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detailed tabulated data and supporting information, and Volume 3 presents the BSCP Plan 
that governed alI project-related activities and established the basis for the project. 

The primary conclusion drawn from analysis and interpretation of the data is that there 
is general consistency bemeen most constituents of interest and in the levels of risk associated 
with background soil concentrations between sampling sites on the ORR and those located 
off-site in remote areas of both Roane and Anderson counties. All analytical laboratory 
results presented in this report have been fully validated and peer reviewed, and verified as 
being representative of and corresponding to the formations of interest In addition, the 
resulting data have been organized in formats suitable for inclusion in the Oak Ridge 
Environmental Information System (OREIS) and €or distribution through OREIS to data 
users. Statistical analyses to establish data validity in meeting project objectives and yielding 
summary statistical parameters necessary for application of the data to subsequent assessment 
of risk have been completed and are presented in this report. The report also contains 
discussion of technical interpretation of the field data integrated with analytical data to 
determine the meaning and implications of the results. Finally, the Final Report discusses 
assessment of the project data in meeting and complying with project data quality objectives. 
Key information is summarized at the beginning of each section. 

Risks were estimated for exposure to background soil constituents on the ORR to 
provide a framework or reference for interpreting the magnitude and relative importance of 
risks evaluated at hazardous waste sites on the ORR and to provide a context €or the 
discussion and comparison of risks associated with site-related contamination in future risk 
assessments. The results of the background evaluation have been discussed within the context 
of the Comprehensive Environmental Response, Compensation, and Liability Act, which uses 
the estimated potential risks from siterelated contamination to determine if remedial action 
is necessary at a waste site. Most of the risk modeled from the exposure to background soil 
constituents discussed in this report is  a subset of the unavoidable risk associated with 
exposure to natural radiation sources. EPA has determined that risks from exposure to 
hazardous waste sites are avoidable sources of exposure. The risk resulting from exposure to 
avoidable hazardous sources is referred to as incremental or excess cancer risk, because it is 
risk in addition to background, which is unavoidable. The information presented in this 
document should be used to differentiate between unavoidable (background) and avoidable 
risks and to ensure that risk management decisions are based on excess cancer risk associated 
with actual site contamination. Furthermore, the background risk results reported and 
discussed in this report are not indicative of concerns or actions that would be identified with 
similar potential risks from a contaminated site, and care should be taken not to misinterpret 
these results to pertain directly to remediation decisions. 



1. INTRODUCTION 

1.1 PROJECI: OBJE(3lVE.S AND APPROACH 

This report presents, evaluates, and documents data and results obtained in the 
Background Soil Characterization Project (BSCP). It is intended to be a stand-alone 
document for application and use in structuring and conducting remedial investigation and 
remedial action projects in the Environmental Restoration (ER) Program. 

The objectives of the BSCP consist of the following: 

0 

determine background concentrations of organics, metals, and radionuclides in natural 
soils that are key to environmental restoration projects; 
provide remediation projects with 100% validated data on background concentrations, 
which are technically and legally defensible; and 
quantify baseline risks from background constituents for comparison of risks associated 
with contaminated sites. 

The approach detailed in the BSCP Plan (Energy Systems 1992, Volume 3) is 
summarized as follows: 

identification of the most important geologic formations underlying potentially 
contaminated sites on the Oak Ridge Reservation {ORR); 

0 identification of the dominant residuum soil type corresponding to each selected 
formation; 
randomized selection of candidate soil sampling sites on the ORR, in western Rome 
County, and in eastern Anderson County; 
Field screening and soil sampling for site acceptability; 

0 chemical and radiological analyses by commercial analytical laboratories; 
data validation, verification, statistical analysis, and interpretation; and 
data transfer to the Oak Ridge Environmental Information System. 

12 REPORT ORGANIZATION 

The BSCP Final Report is organized in three volumes to provide a logical flow of 
information for the reader from relevant background through to the discussion of analytical 
data, results, and evaluations. Section 1 of Volume 1 presents the project objectives and 
approach and the regulatory background and data quality objectives (DQQs) that define the 
project environment in terms of uses and applicability of the data. Section 2 presents the 
project organization, the data management and storage and records management systems, and 
the data user guidelines. These systems are part of the analytical laboratory data repository 
and meet requirements for record content, data formats, electronic storage, and data access 
guidelines. 

Section 3 of Volume 1 discusses field investigation activities and initial gamma screening 
operations and analyses, along with site selection criteria and requirements and descriptions 
of specific field site locations. Section 3 also includes a discussion of objectives and methods 
for soil sampling and field quality control (QC). 

