6240 5.4960 6.3220 6.1620 5.7420
U-235 pCi/cm2 0.7287 0.6585 0.7796 0.2574 1.5310 0.2656

aN = not detected.
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NOTE: Whenavailable,thevalidationqualifiersareused inthis
appendix.Whenvalidationqualifiersarenot available,
the correspondinglaboratorydataqualifiersareused.

t
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V_ATOR DATA QUALIFIER DEFINITIONS

The following definitions provide brief explanations of the qualifiers assigned to the data
in this appendix.

U The analyte was analyzed for but was not detected above the
reported sample quantitiation limit.

J The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the
sample.

N The analysis indicates the presence of an analyte for which
there is presumptive evidence to make a tentative
identification.

JN The analysis indicates the presence of an analyte that has
been tentatively identified, and the associated numerical
value represents its approximate concentration.

UJ The analyte was not detected above the reported sample
quantitation limit. However, the reported quantitation limit
is approximate and may or may not represent the actual limit
of quantitation necessary to accurately and precisely measure
the analyte in the sample.

R The sample results are rejected because of serious
deficiencies in the ability to analyze the sample and meet
quality control criteria. The presence or absence of the
analyte cannot be verified.

UN The laboratory did not register this compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. No other
qualification of the data was made.

UJN The laboratory did not report the compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. The data were
qualified as estimated, J, because of other discrepancies with
the data.

RN The laboratory did not report the compound, but there was
evidence of a compound that was within the retention time
window but was not reported. The data were qualified as
unusable, R, became of other discrepancies with the data.
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LABORATORY DATA QUALIFIER DEFINITIONS

The following contract laboratory data qualifiers are used in this project.

organic
[

Fmatioo

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Indicates presumptive evidence of a compound [used only for tentatively
identified compounds (TICs)].

e Used for pesticide/aroclor target analytes when there is greater than 25%
difference for detected concentrations between the two gas chromatograph (GC)
columns. The lower of the two is reported and flagged.

C Used for pesticide results where the identification has been confirmed by
GC/mass spectrograph (MS).

B Used when the analyte is found in the associated blank as well as in the sample.

D Identifies ali compounds in an analyte at a secondary dilution factor.

A Indicates that a TIC is a suspected aldol-condensation product.

X Other specific flags may be used to properly define the results. If they are used
they must be fully described and attached to the Sample Data Package.

laorgaaic
i i i ii iii i i i i i i iJ li

i

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Spiked sample recovery not within control limits.

E Reported value estimated because of the presence of interference.

M Duplicate injection precision not met.

B Reported value was obtained from a reading that was less than the CRDL, but
greater than or equal to the instrument detection limit (IDL).

S Reported value was determined by the method of standard additions (MSA).

W Post-digestion spike for furnace atomic absorption is out of control limits, while
sample absorbance is less that 50% of spike absorbance.

* Duplicate analysis not within control limits.

+ Correlation coefficient for the MSA is less than 0.995.
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Table C.I. Orpaic _is res.lm for soil sampks
A A horizon

_Analysis Units horizon Qualifier field dup Qualifier_

Location -- AND; Formation = DISMAL GAP; Site = I

a-BHC _g/kg 2.50 U
a- Chtordane _g/k9 2.50 U
p-BHC _g/kg 2.50 U
A-BHC /Lg/kg 2.50 U
¥-BHC (Lindane) _g/kg 2.50 UJ
y- Chtordane /_g/kg 2.50 U
ALdrin _g/kg 2.50 UJ
Aroctor 1016 _g/kg 49.40 U
Aroctor 1221 _g/kg 100.30 U
Aroctor 1232 _g/kg 49.40 U
ArocLor 1242 _g/kg 49.40 U
ArocLor 1248 _g/kg 49.40 U
ArocLor 1254 _g/kg 49.40 U
Aroclor 1260 _g/kg 49.40 U
Acenaphthene _g/kg 17.00 JN
Acenaphthytene /_g/kg 36.00 UJ
Anthracene /_g/kg 1. O0 UJ
Benzo[ai anthnacene _g/kg 3.80 JN

Benzo[ai pyrene _g/kg 5.90 JN
Benzo[b] ftuoranthene _g/kg 3.00 UJ
Benzo[&/_'JperyLerie /Lg/kg 10. O0 J
Benzo_] f Luonanthene /_g/kg 3. O0 UN
Chrysene _g/kg 22. O0 UJ
Dieldrin _g/kg 4.90 UJ
O|benzo[_] anthracene /Lg/kg 1. O0 J
Endesutfan sulfate _g/kg 4.90 U
Endosutfen I _g/kg 2.50 U
Endosutfan I I /Lg/kg 4.90 U
Endni n ;g/kg 4.90 U
Endrin aldehyde /Lg/kg 4.90 U
Endrin ketone _g/kg 4.90 U
Ft uoranthene /Lg/kg 23. O0 J
Fluorene _g/kg 6.00 UJ
HeptachLor /Lg/kg 2.50 UJ
Heptachtor el)oxide _g/kg 2.50 U
Indeno- 1,2,3(c,d)-pyrene ;g/kg 5.90 J
gethoxychtor _g/kg 25.40 U
Naphthalene /Lg/kg 14.00 J
Phenanthrene /&g/kg 4.00 JN
Pyrene _g/kg 1. O0 UJ
Toxaphene /xg/kg 254.50 U
4,41. DDD //.glkg 4•90 U
4,41. DDE /Lg/kg 4•90 U
4,41. DDT /Lg/kg 4.90 UJ

Location = AND; Formation = DISMAL GAP; Site = 3

=- BHC /Lg/kg 2. O0 U
=- Chtordane /xg/kg 2. O0 U

-BHC ;g/kg 2,00 U
A-SHC /Lg/kg 2.00 U
y-SHe (Lindane) /Lg/kg 2.00 UJ
y-eh tordane ;g/kg 2.00 U
ALdrin /_g/kg 2.00 UJ
Aroctor 1016 /6g/kg 39.50 U
Aroclor 1221 /Lg/kg 80.10 U
Aroctor 1232 /Lg/kg 39.50 tj
Aroctor 1242 /Lg/kg 39.50 U
Aroctor 1248 #Lg/kg 39.50 U
Aroctor 1254 /Lg/kg 39.50 U
ArocLor 1260 /Lg/kg 39.50 U
Acenaphthene /Lg/kg 51.00 J
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.............. CI
A A horizon

Analysis Units horizon Qualifier fleld dup ,Qualifier

Anthracene #g/kg 13.00 J
Danzo(a) anthracene Ag/kg 1.70 J
Benzo(a) pyrene /Lg/kg 2.10 J
Denzo(a) f tuorantherm /_g/kg 17. O0 J
Otetdrtn /Lg/k9 3.90 UJ
Endosutfan surfate /Lg/kg 3.90 U
Endosutfan l jug/kg 2.00 U
Endosutfan I 1 _g/kg 3.90 U
Endrtn /_g/kg 3.90 U
Endrtn aldehyde /Lg/kg 3.90 U
Endrtn ketone /Lg/kg 3.90 U
Heptachtor _9/kg 2.00 UJ
Hq)tachtor epoxide /Lg/kg 2.00 U
Methoxychtor /Lg/kg 20.30 U
Naphthatene /Lg/kg 6.00 J
Phenanthrene /Lg/kg 15. O0 J
Toxaphene /_g/kg 203.30 U
4,4 _-DDD /Lg/kg 3.90 U
4,4 S-DDE #g/kg 3.90 U
4,4 t -DDT /gg/k9 3.90 UJ

Location ffiAND; Formation ffiDISMAL GAP; Site = 4

a-SHe _g/kg 1.90 U
a-Cht ordane _9/kg 1.99 U
p-BHC Ag/kg 1.99 U
A-DHC _g/kg 1,90 U
y-BHC (Lindane) _glkg 1.90 UJ
y- Chtordane #g/kg 1.90 U
ALdrin /Lg/kg 1.90 UJ
Aroctor 1016 /Lg/kg 36.70 U
Aroctor 1221 /_g/kg 74.50 U
Aroctor 1232 /Lglkg 36.70 U
Aroctor 1242 /Lg/kg 36.70 U
Aroctor 1248 Ag/kg 36.70 U
Aroctor 1254 /Lg/kg 36.70 U
Aroctor 1260 _g/kg 36.70 U
Acenaphthene Ag/k9 1.00 UJ
Acenaphthyt ane /tD/kg 28. O0 UJ
Anthracene /Lglkg 1.00 UJ
Denzola] anthracene /lg/kg O.50 JN
Denzor_]pyrene /_g/kg 2. O0 UJ
8enzo (bj f tuoranthane /golkg O.48 J
Benzo[k] f Luoranthene /te/k9 2.00 UJ
Chrysene #glk9 17.00 UJ
DieLdrin #g/kg 3.70 UJ
Endosutfan sut fate /gg/kg 3.70 U
Endosutfan l /Ag/kg 1.90 U
Snclosutfan I I _g/kg 3.70 U
Endf tn /Lg/kg 3.70 U
Endrin aldehyde /_g/kg 3.70 U
Endrin ketone /_g/kg 3.70 U
Ft uoranthene /Lg/kg 6. O0 UJ
Ft uorene /Lg/kg 5.00 UJ
Heptachtor /Lg/kg 1.90 UJ
Heptachtor epoxi de /_g/kg 1.90 U
I ndeno-1,2,3(c,d)- pyrene Agg/kg 5.00 UJ
Methoxych{or /Lg/kg 18.90 U
Naphthatene /Lg/kg 11. O0 UJ
Phenanthrene /Lg/kg 1.10 JN
Pyrene /Lglkg 1.00 UJ
Toxaphene /Lg/kg 189.10 U
4,41. DDD /_g/kg 3.70 U
4,4 _"DDE Fg/kg 3.70 U
4,4 _"DDT /_g/kg 3•70 UJ
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A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Location ffiAND; Formation ffi DISMAL GAP; Site = 5

a-BHC /Lg/kg 1.90 U
a-eh tordane ;g/kg 1.90 U
I_-BHC #g/kg 1.90 U
A-BHC #g/kg 1.90 U
y-BHC (Lindane) /tg/kg 1.90 UJ
y- Chtordane _g/kg 1.90 U
Atdrin /Gg/kg 1.90 UJ
Aroctor 1016 /Lg/kg )7.80 U
Aroctor 1221 /Lg/kg 76.70 U
Aroctor 1232 /_g/kg 37.80 U
Aroctor 1242 /_g/kg 37.80 U
Aroctor 1248 #g/kg 37.80 U
Aroctor 1254 #g/kg 37.80 U
Aroctor 1260 /Lg/kg 37.80 U
Acenaphthene /Lg/kg 1.80 JN
Acenaphthytene /_g/kg 21.00 J
Anthracene /Lg/kg 1. O0 UJ
Benzo(a] anthracene /_g/kg 1.10 JN
Benzo[a] pyrene #g/kg 1.50 J
aenzo[b] f t uoranthene /Lg/kg 2. O0 UJ
aenzo[k] f tuorant hene /Lg/kg 2. O0 UJ
Chrysene #g/kg 17.00 UJ
DieLdrin 16glkg 3.80 UJ
Endosutfan sur fate /_g/kg 3.80 UJ
Endosutfan I /Lg/kg 1.90 U
Endosutfan I I _g/kg 3.80 U
Endrin /Lg/kg 3.80 U
Endrin aldehyde /Lg/kg 3.80 UJ
Endrin ketone /Lg/kg 3.80 UJ
Ft uorant hene /Lg/kg 34. O0 J
Ft uorene /Lg/kg 5.00 UJ
Heptachtor #g/kg 1.90 UJ
HeptachLor epoxide _g/kg 1.90 U
I ndeno-1,2,3(c,d)-pyrene /Lg/kg 5.00 UJ
14ethoxychtor #g/kg 19.50 UJ
Naphthat erie /Lg/k9 11.O0 UJ
Phenanthrene /Lg/kg 6. O0 JN
Pyrene /Lg/kg 1.00 UJ
Toxaphene /tg/kg 194.60 U
4,41 -DDD ;g/kg 3.80 U
4,4 ° -DOE /Lg/kg 3.80 U
4,41 "DDT #g/kg 3.80 UJ

Location = AND; Formation = DISMAL GAP; Site = 9

a-BHC #g/kg 2.00 U
e-ChLordane _g/kg 2.00 U
_-BHC _g/kg 2.00 U
A-BHC ;g/kg 2.00 U
y-BHC (Lindane) ;g/kg 2.00 UJ
y-Chlordane _g/kg 2.00 U
Atdrin ;g/kg 2.00 UJ
Aroctor 1016 _g/kg 38.50 U
Aroctor 1221 _g/kg 78.10 U
Aroctor 1232 _g/kg 38.50 U
Aroctor 1242 _g/kg 38.50 U
Aroctor 12/+8 _g/kg 38.50 U
Aroctor 1254 _g/kg 38.50 U
Aroctor 1260 ;g/kg 38.50 U
Acenaphthene ;g/kg 7.60 J
Benzola] anthracene ;g/kg 2.90 J
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A A horizon

Analysis Units hor_ Qualifier field dup Qualifier

Benzo[ai pyrene /_g/kg 4.10 J
BenzoLblf Luoranthene _g/kg 13. Oi) JN
DieLdrin _g/kg 3.80 UJ
EndesuLfan sulfate _g/kg 3.80 U
Endosutfan l _g/kg 2.00 U
Endesutfan l ! _9/k9 3.80 U
Sndrin ;g/kg 3.80 U
Sndrin aLdehyde #glkg 3.80 U
Sndrin I:etone _g/kg 3.80 U
FLuoranthenc _g/kg 3.10 J
FLuorene _g/kg 2.30 J
HeptachLor _g/kg 2.00 UJ
Heptachtor epoxi de _g/kg 2. O0 U
HethoxychLor ;g/kg 19.80 U
Phenanthrene _g/kg 22.00 J
Pyrene pp kg 2.20 J
Toxaphene #,g/kg 198.20 U
4,41"DDO _g/kg 3.80 U
4,41"DDE _g/k9 3.80 U
4,41-DDT _g/kg 3.80 UJ

Location = AND; Formation : DISMAL GAP; Site = 10

a-BHC /_g/ko 2.50 U
a-Chtordane /Lg/k9 2.50 U
_-nXC pg/kg 2.50 U
A-dHC p,g/kg 2.50 U
¥-6HC (Lindane) #g/k9 2.50 UJ
y-ChLordane ;g/kg 2.50 U
ALdrin /Lg/kg 2.50 UJ
Aroctor 1016 _g/kg 48.30 U
Aroctor 1221 #g/kg 98.00 U
ArocLor 17.32 _g/kg 48.30 U
Aroctor 1242 _g/kg 48.30 U
Aroctor 1248 _g/kg 48.30 U
Aroctor 1254 _g/k9 48.30 U
Aroctor 1260 _g/kg 48.30 U
Acenaphthene _g/kg 38.00 J
Acerwphthy t erie /_9/kg 13. O0 J
Senzo[a] anthracene /Lg/kg 3.80 J
Benzo[a] pyrene _glkg 5.40 J
aenzoLh]f t uoranthene _g/kg 01. O0 JN
Benzo[k] f Luoranthene _g/kg 5.:30 J
DieLdrin _9/kg 4.80 UJ
Endos:t fan sulfate _9/kg 4.80 U
Endosutfan I #g/kg 2.50 U
Endosutfan I I _g/kg 4.80 U
Sndrin ;g/kg 4.80 U
Endrin aldehyde _g/kg 4.80 U
Endrin ketone /Lg/kg 4.80 U
Ftuoranthene P,g/kg 1.80 J
Xeptacht or _g/kg 2.50 UJ
Heptachtor epoxide /Lg/kg 2.50 U
HethoxychLor /_g/kg 24.90 U
NaphthaLene _g/kg 24.00 J
Phermnthrene /_9/kg 19.00 JX
Pyrene /tglkg 4.20 JN
Toxaphene /Lg/kg 248.80 U
4,41 -DOD #g/kg 4.80 U
4,4' "DOE /Lg/kg 4.80 U
4,4'"DDT #g/k9 4.80 UJ
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A A horizon

Anal_is Units horizon Qualifierfielddup Qualifier

Location = AND; Formation = DISMAL GAP; Site = 11

a-BHC /¢g/kg 2.60 U
a-ChLordane /¢g/kg 2.60 U
IJ-BHC /¢g/kg 2.60 U
A-BHC /¢g/kg 2.60 U
¥-BHC (Lindane) /¢g/kg 2.60 UJ
y- ChLorclane /¢g/kg 2.60 U
ALdrin /zg/kg 2.60 UJ
ArocLor 1016 pglkg 50.00 U
ArocLor 1221 /Lg/kg 101.60 U
ArocLor 1232 /¢g/kg 50.00 U
ArocLor 1242 /¢g/kg 50.00 U
ArocLor 1248 /¢g/kg 50.00 U
ArocLor 1254 /¢g/kg 50.00 U
ArocLor 1260 _g/kg 50.00 U
Acenaphthene /Lg/kg 2.00 UJ
AcenaphthyLene /¢g/kg 8.20 J
Anthracene /¢g/kg 2.00 UJ
Benzo[a] anthracene /Lg/kg 1.70 JH
Benzo[ai pyrene /¢g/kg 3. O0 UJ
6enzo Lblf Luoranthene /¢g/kg 3. O0 UJ
6enzo [k] f t uoranthene /¢g/kg 3. O0 UJ
Chrysene /¢g/kg 23. O0 UJ
DieLdrin /xg/kg 5.00 UJ
EndosuLfan suLfate /¢g/kg 5. O0 LI
EndosuLfan I /¢g/kg 2.60 U
EndosuLfan I I /¢g/kg 5.00 U
Endrin _g/kg 5.00 U
Endrin aLdehyd /¢g/kg 5.00 U
Endrin ketone _g/kg 5.00 U
FLuoranthene _/kg 8. O0 UJ
FLuorene /Lg/kg 6. O0 UJ
Heptachtor /zg/kg 2.60 UJ
Heptachtor epoxide /¢g/kg 2.60 U
Indeno-1,2,3(c,d)-pyrene /¢g/kg 6.00 UJ
HerhoxychLor /Lg/kg 25.89 U
NaphthaLene /Lg/kg 15.00 UJ
Phenanthrene /¢g/kg 13.00 JN
Pyrene /Lg/kg 1.70 J
Toxaphene Atg/kg 257.80 U
4,41 "DDD /Lg/kg 5•O0 U
A,61"DDE /¢g/kg 5.00 U
4,41 "DOT /¢g/kg 5.00 UJ

Location = AND; Formation = DISMAL GAP; Site = 12

• -BHC Ag/kg 2.30 U
e-ChLordane ;g/kg 2.30 U
p-BHC Ag/kg 2.30 U
A-BNC Kg/kg 2.30 U
y-BHC (Lice-dane) #g/kg 2.30 UJ
y-ChLordane _g/kg 2.30 U
ALdrin Ag/kg 2.30 UJ
ArocLor 1016 _g/kg 45.30 U
ArocLor 1221 Ag/kg 92.00 U
Aroctor 17.32 Ag/kg 45.30 U
Aroctor 1242 _g/kg 158.70
ArocLor 1248 _g/kg 45.30 U
ArocLor 1254 Ag/kg 45.30 U
ArocLor 1260 Ag/kg 45.30 U
Acenaphthene #g/kg 3.20 J
Acenaphthy[ene #g/kg 34.00 UJ
Anthracene #g/kg 1.00 UJ
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Cl
A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Senzo(a) anthracene _g/kg 2.10 J
Benzo[o] pyrene _g/kg 2.60 J
Benzo[bi f t uoranthene _9/kg 3. O0 UJ
aenzo[k] f [ uoranthene /Lg/kg 2.40 J
Chrysene JLg/kg 21.00 UJ
Dieldrin jLg/kg 4.50 UJ
Endosutfan sutfate JLg/k9 4.50 U
Endosutfan I _g/kg 2.30 U
Endosutfan ! I _g/kg 4.50 U
Endrin _g/kg 4.50 U
Sndrin aldehyde _g/kg 4.50 U
Endrin ketone jtg/kg 4.50 U
Ftuorant hene j¢g/kg 7'oIX) UJ
Ftuorene _g/kg 5. O0 UJ
HeptachLor _g/kg 2.30 UJ
Heptacht or epoxi de ;g/kg 2.30 U
lndeno-1,2,3(c,d)-pyrene /Lg/kg 5.00 UJ
Methoxychtor _g/kg 23. :30 U
Naphthat erie /Lg/kg 14. O0 UJ
Phenanthrene /Lg/kg 18.00 JN
Pyrene #g/kg 0.49 J
Toxaphene /Lg/kg 23:3.50 U
4,41 -DDD _g/kg 4.50 U
4,4' -DDE ;g/kg 4.50 U
4,4' -DDT _g/kg 4.50 UJ

Location = AND; Formation = DISMAL GAP; Site = 19

a-BHC #g/kg 2.10 U 2• 1 U
a-eh torclane _g/kg 2.10 U 2.1 U
p-BHC pg/kg 2.10 U 2.1 U
A-BHC _g/kg 2.10 U 2.1 U
y-BHC (Lindane) j_g/kg 2.10 UJ 2.1 UJ
y-eh t ordene _g/kg 2.10 U 2.1 U
ALdrin /Lg/kg 2.10 UJ 2.1 UJ
Aroctor 1016 _g/kg 41.00 U 41.1 U
ArocLor 1221 /Lg/kg 83.30 U 83.5 U
Aroctor 1232 ;g/kg 41.00 U 41.1 U
Aroctor 1242 _s/kg 41.00 U 41.1 U
Aroctor 1248 _g/kg 41.00 U 41.1 U
ArocLor 1254 /6g/kg 41.00 U 41.1 U
Aroctor 1260 /Lg/kg 41.00 U 41.1 U
Acenaphthene /Lg/kg 4.60 J 3.1 JN
Acenaphthyt ene _g/kg 1:3.O0 J 32.0 UJ
Anthracene vg/k9 1. O0 UJ 1.0 NJ
Benzo[a] anthracene j_g/kg 2.70 JN 2.2 J
Benzo[a] pyrene _g/kg 3.70 JN 2.9 JN
Benzo[bi f tuoranthene pg/kg 2. O0 UJ 3.0 UJ
Benzo[k] f iuoranthene /_g/kg 2. O0 UJ 3.0 UJ
Chrysene _g/kg 19. O0 UJ 19.0 UJ
Dieldrin ;g/k9 4.10 UJ 4.1 UJ
Endosutfan sur fate /Lg/kg 4.10 U 4.1 U
Endosutfan I /Lg/kg 2.10 U 2.1 U
EndosuLfan 11 /zglkg 4.10 U 4.1 U
Endrin /Lglkg 4.10 U 4. I U
Endrin aldehyde _g/kg 4.10 U 4.1 U
Endrin ketone #g/kg 4.10 U 4.1 U
Fluoranthene #g/kg 4.60 d 6.0 UJ
Ft uorene _g/kg 3.60 J 24.0 JN
HeptachLor _g/kg 2.10 UJ 2.1 UJ
Heptachtor epoxide /_g/kg 2.10 U 2.1 U
Indeno-1,2,3(c,d)-pyrene _g/kg 5.00 UJ 5.0 UJ
Methoxycht or ;g/kg 21.10 U 21.2 U
Naphthatene /Lg/kg 12. O0 UJN 13.0 UJ
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A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Phenanthrene ;g/kg 6.50 J 8.7 JN
Pyrene ;g/kg 1.00 UJ 1.0 UJ
Toxaphene _g/kg 211.40 U 211.8 U
4,4_-DDD _g/kg 4.10 U 4.1 U
4141-DDE ;g/kg 4.10 U 4.1 U
4,4_-DDT gg/kg 4.10 UJ 4.1 UJ

Location = AND; Formation = DISMAL GAP; Site = 20

a-BHC ;g/kg 2.10 U
_-Chtordane _g/kg 2.10 U
p-BHC _g/kg 2.10 U
A-BHC _g/kg 2.10 U
y-BHC (Lindane) _g/kg 2.10 UJ
y-Chlordane ;g/kg 2.10 U
Aldrin gg/kg 2.10 UJ
Aroctor 1016 ;g/kg 40.00 U
Aroctor 1221 _g/kg 81.30 , U
Aroclor 1232 ;g/kg 40.00 U
Aroctor 1242 gg/kg 40.00 U
Aroctor 12/,8 gg/kg 40.00 U
Aroctor 1254 _g/kg 40.00 U
Aroctor 1260 gg/kg 40.00 U
Acenaphthene gg/kg 1.10 JN
Acenaphthytene gg/kg 30.00 UJ
Anthracene #g/kg 1.10 UJ
Benzo[a]anthracene _g/kg 1.00 UJ
Benzo_]pyrene _g/kg 1.00 J
Benzo_]ftuoranthene _g/kg 2.00 UJ
Benzo_]ftuoranthene gg/kg 2.00 UJ
Chrysene #g/kg 18.00 UJ
Dieldrin _g/kg 4.00 UJ
Endosutfan sulfate gg/kg 4.00 U
Endosutfan I gg/kg 2.10 U
Endosutfan II gg/kg 4.00 U
Endrin _g/kg 4.00 U
Endrin aldehyde gg/kg 4.00 U
Endrin ketone _g/kg 4.00 U
Fluoranthene _g/kg 6.00 UJ
Fluorene _g/kg 70.00 JM
Heptachtor _g/kg 2.10 UJ
Xeptachtor epoxide _g/kg 2.10 U
lndeno-l,2,3(_d)-pyrene _g/kg 5.00 UJ
Nethoxychtor gg/kg 20.60 U
Naphthalene ;g/kg 12.00 UJ
Phenanthrene ;g/kg 3.80 JN
Pyrene gg/kg 1.00 UJ
Toxaphene _g/kg 206.30 U
4,4_-DDD _g/kg 4.00 U
4,4_-DDE gg/kg 4.00 U
4,41-DDT ;g/kg 4.00 UJ

Location = AND; Formation = DISMAL GAP; Site = 21

a-BHC ;g/kg 2.30 U
a-Chlordane _g/kg 2.30 U
_-BHC ;g/kg 2.30 U
A-BHC _g/kg 2.30 U
y-BHC (Lindane) ;g/kg 2.30 UJ
y-Chlordane _g/kg 2.30 U
Aldrin _g/kg 2.30 UJ
Arc_lor 1016 _g/kg 44.50 U
Aroctor 1221 ;g/kg 90.30 U
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A A horizon

Analysis Units horizon Qualifer field dup Qualifier

Aroctor 1232 vg/kg 44.50 O
ArocLor 1242 vg/kg 44.50 U
ArocLor 1248 vg/k9 44.50 U
ArocLor 1254 vg/k9 44.50 U
ArocLor 1260 vg/kg 44.50 U
Acenaphthene vg/k9 5.80 JN
Acenaphthy Lene vg/k9 33. O0 UJ
Anthracene vg/k9 1.00 UJ
Benzo[o] anthracene vg/k9 1.90 J
Benzo[ai pyrene vg/kg 2.70 J
BenzoLblf t uoranthene vg/k9 3. O0 UJ
Benzo[k] f Luorsnthene vg/k9 3.00 UJ
Chrysene vg/k9 20.00 UJ
DieLdrin vg/k9 4.40 UJ
Endosut fan sulfate vg/k9 4.40 U
Endosutfan l vg/kg 2.30 U
Endosuifan l I vg/k9 4.40 U
Endrin vg/kg 4.40 U
Endrin aLdehyde vg/k9 4.40 U
Endrin ketone vg/kg 4.40 U
Ft uoranthene vg/k9 7. O0 UJ
Ft uorene vg/kg 9.80 JN
Heptachtor vg/kg 2.30 UJ
HeptachLor el)oxide vg/k9 2.30 U
Indeno-1,2,3(c,d)-pyrene vg/k9 5.00 UJ
Hethoxychtor vg/k9 22.90 U
NaphthaLene vg/kg 13.00 UJ
Phenanthrene vg/k9 1.00 UJ
Pyrene vg/kg 1.00 UJ
Toxaphene vg/kg 229.00 U
4w41 -PDP vg/k9 4.40 U
4w4 ' -DDE vg/k9 4.40 U
4,4' -DDT vg/k9 4.40 UJ

Location = AND; Formation = DISMAL GAP; Site = 22

a-BHC vg/k9 2.30 U
e-ChLordene vg/kg 2.30 U
_-BHC vg/kg 2.30 U
A-BHC vg/k9 2.30 U
¥-BHC (Lindane) vg/k9 2.30 UJ
y-ChLordane vg/kg 2.30 U
ALdrin vglkg 2.30 UJ
ArocLor 1016 vglkg 44.90 U
ArocLor 1221 vglkg 91.20 U
ArocLor 1232 vg/kg 44.90 U
Aroctor 1242 vg/kg 44.90 U
ArocLor 1248 vg/kg 44.90 U
Aroclor 1254 vg/kg 44.90 U
ArocLor 1260 vg/k9 44.90 U
Acenaphthene vg/k9 19.00 J
Benzo_] pyrene vglkg 2.10 JN
Benzo_ pery terie vg/kg 3.00 J
DieLdrin vg/k9 4.50 UJ
Endosutfan sulfate vg/k9 4.50 U
Endosulfan l vg/kg 2.30 U
EndosuLfan II vg/k9 4.50 U
Endrin vglkg 4.50 U
Endrin aldehyde vg/kg 4.50 U
Endrin ketone vg/kg 4.50 U
Heptachtor vg/kg 2.30 UJ
HeptachLor epoxide vg/kg 2.30 U
HethoxychLor vg/kg 23.10 U
Phenanthrene vg/kg 17.00 JN
Pyrene _g/kg 0.84 J
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A A horizon

Ana!ysis Units horizon Qualifier fieid dup Qualifier

Toxephene #g/kg ?..31.30 U
4,4'-0DD #g/kg 4.50 U
4,4'-0DE #g/kg 4.50 U
4,4'-0DT _g/kg 4.50 UJ

Location = 0t_" Formation = DISMAL GAP; Site ---2

• -BHC _g/kg 4.10 UJ 4.0 UJ
_-Chtorciane _g/kg 4.10 UJ 4.0 UJ
_-BHC #g/kg 4.10 UJ 4.0 UJ
A-BHC _g/kg 4.10 UJ 4.0 UJ
y-BHC (Lindane) _g/kg 4.10 UJ 4.0 UJ
y-Chtorclane _glko 4.10 U 4.0 U
ALdrin _g/kg 4.10 U 4.0 U
Aroctor 1016 #g/kg 82.00 U 80.0 U
Aroctor 1221 _g/kg 160.00 U 160.0 U
Aroctor 152 #g/kg 82.00 U 80.0 U
Aroctor 1242 _g/kg 82.00 U 80.0 U
Aroctor 1248 _g/kg 82.00 U 80.0 U
Aroctor 1254 #g/kg 82.00 U 80.0 U
Aroctor 1260 _g/kg 82.00 U 80.0 U
Acenaphthene _g/kg 213.00 UJ 213.0 UJ
Acermphthytene #g/kg 272.00 UJ 272.0 UJ
Anthracene _g/kg 78.00 UJ 78.0 UJ
Senzo_]anthracene _g/kg 2.00 UJ 2.0 UJ
Benzol]pyrene #g/kg 3.00 UJ 3.0 UJ
Benzo[b]fluoranthene #g/kg 2.00 UJ 2.0 UJ

Senzor_perytene ;g/kg 9.00 UJ 9.0 UJ
Benzo_] fluoranthene ;g/kg 2.00 UJ 2.0 UJ
Chrysene _glkg 18.00 UJ 18.0 UJ
Dieldrin ;g/kg 4.10 UJ 4.0 UJ
Datapon _g/kg 864.00 UJ 850.0 UJ
Dibenzo[_]anthracene _g/kg 4.00 UJ 4.0 UJ
Dicmt)a _g/kg 40.00 U 39.0 UJ
Dichtorprop #g/kg 99.00 U 98.0 UJ
Dinoseb ;g/kg 21.00 U 21.0 UJ
Endosutfan sulfate gg/kg 8.20 U ......
Endosutfan I ;g/kg 4.10 UJ 4.0 UJ
Endosutfan II ;g/kg 8.20 U 8.0 U
Endrin _g/kg 8.20 U 8.0 U
Endrin aldehyde #g/kg 8.20 U ......
Endrin ketone _g/kg 8.20 U 8.0 U
FLuorene #g/kg 25.00 UJ 25.0 UJ
Heptachtor _g/kg 4.10 UJ 4.0 UJ
Heptachtor el=oxide _g/kg 4.10 U 4.0 U
lndeno-l,2,3(_d)-pyrene _g/kg 5.00 UJ 5.0 UJ
Methoxychlor #g/kg 41.00 U 40.0 U
MCPA ;g/kg 37230.00 U 36643.0 UJ
MCPP ;g/kg 28295.00 U 27849.0 UJ
Naphthalene _g/kg 213.00 UJ 213.0 UJ
Phenanthrene ;g/kg 76.00 UJ 76.0 UJ
Pyrene _g/kg 32.00 UJM 9.1 J
Sitvex #g/kg 25.00 UJ 24.0 UJ
Toxaphene gg/kg 410.00 U 400.0 U
2,4-0 #g/kg 179.00 U 176.0 UJ
2,4-DB ;g/kg 134.00 U 132.0 UJ
2,4,5-T gg/kg 30.00 UJ 29.0 UJ
4,4'-DDD gg/kg 8.20 UJ 8.0 UJ
4,41-DDE Ag/kg 8.20 UJ 8.0 UJ
4,41-DDT ;g/kg 8.20 U 8.0 U
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Location = ORR,. Fommtion ffiDISMAL GAP; Site = 10

:-BHC ;glkg 4.40 U
:- Chtordane _g/kg 4.40 U
_-BHC _g/kg 4.40 UJ
A-BHC _g/kg 4.40 U
¥-BHC (L i ndane) _g/kg 4.40 UJ
¥- ChI.ordane _g/kg 4.40 U
Atdri n _g/kg 4.40 UJ
Aroctor 1016 _g/kg 88.00 U
Aroctor 1221 _g/kg 180.00 U
Aroctor 17.32 _g/kg 88.00 U
Aroctor 1242 _g/kg 88.00 U
Aroctor 1248 _g/kg 88.00 U
Aroc Lor 1254 _g/kg 88.O0 U
Aroctor 1260 /_g/kg 88.00 U
Acenaphthene _g/kg 241.00 UJM
Aceru=phthytene _g/kg 307.00 UJM
Anthracene #g/kg 88.O0 UJM
Benzola] anthracene Nglkg 2. O0 UJM
Benzo[aipyrene _g/kg 3. O0 UJM
Benzo[bi f tuoranthene /_g/kg 2.00 UJM
Senzo[¢&_3peryt ene _g/kg 10. O0 UJM
Benzo[k]f tuoranthene #g/kg 2.00 UJM
Chrysene _g/kg 20.00 UJM
Oietdrin _g/kg 8.80 U
Oi benzo [_] anthracene _g/kg 4. O0 UJM
Dicanlba #g/kg 212.00 UJ
Dich t orprop #g/kg 531. O0 UJ
Di noseb _g/kg 111. O0 UJ
Endosutfan su[ fate _g/kg 8.80 U
Endosutfan l _g/kg 4.40 U
Sndosutfan I I _g/kg 8.80 U
Endfi n _g/kg 8.80 U
Sndrin atdehyde _g/kg 8.80 U
Endrin ketone _g/kg 8.80 U
Ft uorene _g/kg 28. O0 UJM
Heptachtor _g/kg 4.40 U
Heptachtor epoxide #g/kg 4.40 U
I ndeno- 1,2,3(c,d) -pyrene /_g/kg 6.00 UJM
Nethoxychtor #g/kg 44. O0 UJ
NCPA _g/kg 199104. O0 UJ
NCPP /Lg/kg 151319.00 UJ
Naphthat erie #g/kg 241.00 UJN
Phenanthrene #g/kg 86. O0 UJN
Pyrene _g/kg 36. O0 UJM
Si trex _g/kg 133.00 UJ
Toxaphene _g/kg 440.00 U
2,4-D #g/kg 956.00 UJ
2,4-DB /Lg/kg 717.00 UJ
2,4,5-T #g/kg 159.00 UJ
4,4 ; "DDD /Lg/kg 8.80 U
4,4' "DDE _g/kg 8.80 U
4,4' "DDT #g/kg 8.80 U

Location = ORR; Formation ffiDISMAL GAP; Site = 11

=-BHC #g/kg 4.30 UJ
a-ChLordane #g/kg 4.30 U
p-BHC #g/kg 4.30 U
&-BHC _g/kg 4.30 U
¥-BHC (Lindane) _g/kg 4.30 U
y-ChLordane _g/kg 4.30 U
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ALdrin _g/kg 4.30 U
ArocLor 1016 ;g/kg 86.00 U
ArocLor 1221 ;g/kg 254.00 U
ArocLor 1232 _g/kg 86.00 U
ArocLor 1242 _g/kg 86.00 U
Aroctor 1248 _g/kg 86.00 U
Aroctor 1254 _g/kg 86.00 U
Ar_lor 1260 _g/kg 86.00 U
Acenaphthene _g/kg 11593.00 UJ
AcenaphthyLerie _g/kg 14814.00 UJ
Anthracene _g/kg 4251.00 UJ
Benzo_] anthracene Fg/kg 84. O0 UJ
Senzo_] I:Nrene _g/kg 148.O0 UJ
BenzoLblf t uorant here _g/kg 116.O0 UJ
Senzor&_ peryl ere _g/kg 490. O0 UJ
Benzo_] f Iuorant hene _g/kg 109.O0 UJ
Chrysene _g/kg 966.00 UJ
Dieldrin ;g/kg 8.60 UJ
Dibenzo[_h]anthracene _g/kg 193.00 UJ
Dicamba _9/kg 412.00 UJ
DichLorprop ;g/kg 1031.00 UJ
Dinoseb #g/kg 216.00 UJ
Endosutfan sulfate _g/kg 8.80 U
EndosuLfan I _g/kg 4.30 U
SndosuLfan II _g/kg 8.60 U
Endrin _g/kg 8.60 U
EndrJn aldehyde ;g/kg 8.60 UJ
Sndrin ketone _g/kg 8.60 U
FLuoranthene _g/kg 3/,8.00 UJ
FLuorene ;g/kg 1353.00 UJ
Heptachlor _g/kg 4.30 U
Heptachtor el:oxide _9/k9 4.30 U
Indeno-l,2,3(_d)-pyrene ;g/kg 277.00 UJ
NethoxychLor _g/kg 43.00 U
NCPA ;g/kg 386449.00 UJ
MCPP ;g/kg 293701.00 UJ
Naphthalene ;g/kg 11593.00 UJ
Phenanthrene ;g/kg 4122.00 UJ
Pyrene ;g/kg 1739.00 UJ
Silvex ;g/kg 258.00 UJ
Toxaphene _g/k9 430.00 U
2,4-D _g/kg 1855.00 UJ
2,4-DB _g/kg 1391.00 UJ
2,4,5-T ;g/kg 309.00 UJ
4e41"ODD ;g/kg 8.60 U
4,41-DDE #g/kg 8.60 UJ
4,4_-DDT _glk9 8.60 U

Location = ORR; Formation = DISMAL GAP; Site = 19

a-BHC _g/kg 4.30 UJ
a-Chtordene _g/kg 4.30 U
_-BHC _g/kg 4.30 U
A-SHe _g/kg 4.30 U
y-BHC (Lindane) #g/kg 4.30 U
y-Chlordane ;g/kg 4.30 U
ALdrin ;g/kg 4.30 U
Aroctor 1016 _g/kg 86.00 U
Aroclor 1221 _g/kg 254.00 U
ArocLor 1232 ;g/kg 86.00 U
Aroclor 1242 _g/kg 86.00 U
Aroctor 1248 ;g/kg 86.00 U
Aroctor 1254 _g/kg 86.00 U
Aroctor 1260 _g/kg 86.00 U
Acenaphthene _g/kg 2382.00 U
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Acenaphthytene _g/kg 31)44.00 UJ
Anthracene /Lg/kg 873. O0 UJ
Benzola] anthracene _g/kg 17.O0 U
Senzola] pyrene jLg/kg 30. O0 UJ
aenzo [b] f tuoranthene #g/kg 24. O0 UJ
aenzo (&/_[Jperyt ane Kg/kg 101.00 UJ
Benzo[k) f tuoranthene _g/kg 22. O0 UJ
Chrysene Kg/kg 198.00 U
Dietdrtn Kg/kg 8.60 UJ
D|benzo[_] anthracene _9/kg 40.00 UJ
D| cald)a _g/k9 208.00 UJ
Dichtorprop _g/kg 520.00 UJ
D|noseb _9/k9 109.00 UJ
EndosuLfan surfate JLo/k9 8.60 U
Endosutfan I _ug/kg 4.30 U
Endosutfan 1! _g/k9 8.60 U
Endr| n vg/k9 8.60 U
Sndrin aldehyde _g/kg 8.60 UJ
Endr|n ketone _g/k9 8.60 U
FLuorene _9/kg 150.00 J
Heptachtor _g/kg 4.30 UJ
Heptachtor epox|de JLg/k9 4.30 U
i ndeno- 1,2,3(c,d)-pyrane _g/kg 57.00 U
Methoxychtor ltg/kg 43. O0 U
MCPA jug/k9 195116.00 UJ
MCPP ;g/kg 148288.00 UJ
Naphthatene _9/kg 2382.00 UJ
Phenanthrene l_g/kg 847.00 UJ
Pyrene lLg/k9 357.00 J
SI tvex _g/kg 130.00 UJ
Toxaphane /_g/k9 430.00 U
2,4-D _g/kg 937.00 UJ
2,4-DB _g/kg 702.00 UJ
2,4,5-T Kg/k9 156.00 UJ
4,4' -DDD /Lg/kg 8.60 U
4,4' -DDE _g/kg 8.60 UJ
4,41 -DDT _,g/kg 8.60 U

Location = ORR; Formation = DISMAL GAP; Site = 22

a-BHC ug/kg 4.30 UJ
a-eh [ordane ug/k9 4.30 U
_-BHC ug/kg 4.30 U
A-BHC ug/k9 4.30 U
y-BHC (Lindane) ug/kg 4.30 U
y-Chlordane ug/kg 4.30 U
Atdrin ug/k9 4.30 U
Aroctor 1016 ug/kg 88.00 U
Aroctor 1221 ug/kg 176.00 U
Aroctor 1232 ug/kg 88.00 U
Aroctor 1242 ug/kg 88.00 U
Aroctor 1248 ug/kg 88.00 U
Aroctor 1254 uglkg 88.00 U
Aroctor 1260 uglkg 88.00 U
Acenaphthene uglkg 2437.00 UJM
Acenaphthyt ene ug/k9 3114.00 UJM
Anthracene ug/kg 894.00 UJM
Benzo(o] anthracene ug/kg 18.00 UJM
Benzo[ai pyrene ug/kg 31. O0 UJM
Senzo[b] f [ouranthene ug/kg 24. O0 UJM
Benzo[&_Operyt ene ug/k9 103.00 UJM
aenzo [k] f Luorant hene ug/k9 23. O0 UJH
Chrysene ug/kg 203.00 UJN
DieLdrin ug/kg 4.30 UJ
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0tbenzo [_h] anthracene ug/kg 41. O0 UJN
Otcamba ug/k9 216.00 UJ
D|ch[orprop uglkg 539.00 UJ
Otnoseb ug/kg 113.00 UJ
EndosuLfen sulfate ug/kg 8.80 U
Endosutfan l ug/kg 4.30 U
EndosuLfan li ug/kg 8.80 U
Endrin ug/kg 8.80 U
Endr|n aldehyde ug/kg 8.80 UJ
Endr|n ketone ug/kg 8.80 U
Ftuorene ug/kg 284. O0 UJN
Heptach[ or ug/kg 4.30 UJ
Heptachtor epox|de ug/kg 4.30 U
Indene- 1,2,](c,d)-pyrene ug/kg 58.00 UJN
Nethoxychl or ug/k9 43. O0 U
NCPA ug/kg 202302.O0 UJ
NCPP ug/kg 153749.00 UJ
Naphthalene ug/kg 2437.00 UJN
Phenanthrene ug/kg 867.00 UJN
Pyrene ug/kg _.00 UJN
Si Lvex ug/kg 135.00 UJ
Toxaphene ug/kg 430.00 U
2,4-D ug/kg 97'1.00 UJ
2,4-De ug/kg 728.00 UJ
2,4,5-T ug/kg 162.00 UJ
4,4 e-DDD ug/kg 8.80 U
4,4' -DDE ug/kg 8.80 UJ
4,4' -DDT ug/kg 4.30 U

Location = ORR; Formation = DISMAL GAP; Site = 26

_-BHC #g/kg 4.10 UJ
a-Chtordarm _g/kg 4.10 UJ
p-BHC ;g/kg 4.10 UJ
A-BHC _g/k9 4.10 UJ
¥-BHC (Lindane) _9/kg 4.10 UJ
y-Chlordane _9/kg 4.10 U
ALdrin _g/kg 4.10 U
Aroclor1016 ;g/kg 83.00 U
Aroctor 1221 _g/kg 170.00 U
Aroclor 1232 _9/k9 83.00 U
Aroclor 1242 ;g/k9 83.00 U
Aroclor 1248 ;g/kg 83.00 U
Aroc Ior 1254 _g/kg 83. O0 U
Aroctor 1260 ;g/kg 83.00 U
Dieldrin _9/kg 8.30 UJ
Datapon ;g/kg 877.00 UJ
O|camba _g/kg 40.00 U
Pichtorprop _g/kg 101.00 U
D|noseb _g/kg 21.00 U
Sndosulfan sulfate _g/kg 8.30 U
Sndoautfan I _g/kg 4.10 UJ
Endosu[fan li _g/kg 8.30 U
Sndrin _9/kg 8.30 U
Sndrin aldehyde _9/kg 8.30 U
EndrJn ketone _g/kg 8.30 U
HeptachLor _9/kg 4.10 UJ
Heptachlon epox|de _9/kg 4.10 U
Nethoxychtor _g/kg 41.00 U
NCPA _g/kg 37798.00 U
NCPP _glkg 28726.00 U
Si[vex _glkg 25.00 UJ
Toxaphene _glkg 410.00 U
2,4-D ;g/kg 181.00 U
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2,4-DB _g/kg 136.00 U
2,4,5-T /_g/kg 30.00 UJ
4,4' oDDD Ag/kg 8.30 UJ
4e4t -DDE _9/kg 8.30 UJ
4,4 _-DDT _g/kg 8.30 U