1-1 
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Analytical laboratory analyses and data validation are discussed in Sect. 4. In this section, 
laboratory selection criteria employed by the Analytical Projects Office (APO) are discussed, 
along with U.S. Environmental Protection Agency (EPA) Level IV data requirements and 
documentation. The QNQC and data validation subsection presents procedures and provides 
narrative on EPA Level IV data quality requirements. Finally, specific results are presented 
and d e s c r i i ,  and these include screening analyses [volatile organic compounds (VOCs) and 
gamma screening], organic compounds, inorganics (metals), and radionuclide constituents. 

Section 5 of Volume 1 provides a summary of relevant statistical parameters, discusses 
the adequacy of the field sampling program, infers trends in natural variability versus 
systemhampling errors, and discusses the statistical procedures used to distinguish types of 
errors. 

Sections 6,7, and 8 present results of data interpretation, risk evaluation studies, and an 
evaluation of how well the project met the DQOs. Section 6 provides the summary of trends 
and background constituent concentration levels and assesses applicability of the data. 
Section 7 presents results of the risk evaluation based on statistical data. Section 8, an 
evaluation of DQOs, explores further applicability of the data to ER projects. 

Volume 2 presents detailed soil descriptive data and site screening data, as well as all 
validated results and associated statistical data. Volume 3 contains the project plan that 
governed all field operations and analytical laboratory activities. 

1 3  SAMPLE REFERENCE DESIGNATION§ 

In the BSCP Final Report, analytical results are compared and discussed with respect to 
(1) sampling areas, (2) geologic rock groups, (3) individual geologic formations within a group, 
(4) sampling sites within formations, and (5 )  A horizons vs B horizons vs C horizons of soils 
within formations. A summary of such statistically treated data is presented in Appendix G. 
There are three distinct sampling areas in this project: the O m ,  Roane County, and 
Anderson County. However, in part of the statistical treatment in Sect. 5, only two sampling 
areas are discussed: on-site (OM) and off-site (Anderson and Roane counties together). 
There are three major geologic rock groups of interest: Conasauga, Knox, and Chickamauga. 
ORR samples were obtained from all three sock groups, but Roane and Anderson samples 
were only from the Conasauga and Knox There are six geologic formations: the Dismal Gap 
and Nolichucky from the Conasauga Group, Copper Ridge and Chepultepec from the Knox 
Group, and two different sections, designated as Bethel Valley and K-25 (which includes 
several formations), from the Chickamauga Group. 

The ORR is represented by samples from all six formations, but both Roane and 
Anderson are represented only by samples from the Dismal Gap Formation of the Conasauga 
Group and the Copper Ridge Formation of the Knox Group. Twelve sites were sampled for 
each formation. Several samples were collected from all A horizons for a variety of analytical 
procedures, but B and C horizons were sampled only for the analysis of inorganics and 
radionuclides. The following hierarchy summarizes the cic;cussion that follows in this report 
regarding sampling from each category (Le., sampling areas, groups, formations, and individual 
sites). 
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Designation On-site Off-site 
- ~~- 

Sampling areas 1 2 

Geologic rock groups 3 2 

Geologic formations 6 2 

Individual sites 72 48 

Sod horizons 216 144 

1.4 DATA QUALITY OBJE- 

Determination of naturally occurring concentrations of constituents in soils in the Oak 
Ridge area necessitated a systematic investigation because there are several different 
underlying formations from which soils are derived, and because of the natural variability 
within different soils. 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 RecommendatiDns (Rupp and Jones 1991). This section outlines the approach 
taken to establish DQOs for this project. 

State the Prchlern To Be Resofved 

The problem to be resolved by conducting the BSCP is to determine the ranges 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 soils 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 and splits. 

Identify tbe Decisioo To Be Made 

Decisions will be made with respect to the characterization of background concentrations 
of organics, inorganics (metais), and radionuclides found in nature. Standards for cleanup of 
potentially contaminated soils on 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 horizons. 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 each sample collection site was determined to be 
unaffected by process and research operations of the ORR, 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 were 
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 were designed From these decisions, the appropriate 
leveb of QA documentation required from field sampling and laboratory activities were 
established. The process for selecting sample collection sites is described in the BSCP Plan 
(Energy Systems 1992, Volume 3). Therein, the process is  discussed in detail, as are the 
analytical parameters of interest for both the field and laboratory activities, the associated QA 
documentation requirements for each, and the statistical analysis techniques. 