Location = ORR,. Formation .. DISMAL GAP;, Site = 27

ct-sHe _g/kg 4.30 UJ
m-ehtor.dane _0/k9 4.30 U
JI-BHC _0/k9 4.30 U
4-BHC X41/k9 4.30 U
y-BHC (Lindane) _9/kg 4.30 U
¥- Chtor.dane _g/k9 4.30 U
Aldrin sg/k9 4.30 U
At.DCtor. 1016 _g/k9 85.00 U
Aroctor. 1221 _g/k9 254.00 U
Aroctor. 1232 _g/k9 85.00 U
Aroctor 1242 _g/k9 85.00 U
Aroctor 1248 Ag/k9 85.00 U
ArocIor 1254 _0/k9 85. O0 U
Aroctor 1260 #o/kg 85.00 U
Acenaphthene _g/kg 11841.00 UJ#
Acanaphthytene _0/k9 15130.00 UJN
Anthracene _g/kg 4342.00 UJN
8enzo la) anthracene _g/k9 86.00 UJN
8anzo la) pyr.ene _g/k9 151.00 UJH
Denzolh) f tuor.enthene _g/k9 118.00 UJH
8enzo [&4,_perytene _0/k9 500. O0 UJN
Banzo[k) f Luor.anthene _g/kg 112.00 UJN
Chrysene jg/k9 987. O0 UJN
Dieldr.in jg/kg 8.50 UJ
Di benzo[_h] enth r.acene Ag/k9 197.00 UJN
Dicambe _g/kg 421.00 UJ
Dich tor.prop _g/k9 1052.00 UJ
Dinoseb _0/k9 221.00 UJ
Endosutfan surfate _g/k9 8.50 U
Endosutfan ! #0/k9 4.30 U
Endosutfan I 1 _g/kg 8.50 U
Endr.|n iLg/k9 8.50 U
Endr|n aldehyde _g/kg 8.50 UJ
EndrJn ketone #g/k9 8.50 U
Ftuor.anthene #g/kg 355. O0 UJN
Ftuor.ene /Lo/kg 1381.00 UJN
Heptach Ior /_0/kg 4.30 U
Heptechtor epoxi de iLg/k9 4.30 U
Indene- 1,2,3(c,d)-pyr'ane #g/kg 283.00 UJN
Nethoxych[ or" _g/k9 43. O0 U
NCPA Nglk9 394685. O0 UJ
NCPP _g/k9 299961.00 UJ
Naphthalene _g/kg 11841.00 UJN
Phenanthrene _g/k9 4210.00 UJN
Pyrene Ag/k9 1776.00 UJN
Si trex _g/kg 263.00 UJ
Toxaphene /Lg/kg 430. O0 U
2,4-D /Lg/kg 1894.00 UJ
2,4-06 #g/kg 1421.00 UJ
2,4,5-T /Lg/kg 316.00 UJ
4,4' -DDO /Lg/kg 8.50 U
4,4 ' -DDE #.g/kg 8.50 UJ
4,4' -DDT _g/kg 8.50 U
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Location = ORR,. Fomw_n = DISMAL GAP; Site = 32

a-BHC #tg/ko 4.20 UJ
e-ChLordane Ag/k9 4.20 U
JI-BHC #0/k9 4.20 UJ
&-BHC _g/kg 4.20 U
¥-ilHC (Lindane) _g/k9 4.20 U
y- r,ht ordane _g/ko 4.20 U
ALdrin _g/kg 4.20 UJ
Aroctor 1016 _9/k9 84.00 U
Aroctor 1221 _g/kg 170.00 U
Aroctor 1232 _g/kg 84.00 U
Aroctor 1242 i_g/kg 84.00 U
Aroctor 1248 _g/kg 84.00 U
Aroctor 1254 _g/kg 84.00 U
Aroctor 1260 _g/kg 84.00 U
Acenaphthene ;g/kg 2291.00 UJN
Acenaphthyterie #Lg/kg 2928.00 UJN
Anthracene #_9/kg 840.00 UJN
Benzola) anth racene _9/k9 17.O0 UJN
Benzo(ai pyrene #_g/kll 29. O0 UJN
Benzo[b] f tuoranthane _9/kg 23. O0 UJN
Benzofsh,/]perylene ILg/kg 97.00 UJN
Benzo[k) f tuoranthene _9/kg 22.00 UJN
Chrysene _g/kg 191.00 UJN
DieLdrin Ag/kg 8.40 UJ
D|benzo[_] anth raceme _9/kg 38. O0 UJN
0 icamba _g/kg 204. O0 UJ
Oi chtorprop _9/kg 509. O0 UJ
Oinoseb _g/kg 107.00 UJ
Endosutfan suLfate #g/kg 8.40 U
Sndosutfan I _g/kg 4.20 U
Endosutfan l I /Lg/kg 8.40 U
Endfin #g/kg 8.40 U
Endrin aldehyde /xg/kg 8.40 U
Endr|n ketone _g/kg 8.40 U
FLuorene _g/kg 267.00 UJM
Heptachtor _g/kg 4.20 UJ
Heptachtor epoxi de _g/kg 4.20 U
Indeno-1,2,3(c, dP-pyrane #g/kg 55.00 UJN
Hethoxychtor _9/kg 42.00 UJ
14CPA _g/kg 190937.00 UJ
NCPP #Lg/kg 145112.00 UJ
Naphthalene* ;9/kg 2291.00 UJN
Phenanthrene /Lg/k9 81§. O0 UJN
Pyrene #Lg/kg 344.00 UJN
Si trex /Lg/kg 127.00 UJ
Toxaphene _g/kg 420.00 U
2,4-D #g/kg 916.00 UJ
2,4-0B /Lg/kg 087.00 UJ
2,4,5-T /Lg/kg 153.00 UJ
4,4 s-DOD _g/kg 8.40 UJ
4,4 ° -DDE /xg/kg 8.40 UJ
4,41 .DDT ;9/kg 8.40 UJ
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Location = ORR; F_ = DISMAL GAP;, Site = 33

a-BHC _o/kg 4.70 UJ
a-Chlordane _g/kg 4.79 U
II-BHC ._glkg 4.70 UJ
A-IlHC /Lg/kg 4.71) U
y-ilHC (L tndan4) Pdi/kg 4.70 U
y-Cb Lorckme /Lg/kg 4.70 U
ALdrin PO/kS 4.70 UJ
ArocLor 1016 /Lg/k9 94.00 U
ArocLor 1221 Pg/k9 190.00 U
ArocLor 1232 /L9/k9 94.00 U
Aroclor 1242 P4/k9 94.00 U
ArocLor 1248 M/kg 94.00 U
ArocLor 1254 /Lg/kg 94.00 U
ArocLor 1260 /Lg/ko 94.00 U
Acenaphthene OLg/ko 568.00 UJN
AcenaphthyLene /L9/ko 3281.00 UJN
Anthracene _9/k0 _2.00 UJN
Dlmzo(a) anthracene Nl/kg 19. O0 UJM
Benzor_)pyrene /Ig/kg 33. O0 UJN
Banzor_) f Iuoranthene /L9/kg 26.00 UJN
Benzo[l_fl peryt erie /Lglkg 108.00 UJN
Benzo[k] f luoranthane /f4l/kg 24. O0 UJN
Chrysene /Lg/kg 214.00 UJN
Di • Ldr i n /Lg/kg 9.40 UJ
Di benzor_4k]anth rRcene Nl/kg 43. O0 UJN
Dt ciba /Lg/kg 228. O0 UJ
DichLorprop /Lglkg 570.00 UJ
Dinoseb /LO/kg 120.00 UJ
Endosutfan sulfate ILg/kg 9.40 U
Emiosutfan l /Lg/kg 4.70 U
Endosutfan I I /Lg/kg 9.40 U
Emiri n /Lg/kg 9.40 U
Emirin aldehyde /Lg/kg 9.40 U
Emir|n ketone /Lg/kg 9.40 U
FI uorerie /Lg/kg 300. O0 UJN
HeptIlch lor /L91kg 4.70 UJ
HeptachLor epoxide lzglkg 4.70 U
Imiet_- 1,2,3(c,d)-pyrene P41/kg 61.00 UJN
14elhoxychtor /Lg/kg 47. O0 UJ
HCPA /Lglkg 213583. O0 UJ
NCPP /Lg/kg 162323.00 UJ
Naphthalene /Lg/kg 2568.00 UJN
Phenanthrene _9/k9 913. O0 UJN
Pyrene /_o/kg 385.00 UJN
S_lvex /Lo/kg 142.00 UJ
Toxaphene /Lglkg 470.00 U
2,4"0 /Lg/kg 1025.00 UJ
2, k"DB ILg/kg 769. O0 UJ
2,4,5"T /Lg/kg 171.00 UJ
4,4' "DDD /Lg/kg 9.40 UJ
4,4' "DDE /Lg/kg 9.40 UJ
4,4' "DDT /Lg/kg 9.40 UJ

Location = ORR; Formation = DISMAL GAP; Site = 35

ct-6XC ;g/kg 4.20 UJ
ct-Cht ordane _g/kg 4.20 U
IS-BHC _g/kg 4.20 UJ
A-6HC /_9/kg 4.20 U
y-BHC (Lindane) _g/kg /,.20 U
y- ChLordane /Lg/kg 4.20 U
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Atdrtn _g/kg 4.20 UJ
Anoctor 1016 ;g/kg 84.00 U
Aroctor 1221 _g/kg 170.00 U
Aroctor 17.32 _g/kg 84.00 U
Aroctor 1242 _g/kg 84.00 U
Aroctor 1248 _g/kg 84.00 U
Aroctor 1254 Ao/k9 84.00 U
Aroctor 1260 _g/ko 8/,.00 U
Acenaphthene _9/k9 2285. O0 UJN
Acermphthytene _g/k9 2920.00 UJN
Anthracene #Lg/kg 838.00 UJN
BenzoLa]anthracene _g/kg 17. O0 UJH
8enzo[a] pyrene _g/kg 29. O0 UJll
Senzo[b] f t uoran1_hene #Lg/k9 23. O0 UJN
8enzo[,_i] perylene _g/k9 96.00 UJH
8enzo[k] f t uorant hane _g/kg 22. O0 UJN
Chrysene _9/k9 190.00 UJN
Dieldrin #Lg/k9 8.40 UJ
0t benzo[_] anthracene #Lg/k9 38. O0 UJN
Di camba #Lg/kg 202. O0 UJ
Dich torprop #Lg/kg 504. O0 UJ
Dinoseb #Lg/k9 106.00 UJ
Endosutfan sur fate #Lg/kg 8.40 U
Sndosutfan 1 _g/kg 4.20 U
Endosutfan I I #Lg/kg 8.40 U
Sndrin #Lg/k9 8.40 U
Endrin aldehyde _g/kg 8.40 U
Sndrin ketone _g/kg 8.40 U
Fluorene _g/kg 267.00 UJM
Heptachtor _g/kg 4.20 UJ
Heptachtor epoxide Fg/kg 4.20 U
I ndeno-1,2,3(c,d)-pyrene _g/k9 55.00 UJN
Hethoxychtor _g/k9 42.00 UJ
MCPA p.g/kg 189119.00 UJ
MCPP _g/kg 143730.00 UJ
Naphthatane _g/kg 2285. O0 UJN
Phenanthrene #g/k9 813.00 UJN
Pyrene /Gg/k9 343.00 UJN
si tvex ILg/k9 126.00 UJ
Toxaphene _g/kg 420.00 U
2,4-D /Lg/kg 908.00 UJ
2,4-D8 /Lg/kg 681.00 UJ
2,4,5-T #g/kg 151.00 UJ
4,4 e. DDD _g/kg 8.40 UJ
4,4' "DDE #Lg/kg 8.40 UJ
4,41 "DDT _g/kg 8.40 UJ

Location : ORR; Formation = DISMAL GAP; Site ffi 41

a-BHC _g/kg 4.20 UJ
a-ChLordane _g/k9 4.20 U
p-BHC ;g/kg 4.20 U
6-BHC _g/kg 4.20 U
¥-BHC (Lindane) _g/kg 4.20 U
¥-Chtordane _g/kg 4.20 U
Atdrin #g/k9 4.20 U
Arocton 1016 #g/kg 85.00 U
Arocton 1221 ;g/kg 169.00 U
Aroctor 1232 ;g/kg 85.00 U
Aroctor 1242 ;g/kg 85.00 U
Aroctor 1248 _g/kg 85.00 U
Aroctor 1254 ;g/kg 85.00 U
Aroctor 1260 _g/kg 85.00 U
Acenaphthene #g/kg 11464.00 UJN
Acenaphthylene _g/kg 14648.00 UJN
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A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Anthracene vglkg 4203.00 UJN
Benzo[ai anthracene vg/kg 83.00 UJN
BenzoLa]pyrene P4i/kg 146. O0 UJN
BenzoLblf t uoranthene vg/kg 115. O0 UJM
Benzo(ir_£Jper,/t erie vg/k9 484. O0 UJM
Benzo(k] fluoranthene _l/kg 108.00 UJM
Chrysene vg/kg _5.00 UJN
DieLdrin vg/k9 8.50 UJ
Dibenzor_h] anthracene Vg/kg 191. O0 UJN
Dicta vg/k9 408.00 UJ
DichLorprop vg/k9 1019.00 UJ
Dinoseb vg/kg 214.00 UJ
Endosutfan sulfate vg/k9 8.50 U
EndosuLfan ! vg/kg 4.20 U
EndosuLfan I I vglkg d.50 U
E_rin vg/kg 8.50 U
Endrfn aldehyde vg/kg 8.50 UJ
Endrin ketone vg/kg 8.50 U
Ftuoranthene vg/kg 344. O0 UJN
FLuorene vg/kg )337.00 UJN
XeptachLor vg/kg 4.20 U
HeptachLor epoxi de vg/kg 4.20 U
] ndeno-1,2,3(c,d)- pyrene vg/kg 274.00 UJM
NethoxychLor vg/kg _. O0 U
MCPA vg/kg 382117. O0 UJ
MCPP vg/kg 290&09.00 UJ
NaphthaLene vg/k9 11_.00 UJN
Phenanthrene vg/kg 4076. O0 UJN
Pyrene vg/k9 1720.08 UJH
Si | vex Vg/kg 255. O0 UJ
Toxaphene V_t/kg 420. O0 U
2,4-D vg/k9 18_.00 UJ
2,4-DB vg/kg 1376.00 UJ
2,4,5-T vg/kg 306.00 UJ
4,4 s-ODD vg/kg 8.50 U
4,4'-ODE 'vg/kg 8.50 UJ
4,4'"DDT vg/kg 8.50 U

Location = ORR; Formation = DISMAL GAP; Site ffi 43

e-BHC vg/kg 2.10 UJ
-Chtordane vg/kg 2.10 UJ

_-BHC vg/kg 2.10 UJ
A-BHC vg/k9 2.10 UJ
¥-BHC (Lindane} vg/kg 2.10 UJ
y-ChLordane vg/kg 2.10 UJ
ALdrin Vg/kg 2.10 UJ
Ar_c_or 1016 vg/kg 42. O0 UJ
ArocLor 1221 vg/kg 85.00 UJ
ArocLor 12.32 vg/kg 42.00 UJ
ArocLor 1242 vg/k9 42.00 UJ
ArocLor 1248 vg/ko 42. O0 UJ
Aroc_or 12:_4 vg/kg 42. O0 UJ
ArocLor 1260 vg/kg 42.00 UJ
Acenal_thene vg/k9 233.00 U
Acer_thyLene vg/kg 2970.00 UJ
Anthracene vg/kg 850.00 UJ
8enzoLa]anthracene vg/kg 2. O0 0
Benzo[ai pyrene vg/kg 1. O0 UJ
BenzoLh]ftuoranthene vg/kg 2. O0 U
Benzo[gA£JperyLene _9/kg 10.O0 UJ
Benzo[k] f Luorar_thene vg/kg 2. O0 UJ
Chrysene #g/kg 19.00 U
DieLdrin vg/kg 4.20 UJ
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A A horizon

_Analysis Units horizon Qualifier field dup Qualifier

Oi benzo[_] anthracene /¢g/kg 4. O0 U
Endosutfan su[ fate /¢g/kg 4.20 UJ
Enclosutfan I /¢g/kg 2.10 UJ
Endosutfan I I /¢g/kg 4.20 UJ
Endrin /¢g/kg 4.20 UJ
Endrin aldehyde jig/kg 4.20 UJ
Endf |n ketone /¢g/kg 4.20 UJ
Ftuorene jig/kg 270. O0 UJ
HeptachLor /Lg/kg 2.10 UJ
HeptachLor el:oxide /¢g/kg 2.10 UJ
lndeno- 1,2,3(c,d)-pyrene /¢9/kg 60.00 UJ
Methoxycht or /¢g/kg 22. O0 UJ
NaphthaLene _g/kg 2330.00 UJ
Phenanthrene /¢g/kg 830.00 UJ
Pyrene /¢g/kg 35.00 UJ
Toxaphene /¢g/kg 210.00 UJ
4,41 .DDD /¢g/kg 4.20 UJ
4n41. DDE /_g/kg 4.20 UJ
4,4 _"DDT _g/kg 4.20 UJ

Location = ORR; Formation = NOLICHUCKY," Site = 3

=-BHC ;g/kg 2.00 _J
_-Chtordane _g/kg 2.00 U
_-BHC _g/kg 2.00 UJ
A-BHC pg/kg 2.00 UJ
¥-BXC (Lindane) _g/kg 2.00 UJ
y-ChLordane pg/kg 2.00 U
ALdrin _g/kg 2.00 U
ArocLor 1016 ;g/kg 40.00 U
ArocLor 1221 _g/kg 81.00 U
Aroctor 1232 _g/kg 40.00 U
ArocLor 1242 ;g/kg 40.00 U
Aroclor 1248 #g/kg 40.00 U
Aroclor 1254 #g/k9 40.00 U
ArocLor 1260 ;g/kg 40.00 U
Acer_phthene vg/kg 220. O0 UJ
Acermphthy[ene _g/kg 2810 oO0 UJ
Anthracene _g/kg 810.00 UJ
Senzo_] lP/rene _g/kg 3. O0 UJM
Benzo_] f [uoranthene _g/kg 2.00 UJ
Benzo[_h,Operylene _g/kg 9.00 UJ
Senzo_] f Luoranthene _g/kg 2.00 UJM
DieLdrin _g/kg 4.00 UJ
Dibenzo[_h]anthracene _g/kg 4.00 UJ
EndosuLfan s_tfate _g/kg 4.00 U
EndosuLfan I #g/kg 2.00 U
EndosuLfan I! _g/kg 4.00 U
Endrin _g/kg 4.00 U
Endrin aldehyde _g/kg 4.00 U
ketone #g/kg 4.00 U
FLuorene _g/kg 260.00 UJ
Heptachtor #g/kg 2.00 UJ
Xeptachtor epoxide _g/kg 2.00 U
[ndeno-l,2,3(_d)-pyrene #g/kg 50.00 UJ
MethoxychLor #g/kg 20.00 U
NaphthaLene #g/kg 2200.00 UJ
Phenanthrene #g/kg 780.00 UJ
Pyrene _g/kg 33.00 UJN
Toxaphene #g/kg 200.00 U
4,41-ODD #g/kg 4.00 UJ
4,4_'DDE ;g/kg 4.00 UJ
4,41-DDT #g/kg 4.00 UJ
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A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Loca_m = ORK" F_ = NOUCHUCA_," Site= 5

e-BHC /Lg/kg 1.90 UJ
a- Ch[ordane _g/kg 1.90 U
p-eHC _g/ko 1,90 UJ
A-BHC _g/kg 1.90 UJ
y-DHC (L _nclane) _g/kg 1.90 UJ
¥- Chiordane _g/kg 1.90 U
ALdr in ;g/kg 1,90 U
Aroctor 1016 P4m/kg 37.00 U
ArocLor 1221 #g/kg 75.00 U
ArocLor 1232 Ag/kg 37.00 U
Aroctor 1242 _g/kg 37.00 U
Aroc[ or 1248 _g/ko 37. O0 U
ArocLor 1254 jLg/kg 37.00 U
ArocLor 1260 _g/kg :37.00 U
Acenaphthene j_g/kg 202.00 UJ
AcenephthyLene _g/kg 2580.00 UJ
Anthracene j_g/kg 740.00 UJ
Benzo[o] pyrene _g/kg :3.O0 UJ
BenzoLh]f Luoranthene _g/kg 2. O0 UJ
Benzo[_rJ__"Jpery Ierie _g/kg 9. O0 UJ
Benzo[k] f [ uoranthene _g/kg 2. O0 UJ
DieLdrin _g/kg 3.70 UJ
D| benzo[_k] anthracene jLg/kg :3.O0 UJ
Endosutfan sulfate _g/kg 3.70 U
Endosutfan I #glkg 1.90 U
EndosuLfan 1! _g/kg 3.70 U
Endrin _g/kg 3.70 U
Endrin aldehyde _glkg 3.70 U
Endrin ketone Ag/kg 3.70 U
F[uoreno _g/kg 240. O0 UJ
HeptachLor _g/kg 1.90 UJ
HeptachLot epoxide ;g/kg 1.90 U
lndeno- 1,2,3(c,d)-pyrene Ag/kg 50.00 UJ
Methoxych[or _g/kg 19.O0 U
NaphthaLerie /LO/kg 2020. O0 UJ
Phenanthrene ;g/kg 720.00 UJ
Pyrene _g/kg 30.00 UJN
Tox_ohene _g/kg 190.00 U
4,4 ;'ODD _g/kg 3.70 UJ
4,4"DDE ;g/kg 3.70 UJ
4,4"DDT _g/kg 3.70 UJ

Location = ORR; Formation = NOLICHUCKE; Site = 13

• - BHC _g/kg 2.10 UJ
a- Ch[ordane /Lg/kg 2.10 U
II-BHC _g/kg 2.10 UJ
A-BHC /Lg/kg 2.10 UJ
¥-BHC (Lindane) ;g/kg 2.10 UJ
¥- Chtor(lane /_g/kg 2.10 U
ALdrin _g/kg 2.10 U
ArocLor 1016 _g/kg 41.00 U
ArocLor 1221 /_g/kg 82.00 U
Ar_[or 123:_ #_g/kg 41.00 U
Ar_[or 1242 Ag/kg 41.00 U
ArocLor 1248 Ag/kg 41.00 U
Aroclor 1:_5_ Ag/kg 41.00 U
Aroclor 1260 Ag/kg 41.00 U
Acenaphthene Ag/kg 224.00 UJN
Acenaphthyl erie Ag/kg 286.00 UJ
Anthracene Ag/kg 82.00 UJ
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Table C.1 (continued)
A A horizon

_Analysis Units horizon Qualifier field dup Qualifer

8enzo La)pyrene /¢g/kg 3. O0 UJN
8enzoLh)f !uoranthene /¢g/kg 2.00 J
Benzo[_p_:'Jperylene ll9/kg 9.00 UJ
Benzo[k] f tuoranthene /Lg/kg 2.00 UJN *
Dieldrin /¢g/kg 4.10 UJ
Di benzo[_] anthracene _g/kg 4. O0 UJ
SndosuLfan sulfate lig/kg 4.10 U
Endosutfan I /¢g/kg 2.10 U
Endosutfan I I /¢g/kg 4.10 U
Endrin /_g/kg 4.10 U
Endrin aldehyde /Lg/kg 4.10 U
Endri n ketone /¢g/kg 4.10 U
Ftuorene /¢g/kg 26. O0 UJ
Heptacht or /¢g/kg 2.10 UJ
Heptachtor epoxide /¢g/kg 2.10 U
I nderK)-1,2,3(¢,d)-pyrene /¢g/kg 5.00 UJ
Methoxycht or /¢g/kg 21. O0 U
Naphthalene /Lg/kg 224.00 UJ
Phenanthrene /¢g/kg 80. O0 UJ
Pyrene /Lg/kg 34.00 UJN
Toxaphene /¢g/kg 210.00 U
4,4' "DOD /Lg/kg 4.10 UJ
4,4' -DDE /Lg/kg 4.10 UJ
4,4'-DDT ;¢g/kg 4.I0 UJ

Location = ORR; Formation = NOLICHUCKE," Site = 15

:-BHC #g/kg 2.00 UJ
a-eh t ordane /_g/kg 2.00 U
I_-BXC /Lg/kg 2.00 UJ
&-EHC /¢g/kg 2.00 UJ
y-EHC (Lindane) /¢g/kg 2.00 UJ
y- Chtordane /_g/kg 2. O0 U
Atdr i n /¢g/kg 2. O0 U
Aroctor 1016 /¢g/kg 41.00 U
Aroctor 1221 /¢g/kg 82.00 U
Aroctor 1232 #g/kg 41.00 U
Aroctor 1242 /rg/ks 41.00 U
Aroctor 1248 /¢g/kg 41.00 U
Aroctor 1254 /¢g/kg 41.00 U
Aroctor 1260 /¢g/kg 41.00 U
Acenaphthene /¢g/kg 224.00 UJ
Acenaphthyt ene /¢g/kg 286.00 UJ
Anthracene /¢g/kg 82.00 UJ
Benzo[ai pyrene /¢g/kg 3. O0 UJM
BenzoLh]f tuoranthene /¢g/kg 2. O0 UJ
Senzo[_/_,'Jpery tene /¢g/kg 9. O0 UJ
Benzo[k] f t uoranthene /¢g/kg 2.00 UJ
Dieldrin jcg/kg 4.10 UJ
Dibenzo[_h] anthracene /rg/kg 4. O0 UJ
Endosutfan sur fate /¢g/kg 4.10 U
Endosutfan l /tg/kg 2.00 U
Endosutfan I I /¢g/kg 4.10 U
Endri n /¢g/kg 4.10 U
Endrin aldehyde /¢g/kg 4.10 U
Endrin ketone #g/kg 4.10 U
Ft uorene /¢g/kg 26. O0 UJ
Heptach tor /Lg/kg 2.60 UJ
Heptach tor epoxide /¢g/kg 2. O0 U
Indeno-1,2,3(c,d)-pyrene /¢glkg '-- 5.00 UJ
Methoxych tor /¢91kg 20. O0 U
NaphthaLene /Lg/k9 224.00 UJ
Phenanthrene /rg/kg 80. O0 UJ
Pyrene /¢g/kg 34.00 UJX
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A A horizon

Analysis, Units horizon Qualifier field dup Qualifier

Toxaphene pg/kg 200.00 U
4,4*-DOD pg/kg 4.10 UJ
4,4'-0DE pg/kg 4.10 UJ
4,41-00T _g/k9 4.10 UJ

=omr. = NOLICHUCKZ; Site = 16

a-BHC _g/kg 2.00 UJ
:-Chlordane #9/kg 2.00 U
_-BHC ;g/kg 2.00 UJ
A-BHC _g/k9 2.00 UJ
¥-BHC (Lindane) ;g/k9 2.00 UJ
y-Chlordane _g/k9 2.00 U
ALdrin _g/kg 2.00 U
Aroctor 1016 pg/kg 40.00 U
ArocLor 1221 #g/k9 80.00 U
Aroctor 1232 _g/k9 40.00 U
ArocLor 1242 #g/kg 40.00 U
Aroclor 1248 #g/kg 40.00 U
ArocLor 1254 _g/kg 40.00 U
Aroctor 1260 #g/k9 40.00 U
Acenaphthene _g/kg 216.00 UJ
Acenaphthytene _9/kg 276.00 UJ
Anthracene ;g/kg 79.00 UJ
Benzo_]pyrene #g/k9 1.00 J
Benzo_]ftuoranthene ;g/k9 1.00 J
Benzor_rA_perytene _9/k9 9.00 UJ
Benzo_]fluoranthene _g/kg 1.00 J
Dieldrin _g/kg 4.00 UJ
Dibenzo[_)anthracene _g/kg 4.00 UJ
Endosutfan sulfate ;g/kg 4.00 U
SndosuLfan l _g/k9 2.00 U
EndosuLfan li _g/k9 4.00 U
Sndrin ;g/kg 4.00 U
Endrin aldehyde #g/k9 4.00 U
Endrin ketone _9/kg 4.00 U
FLuorene _g/kg 25.00 UJ
Heptachtor _g/kg 2.00 UJ
Heptachtor epoxida _g/k9 2.00 U
Indeno-l,2,3(_d)-pyrene _9/k9 5.00 UJ
Hethoxychtor Fg/k9 21.00 U
Naphthalene Fg/kg 216.00 UJ
Phenanthrene _9/kg 77.00 UJ
Pyrene _9/kg 32.00 UJN
Toxaphene _g/kg 200.00 U
4,4_-DDD ;g/k9 4.00 UJ
4,4*-DDE _g/kg 4.00 UJ
4,4'-DOT _g/kg 4.00 UJ

Location = ORI_" Formation = NOLICHUCKE; Size = 21

• -BHC ;g/kg 2.20 UJ
_-ChLordane ;9/k9 2.20 U
_-BHC ;g/kg 2.20 UJ
A-BHC _g/kg 2.20 UJ
¥-BHC (Lindane) gg/kg 2.20 UJ
y-Chlordane _g/kg 2.20 U
ALdrin _g/k9 2.20 U
Aroctor 1016 ;91k9 44.00 U
Aroctor 1221 ;glkg 88.00 U
ArocLor 1232 _91k9 _+.00 U
ArocLor 1242 ;glkg _4.00 U
ArocLor 12/,8 ;91k9 44.00 U
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TabteCa(.nenued)
A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Aroctor 1254 gg/kg _.00 U
Aroclor 1260 ;g/kg /_.00 U
Acenaphthene #g/kg 240.00 UJ
Acermphthytene gg/kg 3070.00 UJ
Anthracene gg/kg 880.00 UJ
Benzo[ai pyrene _g/kg 3. O0 UJ
Benzo_] f [uoranthene ;g/kg 2. O0 UJ
Senzo[r_ perylene gg/kg 10.00 UJ
Benzo_]ftuoranthene _g/kg 2.00 UJ
Dietdrin _g/kg 4.40 UJ _
Dibenzo[_h]anthracene _g/kg 4.00 UJ
Enclosutfan sutfate _g/kg 4.40 U
EndosuLfan I gg/kg 2.20 U
sndosutfan II _g/kg 4.40 U
Endrin _g/kg 4.40 U
Endrin aldehyde _g/kg 4.40 U
Sndrin ketone _g/kg 4.40 U
FLuorene ;g/kg 280.00 UJ
Heptachtor ;g/kg 2.20 UJ
Heptach[or el:oxide ;g/kg 2.20 U
lndeno-l,2,3(_d)-pyrene #g/kg 60.00 UJ
Methoxychtor _g/kg 22.00 U
Naphthatene gg/kg 2400.00 UJ
Phenanthrene gg/kg 850.00 UJN
Pyrene _g/ko 36.00 UJN
Toxaphene _g/kg 220.00 U
4,41-DDO ;g/kg 4.40 UJ
4,41-DOE _g/kg 4.40 UJ
4,4#-DDT gg/kg 4.40 UJ

Location = ORR; Formation = NOLICHUCKE," Site = 23

a-SHC #g/kg 2.00 UJ
a-Chtordane gg/kg 2.00 U
_-BffC #g/kg 2.00 UJ
&-BHC _g/kg 2.00 UJ
y-EHC (Lindane) gg/kg 2.00 UJ
y-Chtorclane _g/kg 2.00 U
Atdrin _g/kg 2.00 U
Aroctor 1016 ;g/kg 40.00 U
Aroctor 1221 ;g/kg 79.00 U
Aroctor 12:32 _g/kg 40.00 U
Aroctor 1242 _g/kg 40.00 U
Aroctor 1248 gg/kg 40.00 U
Aroctor 1254 gg/kg 40.00 U
Aroctor 1260 ;g/kg 40.00 U
Acenaphthene #g/kg 112.00 J
Acenaphthylene ;g/kg 2750.00 UJ
Anthracene _g/kg 790.00 UJ
Benzo_]pyrene ;g/kg 3.00 UJ
Benzo[b]ftuoranthene _g/kg 2.00 UJ
Benzo[g,h,_perytene gg/kg 9.00 UJ
Benzo_]ftuoranthene gg/kg 2.00 UJ
Oietdrin _glkg 4.00 UJ
Dibenzo[_h]anthracene _glkg 4.00 UJ
Endosutfan sutfate gg/kg 4.00 U
Endosutfan I _g/kg 2.00 U
Endosutfan II _g/kg 4.00 U
Endrin gg/kg 4.00 U
Endrin atdehyde _g/kg 4.00 U
Endrin ketone gg/kg 4.00 U
Ftuorene #g/kg 250.00 UJ
Heptachtor gg/kg 2.00 UJ
Heptachtor epoxide _g/kg 2.00 U
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c l
A A horizon

.Analysis Units horizon Qualifier field dup Qualifier

Indeno-l,2,3(_d)-_trene Ag/ko 50.00 UJ
Nethoxychtor _o/kg 20.00 U
NaphthaLene _g/kg 2150.00 UJ
Phenanthrene _g/kg 760.00 UJ
Pyrene _g/kg 32.00 UJN
Toxap_ene #0/k9 200.00 U
4,4_-DDD _g/kg 4.00 UJ
4e4t-DDE _g/k9 4.00 UJ
4141-DDT _g/kg 4.00 UJ

Location = ORR,. Formation ffiNOLICHUCKE; Site = 24

e-BHC Ag/ko 2.10 UJ
_-Chtorclane _9/kg 2.10 U
_-BHC Ag/k9 2.10 UJ
A-BHC Ag/kg 2.10 UJ
y-BHC (Lindane) Ag/kg 2.10 UJ
y-ChLordane ;9/kg 2.10 U
ALdrin _g/k9 2.10 U
ArocLor 1016 _g/kg 43.00 U
Aroctor 1221 _o/kg 85.00 U
ArocLor 1232 _g/kg 43.00 U
ArocLor 1242 _g/kg 43.00 U
ArocLor 1248 ¢0/k0 43.00 U
ArocLor 1254 _g/kg 43.00 U
ArocLor 1260 #o/kg 43.00 U
Acenaphthene _g/kg 230.00 UJ
Acenaphthytene _g/kg 2940.00 UJ
Anthracene _g/kg 840.00 UJ
BenzoL]pyrene _g/kg 3.00 UJ
Benzo_]ftuoranthene _g/kg 2.00 UJ
Benzo[&_OperyLene ;g/kg 10.00 UJ
Benzo_]ftuoranthene ;g/kg 2.00 UJ
DieLdrin pg/kg 4.30 UJ
Dibenzo[_]anthracene ;g/kg 4.00 UJ
Endosutfan sulfate Ao/kg 4.30 U
EndosuLfan I #g/kg 2.10 U
Endosutfm_ ;X #g/kg 4.30 U
Endrin _g/kg 4.30 U
Sndrin aldehyde _g/kg 4.30 U
Endrin ketone _g/kg 4.30 U
FLuorene #g/kg 270.00 UJ
Heptachtor _g/kg 2.10 UJ
HeptachLor epoxide _g/kg 2.10 U
lndeno-l,2,3(_d)-pyrene ;g/kg 60.00 UJ
Methoxychtor _g/kg 21.00 U
NaphthaLene _g/kg 2300.00 UJ
Phenanthrene _g/kg 820.00 UJN
Pyrene _g/kg 10.00 J
Toxaphene _g/kg 210.00 U
4,41-DDD #g/kg 4.30 UJ
4,41-ODE #g/kg 4.30 UJ
4,41"DDT #9/kg 4.30 UJ

Location = ORR; Formation = NOLICHUCK_; Site = 25

a-BHC _g/kg 2.00 UJ
e-ChLordane _g/kg 2.00 U
p-BHC ;g/kg 2.00 UJ
A-BHC ;g/kg 2.00 UJ
¥-BHC (Lindane) ;g/kg 2.00 UJ
y-ChLordane _g/kg 2.00 U
ALdrin _g/kg 2.00 U
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A A horizon

.Analysis ,Units horizon Qualifier field dup Qualifier

Aroctor 1016 _g/kg 40.00 U
ArocLor 1221 Ag/kg 80.00 U
Aroclor 1232 Ag/kg 40.00 U
Aroctor 1242 _g/kg 40.00 U
Aroclor 1248 Ag/kg 40.00 U
Aroctor 1254 _g/kg 40.00 U
Ar_Lor 1260 ;g/kg 40.00 U
Acenaphthene _9/kg 220.00 UJ
AcenaphthyLene _g/k9 2810.00 UJN
Anthracene Ag/kg 810.00 UJ
Benzo[ai pyrene /_9/kg 3.00 UJN
Benzolbl f l uoranthene Ag/k9 2. O0 UJ

Benzor_r,k,£Jperylene Ag/k9 9.00 UJN
BenzorA:]f I uoranthene _g/k9 2. O0 UJN
Di eLdrin _g/kg 4.00 UJ
Di benzo[_h] anthracene /Lg/kg 4. O0 UJ
EndosuLfan sulfate jzg/kg 4.00 U
Endosulfan I /_g/kg 2.00 U
Endosulfan I I /Lg/kg 4.00 U
Endri n /Lg/kg 4. O0 U
Endrin aldehyde /Lg/kg 4.00 U
Sndrin ketone /Lg/kg 4.00 U
FL_rene /Lglkg 260. O0 UJ
HeptachLor /_g/kg 2.60 UJ
Heptachtor epoxide /Lg/kg 2.00 U
[ ndeno-1,2,3lc, d) -pyrene /_g/kg 50.00 UJ
NethoxychLor /xg/kg 20. O0 U
Naphthalene _g/kg 2200.00 UJ
Phenanthrene /Lg/kg 780.00 UJ
Pyrene /_g/kg 33.00 UJN
Toxaphene /Lg/kg 200.00 U
4,41. DDD /_g/kg 4. O0 UJ
4,41 -DDE /Lg/kg 4.00 UJ
4,41 "DDT _g/kg 4.00 UJ

Location = ORR; Formation = NOLICHUCKY,,"Site = 28

e-BXC /Lg/kg 1.90 UJ
a-eh lordane /Lg/kg 1.90 U
p-BHC /_9/kg 1.90 UJ
A-BXC /,g/kg 1.90 UJ
y-BHC (Lindane) /Lg/kg 1.90 UJ
¥- Chtordane /Lglkg I. 90 U
ALdrin Aglkg 1.90 U
Aroclor 1016 Cglkg 38.00 U
Aroclor 1221 _glkg 76.00 U
ArocLor 1232 /Lg/kg 38.00 U
Aroclon 1242 ¢g/kg 38.00 U
ArocLor 1248 /Lg/kg 38.00 U
ArocLor 125/, /Lg/k9 38.00 U
Aroclor 1200 /_g/kg 38.00 U
Ace_apl_the_ne /6g/kg 207.00 UJ
Acenaphthylene /Lg/kg 2650.00 UJN
Anthracene /Lg/kg 760.00 UJ
Benzo[ai pyrene /_g/kg 3. O0 UJ
Benzolh] f Luoranthene /_g/kg 2. O0 UJ
Benzo_A,_'Jpery I erie /_g/kg 9. O0 UJ
Benzo[k) f Iuoranthene #g/kg 2. O0 UJ
Dieldrin /_g/kg 3.80 UJ
Di benzo[;h] anthracene /_g/kg 3.00 UJ
EndosuLfan suLfate #g/kg 3.80 U
EndosuLfan I _glkg 1.90 U
EndosuLfan I I #,g/kg 3.80 U
Emiri n /_g/kg 3.80 U
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Sndrfn aldehyde /tg/kg 3.80 U
Endrtn ketone /lg/kg 3.80 U
Ftuorene /Lg/kg 240. O0 UJ
Heptscht or /Lg/kg 1.90 UJ
Heptachtor el:oxtde /Lg/kg 1.90 U
Indene- 1,2,3(¢,d)-pyrene /sg/kg 50.00 UJ
gethoxych [ or /tg/kg 19.O0 U
Naphtha tene /Lg/kg 2070.O0 UJ
Phenanthrene /Lg/kg 740.00 UJ
Pyrene /Lg/kg 31.00 UJN
Toxaphene /Lg/kg 190.00 U
4e41-DDD /Lg/kg 3.80 UJ
4,4 e.DDE /Lg/kg 3.80 UJ
4,41 -DDT /Lg/kg 3.80 UJ

Location = ORR; Formation = NOLICHUCI_; Site = 31

a-BHC /Lg/kg 2. O0 UJ
a- Chtordane /Lg/kg 2. O0 U
IJ'BHC ;g/kg 2. O0 UJ
A-BHC /Lg/kg 2.00 UJ
y-BHC (Lindane) /_g/kg 2.00 UJ
y- Chtordane /Lg/kg 2. O0 U
ALdrin #g/kg 2.00 U
Aroctor 1016 /Lo/kg 41.00 U
Aroctor 1221 #g/kg 81.00 U
Aroctor 1232 /sg/kg 41.00 U
Aroctor 1242 /sg/kg 41.00 U
ArocLor 1248 #g/kg 41.00 U
ArocLor 1254 /Lg/kg 41.00 U
Aroctor 1260 #g/kg 41.00 U
Acenaphthene _g/kg 221. O0 UJ
AcenaphthyLene /Lg/kg 283.00 UJ
Anthracene /_g/kg 81.00 UJ
Senzo[ai anthracene #g/kg 2. O0 UJ
Benzo[ai pyrene /lg/kg 3. O0 UJ
SenzoLh]f tuoranthane /Lg/kg 1.00 J
Benzorj,h,,'JperyLene /Lg/kg 9. O0 UJ
Benzo[k] f I,uoranthene /_g/kg 2. O0 UJ
Chrysene /_g/kg 18. O0 UJ
D|etdrin /Lg/kg 4.10 UJ
Di benzo[_h] anthracene /_g/kg 4. O0 UJ
Endosutfan su[ fate /_g/kg 4.10 U
EndosuLfan I /_g/kg 2.00 U
Endosu[fan I I /Lg/kg 4.10 U
Endri n /Lg/kg 4.10 U
Endrin aldehyde _g/kg 4.10 U
Endrin ketone /Lg/kg 4.10 U
F[uorene /Lg/kg 26. O0 UJN
Heptach[ or /_g/kg 2. O0 UJ
Heptach[ or epoxi de /Lg/kg 2. O0 U
I ncleno-1,2,3 (c,d)- pyrene /Lg/kg 5.00 UJ
Methoxychtor #g/kg 20. O0 U
NaphthaLene #g/kg 221.00 UJ
Phenanthrene /Lg/kg 79. O0 UJ
Pyrene /Lg/kg 33. O0 UJ
Toxaphene #g/kg 200. O0 U
4,4'-DDD #g/kg 4.10 UJ
4,41 -ODE #g/kg 4.10 UJ
4,41-DDT /Lg/kg 4.10 UJ
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Location = ORR; Formation ffiNOLICHUCKE; Site ffi42

e-BHC Ag/kg 2.00 UJ
e-ChLordene Ag/k9 2.00 U
;-BHC Ag/kg 2.00 UJ
A-BHC Ag/kg 2.00 UJ
¥-BHC (Lindane) Ag/kg 2.00 UJ
y-Chtordene _9/kg 2.00 U
ALdrin NI/kg 2.00 U
Aroctor 1016 i_g/kg 39.00 U
Aroctor 1221 /4g/kg 78.00 U
Aroclor 17.32 iLg/kg 39.00 U
Aroctor 1242 /4g/kg 39.00 U
Aroctor 1248 /4g/kg 39.00 U
Aroctor 1254 /4g/kg 39.00 U
kroc tor 1260 Ao/ks 39.00 U
Acenaphthene _g/kg 218.00 UJ
Acermpht hyLane _g/kg 2780.O0 UJ
Anthracene /4g/kg 800.00 UJ
Banzo[a] anthracene /4g/kg 2. O0 UJ
Benzo[o] pyrene /4g/kg 3.00 UJ
Benzo[b] f tuorant here /4g/kg 1. O0 d
Senzor&/_"Jpenyterie #g/kg 9. O0 UJN
Senzo[k] f tuoranthene /4g/kg 2.00 UJN
Chrysene /4g/kg 18.00 UJ
Dieldrin /4g/kg 3.90 UJ
Di benzo(_h) anth raceme /4g/kg 4. O0 UJ
EndosuLfan sulfate _g/kg 3.90 U
Endosulfan I #g/kg 2.00 U
Sndesutfan I 1 _G/kg 3.90 U
Endri n /4g/kg 3.90 U
Endrin aldehyde /Lg/kg 3.90 U
Endnin ketone /4g/kg 3.90 U
Fltmrene ;g/kg 250.00 UJ
HeptachI or /Lg/kg 2. O0 UJ
Heptachlor el)oxide /_g/kg 2.00 U
! ndeno-1,2,3Lc,d) -pyrene /4g/kg 50.00 UJ
Nethoxych[or _g/kg 20.00 U
Naphthalene /4g/kg 2180.00 UJ
Phenanthrene /Lg/kg 770. O0 UJM
Pyrene /Lg/kg 11.O0 J
Toxaphene /_g/kg 200.00 U
4,41"DDD /4g/kg 3.90 UJ
4.41"DDE /4g/kg 3.90 UJ
4,4'-DDT /_g/kg 3.90 UJ

Location = ROA; Formation = DISMAL GAP; Site = 3

e-BXC /4g/kg 3.80 UJ
a- Chtordane /Lg/kg 3.80 U
IS-BHC /49/k9 3.80 UJ
6-BHC /Lg/kg 3.80 UJ
y-BHC (Lindane) p.g/kg 3.80 UJ
y- ChLorclane /t91kg 3.80 U
ALdrin /4g/kg 3.80 U
kroctor 1016 /4g/kg 76.00 U
ArocLor 1221 /4g/kg 150.00 U
ArocLor 1232 /4g/kg 76.00 U
Aroclor 1242 /Lg/kg 76.00 U
Aroc [or 1248 /¢g/kg 76.O0 U
Aroctor 1254 p.g/kg 76.00 U
Aroctor 1260 /¢g/kg 76.00 U
Dieldrin /4g/kg 7.60 UJ



C-32

c.!
A A horizon

Analysis ,.... Units ,,horizon Qualifier fleid du,p Qualifier

Dalapon _g/kg 824.00 UJ
Dicmba _g/kg 38.00 U
D| chI orprop Izg/kg 95. O0 U
Oinoseb _g/kg 20.00 U
Endosulfan sul fate lzg/kg 7.60 U
Endosutfan I lzg/kg 3.80 U
Endosutfan l ] _g/kg 7.60 U
Enclrtn lcg/kg 7.60 U
Endrin aldehyde _g/kg 7.60 U
Endrin ketone lug/kg 7.60 U
Heptachtor _g/kg 3.80 UJ
Heptachtor epoxide jLg/kg 3.80 U
Methoxychtor Ju41/kg 38. O0 U
MC:PA Jcg/kg 354q9.00 U
IqCPP W.g/kg 2697q.00 U
Naphthalene iug/kg 2._.00 J
Si trex J_g/kg 24. O0 UJ
Toxaphene _g/kg 380.00 U
2,4-D _g/kg 170.00 U
2,4-OB JLg/kg 128.00 U
2,4,5-T _g/kg 28.00 UJ
4,4 e. DDD _g/kg 7.60 UJ
4,4 ° -DOE _g/kg 7.60 UJ
4,4 e-DDT _g/kg 7.60 U