Develop a Decision Rule 

Upon completion of sample collection and analysis according to the requirements 
discussed above, the results were 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 eontaminants of concern at potentially contan nated 
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 all results from this project must be as low as reasonably achievable 
or, in other words, the confidence level must be high, because the information developed in 
this study will be used as a basis upon which to make decisions in remedial projects that may 
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, proper field sampling program design 
and sampling/analytical methodologies were required. The project team decided that the 
analytical data required EPA Level W quality control and documentation and 100% data 
validation to ensure high quality. Preliminary screening analyses were assigned EPA Analytical 
Lr -1 II quality control document;:ion. To ensure that sample collection and field 
oi ,-vations were performed in a manner that ensured technically complete and accurate and 
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legally defensible infomation, these activities were conducted according to procedures that 
had been reviewed and approved by technical experts, knowledgeable managers, and 
regulators, subject to appropriate QA oversight. 

It is difficult, at best, to assign a simple uncertainty constraint to 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 many 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 experiment. 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 environmental investigation 
that do not lend themselves to quantifiable uncertainties: 

1. 

2. 

3. 

4. 

the certainty that the sample was collected within the geologic unit for which it was 
intended, 
the certainty that the sample was collected within the soil horizon for which it was 
intended, 
the certainty that the sample collection locations accurately reflect the actual constituent 
concentrations of areally distributed soil types, and 
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 judgment of highly 
qualified individuals, but even then a numerical value on these factors would be difficult to 
calculate objectively. Consequently, uncertainty descriptors such as high, medium, and low are 
recommended for the DQO process. 

The uncertainty constraints that can be calculated for the BSCP are 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. This program was in turn based on examination of the available data; 
however, the available data came from an experiment that was much different from the 
BSCP. Those data were collected upgradient of a known contaminant source in the Resource 
Conservation and Recovery Act (RCRA) investigation of the K-1070-A Contaminated Burial 
Ground, which is in the Knox Group. 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 
OD two scenarios or combinations of them: (1) concentrations will be above the detection 
limits of laboratory instrumentation and (2) concentrations will be below the detection limits 
of laboratory instruments. 

In the first scenario, where many or all analytical results are above the detection limit of 
the laboratory instrument, the distribution, standard deviation, mean, and median were 
computed- Upper confidence bounds of any percentile can be computed horn this 
information, and for this experiment, the 95th percentile was reported. 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 
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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 all analytical results are below the detection limit of the 
laboratory instrument, confidence bounds for detection probabilities will be reported. As 
discussed in Appendix D of the BSCP Plan, when the sample size is 4, as is the case in this 
experiment where four cornposited soil samples are analyzed, the 90% lower codidence 
bound for the probability that another composited sample would also be less than the 
detection limit is 0.56. If the cornposited samples from different geologic units and/or horizons 
were combined and all 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 needs to be evaluated for technical 
defensibility befare statements on the probabilities of doing so can be made. 

A detailed explanation of statistical implications can be found in Appendix D of the 
BSCP Plan (Energy Systems 1992, Volume 3j. 

Optimize Design for Ob-g Data 

The data collection design for this project is described in the BSCP Plan (Sect. 5.3, 
Energy System 1992). This design was optimized to account for variability within soils 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 or 
inadvertent releases. The field screening analyses were supplemented by laboratory analysis 
for man-made contaminants that would render a site unacceptable for determining natural 
background cancentra tions. 

The sampling plan was further optimized by repeating the sample collection and statistical 
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, similar 
soils. This repeat analysis technique was designed to verify the results of the analysis 
conducted on those samples collected within the boundaries of the OW. 
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2. PROJECT BACKGROUND AND DATA USER 
INFOIXMATION 

21 SUMMARY OF PROJECT ORGANIZATION 

The Background Soil Characterization Project (BSCP) is under the management of the 
US. Department of Energy (DOE) and Martin Marietta Energy Systems for the 
Environmental Restoration (ER) Program at Oak Ridge. Project scope is discussed in detail 
in the BSCP Plan (Energy Systems 1992, Volume 3). 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, Volume 3). The project 
schedule is presented in Fig. 2.2. Individual schedule elements have been discussed previously 
(see Energy Systems 1992 and DOE 1993). 

2 2  REGULATORY INlTIATIVES 

The Oak Ridge Reservation (ORR) encompasses three major instaliations: the Oak 
Ridge National Laboratory (ORNL), the Oak Ridge Y-12 Plant weapons complex, and the 
Oak Ridge K-25 Site (formerly referred to as the Oak Ridge Gaseous Diffusion Plant). These 
installations were constructed in the early to mid 1940s as research, development, and process 
facilities in support of the Manhattan Project These installations, along with the Paducah 
Gaseous Diffusion Plant in Paducah, Kentucky, and the Portsmouth Gaseous Diffusion Plant 
in Piketon, Ohio, are currently administered by the DOE Oak Ridge Operations Office 
(DOE-ORO) in Oak Ridge, Tennessee, and are managed by Martin Marietta Energy Systems, 
InC.  