Location= ROA; Fomuu_n : DISMAL GAP; Site= 7

a-BHC _g/kg 4.50 UJ
a- Chl ordane JLglkg 4.50 U

-BHC Jtglkg 4.50 UJ
A-BHC #tg/kg 4.50 UJ
y-BHC (Lindane) _g/kg 4.50 UJ

• y- Chl ordane _g/kg 4.50 U
Aldr in /Lg/kg 4.50 U
Arm:tor 1016 _g/kg 8g.O0 U
Aroclor 1221 pg/kg 180.O0 U
Aroctor 1232 _g/kg 89.00 U
ArocLor 1242 _g/kg 89.00 U
Aroclor 1248 _9/kg 89.00 U
Aroc t or 1254 JLg/kg 89.O0 U
Anoclor 1260 lzg/kg 89.00 U
Acenaphthene _g/kg 242.00 UJ
Acenaphthyl erie ILg/kg 310.00 UJ
Anthracene lzglkg 89. O0 UJ
Benzo[ai anthracene _9/kg 2. O0 UJ
Benzo[_] pyrene JLg/kg 3. O0 UJ
Benzolbl fluoranthene _9/kg 1.80 JN
Benzolfr;] pery [erie _glkg I0. O0 UJ
aenzo[k] fluoranthene luglkg 2. O0 UJ
Chrysene _9/kg 20. O0 UJ
Dieldrin ;9/kg 8.90 UJ
DeI aport Vg/kg 937. O0 UJ
Dibenzo [_3 anthracene J_g/kg 4.00 UJ
Di camba Izg/kg 43. O0 U
Dichlorprop JLg/kg 108.00 U
Dinoseb Jzg/kg 23.00 U
SndosuLfan sul fate Jg/kg 8.90 U
Endosu[fan I _zg/kg 4.50 U
EndosuLfan l I /_g/kg 8.90 U
Endfi n Jog/kg 8.90 U
Endrin aldehyde /Lg/kg 8.90 U
Endrin ketone Kg/kg 8.90 U
Ftuorerie l_g/kg 28. O0 UJ
Heptach[ on _g/kg 4.50 UJ
Heptachtor epoxide /Lglkg 4.50 U
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Indeno-l,2,3(_d)-pyrene _g/ko 6.00 UJ
Methoxychtor Bg/kg 45.00 U
NCPA _9/kg 40404.00 U
MCPP _g/kg 30707.00 U
NaphthaLene _g/kg 242.00 UJ
Phenanthrene _g/k9 86.00 UJ
Pyrene _g/kg 36.00 UJ
SiLvex _g/kg 27.00 UJ
Toxaphene _g/kg 450.00 U
2,4-D _g/k9 194.00 U
2,4-0S _g/kg 145.00 U
2,4,5-T _g/kg 32.00 UJ
4,41-000 _g/k9 8.90 UJ
4,41-DDE _g/kg 8.90 UJ
4e41"DOT _9/kg 8.90 U

Location = ROA; Formation = DISMAL GAP; Site ffi8

a-BHC _g/kg 4.40 UJ
a-ChLordane _g/kg 4.40 UJ
_-BHC _g/kg 4.40 UJ
A-BHC _g/kg 4.40 U
¥-BHC (Lindane) ;g/kg 4.40 UJ
y-ChLordane _g/k9 4.40 U
ALdrin _g/kg 4.40 U
ArocLor 1016 _g/kg 85.00 U
ArocLor 1221 Cg/kg 172.00 U
ArocLor 1232 _g/kg 85.00 U
Aroctor 1242 _g/k9 85.00 U
ArocLor 1248 _g/k9 85.00 U
Arocior 1254 _g/k9 85.00 U
ArocLor 1260 _9/k9 85.00 U
Acenaphthene ;g/kg 228.00 UJ
AcenaphthyLene tg/kg 291.00 UJ
Anthracene ;g/kg 84.00 UJ
Benzo [a]anthracene _9/kg 2. O0 UJ

Benzo[o]pyrene ;g/kg 3. O0 UJ
BenzoLh]f tuorant hene zg/k9 2. O0 UJ
Oenzo(&_ peryLene zg/kg 10. O0 UJ
Benzo_)fLuoranthene zg/k9 2.00 UJ
Chrysene zg/kg 19.00 UJ
DieLdrin zg/kg 8.50 UJ
OaLaport zg/kg 881. O0 UJ
0 i benzo[_h] anthracene _9/k9 4. O0 UJ
Dicamba tg/kg 41.00 UJ
Dichtorprop Cg/k9 101.00 UJ
D|noseb &g/kg 21.00 UJ
Endosutfan sulfate Lg/k9 8.50 U
EnclosuLfan I _g/k9 4.40 UJ
EndosuLfan II cg/k9 8.50 U
Endrin cg/kg 8.50 U
Endrin aldehyde Lg/kg 8.50 U
Endrin ketone c9/kg 8.50 U
FLuorene _g/kg 27.00 UJ
Heptachtor ;g/k9 4.40 UJ
HeptachLor epoxide _g/kg 4.40 U
lndeno-1,2,3(_d)-pyrene ;glkg 5.00 UJ
gethoxychtor _g/kg 44.00 UJ
MCPA ;g/kg 37989.00 UJ
MCPP ;g/kg 28872.00 UJ
NaphthaLene zg/k9 228.00 UJ
Phenanthrene zg/kg 203.00 J
Pyrene zg/kg 34.00 UJ
SiLvex zg/k9 25.00 UJ
Toxaphene zg/kg 436.00 U
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2,4"D Ag/kg 182.00 UJ
2,4"D8 p,g/kg 137.00 UJ
2,4,5-T Jtg/kg 30.00 UJ
4,4' -DOD _g/kg 6.50 UJ
4,4' "DDE _g/k9 8.50 UJ
4,4' "DDT p,g/k9 14.00 J

Locca_on = ROA,. F_ = DISMAL GAP;, Site = 9

a-SHe Ag/kg 4.00 UJ
a- Chtordane _o/kg 4. O0 U
p-eMC Ag/kg 4.00 U
A-eHC _0/k0 4,00 U
y-BHC (Lindane) _olkg 4.00 U
y-ChLordene _gik9 4, O0 U
At dr | n /Lg/kg 4. O0 U
Aroctor 1016 Ao/ko 81.00 U
ArocLor 1221 A&o/kg 1_3.00 U
ArocLor 1232 _g/ko 81.00 U
ArocLor 1242 jig/kg 81.00 U
ArocLor 1248 _g/kg 81.00 U
Aroctor 1254 jsg/kg 81.00 U
Aroctor 1260 jg/ko 81.00 U
Acenaphthene _&o/kg 11258. O0 UJH
Acenaphthyt one _&g/kg 14386. O0 UJN
Anthracene JLg/ko 4128.00 UJH
Benzo[a] anthracene j&o/kg 81. O0 UJN
8enzo (a] lP/rene JLg/k9 144. O0 UJN
Benzo[b) fluoranthene _g/kg 113.00 UJM
8enzo [&A,i]pery tene _g/kg 475. O0 UJN
Senzo[k] fluoranthene I;g/kg 106.00 UJN
Chrysene I&g/k9 938. O0 UJN
DieLdrin JLglk9 8.10 UJ
O|benzo[wk] anthracene /Lg/k9 188.00 UJH
Di camba _g/kg 400. O0 UJ
Oichtorprop /Lg/kg 1001.00 UJ
Oinoseb L&g/kg 210.00 UJ
Endosutfan surfate _g/k9 8.10 U
EndosuLfan I p,g/kg 4.00 U
Endosutfan l I _glkg 8.10 U
Endf |n i&g/kg 8.10 U
Sndrin aldehyde _g/ko 8.10 UJ
Endrin ketone _g/kg 8.10 U
FLuoranthene _g/kg 338.00 UJN
FLuorene _glkg 1313.00 UJN
Heptach Lor JLg/k9 4. O0 U
Heptachtor el:oxide ILg/kg 4.00 U
I ndeno-1,2,3(c,d)- pyrene Ag/kg 269.00 UJN
HethoxychLor /Lg/kg 40. O0 U
MCPA _g/kg 375281. O0 UJ
MCPP /to/k9 285214.00 UJ
NaphthaLene A&g/ko 11258.00 UJM
Phenanthrene _g/kg 4003.00 UJM
Pyrene _g/k9 1689.00 UJN
Si tvex p.g/kg 250.00 UJ
Toxaphene jsg/kg 400.00 U
2,4-0 _g/kg 1801.00 UJ
2,4-DE /_g/kg 1351.00 UJ
2,4,5"T /¢glkg 300.00 UJ
4,4' "DDD _g/ko 8.10 U
4,41 "DDE _9/kg 8.10 UJ
4,41"DDT I&g/kg 8.10 U
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Location = ROA; Formation = DISMAL GAP; Site = 10

a-BHC #g/kg 6.30 UJ
a-ChLordane /Lg/kg 6.30 U
II-BHC /Lll/kg 6.30 UJ
A-BHC _g/kg 6.30 UJ
y-eriC (Lindane) ;g/kg 6.]0 UJ
y-Chlordane /Lg/kg 6.]0 U
ALdrin /Lg/kg 6.30 U
Aroctor 1016 /Lg/kg 130.00 U
Aroctor 1221 _g/kg 250.00 U
Aroctor 1232 _g/kg 130.00 U
Aroctor 1242 _g/kg 130.00 U
Aroctor 1248 _9/k9 130.00 U
Aroctor 1254 /Lg/kg 130.00 U
Ar_tor 1260 _g/kg 130.00 U
Acenaphthene /Lg/kg 3407. O0 UJ
Acenaphthylerie #g/kg 4354.00 UJ
Anthracene /Lg/kg 1249.O0 UJ
Senzo[a] anthracene /Lg/kg 25. O0 UJ
Benzor_]pyrene /Lg/kg 44. O0 UJ
Ber_o[bi f t uoranthene /Lg/kg 34.00 UJ
Benzor_,k,_perylene _g/kg 144. O0 UJ
BenzoLt] f t uoranthene /Lg/kg 32. O0 UJ
Chrysene /Lg/kg 284.00 UJ
Dieldrin /Lg/kg 13.00 UJ
Di benzo[_] anthracene /Lg/kg 57. O0 UJ
Endosutfan sulfate /Lg/kg 13.00 U
Endosutfan ! /Lg/kg 6.30 U
Endosutfan I I /Lg/kg 13.00 U
Endri n /Lg/kg 13.00 U
Endnin aldehyde /Lg/kg 13.00 U
Endrin ketone /Lg/kg 13.00 U
F tuorene /Lg/kg 398.00 UJ
Heptachtor /Lg/kg 6.30 U
Heptachtor el)oxide /Lg/kg 6.30 U
I ndeno-1,2,3 Lc,d)- pyrene /Lg/kg 81.00 UJ
Nethoxychtor /_g/kg 63. O0 U
Naphthalene /Lg/kg 3407.00 UJ
Phenanthrene /Lg/kg 1211.00 UJ
Pyrene /Lg/kg 511.00 UJ
Toxaphene /Lg/k9 630.00 U
4,4' -DDD /_g/kg 13.00 UJ
4,4' -DDE /_g/kg 13.00 UJ
4,4; - DDT /_g/kg 13.O0 U

Location = ROA; Formation = DISMAL GAP; Site = 13

a-BHC /_g/kg 4.20 UJ 4.1 UJ
el-Chtordane /,g/kg 4.20 U 4.1 U
ID-BHC /Lg/kg 4.20 UJ 4.1 UJ
A-BHC /Lg/kg 4.20 UJ 4.1 UJ
y-eHC (Lindane) /Lg/kg 4020 UJ 4.1 UJ
y- Chlordane ;g/kg 4.20 U 4.1 U
Afdr in /Lg/kg 4.20 U 4.1 U
Aroctor 1016 /Lg/kg 84.00 U 82.0 U
Aroctor 1221 /Lg/kg 170.00 U 160.0 U
Aroctor 1232 /Lg/kg 84.00 U 82.0 U
Aroc lor 1242 #g/kg 84. O0 U 82.0 U
Aroclor 1248 /_g/kg 8/,.00 U 82.0 U
Aroctor 1254 /_g/kg 84.00 U 82.0 U
Aroctor 1260 /_g/kg 84.00 U 82.0 U
Acenaphthene /_g/kg 229. O0 U 223.0 U
Acenaphthyt erie /_g/kg 2930.00 UJ 2850.0 UJ
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Anthracene /&g/kg 840. O0 UJ 820.0 U
Benzor_]anthracene /&g/kg 2.0 U 2.0 U
Benzor_]pyrene /&g/kg 3. O0 UJ 3.0 UJ
Benzo[b] f t uorant hene /&g/kg 1. O0 J 1.0 J
Benzo[r_fl peryt ene /&g/kg 10.O0 UJ 9.0 UJ
Ber_,o[k] f t uorant hene /&g/kg 2. O0 UJ 2.0 UJ
Chrysene /&g/kg 19.0 U 19.0 U
DieLdrin /&g/kg 8.40 UJ 8.2 UJ
D| benzo[,_] anthracene /&g/kg 4.00 UJ 4.0 U
Endesutfan sulfate /&g/kg 8.40 U 8.2 U
Endosutfan I /&g/kg 4.20 U 4.1 U
EndosuLfan II /&g/kg 8.40 U 8.2 U
EndrJn /&g/kg 8.40 U 8.2 U
Endrin aLdehyde /_g/kg 8.40 U 8.2 U
EnclrJn ketone /&g/kg 8.40 U 8.2 U
FLuorene /&g/kg 270. O0 UJ 260.0 UJ
HeptachLor /&g/kg 4.20 U 4.1 U
HeptachLor epox|de #g/kg 4.20 U 4.1 U
Incieno-1,2,3(c,d)-pyrane /&g/kg 50.00 UJ 50.0 UJ
HethoxychLor /&g/kg 43. O0 U 41.0 U
NaphthaLene /&g/kg 2290.O0 UJ 2230.0 UJ
Phenanthrene /&g/kg 790.00 UJ 790.0 UJ
Pyrene /_g/kg 34.00 U 33.0 UJ
Toxaphene /&g/kg 420.00 U 410.0 U
4,4'-DDD /&g/kg 8.40 UJ 8.2 UJ
4,4'-DDE /&g/ks 8.40 UJ 8.2 UJ
4,4'-DDT #g/kg 8.40 U 8.2 U

Locates = ROA; Fommtion = DISMAL GAP; Site = 14

e-BHC p.g/kg 2.20 UJ
e-ch Lorclane p41/kg 2.20 UJ
_-BHC /&g/kg 2.20 UJ
&- 8HC /&g/kg 2.20 UJ
y-BHC (L j rv:lar_) /&g/kg 2.20 UJ
y-Ch Lordane /&g/k9 2.20 UJ
ALdr Jn /&g/kg 2.20 UJ
AracLor 1016 /&g/kg L_.O0 UJ
ArocLor 1221 /&g/kg 89.00 UJ
ArocLor 1232 /&g/kg L_.O0 UJ
ArocLor 1242 /&g/kg 64.00 UJ
ArocLor 1248 /&g/kg L_.O0 UJ
ArocLor 1254 #g/kg L_.O0 UJ
ArocLor 1260 /&g/kg 44.00 UJ
Acenol_thene #g/kg 240.00 UJ
Acanaphthytene Np/kg 3070.00 UJ
Anthracene /&g/kg 880. O0 UJN
ilenzo[ai pyrene /&g/kg 1. O0 JN
Benzo(b) f Luoranthane /&g/kg 2. O0 UJN
Benzo[gA_'Jpery Lerie /&g/kg 10.O0 UJ
Benzo[k] ,_Luoranthane /&glkg 2. O0 UJN
Oietdrin ;g/kg 4.40 UJ
Di benzo [a,k]anthracene /&g/kg 4.00 UJ
EndosuLfan suLfete /&g/kg 4.40 UJ
EnclosuLfan I /&g/kg 2.20 UJ
Endosutfan Il Ag/kg 4.40 UJ
Endf i n /&g/kg 4.40 UJ
Endr|n aldehyde /&g/kg 4.40 UJ
Endrin ketone /&g/kg 4.40 UJ
Ft uorene /&g/kg 280. O0 UJ
HeptachLor /&g/kg 2.20 UJ
HeptachLor el)oxide /&g/kg 2.20 UJ
Incleno-1,2,3(c,d)- pyrene /&g/kg 60.00 UJ
14ethoxychLor /&g/kg 22. O0 UJ
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Naphthalene _g/k9 2400.00 UJ
Phenanthrene ;g/kg 850.00 UJ
Pyrene ;g/kg 36.00 UJ
Toxaphene _g/kg 220.00 UJ
4,41-DDD &g/kg 4.40 UJ
4,41"DDE _g/kg 4.40 UJ
4,4_'DDT &g/kg 4.40 UJ

Location = ROA; Fo_ = DISMAL GAP; Site = 17

a-BHC _g/kg 3.80 UJ
_-Chtordane &g/kg 3.80 U
_-BHC _g/kg 3.80 UJ
A-BHC _g/kg 3.80 U
y-BHC (Lindane) _g/kg 3.80 U
y-ChLordane _g/kg 3.80 U
ALdrin _g/kg 3.80 U
Aroctor 1016 _g/kg 76.00 U
Aroctor 1221 _g/kg 150.00 U
Aroctor 1232 _g/kg 76.00 U
Aroclor 1242 _g/kg 76.00 U
Aroctor 1248 gg/kg 76.00 U
Aroctor 1254 _g/kg 76.00 U
Aroctor 1260 _g/kg 76.00 U
Acenaphthene _g/kg 2091.00 UJN
Acenaphthytene gg/kg 2672.00 UJN
Anthracene gg/kg 767.00 UJN
Beflzo[a)anthracene ;g/kg 15.00 UJN
Benzo_)pyrene _g/kg 27.00 UJN
Senzo_]ftuoranthene gg/kg 21.00 UJN
Benzo[r_perytene _g/kg 88.00 UJN
Senzo[k]ftuoranthene _g/kg 20.00 UJN
Chrysene ;g/kg 174.00 UJN
DieLdrin ;g/kg 7.60 UJ
Pibenzo[_]anthracene _9/kg 35.00 UJN
Picamba #g/kg 185.00 UJ
DichLorprop gg/kg 462.00 UJ
Dinoseb gg/kg 97.00 UJ
EndosuLfan sulfate _g/kg 7.60 U
Endosutfan I _g/kg 3.80 U
EndosuLfan li _/kg 7.60 U
Endrin #g/kg 7.60 U
Emlrin aldehyde _g/kg 7.60 U
Endrin ketone _g/kg 7.60 U
FLuorene _g/kg 244.00 UJN
Heptachtor _g/kg 3.80 U
Heptochtor epoxide _g/kg 3.80 U
lndeno-l,2,3(_d)-pyrene _g/kg 50.00 UJN
HethoxychLor ;g/kg 38.00 UJ
MCPA _g/kg 173405.00 UJ
MCPP _g/kg 131788.00 UJ
NaphthaLene _g/kg 2091.00 UJH
P;tenanthrene _g/kg 744.00 UJN
Pyrc_ne _g/kg 314.00 UJN
SiLvex gg/kg 116.00 UJ
Toxaphene ;g/kg 380.00 U
2,4-D gg/kg 832.00 UJ
2,4-DB ;g/kg 624.00 UJ
2,4,5-T _g/kg 139.00 UJ
4,4'-DDD #g/kg 7.60 UJ
4,4'-DOE ;g/kg 7.60 UJ
4,4_-DDT _g/kg 7.60 UJ
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C.1
A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Location = ROA; Formation = DISMAL GAP;,Site = 19

a-BHC _g/l(9 4.40 O
a- Chtordane _g/kg 4.30 U
p-BHC #9/kg 4.30 UJ
A-BHC _g/k9 4.30 U
y-BHC (Lindane) _9/kg 4.30 UJ
¥- ChLordane _0/k9 4.30 LI
ALdri n _9/k9 4.30 UJ
ArocLor 1016 _9/k9 86.00 U
Aroctor 1221 _9/k9 170.00 U
Aroctor 1232 _9/k9 86.00 U
ArocLor 1242 #g/kg 86.00 U
ArocLor 1248 /Lo/k9 86.00 U
ArocLor 1254 _g/kg 86.00 U
ArocLor 1260 #g/k9 86.00 U
Acenaphthene 1¢9/k9 233.00 UJN
Acenaphthytene #9/kg 298.00 UJN
Anthracene #g/kg 85.00 UJN
BenzoLa]anth riicene _9/k9 2. O0 UJ#
BenzoLa]pyrene #Lg/kg 3. O0 UJN
BenzoLblf Luora, thene /Lg/k9 2.00 UJN
Benzo[&A_'Jperylene #Lg/kg 10.00 UJH
Benzo[k] f Luoranthene Nl/kg 2. O0 UJM
Chrysene _g/kg 19.00 UJN
DieLdrin /Lg/k9 8.60 U
Dibenzo _] anthracene #g/kg L,.O0 UJM
Dicamba #Lg/k9 20&.O0 UJ
Oich Lorprop #9/kg 509.00 UJ
Oinoseb #_g/kg 107.00 UJ
EndosuLfan sulfate p_/kg 8.60 U
EndosuLfan I jg/k9 4.30 U
EndosuLfan I l _9/kg 8.60 U
Endfi n _9/k9 8.60 U
Endrin aldehyde Ag/kg 8.60 U
Endrin ketone _g/k9 8.60 U
Ftuorene #9/k9 27. O0 UJN
Heptach tor _9/k9 4.30 U
Heptachtor epoxide #Lg/kg 4.30 U
I ndeno- 1,2,3(c,d)-pyrene p4/kg 6.00 UJN
MethoxychLor _g/k9 43.O0 UJ
MCPA _g/kg 190824.O0 UJ
HK:PP jsg/kg 145027.00 UJ
NaphthaLene j_/kg 233.00 UJil
Phenanthrene #Lg/k9 &3.00 UJN
Pyrene _g/k9 35.00 UJN
Si trex Ng/kg 127.00 UJ
Toxaphene _9/kg 430.00 U
2,4-D #Lg/k9 916.00 UJ
2,4-DB #Lg/kg 687.00 UJ
2,4,5-T _g/kg 153.00 UJ
4,4 a-DDG &g/kg 8.60 U
4,41 -DDE jLg/k9 8.60 U
4,41 -DDT #Lg/kg 8.60 U

Location = ROA; Formation = DISMAL GAP; Site = 20

:-BHC _9/kg 1.90 UJ
a- ChLordane _9/kg 1.90 UJ
_-BHC _9/kg 1.99 UJ
A-BHC _9/kg 1.90 UJ
y-BHC (Lindane) _g/kg 1.90 UJ
y-eh tordane _9/kg 1.90 UJ
Aldr i n _g/kg 1.90 UJ
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A A horizon

Analysis Units horizon Qualifier field dup Qualifier

Aroclor 1016 ;g/kg 39.00 UJ
Aroclor 1221 ;g/kg ?8.00 UJ
Aroclor 12.32 _g/kg 39.00 UJ
Aroclor 1242 _g/kg 39.00 UJ
Anoclor 1248 ;g/kg 39.00 UJ
Aroclor 1254 _g/kg 39.00 UJ
Aroclor 1260 _g/kg 39.00 UJ
Acenaphthene _g/kg 213.00 UJ
Acermphthytene _g/kg 272.00 UJ
Anthracene _g/kg 78.00 UJ
Denzo_] anthracene _g/kg 2. O0 UJ
Oenzo_] pyrene _g/kg 3. O0 UJ
Benzo_] fluoranthene _g/kg 2.00 UJ
Benzo[j_ perylene _g/kg 9.00 UJ
Benzo_] f t uoranthene _glkg 2. O0 UJ
Chrysene _g/kg 18.00 UJ
Dieldrin _g/kg 3.90 UJ
Datapon _g/kg 827.00 UJ
Dibenzo[_]anthracene _g/kg 4.00 UJ
DicaN_ ;g/kg 38.00 UJ
Dichlorprop _g/kg 95.00 UJ
Dinoseb _g/kg 20.00 UJ
Endosulfan sulfate ;g/kg 3.90 UJ
Endosut_an l _g/kg 1.90 UJ
Endosulfan II ;g/kg 3.90 UJ
Endrin _g/kg 3.90 UJ
Endrin aldehyde _g/kg 3.90 UJ
Endrin ketone _g/kg 3.90 UJ
Fluorene _g/kg 119.00 J
Heptachtor ;g/kg 1.90 UJ
Heptachlor epoxide _g/kg 1.90 UJ
lndeno-l,2,3(_d)-pyrene _g/kg 5.00 UJ
Methoxychtor #g/kg 19.00 UJ
MCPA _g/kg 35668.00 UJ
MCPP ;g/kg 27107.00 UJ
Naphthalene _g/kg 213.00 UJ
Phenanthrene _g/kg 76.00 UJ
Pyrene _g/kg 32.00 UJ
Sitvex _g/kg 24.00 UJ
Toxaphene ;g/kg 190.00 UJ
2,4-D ;g/kg 171.00 UJ
2,4-DB ;g/kg 128.00 UJ
2,4,5"T ;g/kg 29.00 UJ
4,4e-DDD ;g/kg 3.90 UJ
4,4t-DDE _g/kg 3.90 UJ
4,41-DDT _g/kg 3.90 UJ

Location = ROA; Formation = DISMAL GAP; Site : 21

=-BHC ;g/kg 2.10 UJ
e-Chlordane Ag/kg 2.10 UJ
_-BHC ;g/kg 2.10 UJ
A-BHC _g/kg 2.10 UJ
y-BHC (Lindane) _g/kg 2.10 UJ
y-Chlordane ;g/kg 2.10 UJ
Aldrin ;g/kg 2.10 UJ
ArocLor 1016 #g/kg 41.00 UJ
Aroctor 1221 ;g/kg 82.00 UJ
Arc_tor 1232 Ag/kg 41.00 UJ
Aroclor 1242 _g/kg 41.00 UJ
Aroctor 1248 #g/kg 41.00 UJ
Ar_tor 1254 _g/kg 41.00 UJ
Ar_lor 1260 Ag/kg 41.00 UJ
Acena_th_e ;g/kg 229.00 UJ
Acenaphthylene ;g/kg 2920.00 UJ
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Table C.Z (con_ucd)
A A horizon

Analysis Units horizon Qualifier fielddup Qualifier

Anthracene _g/kg 840.00 UJ
Beflzo[ai anthracene lgg/kg 2. O0 UJ
Benzo[o] pyrene. Icg/kg 3. O0 UJ
aenzolbl f t uoranthene lgg/kg 2. O0 UJ
Benzo[&K_ pery tere /¢g/kg 10. O0 UJ
Senzo[k] f t uoranthene _g/kg 2. O0 UJ
Chrysene _g/kg 19.00 UJ
Dieldrin _g/kg 4.10 UJ
Dibenzo [_] anthracene lgg/kg 4.00 UJ
Endosutfan sulfate _g/kg 4.10 UJ
Endesutfan I lgg/kg 2.10 UJ
Endosutfan II #g/kg 4.10 UJ
Sndrin lLg/kg 4.10 UJ
Sndrin aldehyde Igg/kg 4.10 UJ
Endrin ketone Agg/kg 4.10 UJ
Fluorene /¢g/kg 270.00 UJ
Heptach tor /¢g/kg 2.10 UJ
Heptachtor epoxide lcg/kg 2.10 UJ
[ndeno- 1,2,3(c,d)-pyrene /¢g/kg 50.00 UJ
Methoxychtor lgg/kg 8.20 UJ
Naphthalene _g/kg 2290.00 UJ
Phenanthrene lgg/kg 810.00 UJ
Pyrene /¢g/kg 34.00 UJ
Toxaphene _gg/kg 210. O0 UJ
4,4' -DOD lgg/kg 4.10 UJ
4,41. DDE _gg/kg 4.10 UJ
4,4* -DDT Icg/kg 4.10 UJ

Location = ROA; Fornmtion = DISMAL GAP; Site = 22

ec-BHC p,glkg 3.90 UJ
a- Chtordane gg/kg 3.90 UJ
_-BHC /¢g/kg 3.90 UJ
A-BHC /¢g/kg 3.90 UJ
¥-BHC (Lindane) /¢g/kg 3.90 UJ
y- Chlordane igg/kg 3.90 UJ
Aldrin ;g/kg 3.90 UJ
Aroclor 1016 Icg/kg 77.00 UJ
Aroctor 1221 _¢g/kg 150.00 UJ
Aroclor 1232 /¢g/kg 77.00 UJ
Aroctor 1242 ;g/kg 77.00 UJ
Aroclor 1248 #g/kg 77.00 UJ
Aroctor 1254 gg/kg 77.00 UJ
Aroclor 1260 #g/kg 77.00 UJ
Acenal_thene /¢g/kg 213.00 UJ
Acenaphth'),[ere #g/kg 272.00 UJ
Anthracene Itg/kg 78. O0 UJ
Benzo[ai anthracene /¢g/kg 2. O0 UJ
Benzora]pyrene Icg/kg 3. O0 UJ
Benzolh] f I uorenthene lcg/kg 2.00 UJ
Benzo[g_ peryl ere /¢g/kg 9. O0 UJ
Benzo[k] f tuoranthene Icg/kg 2. O0 UJ
Chrysene lcg/kg 18.O0 UJ
Dieldrin lcg/kg 7.70 UJ
Oatapon vg/kg 806. O0 UJ
Dibenzor_h]anthracene /Lg/kg 4.00 UJ
Dicamba /¢g/kg 37'.O0 U
Dich t orpnop /¢g/kg 93. O0 U
Di noseb /¢g/kg 19.O0 U
Endosutfan sulfate lcg/kg 7.70 UJ
Endosutfan I /¢g/kg 3.90 UJ
Endosutfan l I ;g/kg 7.70 UJ
Endrin #g/kg 7.70 UJ
E_rin aldehyde ;g/kg 7.70 UJ
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Table C.1 (mmiuued)
A A horizon

Analysis ,, Units horizon Qualifier field dup _.Qualifier

Endrin ketone _g/kg 7.70 UJ
Ft uorene /Lg/kg 25. O0 UJ
Heptacht or ;g/kg 3.90 UJ
Heptachtor epoxide _g/kg 3.90 UJ
Incleno-1,2,3(c,d)-pyrene J_g/kg 5.00 UJ
Methoxycht or #g/kg 40. O0 UJ
MCPA _gg/kg 34722. O0 U
MCPP /_g/kg 26389.00 U
Nal_that ene _g/kg 496.00 J
Phenanthrene _g/kg 76.00 UJ
Pyrene lug/kg 32.00 UJ
Si trex _g/kg 23. O0 UJ
Toxaphene _g/kg 390.00 UJ
2,4-D _g/kg 167.00 U
2,4-DB _g/kg 125.00 U
2,4,5-T lgg/kg 28.00 UJ
4 _41. DDD /tg/kg 7.70 UJ
4,41 -DOE ;g/kg 7.70 UJ
4,41 -DDT _g/kg 7.70 UJ
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NO1_ When available, the validation qualifiers are used in this
appendix. When validation qualifiers are not available,
the corresponding laboratorydata qualifiers are used.
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V_ATOR DATA QUALIFIER DEFINITIONS

The following definitions provide brief explanations of the qualifiers assigned tO the data
in this appendix.

U The analyte was analyzed for but was not detected above the
reported sample quantitiation limit.

J The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the
sample.

N The analysis indicates the presence of an analyte for which
there is presumptive evidence to make a tentative
identification.

JN The analysis indicates the presence of an analyte that has
been tentatively identified, and the associated numerical
value represents its approximate concentration.

UJ The analyte was not detected above the reported sample
quantitation limit. However, the reported quantitation limit
is approximate and may or may not represent the actual limit
of quantitation necessary to accurately and precisely measure
the analyte in the sample.

R The sample results are rejected because of serious
deficiencies in the ability to analyze the sample and meet
quality control criteria. The presence or absence of the
analyte cannot be verified.

UN The laboratory did not register this compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. No other
qualification of the data was made.

UJN The laboratory did not report the compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. The data were
qualified as estimated, J, because of other discrepancies with
the data.

RN The laboratory,did not report the compound, but there was
evidence of a compound that was within the retention time
window but was not reported. The data were qualified as
unusable, R, because of other discrepancies with the data.
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LABORATORY DATA QUALIFIER DHFINrHONS

The following contract laboratory data qualifiers are used in this project.

organic

Qualifier Eaplanation
, , ii

U Indicates compound was analyzed for but not detected.

J Indicatesan estimated value.

N Indicates presumptive evidence of a compound [used only for tentatively
identified compounds CYICs)].

P Used for pesticide/aroclor target analytes when there is greater than 25%
difference for detected concentrations between the two gas chromatograph (OC)
columns. The lower of the two is reported and flagged.

C Used for pesticide results where the identification has been confirmed by
OC/mass spectrograph (MS).

B Used when the analyte is found in the associated blank as well as in the sample.

D Identifies ali compounds in an analyte at a secondary dilution factor.

A Indicates that a TIC is a suspected aldol-condensation product.

X Other specific flags may be used to properly define the results. If they are used
they must be fully described and attached to the Sample Data Package.

f

Inorganic

Qualifier Explanation
Hl "

U Indicates compound ,_as analyzed for but not detected.

J Indicatesan estimated value.

N Spiked sample recovery not within control limits.

E Reported value estimated because of the presence of interference.

M Duplicate injection precision not met.

B Reported value was obtained from a reading that wa_ less than the CRDL, but
greater than or equal to the instrument detection limit (IDL).

S Reported value was determined by the method of standard additions (MSA).

W Post-digestion spike for furnace atomic absorption is out of control limits, while
sample absorbance is less that 50% of spike absorbance.

* Duplicate analysis not within control limits.

+ Correlation coefficient for the MSA is less than 0.995.
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NOTICE ABOUT UNUSABLE DATA

The europium-155 data contained in this report have been determined to be unusable, because
of possible interference with the gamma spectra of other naturallyoccurring radionuclides in
soils. Although these data were used throughout the analyses dLscus.se.din this report, including
the evaluation of risk,the effects of eliminatingthe europium-155 data from riskconsiderations
are minimal, be.causethe risksposed to human health from ingestion of and external exposure
to uncontaminated soil on the Oak Ridge Reservation (ORR) containing background levels of
europium-155 are relativelysmall (5.97 x 10"lIand 1.49 x 10"7,respectively). Furthermore,
individualrisks are negligible when compared with the total pathway riskfrom ingestion of and
external _ure to background levels of ali radionuclides on the ORR (pathway risks are
7.39 x 10" and 6.38 x 10:4,respectively). Hence, elimination of the europium-155 data from
this data set would not significantlychange the riskvalues, and similar statements are also true
for the europium-155 background risks for Anderson and Roane counties. Revised Phase I
results will be presented in the project final report.

NO'l_ When available, the validation qualifiers are used in this
appendix. When validation qualifiers are not available,
the corresponding laboratory data qualifiers are u.se.d.
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VALIDATOR DATA QUA_ DEFINrrIONS

The following definitions provide brief explanations of the qualifiers assigned to the data
in this appendix.

U The analyte was analyzed for but was not detected above the
reported sample quantitiation limit.

J The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the
sample.

N The analysis indicates the presence of an analyte for which
there is presumptive evidence to make a tentative
identification.

JN The analysis indicates the presence of an analyte that has
been tentatively identified, and the associated nwnt_rical
value represents its approximate concentration.

UJ The analyte was not detected above the reported sample
quantkation limit. However, the reported quantitation limit
is approximate and may or may not represent the actual limit
of quantitation necessary to accuratelyand precisely measure
the analyte in the sample.

R The sample results are rejected because of serious
deficiencies in the ability to analyze the sample and meet
quality control criteria. The presence or absence of the
analyte cannot be verified.

UN The laboratory did not register this compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. No other
qualification of the data was made.

UJN The laboratory did not report the compound, but there was
presumptive evidence of a compound that was within the
retention time window but was not reported. The data were
qualified as estimated, J, because of other discrepancies with
the data.

RN The laboratory did not report the compound, but there was
evidence of a compound that was within the retention time
window but was not reported. The data were qualified as
unusable, R, because of other discrepancies with the data.
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LABORATORY DATA QUALIFIER DEFINITIONS

The following contract laboratory data qualifiers are used in this project.

orsa

Explanadon
iii i

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Indicates presumptive evidence of a compound [used only for tentatively
identified compounds (TICs)].

P Used for pesticide/aroclor target analytes when there is greater than 25%
difference for detected concentrations between the two gas chromatograph (GC)
colunms. The lower of the two is reported and flagged.

C Used for pesticide results where the identification has been confirmed by
GC/mass spectrograph (MS).

B Used when the analyte is found in the associated blank as well as in the sample.

D Identifies ali compounds in an analyte at a secondary dilution factor.

A Indicates that a TIC is a suspected aldol-condensation product.

X Other specific flags may be used to properly define the results. If they are used
they must be fully described and attached to the Sample Data Package.

Inorgaak
IHI I I II I IIIII I I I[ I II I II I ii IIIII I

Explanation

U Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

N Spiked sample recovery not within control limits.

E Reported value estimated because of the presence of interference.

M Duplicate injection precision not met.

B Reported value was obtained from a reading that was less than the CRDL, but
greater than or equal to the instrument detection limit (IDL).

S Reported value was determined by the method of standard additions (MSA).

W Post-digestion spike for furnace atomic absorption is out of control limits, while
sample absorbance is less that 50% of spike absorbance.

* Duplicate analysis not within control limits.

+ Correlation coefficient for the MSA is less than 0.995.
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RELATION OF SAMPLE NUMBERS TO LABORATORY
SAMPLE DELIVERY GROUPS (SDGs)
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_b_ F.I:Rmeo_,of=mr_n=nbentot_boratoO'==pl=de_,_rygroups_SD_)
SDG number Sample number
_ ll,m iJ ii i ,

Inorganics

042260 5001, 5004, 5007

0422260, 0430260/0508250/05111260 5001, 5004, 5007, 5010, 5013, 5016, 5019, 5022,
5025, 6001, 6004, 6007, 6010, 6013, 6016

0430260 5001, 5004, 54307

0508260 5010, 5013, 5016, 5019, 5022, 5025

0511250 5010, 6013, 6016

0514260 5028, 5031, 5034, 5037, 5040, 5043, 6019, 6022,
5025

519260 3144, 5028, 6031, 6034, 6037, 6040, 6043

0727260/0728250/0729260 5055, 5058, 5061, 5064, 5067, 5070, 5073, 5076,
5079, 5082, 5085, 5088

0722250/0723260 7001, 700lD, 7001, 7004, 7007, 7010, 7013, 7016,
7019, 7022, 7025, 7028, 7031, 7034, 7037FD,=
7040FD, 7043FD

0803260 1468

Pesticides/PCBs

0523260 1296,1292,1298,1300,1301, 1302,1293,1294,
1297,1299,1303,1295

05082.60 1181, 1190, 1201FD, 1213

0511260 3058, 3099, 3072, 3085

042260 3018, 1064, 1072, 1080, 3003

0424260 1099, 1106, 1107, 1108, 1115

0430260 1127, 3032

0514260 3113, 3046, 1231, 3148, 3113RE, b 3045RE,
1231RE, 3148RE

0519260 3127, 3139, 3168

0722260 2070, 2059, 2157, 2090, 2101, 2120, 2116, 2080,
2112, 2143, 2130, 2149, 2039
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SDG number Sample number

CMorinat_ Herbicides

0508260 1190, 1201FD, 1213

0042260 1072, 1080, 3003, 1064

0424260 1099, 1106, 1107, 1108, 1115, 3018

0430260 1127, 3032

0511260 3046, 3058, 3085, 3099, 3072

Polynuclear Aromagc H?drocarbons

0422260 1064, 1072, 1080, 3003, 1009, 1106, 1107, 1108,
1115, 3018

0430260 1127, 3032

0508260 1190, 1201FD, 1213

0511260 3046, 3058, 3099, 3072, 3085

0514260 1231, 3113

0519260 3127, 3139, 3148, 3168

0523260 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299,
1300,1301,1302,1303

0722260 2157RE, 2101RE, 2070RE, 2080RE, 2039RE,
2120RE, 2116RE, 2112RE, 2143RE, 2130RE,
2149RE, 2059RE, 2090

0722260/0723260 2116, 2112, 2143, 2059, 2090, 2070, 2080, 2039,
2120, 2157, 2149, 2130, 2101

Uranium Isotopes byAlpha Specwoscopy

2684 1469

2633 7002, 7011, 7020, 7029, 7005, 7008, 7014, 7017,
7023, 7026, 7032, 7035

2391 5020,5023, 5026
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SDG number Sample number

2419 5029, 5038, 6020, 5032, 5041, 6023, 5035, 5044,
6O26

2423 6029, 6038, 6032, 6041, 6035, 6044

2638 7038FD, 7041FD, 7044FD

2658 5056, 5065, 5074, 5083, 5059, 5062, 5068, 5071,
5077, 5080, 5086, 5089

Neptunium.237byAlohaSpectroscopy

2658 5056, 5065, 5074, 5083

2391 5020

2684 1469

2419 5029, 5038, 6020

2633 7002, 7011, 7020, 7029

2638 7038FD

2423 6029, 6038

Plutonium Isotopes by Alpha Spectroscopy

2419 5029,5038,6020,5032,5041,6023,5035,5044,
6O26

2658 5056,5065,5074,5083

2638 7038FD

2391 5020

2633 7002, 7011, 7020, 7029

2684 1469

2423 6029, 6038
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F.l
SDG number Sample number

Thorium Isotopes byAlpha Spectroscopy

2684 1469

2638 7038FD, 7041FD, 7044FD

2633 7002, 7011, 7020, 7029, 7005, 7008, 7014, 7017,
7023, 7026, 7032, 7035

2658 5056,5065,5074,5083,5059,5062,5068,5071,
5077, 5080, 5086, 5089

2419 5029, 5038, 6020, 5032, 5041, 6023, 5035, 5044,
6O26

2423 6029, 6038, 6032, 6041, 6035, 6044

Strontium-89/90 by Gas Flow Proportional Counter

2419 5029, 5038, 6020

2423 6029, 6038

2633 7002, 7011, 7020, 7029

2638 7038FD

2658 5056, 5065, 5074, 5083

2684 1469

Go_una Spectroscopy

2638 7038FD, 7041FD
7044FD

2684 1469

2658 5056,5065,5074,5083,5059,5062,5068,5071,
5077,5080,5086,5089

2423 6029, 6038, 6032, 6041, 6035, 6044
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Table F.1 ...... )(continued

SDG number Sampie number
irali li

2633 7002, 701107020, 7029, 7005, 7008, 7014, 7014,
7017,.7023, 7026, 7032, 7035

2419 5029,, 5038, 6020, 5032, 5041, _r,..3, 50315,5044,
6026

Total Uranium by Pulse L_er Phosphorimetty

?,423 6029,,6038, 6020

2684 1469

2658 5056:_5065, 5074, 5083

2638 7938'.FD

2633 7002, 7011
7020, 7029

Technetium -99

2419 5029, 5038, 6020

2684 1469

2419/2423 6029, 6038, 5029, 5038, 6020

2638/2633/2&58 7002, 7011, 7020, 7029, 703SF'D, 5056, 5065,
5074, 5083

Tdtium

2369 1063, 1071, 1079, 1122, 1125, 3004, 3031, 1123,
1124, 1126, 1128, 3016

2391 1180, 1189, 1198FD, 1214

2399 3071, 3t_4, 3098, 3045, 3057, 3082

°FD = field duplicate sample.
hRE = reanalyze.d somple.
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DESCRIPTIONS OF SAMFLF,S FOR PHASE I ARRANGF_
NIJMERIC#J.,LY BY SAMPI.F. IDENTIV'ICATION NUMBER
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Table G.1. Descriptions of samples for Phase I arranged numerically by sample idenlilication number
, |.,

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

1fAD9 ORR DI SI,IAL GAP 27 SOIL GN4NA
1010 ORR DISNAL GAP 27 SOIL
1011 ORR DISNAL GAP 27 SOIL GAN4A
1012 ORR DISMALGAP 27 SOIL GAN4A
1013 ORR DISNALGAP 27 SOIL GANNA

1014 ORR DISR_L GAP 27 SOIL GAI4NA
1028 ORR DISNALGAP 41 SOIL GAI4_
1029 ORR DISHALGAP 41 SOIL GAIIHA
1030 ORR DISNALGAP 41 SOIL GAleIA
1031 ORR DISNAL GAP 41 SOIL GAI4NA

1032 ORR DISNALGAP 41 SOIL GANNA
1033 ORR DISNAL GAP 41 SOIL GANNA
1040 ORR DISNAL GAP 11 SOIL GANNA
1041 ORR DISNALGAP 11 SOIL GANNA
1042 ORR DISNAL GAP 11 SOIL GARRA

1043 ORR DISNAL GAP 11 SOIL GANNA
1044 ORR DISNAL GAP 11 SOIL GANNA
1045 ORR DiSNALGAP 11 SOIL GAleNA
1063 ORR DISMALGAP 41 A SOIL H-3
1064 ORR DISKALGAP 41 A SOIL ORGANICS

1071 ORR DISNAL GAP 27 k SOIL H-3
1072 ORR DISNALGAP 27 A SOIL ORGANICS
1079 ORR DISNAL GAP 11 A SOIL H-3
1080 ORR DISNAL GAP 1t A SOIL ORGANICS
1087 ORR DISMALGAP 32 SOIL GANNA

1088 ORR DISNALGAP 32 SOIL GANNA
1089 ORR DISNAL GAP 32 SOIL GANNA
1090 ORR DISNAL GAP 32 SOIL GANNA
1091 ORR DISNALGAP 32 SOIL GANNA
1092 ORR DI SNALGAP 32 SOIL GANle.A

1093 ORR DISNAL GAP 19 SOIL GANNA
1094 ORR DISMALGAP 19 SOIL
1095 ORR DISNALGAP 19 SOIL GAI4NA
1096 ORR DISNALGAP 19 SOIL GANNA
1097 ORR DISNAL GAP 19 SOIL GANNA

1098 ORR DISI4ALGAP 19 SOIL GANNA
1099 ORR _.,ISNALGAP 19 A SOIL ORGANICS
1100 ORR DISI_L GAP 22 SOIL GANNA
1101 ORR DISR_L GAP 22 SOIL GANNA
1102 ORR DISNALGAP 22 SOIL

1103 ORR DISKALGAP 22 SOIL GANNA
1104 ORR DISNALGAP 22 SOIL GANNA
1105 ORR DISNALGAP 22 SOIL GANNA
1106 ORR DISICALGAP 22 A SOIL ORGANICS
1107 ORR DISNAL GAP 32 A SOIL ORGANICS

1108 OAR DI SKALGAP 33 A SOIL ORGANICS
1109 ORR DI SICALGAP 33 SOIL
1110 ORR DISKALGAP 33 SOIL GAMMA
1111 ORR DI SNALGAP 33 SOIL GANNA
1112 ORR DI SI_IILGAP 33 SOIL

1113 ORR DISNAL GAP 33 SOIL GAHNA
1114 ORR DIS;NALGAP 33 SOIL GANNA
1115 ORR DI SI¢_LGAP 35 k SOIL ORGANICS
1116 ORR DISNALGAP 35 SOIL GANNA
1117 ORR D! SNALGAP 35 SOIL GANNA

1118 ORR DI SI_L GAP 35 SOIL GANNA
1119 ORR DI Si_L GAP 35 SOIL GANNA
1120 ORR DISNAL GAP 35 SOIL
1121 ORR DISNAL GAP 35 SOIL GANNA
1122 ORR DISMALGAP 19 A SOIL H-3
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Table G.I (continued)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

1123 ORR DISMALGAP 22 A SOIL H-3
1124 ORR DI SKALGAP 32 A SOIL H-3
1125 ORR DISMALGAP 33 A SOIL H-3
1126 ORR DISMALGAP 35 A SOIL H-3
1127 ORR DISMALGAP 10 A SOIL ORGANICS

1128 ORR DISMALGAP 10 A SOIL H-3
1129 ORR DISMALGAP 10 SOIL GAMMA
1130 ORR DISMALGAP 10 SOIL GAMMA
1131 ORR DISMALGAP 10 SOIL GAMMA
1132 ORR DISMALGAP 10 SOIL GAMMA

1133 ORR DISMALGAP 10 SOIL GAMMA
113/, ORR DISMALGAP 10 SOIL GAMMA
1180 ORR DISMALGAP 2 WATER H-3
1181 ORR DISMALGAP 2 WATER ORGANICS
1183 ORR DISMALGAP 2 SOIL GAMMA

1184 ORR DISMALGAP 2 SOIL GAMMA
1185 ORR DISMALGAP 2 SOIL GAMMA
1186 ORR DISMALGAP 2 SOIL GAMMA
1187 ORR DISMALGAP 2 SOIL GAMMA
1188 ORR DISMALGAP 2 SOIL GAMMA

1189 ORR DISMALGAP 2 A SOIL H'3
1190 ORR DISNAL GAP 2 A SOIL ORGANICS
1198 ORR DISMALGAP 2 A SOIL FIELD DUPLICATE H'3
1201 ORR DISMALGAP 2 A SOIL FIELD DUPLICATE ORGANICS
1207 ORR DISMALGAP 26 SOIL GAMMA

1208 ORR DIS#AL GAP 26 SOIL GAMMA
1209 ORR DISMALGAP 26 SOIL GAMMA
1210 ORR DISMALGAP 26 SOIL GAMMA
1211 ORR DISNAL GAP 26 SOIL GAMMA
1212 ORR DISMALGAP 26 SOIL GAMMA

1213 ORR DISMALGAP 26 A SOIL ORGANICS
1214 ORR DISMALGAP 26 A SOIL H-3
1231 ORR DISMALGAP 43 A SOIL ORGANICS
1240 ORR DISMALGAP 43 SOIL GAMMA
1241 ORR DISMALGAP 43 SOIL GAMMA

1242 ORR DI SlqALGAP 43 SOlL GAMMA
1243 ORR DISMALGAP 43 SOIL GAMMA
1244 ORR DISMALGAP 43 SOIL GAMMA
1245 ORR DISMALGAP 43 SOIL GAMMA
1255 ORR DI SMALGAP . WATER VOC

1257 ORR DISMALGAP 2 A SOIL VOC
1258 ORR DISMALGAP 10 A SOIL VOC
1259 ORR DISMALGAP 11 A SOIL VOC
1260 ORR DISMALGAP 19 A SOIL VOC
1261 ORR DISMALGAP 22 A SOIL VOC

I262 ORR DISMALGAP 26 A SOIL VOC
1263 ORR DISNALGAP 27 A SOlL VOC
1264 ORR DISMALGAP 33 A SOIL VOC
1265 ORR DISMALGAP 35 A SOIL VOC
1266 ORR DISMALGAP 41 A SOIL VOC

1267 ORR DISMALGAP /,3 A SOIL VOC
1268 ORR DISMALGAP 32 A SOIL VOC
1269 ORR DISMALGAP . WATER VOC
1270 ORR NOLI CHUCJ_Y WATER VOC
1271 ORR NOLlCHUCk'Y 3 A SOI L VOC

1272 ORR NOLICHUCKY 5 A SOI L VOC
1273 ORR NOL1CHUCKY 13 A SOI L VOC
1274 ORR NOLlCHUCKY 25 A SOI L VOC
1275 ORR NOLlCHUCICY 15 A SOlL VOC
1276 ORR NOLICHUCKY 16 A SOIL VOC
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Tabte G.1 (continued)

Sample Field Analysis
lD Location Formation Site Horizon Matrix duplicate type

1277 ORR NOLIC.UC_r . UATER VOC
1278 ORe NOLZCHUC_ WATER VOC
1279 ORR NOLI CHUCK'Y 2i A SOI L VOC
1280 ORR NOLI CHUCK'Y 21 A SOIL FIELD DUPLICATE VOC
1281 ORR NOLI CHUCK'Y 23 A SOI L VOC

1282 ORR NOLICHUCKY 7.3 k SOIL FIELD DUPLICATE VOC
1283 ORR NOLI CHUCKY MATER VOC
1284 ORR NOL]CHUCK'Y 24 A SOI L VOC
1285 ORR NOL1CHUCKY 24 A SOIL FIELD DUPLICATE VOC
1286 ORR NOLI CHUCKY 28 A SOl L VOC

1287' ORR NOLICHUCk'Y 28 A SOIL FIELD DUPLICATE VOC
1288 ORR NOLI CHUCk"Y 31 A SOIL VOC
1289 ORR NOLI CHUCIOf 31 A SOIL FIELD DUPLICATE VOC
1290 ORR NOLI CHUCk'Y 42 A SOl L VOC
1291 ORR NOLICHUCIOf /,2 A SOIL FIELD DUPLICATE VOC

1292 ORR NOLI CHUCIOf 28 A SOl L ORGAN! CS
1293 ORR NOLI CHUClOf 25 A SOIL ORGANI CS
1294 ORR NOLICHUCKY 24 k SOIL ORGANICS
1295 ORR NOLlCHUCIOf 23 A SOl L ORGANICS
1296 ORR NOL1CHUCIOf 21 k SOIL ORGANICS

1297 ORR NOLICHUCIOf 3 k SOIL ORGANICS
1298 ORR NOLl CHUCIOf 5 k SOIL ORGANICS
1299 ORR NOLICHUCKY 13 k SOIL ORGANICS
1300 ORR NOL] CHUCIOf 15 A SOIL ORGANICS
1301 ORR NOLI CHUCICY 16 A SOIL ORGANICS

1302 ORR NOLI CHUCICY 42 A SOIL ORGANICS
1303 ORR NOLICHUCKY 31 A SOIL ORGANICS
1307 ORR NOLICHUCKY 15 SOIL GAMMA
1308 ORR NOLICHUCIC( 15 SOIL
1309 ORR NOLICHUCKY 15 SOIL

1310 ORR NOLICHUCKY 15 SOIL GN¢IIIA
1311 ORR NOLlCHUCk'Y 15 SOlL GANMA
1312 ORR NOLI CHUCk'Y 15 SOIL GANNA
1316 ORR NOLICHUCKY 23 SOIL GAHI4A
1317 ORR NOLI CHUCICY 23 SOIL

1318 ORR NOLICHUCKY 23 SOIL GAJ4HA
1319 ORR NOLICHUCKY 23 SO]L GANGA
1320 ORR NOL! CHUCKY 23 SOIL GAMNA
1321 ORR NOLICHUCKY 23 SOIL GAMMA
1325 ORR NOLICHUCKY 25 SOIL GMI4A

1326 ORR NOLI CHUCk'Y 25 SOIL GANNA
1327 ORR NOLICHUCKY 25 SOIL GANHA
1328 ORR NOLICHUCKY 25 SOIL GAI4NA
1329 ORR NOLICHUCKY 25 SOIL GAgI4A
1330 ORR NOLl CHUCKY 25 SOl L

1331 ORR NOLI CHUC_-_Y 3 S01L GAMMA
1332 ORR NOLI CHUCI(Y 3 SOIL GAgHA
1333 ORR NOL! CHUCKY 3 SOIL GAgHA
1334 ORR NOLI CHUCK'Y 3 SOlL GAgHA
1335 ORR NOLICHUCKY 3 SOIL GAMliA

1336 ORR NOLI CHUCIOF 3 SOl L GAIII,IA
1337 ORR NOLICHUCKY 28 SOIL GAI4HA
1338 ORR NOLICHUCKY 28 SOl L GAHI,iA
1339 ORR NOL] CHUCKY 28 SOl L GAggA
1340 ORR NOLI CHUCKY 28 SOl L GAgl4A

1341 ORR NOLI CHUCKY 28 SOlL GAI414A
1342 ORR NOLICHUCKY 28 S01L
1343 ORR NOLI CHUCKY 16 SO! L GAI4MA
1344 ORR NOLI CHUCKY 16 SOlL
1345 ORR NOLICHUCKY 16 SOIL GAI_A
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Table G.1 (mntinued)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

1346 ORR NOLICHUCKY 16 SOIL
1347 ORR NOLICHUCKY 16 SOIL
1348 ORR NOLICHUCKY 16 SOIL GAMMA
1349 ORR ItOLICHUCKY 5 SOIL
1350 ORR NOLICHUCKY 5 SOIL

1351 ORR NOL1CHUCKY 5 SOlL
135:) ORR NOLICHUCKY 5 SOIL
1353 ORR NOLICHUCKY 5 SOIL
1354 ORR NOLICHUCKY 5 SOIL
1355 ORR HOLICHUCKY 13 SOIL

1356 ORR NOLICHUCKY 13 SOIL GAMMA
1357 ORR NOLICHUCKY 13 SOIL GAI_A
1358 ORR NOLICHUCK'Y 13 SOIL
1359 ORR NOLICHUCKY 13 SOIL GAIIIA
1360 ORR NOLI CHUCKY 13 SOI L GAIi4A

1361 ORR NOLI CHUCKY ;)4 SOlL GAHMA
1362 ORR NOLI CHUCK'Y 24 SOI L GAW4A
1363 ORR NOLI CHUCiOF 24 SOI L GAIIIA
1364 ORR NOL! CHUCKY 24 SOI L GAW_
1365 ORR NOLI CHUCKY 24 SOI L GAI44A

1366 ORR NOLICHUCKY 24 SOIL GAIIIA
1367 ORR NOLI CHUCKY 21 SOlL GAMMA
1368 ORR NOLI CHUCKY 21 SOlL GAMMA
1369 ORR NOLICHUCIOF 21 SOlL
1370 ORR NOLICHUCIOf 21 SOIL GAMHA

1371 ORR NOLICHUCKY 21 SOIL GA#IIA
1372 ORR NOLICHUCKY 21 SOIL GAW4A
1373 ORR NOLICHUCKY 31 SOIL
1374 ORR NOLICHUCKY 31 SOIL GAMHA
1375 ORR MOLICHUCKY 31 SOIL GAIIIA

1376 ORR NOLICHUCKY 31 SOIL GAIIIA
1377 ORR NOLICHUCKY 31 SOIL GAIIIA
1378 ORR NOLICHUCKY 31 SOIL
1379 ORR NOLICHUCICY 42 SOlL GAMHA
1380 ORR NOLICHUCKY 42 SOI L GAMMA

1381 ORR NOLICHUCKY 42 SOIL
1382 ORR NOLICHUCKY 42 SOlL
1383 ORR NOLICHUCKY 42 SOlL
1384 ORR NOLICHUCK'Y 42 SOIL GAW4A
1456 ORR NOLICHUCk'Y . MATER ORGANI CS

1457 ORR NOLICHUC_'Y . MATER ORGANICS
1458 ORR NOLICHUCKY . MATER ORGANI CS
1459 ORR NOLICHUCKY . MATER I NORGANI CS
1461 ORR NOLICHUCKY . MATER RADIONUCLIDES
1462 ORR NOLI CHUCKY . MATER ORGANI CS

1463 ORR NOLI CHUCICY . MATER ORGANICS
1464 ORR NOLICHUCKY . MATER ORGANICS
1465 ORR NOLICHUCKY . MATER IMORGANICS
1467 ORR NOLICHUCKY . MATER RADIONUCLIDES
1468 ORR NOLI CHUCKY . SOlL I NORGANI CS

1469 ORR NOLI CHUCKY . SOlL RADIONUCLIDES
;)008 AND DISHAL GAP 11 SOIL
2009 AND DISMAL GAP 11 SOIL GAI_A
:)010 AND DISMAL GAP 11 SOIL GAW4A
2011 AND DISMALGAP 11 SOIL

2012 AND DISMALGAP 11 SOIL
2013 AND DISMALGAP 11 SOIL GAI,I,IA
2024 AND DI SMALGAP . MATER VOC
2026 AND DI SI(ALGAP 9 A SOlL VOC
2027 AND DISMALGAP 19 A SOIL VOC
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Table G.1 (continued)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

2028 AND DISMALGAP 10 A SOIL VOC
2029 AND DISMALC_AP 1 A SOIL VOC
2030 AND DI SNALGAP 22 A SOI L VOC
2031 AND DISMALGAP 12 A SOIL VOC
2032 AND DISMALGAP 3 A SOIL VOC

2033 AND DISMALGAP 4 A SOIL VOC
2034 AND DISMALGAP 5 A SOIL VOC
2036 AND DISMALGAP 21 A SOIL VOC
2037 AND DI SMALGAP . MATER VOC
2038 AND DI SMALGAP . MATER VOC

2039 AND DISMALGAP 4 A SOIL ORGANICS
2043 AND DISMALGAP 4 SOIL GAMMA
2044 AND DISMALGAP 4 SOIL GAMMA
2045 AND DISMALGAP 4 SOIL GAMMA
2046 AND DISMALGAP 4 SOIL GAMMA

2047 AND DISMALGAP 4 SOIL
2048 AND DISMALGAP 4 SOIL GAMMA
2053 AND DISMALGAP 5 SOIL GAMMA
2054 AND DISMALGAP 5 SOIL GAMMA
2055 AND DISMALGAP 5 SOIL GAMMA

2056 AND DISMALGAP 5 SOIL GAMMA
2057 AND DISMALGAP 5 SOIL GAMMA
2058 AND DISMALGAP 5 SOIL GAMMA
2059 AND DISMALGAP 3 A SOIL ORGANICS
21363 AND DISMALGAP 3 SOIL GAMMA

2064 AND DISMALGAP 3 SOlL GAMMA
2065 AND DISMALGAP 3 SOIL GAMMA
2066 AND DISMALGAP 3 SOIL GAMMA
2067 AND DISMALGAP 3 SOIL GAMMA
2068 AND DISMALGAP 3 SOIL GAMMA

2069 AND DISMALGAP 20 A SOIL VOC
2070 AND DISMALGAP 20 A SOIL ORGANICS
2074 AND DISMALGAP 20 SOIL GAMMA
2075 AND DISNALGAP 20 SOlL GAMMA
2076 AND DISMALGAP 20 SOIL GAMMA

2077 AND DISMALGAP 20 SOIL GAMMA
2078 AND DISMALGAP 20 SOIL GAMMA
2079 AND DISMALGAP 20 SOIL GAMMA
2080 AND DI SNALGAP 12 A SOIL ORGANICS
2084 AND DISMALGAP 12 SOIL GAMMA

2085 AND DISMALGAP 12 SOIL GAMMA
2086 AND DISMALGAP 12 SOIL GANNA
2087 AND DISMALGAP 12 SOIL
2088 AND DISMALGAP 12 SOIL GANNA
2089 AND DISMALGAP 12 SOIL GAMMA

,,

2090 AND DISMALGAP 22 A SOIL ORGANICS
2094 AND DISMALGAP 22 SOIL GAMMA
2095 AND DISMALGAP 22 SOIL GN,I(A
2096 AND DISMALGAP 22 SOIL
2097 AND DISMALGAP 22 SOIL GANNA

2098 AND DISMALGAP 22 SOIL GAMMA
2099 AND DISMALGAP 22 SOIL GAMMA
2101 AND DISMALGAP 21 A SOIL ORGANICS
2105 AND DISMALGAP 21 SOIL GAMMA
2106 AND DISMALGAP 21 SOIL GAMMA

2107 AND DISMALGAP 21 SOIL GAMMA
2108 AND DISMALGAP 21 SOIL GAMMA
2109 AND DISMALGAP 21 SOIL GAHNA
2110 AND DISMALGAP 21 SOIL GAMMA
2111 AND DISMALGAP 11 A SOIL VOC
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Table G.1 (continued)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

2112 AND DISMALGAP 11 A SOIL ORGANICS
2116 AND DISMALGAP 19 A SOIL ORGANICS
2120 AND DISMALGAP 19 A SOIL FIELr_DUPLICATE ORGANICS
2124 AND DISMALGAP 19 SOIL GAMMA
2125 AND DISMALGAP 19 SOIL GAMMA

2126 AND DI_AL GAP 19 SOIL GAI4MA
2127 AND DISMALGAP 19 SOIL GAMMA
2128 AND DISMALGAP 19 SOIL GAMMA
2129 AND DISMALGAP 19 SOIL GAMMA
2130 AND DISMALGAP 9 A SOIL ORGANICS

2137 AND DISMALGAP 9 SOIL GAMMA
2138 AND DISMALGAP 9 SOIL GAHMA
2139 AND DISMALGAP 9 SOIL G/LMNA
2140 AND DISMALGAP 9 SOIL GAJqMA
2141 AND DISMALGAP 9 SOIL GAMMA

2142 AND DISMALGAP 9 SOIL GAMMA
2163 AND DISMALGAP 10 A SOIL ORGANICS
2149 AND DISMALGAP 5 A SOIL ORGANICS
2151 AND DISMALGAP 10 SOIL GAMMA
2152 AND DISMALGAP 10 SOIL GAMMA

2153 AND DISMALGAP 10 SOIL GAMMA
2154 AND DISMALGAP 10 SOIL GAMMA
2155 AND DISMALGAP 10 SOIL GAMMA
2156 AND DISMALGAP 10 SOIL GAMMA
2157 AND DISMALGAP 1 A SOIL ORGANICS

2161 AND DISMALGAP 1 SOIL GAMMA
2162 AND DISMALGAP 1 SOIL GAMMA
2163 AND DISMALGAP 1 SOIL GAMMA
2164 AND DISMALGAP 1 SOIL GAMMA
2165 AND DISMALGAP 1 SOIL GAMMA

2166 AND DI SICALGAP 1 SOIL GAMMA
2170 AND DISMALGAP 10 ;lATER VOC
2171 AND DISMALGAP 3 ;lATER ORGANICS
2172 AND DISMALGAP 3 ;lATER ORGANICS
2173 AND DISMALGAP 3 ;lATER ORGANICS

2174 AND DISMALGAP 3 ;lATER INORGANICS
2175 AND DISMALGAP 3 MATER VOC
2176 AND DISMALGAP . ;lATER ORGANICS
2177 AND DISMALGAP • ;lATER INORGANI CS
2178 AND DISMALGAP . MATER VOC

2179 AND DISMALGAP • ;lATER ORGANICS
2180 AND DISMALGAP ;lATER ORGANICS
2181 AND DISMALGAP 3 ;lATER RADIONUCLIDES
2182 AND DISMALGAP 3 ;lATER RADIONUCLIDES
3003 ROA DISMALGAP 9 A SOIL ORGANICS

300_ ROA DISMALGAP 9 A SOIL H-3
3008 ROA DI SMALGAP 9 SOlL GAMMA
3009 ROA DISMALGAP 9 SOIL GAI_A
3010 ROA DISMALGAP 9 SOIL GAMMA
3011 ROA DISMALGAP 9 SOIL GAMMA

3012 ROA DISMALGAP 9 SOIL GAMMA
3013 ROA DISMALGAP 9 SOIL GAMMA
3014 ROA DISMALGAP . ;lATER DUPLICATEBLANK
3015 ROA DISMALGAP MATER VOC
3016 ROA DISMALGAP 17 A SOIL H-3

3018 ROA DISMALGAP 17 A SOIL ORGANICS
3022 ROA DISMALGAP 17 SOIL GAMMA
3023 ROA DISMALGAP 17 SOIL GAMMA
3024 ROA DISMALGAP 17 SOIL GAMMA
3025 ROA DISMALGAP 17 SOIL GAMMA
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Table G.I (continued)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

3026 ROA DISNALGAP 17 SOIL
3027 ROA DISMALGAP 17 SOIL GAmA
3031 ROA DISNALGAP 19 A SOIL H-3
3032 ROA DISIIAL GAP 19 A SOIL ORGANICS
3036 ROA DISNALGAP 19 SOIL GANNA

3037 ROA DISNAL GAp 19 SOIL
3038 ROA DISNAL GAP 19 SOIL GAMNA
3039 ROA DISMALGAP 19 SOIL GAMNA
3040 ROA DI _IAL GAP 19 SOIL
3041 ROA OISNALGAP 19 SOIL

3045 ROA D_SNALGAP 20 A SOIL H-3
3046 ROA DI _blALGAP 20 A SOIL ORGANICS
3050 ROA DISNAL GAP 20 SOIL GANNA
3051 ROA DISNAL GAP 20 SOIL
3052 ROA DISMALGAP 20 SOIL GANNA

3053 ROA DISNALGAP 20 SOIL GANNA
3054 ROA OISNALGAP 20 SOIL GANI_
3055 ROA DISNALGAP 20 SOIL GANNA
3057 ROA DISMALGAP 22 A SOIL H-3
3058 ROA DI StttL GAP 22 A SOIL ORGANICS

3062 ROA DISNALGAP 22 SOIL GANNA
3063 ROA DISMALGAP 22 SOIL GAlelA
3064 ROA DI SNALGAP 22 SOlL
3065 ROA DISMALGAP 22 SOIL GANNA
3066 ROA DI ._IAL GAP 22 SOlL GANNA

3067 ROA DISMALGAP 22 SOIL
3071 RClA DISNALGAP 8 A SOIL H-3
3072 ROA D1SRALGAP 8 A SOIL ORGANICS
3076 ROA DISMALGAP 8 SOIL (d_MA
3077 ROA DISNALGAP 8 SOIL GANqA

3078 ROA DISKALGAP 8 SOIL GANNA
3079 ROA DISMALGAP 8 SOIL GAMNA
3080 ROA DISMALGAP 8 SOIL GANNA
3081 ROA DIS_L GAP 8 SOIL GANNA
3082 ROA DISMALGAP . MATER H-3

3084 ROA DI _IAL GAP 7 k SOIL H-3
3085 ROA DI SNALGAP 7 A SOIL ORGANICS
3089 ROA DISIU,L GAP 7 SOIL
3090 ROA DISMALGAP 7 SOIL GAMNA
3091 ROA DISMALGAP 7 SOIL GAIqNA

3092 ROA DISNALGAP 7 SOIL
3093 ROA DI SNALGAP 7 SOIL GANNA
3094 ROA DISNAL GAP 7 SOIL GA_
3098 ROA DISMALGAP 3 A SOIL H-3
3099 ROA DI SNALGAP 3 A SOIL ORGANICS

3103 ROA DI SNJ_LGAP 3 SOIL GANNA
3104 ROA DISNALGAP 3 SOIL
3105 ROA DI SI¢_LGAP 3 SOIL
3106 ROA DISMALGAP 3 SOIL
3107 ROA DI SNALGAP 3 SOIL GANNA

3108 ROA DISMALGAP 3 SOIL
3113 ROA DIS;NALGAP 21 A SOIL ORGANICS
3117 ROA DISMALGAP 21 SOIL GAMNA
3118 ROA DISMALGAP 21 SOIL
31';9 ROA DISMALGAP 21 SOIL CANNA

3120 ROA DI SNALGAP 21 SOIL GANNA
3121 ROA DISNALGAP 21 SOIL GAMNA
3122 ROA DIS_L GAP 21 SOIL GANMA
3123 ROA DISNALGAP MATER VOC
3125 ROA DISNALGAP 13 A SOIL VOC
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Sample Field Analysis
II) l.acation Formation Site Horizon Matrix duplicate type

3127 ROA DISMALGAP 13 A SOIL ORGANICS
3131 ROA DISMALGAP 13 SOIL GAMMA
3132 ROA DISMAL GAP 13 SOIL GAMMA
3133 ROA DISMAL GAP 13 SOIL GAMMA
3134 ROA DISMAL GAP 13 SOIL GAMMA

3135 ROA DISMALGAP 13 SOIL GAMMA
3136 ROA DISMALGAP 13 SOIL GAMMA
3137 ROA DISMALGAP 13 A SOIL FIELD DUPLICATE VOC
3139 ROA , DXSMALGAP 13 A SOIL FIELD DUPLICATE ORGANICS
3143 ROA DISMALGAP 13 MATER VOC

3144 ROA DISMALGAP 13 MATER INORGANICS
3145 ROA DISMALGAP 13 MATER ORGANICS
3146 ROA DISMALGAP 14 A SOIL VOC
3148 ROA DISMALGAP 14 A SOIL ORGANICS
3152 ROA DISHAL GAP 14 SOIL GAMMA

3153 ROA DISMALGAP 14 SOIL GAMMA
3154 ROA DISMALGAP 14 SOIL
3155 ROA DISMALGAP 14 SOIL
3156 ROA DISMALGAP 14 SOIL
3157 ROA DISMALGAP 14 SOIL GAMMA

3163 ROA DISMALGAP 14 MATER ORGANICS
3164 ROA DISMALGAP 10 MATER VOC
3166 ROA DISMALGAP 10 A SOIL VOC
3168 ROA DISMALGAP 10 A SOIL ORGANICS
3176 ROA DISMALGAP 10 MATER IUd)IONUCLIDES

3177 ROA DISMALGAP 10 MATER ORGANICS
3178 ROA DISMALGAP 10 SOIL
3179 ROA DISMALGAP 10 SOIL
3180 ROA DISMALGAP 10 SOIL GAIIIA
3181 ROA DISMALGAP 10 SOIL GAMMA

3182 ROA DISMALGAP 10 SOIL GAMMA
3183 ROA DISMALGAP 10 SOIL GAMMA
3184 ROA DISMALGAP 17 A SOIL VOC
3185 ROA DISMALGAP 7 A SOIL VOC
3186 ROA DISMALGAP 8 A SOIL VOC

3193 ROA DISMAL GAP . MATER VOC
3194 ROA DISMALGAP . MATER VOC
3195 ROA DISMALGAP MATER VOC
3196 ROA DISMALGAP 2i A SOIL VOC
3197 ROA DISMALGAP 22 A SOIL VOC

3198 ROA DISMALGAP 20 A SOIL VOC
3199 ROA DISMALGAP 19 A SOIL VOC
3200 ROA DISMALGAP 9 A SOIL VOC
3201 ROA DISMALGAP 3 A SOIL VOC
5001 ORR DISMALGAP 11, 27, 41 A SOIL INORGANICS

5002 ORR DISMALGAP 11, 27, 41 A SOIL RADIONUCLIDES
5003 ORR DISMALGAP 11, 27, 41 A SOIL EXTRA
5004 ORR DISMALGAP 11, 27, 41 B SOIL INORGANICS
5005 ORR DISMALGAP 11, 27, 41 B SOIL RADIONUCLIDES
5006 ORR DISMALGAP 11, 27, 41 B SOIL EXTRA

5007 ORR DISMALGAP 11, 27, 41 C SOIL INORGANICS
5008 ORR DISMALGAP 11, 27, 41 C SOIL RADIONUCLIDES
5009 ORR DISMALGAP 11, 27, /.1 C SOIL EXTRA
5010 ORR DISMALGAP 19, 22, 32 A SOIL INORGANICS
5011 ORR DISMALGAP 19, 22, 32 A SOIL RADIONUCLIDES

5012 ORR DISMALGAP 19, 22, 32 A SOIL EXTRA
5013 ORR DISMALGAP 19, 22, 32 B SOIL INORGANICS
5014 ORR DISMALGAP 19, 22, 32 B SOIL RADIONUCLIDES
5015 ORR DISMALGAP 19, 22, 32 B SOIL EXTRA
5016 ORR DISMALGAP 19, 22, 32 C SOIL INORGANICS
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5017' ORR DISMALGAP 19, ;)2, 32 C SOIL RADIONUCLIDES
5018 ORR DISMALGAP 19, 22, 32 C SOIL EXTRA
5019 ORR DISMALGAP 10, 33, 35 A SOIL INORGANICS
5020 ORR DISMALGAP 10, 33, 35 A SOIL RADIONUCLIDES
5021 ORR DISMALGAP lOe 33, 35 A SOIL EXTRA

5022 ORR DISMALGAP 10, 33, 35 a SOIL INONGANICS
507.3 ORR DISMALGAP 10, 33, 35 8 SOIL RADIONUCLIDES
5024 ORR DISNAL GAP 10, 33, 35 B SOIL EXTRA
5025 ORR DISNAL GAP 10, 33, 35 C SOIL INORGANICS
5026 ORR DISMALGAP 10, 33, 35 C SOIL RADIONUCLIDES

5027' ORR DISMALGAP 10, 33, 35 C SOIL EXTRA
5028 ORR DISMALGAP 2, 26, 43 A SOIL INORGANICS
5029 ORR DISMALGAP 2, 26, 43 A SOIL RN)IONUCLIDES
5030 ORR DISMALGAP 2, 26, 43 A SOIL EXTRA
5031 ORR DISMALGAP 2, 26, 43 B SOIL INORGANICS

5032 ORR DISMALGAP 2, 26. 43 B SOIL RADIONUCLIDES
5033 ORR DISMALGAP 2. 26, 43 a SOIL EXTRA
5034 ORR DISMALGAP 2. 26. 43 C SOIL INORGANICS
5035 ORR DISMALGAP 2. 76. 43 C SOIL RADIONUCLIDES
5036 ORR DISHAL GAP 2. 26. 43 C SOIL EXTRA

5037' ORR DISMALGAP 2, 26, 43 k SOIL FIELD DUPLICATE INORGANICS
5038 ORR DISMALGAP 2, 26, 43 A SOIL FIELD DUPLICATE RADIONUCLIDES
5039 ORR DISMALGAP 2, 26, 43 A SOIL FIELD DUPLICATE EXTRA
5040 ORR DISMALGAP 2, 26, 43 B SOIL FIELD DUPLICATE INORGANICS
5041 ORR DISMAL GAP 2, 26. 43 B SOIL FIELD DUPLICATE RADIONUCLIDES

5042 ORR DISMALGAP 2. 26, 43 8 SOIL FIELD DUPLICATE EXTRA
50/*3 ORR DISMALGAP 2, 26, 43 C SOIL FIELD DUPLICATE INORGANICS
5044 ORR DISMALGAP 2, 26, 43 C SOIL FIELD DUPLICATE RADIONUCLIDES
5045 ORR DISNAL GAP 2, 26, 43 C SOIL FIELD DUPLICATE EXTRA
5055 ORR NOLICHUCKY 15, 23, 25 A SOIL INORGANICS

5056 ORR NOLICHUCKY 15. 23. 25 A SOIL RADIONUCLIDES
5057' ORR MOLICHUCk'Y 15, 23, 25 A SOIL EXTRA
5058 ORR NOLICHUCKY 15, 23, 25 8 SOIL INORGANICS
5059 ORR NOLICHUCKY 15, 23, 25 B SOIL RADIONUCLIDES
5060 ORR NOLICHUCKY 15, 23, 25 B SOIL EXTRA

5061 ORR NOLICHUCKY 15, 23, 25 C SOIL INORGANICS
5062 ORR NOLICHUCKY 15, 23, 25 C SOIL RADIONUCLIDES
5063 ORR NOLICHUCKY 15, 23, 25 C SOIL EXTRA
5064 ORR NOLICHUCKY 16, 28, 42 A SOIL INORGANICS
5065 ORR NOLICHIJCKY 16, 28, 42 A SOIL RADIONUCLIDES

5066 ORR NOLICHUCKY 16, 28, 42 A SOIL EXTRA
5067' ORR NOLICHUCKY 16, 28. 42 B SOIL INORGANICS
5068 ORR NOLICHUCKY 16, 28. 42 B SOIL RADIONUCLIDES
5069 ORR MOLICHUCKY 16, 28, 42 B SOIL EXTRA
5070 ORR NOLICHUCKY 16, 28. 42 C SOIL INORGANICS

507'1 ORR NOLICHUCKY 16, 28, 42 C SOIL RADIONUCLIDES
5072 ORR NOLICHUCKY 16, 28. 42 C SOIL EXTRA
5073 ORR NOLICHUCKY 5, 21, 31 A SOIL INORGANICS
5074 ORR NOLICHUCKY 5, 21, 31 k SOIL RADIONUCLIDES
5075 ORR NOLICHUCKY 5. 21. 31 A SOIL EXTRA

507'6 ORR NOLICHUCKY 5, 21, 31 B SOIL INORGANICS
507'7 ORR NOLICHUCKY 5, 21, 31 B SOIL RADIONUCLIDES
5078 ORR NOLICHUCKY 5, 21, 31 B SOIL EXTRA
5079 ORR NOLICHUCKY 5, 21, 31 C SOIL INORGANICS
5080 ORR NOLICHUCKY 5, 21, 31 C SOIL RADIONUCLIDES

5081 ORR NOLICHUCKY 5, 21, 31 C SOIL EXTRA
5082 ORR NOLICHUCKY 3, 13, 24 A SOIL INORGANICS
5083 ORR NOLICHUCKY 3, 13, 24 k SOIL RADIONUCLIDES
5084 ORR NOLICHUCKY 3, 13, 24 A SOIL EXTRA
5085 ORR NOLICHUCKY 3, 13, 24 B SOIL INORGANICS
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Sample Field Analysis
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ii

5086 ORR NOLICHUCKY 3, 13o 24 8 SOIL RADIONUCLIDES
5087 ORR IIOLICItUCKY 3, 13, 24 B SOIL EXTRA
5088 ORR IIOLICHUCKY 3, 13, 24 C SOIL IltORGANICS
5089 ORR NOLICHUCKY 3, 13, 24 C SOIL RADIONUCLIDES
5090 ORR MOLICHUCI(Y 3, 13, 26 C SOIL EXTRA

6001 ROA DISMALGAP 9, 17, 19 i SOIL ItloRGAIIICS
6002 ROA DISMALGAP 9, 17, 19 S SOIL RADIONUCLIDES
6003 ROA DISMALGAP 9, 17, 19 B SOIL EXTRA
6004 ROA DISK4L GAP 9, 17, 19 A SOIL INORGANICS
6005 ROA DIS#4ALGAP 9, 171 19 A SOIL RADIONUCLIDES

6006 ROA DI_iAL GAP 9, 17, 19 A SOIL EXTRA
6007 ROA DISHAL GAP 9, 17, 19 C SOIL INORGAI¢ICS
6008 ROA DISMALGAP 9, 17, 19 C SOIL RADIONUCLIDES
6009 ROA DISCt4LGAP 9, 17, 19 C SOIL EXTRA
6010 ROA DISMALGAP 8, 20, 22 A SOIL INDRGAIIICS

6011 ROA DISMALGAP 8, 20, 22 A SOIL RADIONUCLIDES
6012 ROA DISNALGAP 8, 20, 22 A SOIL EXTRA
6013 ROA DISMALGAP 8, 20, 22 8 SOIL INORGANICS
6014 ROA DISMALGAP 8, 20, 22 S SOIL RADIONUCLIDES
6015 ROA DISMALGAP 8, 20, 22 B SOIL EXTRA

6016 ROA DISNAL GAP 8, 20, 22 C SOIL INORGANICS
6017 ROA DISMALGAP 8, 20, 22 C SOIL RADIONUCLIDES
6018 ROA DISMALGAP 8, 20, 22 C SOIL EXTRA
6019 ROA DIS_L GAP 3, 7, 21 A SOIL INONGAqlCS
6020 ROA DISMALGAP 3, 7, 21 A _,;:- RADIONtCLIDES

6021 ROA DISMALGAP 3, 7, 21 A SOIL EXTRA
6022 RCA DISMALGAP 3, 7, 21 B SOIL IIIORGANICS
602.3 ROA DISMALGAP 3, 7, 21 B SOIL RADIONUCLIDES
6024 ROA DISMALGAP 3, 7, 21 B SOIL EXTRA
6025 ROA DISMALGAP 3, 7, 21 C SOIL INONGANICS

6026 RCA DISMALGAP 3, 7, 21 C SOIL RADIONUCLIDES
6027 ROA DISMALGAP 3, 7, 21 C SOIL EXTRA
6028 ROA DISMALGAP 10, 13, 14 A SOIL INORGANICS
6029 ROA DISMALGAP 10, 13, 14 A SOIL RADIONUCLIDES
6030 ROA DISMALGAP 10, 13, 14 A SOIL EXTRA

6031 ROA DISNAL GAP 10, 13, 14 S SOIL INONGANICS
6032 ROA DISMALGAP 10, 13, 14 a SOIL RADIONUCLIDES
6033 ROA DISMALGAP 10, 13, 14 B SOIL EXTRA
6034 ROA DISMALGAP 10, 13, 14 C SOIL INORGANICS
6035 ROA DISMALGAP 10, 13, 14 C SOIL RADIONUCLIDES

6036 ROA DISMALGAP 10, 13, 14 C SOIL EXTRA
6037 ROA DIS_L GAP 10, 13, 14 A SOIL FIELD DUPLICATE INONGANICS
6038 ROA DISMALGAP 10, 13, 14 A SOIL FIELD DUPLICATE RADIONUCLIDES
6039 ROA DISMALGAP 10, 13, 14 A SOIL FIELD DUPLICATE EXTRA
6040 ROA DISMALGAP 10, 13, 14 B SOIL FIELD DUPLICATE INDRGANICS

6041 ROA DISMALGAP 10, 13, 1/, B SOIL FIELD DUPLICATE RADIONUCLIDES
6042 ROA DISMALGAP 10, 13, 14 B SOIL FIELD DUPLICATE EXTRA
6043 RO/, DISMALGAP 10, 13, 14 C SOIL FIELD DUPLICATE INONGANICS
6044 ROA DISMALGAP 10, 13, 14 C SOIL FIELD DUPLICATE RADIONUCLIDES
6045 ROA DISI_L GAP 10, 13, 14 C SOIL FIELD DUPLICATE EXTRA

7001 AND DISMALGAP 9, 10, 19 A SOIL INONGANICS
7002 AND DISMALGAP 9, 10, 19 A SOIL RADIONUCLIDES
7003 AND DIS_L GAP 9, 10, 19 A SOIL EXTRA
7004 AND DISMALGAP 9, 10, 19 B SOIL INORGANICS
7005 AND DISNAL GAP 9, 10, 19 B SOIL RADIONUCLIDES

7006 AND DISMALGAP 9, 10, 19 B SOIL EXTRA
7007 AND DISMALGAP 9, 10, 19 C SOIL INORGANICS
7008 AND DISMALGAP 9, 10, 19 C SOIL RADIONUCLIDES
7009 AND DISMALGAP 9, 10, 19 C SOIL EXTRA
7010 AND DISMALGAP 3, 5, 11 A SOIL INORGANICS
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"rabte0.1 (conened)

Sample Field Analysis
ID Location Formation Site Horizon Matrix duplicate type

i i i

7011 All) DISNAL GAP 3, 5, 11 A SOIL RADIONUCLIDES
7012 AMID DIS#AL GAP 3, 5, 11 A SOIL EXTRA
7013 ANl) DIS&4L GAP 3, 5, 11 B SOIL INORGANICS
7014 AND DIS#AL GAP 3, 5, 11 B SOIL RADIONUCLIDES
7015 AND DIS#AL GAP 3, 5, 11 a SOIL EXTRA

7016 AND DISHAL GAP 3, 5, 11 C SOIL INORGANICS
7017 AND DIS#AL GAP 3, 5, 11 C SOIL RADIONUCLIDES
7018 AND DISNAL GAP 3, 5, 11 C SOIL EXTRA
7019 AND DlStlAL GAP 4, 12, 21 A SOIL INORGANICS
7020 AND DlSNAL GAP 4, 12, 21 A SOIL RADIONUCLIDES

7021 AND DISMALGAP 4, 12, 21 A SOIL EXTRA
7022 AND DISMALGAP 4, 12, 21 B SOIL INORGANICS
7023 AND DISIIAL GAP 4, 12, 21 B SOIL RADIONUCLIDES
7024 AND DlSlt4L GAP 4. 12. 21 S SOIL EXTRA
7025 AND DlSl4ALGAP 4, 12. 21 C SOIL INDRGAklICS

7026 AND DISNAL GAP 4, 12. 21 C SOIL RADIONUCLIDES
7027 AND DISNAL GAP 4. 12. 21 C SOIL EXTRA
7028 AND DIS&4L GAP 1, 20. 22 A SOIL INDRGANICS
7029 AND DISHAL GAP 1, 20. 22 A SOIL RADIONUCLIDES
7030 AND DISNAL GAP 1, 20, 22 A SOIL EXTRA

7331 AND DIS&_L GAP 1, 20. 22 S SOIL INORGANICS
7032 AND DISNAL GAP 1. 20. 22 B SOIL RADIONUCLIDES
7033 AND DIS&kL GAP 1, 20. 22 S SOIL EXTRA
7034 AND DISI_kL GAP 1, 20, 22 C SOIL INDRGAMICS
7035 AND DISNAL GAP 1, 20. 22 C SOIL RADIONUCLIDES

7036 AND DISHAL GAP 1. 20, 22 C SOIL EXTRA
7037 AND DISI4ALGAP 9, 10, 19 A SOIL FIELD DUPLICATE IIIORGANICS
7038 AND DISNAL GAP 9, 10, 19 A SOIL FIELD DUPLICATE RADIONUCLIDES
7039 AND DISMALGAP 9. 10, 19 A SOIL FIELD DUPLICATE EXTRA
7040 AND DISNAL GAP 9. 10, 19 8 SOIL FIELD DUPLICATE IIIORGANICS

7041 AND DISHAL GAP 9, 10, 19 S SOIL FIELD DUPLICATE RADIONUCLIDES
7042 AND DISHAL GAP 9, 10, 19 B SOIL FIELD DUPLICATE EXTRA
7043 AND DISI4ALGAP 9, 10, 19 C SOIL FIELD DUPLICATE INDRGANICS
7044 AND DISIIAL GAP 9, 10, 19 C SOIL FIELD DUPLICATE RADIONUCLIDES
7045 AND DISMALGAP 9, 10, 19 C SOIL FIELD DUPLICATE EXTRA
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Table II.1. Occurrences of R validation prefnr--Phas¢ I

Analysis Type Analysis Location Formation Matrix Horizon Count

Organ/cs Acenaphthene AND Dismal Gap Soil A 3
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A ._L

5

Acenaphthylene AND Dismal Gap S_il A 13
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A

15

,_mthracene AND Dismal Gap Soil A 11
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A

13

Ber_o[a]anthracene AND Dismal Gap Soil A 13
ORR Dismal Gap Soil A 1
ORR Nolichucky Soil A 10
ROA Dismal Gap Soil A __3

27

Benzo[a]pyrene AND Dismal Gap Soil A 2
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A

4

Benzo[b]fl_,oranthene AND Dismal Gap Soil A 4
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A _.!_1

6

Benzo[g;h,t']perylene AND Dismal Gap Soil A 23
ORR Dismal Gap Soil A 1
OILP. Nolichucky Water 2
RO,,_ Dismal Gap Soil A ..!.1

27

Benzo[k]fluoranthene AND Dismal Gap Soil A 12
ORR Dismal Gap Soil A I
ROA Dismal Gap Soil A ._L.1

14

Chrysene AND Dismal Gap Soil A 16
ORR Dismal Gap Soil A 1
ORR Nolichueky Soil A 10
ROA Dismal Gap Soil A

30

Dalapon O_¢R Dismal Gap Soil A 9
ROA Dismal Gap Soil A

12
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Table H.1 (continued)

Analysis Type Analysis Location Formation Matrix Horizon Count

Dibeazo[a,h]anthracene AND Dismal Gap Soil A 24
ORR Dismal Gap Soil A 1
ORR Nolichucky Water 2
ROA Dismal Gap Soil A

28

Fluoranthene AND Dismal Gap Soil A 13
ORR Dismal Gap Soil A 10
ORR Nolichucky Soil A 12
ROA Dismal Gap Soil A 1...._2

47

Fluorene AND Dismal Gap Soil A 14
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A

16

Indeno- 1,2,3(c,d)-pyrene AND Dismal Gap Soil A 15
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A ._1..1

17

Naphthalene AND Dismal Gap Soil A 10
ORR Dismal Gap Soil A

11

Phen_.Jene AND Dismal Gap Soil A 2
ORR Dism,'_lGap Soil A 1
ROA Dismal Gap Soil A

4

Pyrene AND Dismal Gap Soil A 6
ORR Dismal Gap Soil A 1
ROA Dismal Gap Soil A

8

284

Osmium AND Dismal Gap Soil A 5
AND Dismal Gap Soil B 5
AND Dismal Gap Soil C 5
ORR Dismal Gap Soil A 2
ORk Dismal Gap Soil B 2
ORR Dismal Gap Soil C 2
ORR Nolichucky Soil 1
ORR Nolichucky Soil A 4
ORR Nolichucky Soil B 4
ORR Nolichucky Soil C 4
ROA Dismal Gap Soil A 3
ROA Dismal Gap Soil B 3
ROA Dismal Gap Soil C 3
ROA Dismal Gap Water ..!_1

Total 44
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Table H.1 (continued)

Analysis Type Analysis Location Formation Matrix Horizon Count

Rad/tmaw.//d_ Neptunium-237 AND Dismal Gap Soil A 5
ORR. Dismal Gap Soil A 5
ORR Dismal Gap Soil B 2
ORR Dismal Gap Soil C 2
ORR Nolichucky Soil 1
ORR Nolichucky Soil A 4
ROA Dismal Gap Soil A 4
ROA Dismal Gap Soil B 1
ROA Dismal Gap Soil C ..!.1

25

Plutonium-238 ORR Nolichucky Soil 1

Plutonium-239 ORR Nolichucky Soil 1

Plutonium-240 ORR Nolichucky Soil 1

Strontium-90 AND Dismal Gap Soil A 5
ORR Nolichucky Soil 1
ORR Nolichucky Soil A

10

Technetium-99 AND DismalGap Soil A 5
ORR Dismal Gap Soil A 5
ORR Dismal Gap Soil B 2
ORR Dismal Gap Soil C 2
ORR Nolichucky Soil 1
ORR NoUchucky Soil A 4
ROA Dismal Gap Soil A 5
ROA Dismal Gap Soil B 1
ROA Dismal Gap Soil C _.L.1

26

Tota/Rad/onuc//des 64

H-3 Tritium ORR Dismal Gap Soil A 2
ROA Dismal Gap Soil A _.!_1

3

TotalH-3

roca/data rv_ccted 395
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