During the construction and operation of these research, development, and process 
facilities, the associated decontamination, maintenance, and fabrication processes resulted in 
the generation of various hazardous and radioactive waste by-products. Hazardous waste 
treatment, storage, and disposal (TSD) facilities were created at each of the DOE-OR0 
facilities to handle such by-products. Some of these facilities continue to receive hazardous 
wastes while others are inactive or surplus. The ER Program was established to reduce the 
risks to human health and the environment posed by these inactive and surplus sites and 
facilities. All facilities under the ER Program are subject to the requirements of several laws; 
the relationship oE the BSCP to these laws is discussed here. 

Resource Conservation and Recovery Act (RCRA). RCR4 was enacted in 1976 as a 
system for managing hazardous wastes. It requires that S D  facilities apply for permits 
and meet 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 facility at which hazardous wastes or hazardous constituents have 
been routinely and systematically released (EPA 1989a). 
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e Hazardous and Solid Waste Amendments (HSWA). These amendments to RCRA were 
enacted in 1984 and provided the U.S. Environmental Protection Agency (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 atid 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. Section 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 'ISD 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 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. 

0 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
also referred to as Superfund. Created in 1980, CERCLA 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 ORR was listed on the NPL 
in December 1989 in the Federal Register (54 FR 48184) (EPA 1989b). 

0 Superfund Amendments and Reauthorization Act (SARA). This act was created in 1986 
as a 5-year extension of the SuperfundlCERCLA program to clean up hazardous releases 
at uncontrolled or abandoned hazardous waste sites. 

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

When the ORR was placed on the NPL, CERCLA became the primary regulatory driver 
for environmental studies and cleanup actions. Part of the requirements of CERCLA are that 
remedial actions be based on nine criteria: (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 with the concentrations of those same constituents in natural environments. The 
purpose of the BSCP is to determine the background concentrations of all key organics, 
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inorganics (metals), and radionuclides in soils in the Oak Ridge area so that they could be 
used for comparing the concentrations found at contaminated sites undergoing remedial 
investigation under CERCLk Key constituents are those that are of interest to ongoing, as 
well as anticipated, remedial actions and investigations. 

2.3 DATA MANAGEMENT AND VERIFICATION 

23.1 ResponsibiIities for Dab 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 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). All 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. 
All 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 crosschecked 
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 surveillances 
and were found to be satisfactory with regard to in-force standard operating procedures 
(SOPS). Early on the SOPs needed to be refined to ensure that all items specified in the 
BSCP Plan were accounted for. Second, this required that all field records for sampling be 
reviewed site-by-site and checked for completeness against the ESP-500 procedures, as called 
for in the BSCP Plan. These records were found to be complete but lacked an index or user's 
guide (see Sect. 2.3 of the BSCP Plan). Validation of analytical laboratory data is discussed 
fully in Sect. 4.5. 

Data summaries, statistical analysis, risk evaluation, 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. 

232 Data Storage and Records Management 

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

'SAS is the registered trademark of the SAS Institute, Inc., Cary, North Carolina. 
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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 O W  Environmental Sciences Division 
(ESD) and University of Tennessee sampling crew field sample logbooks and from 
sample compositinghample processing laboratory logbooks; 

gamma sample laboratory parameter information, activity measurements, and 
concentration summaries transferred from diskettes provided by the ESD Radioanalytical 
Laboratory; 

volatile organic analysis screening results provided by the Y-12 Plant analytical 
laboratory, which were transferred to and inciuded in the SAS data base; 

organic (pesticides, PCBs, herbicides, and PAHs) sample laboratory information and 
concentration levels entered frcm analysis data sheets provided by Lockheed Analytical 
SeMCes; 

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 Laboratory Services, Inc. 

Data sets of analytical laboratory results were provided to the statistical coordinator for 
conducting statistical analysis, generating data summaries, and performing data reduction. The 
statistical coordinator in turn provided data summaries to the risk evaluation coordinator. 
Baseline risk to human health was calculated for later use in comparison of risks associated 
with eontaminated sites. 

Validated and verified analytical data and field data will be transferred to the Oak Ridge 
Environmental Information System (OREIS) with the approval of the project manager. Other 
ER Division projects needing background soil concentration data may a c e s  data from 
OREIS. 

The complete summary printout showing types of analyses (except gamma screening data) 
is provided in Table 2.1. 

2 4  DATA USER GUIDELINES 

24.1 How To Ux Data-A Field Perspective 

The purpose of this section is to advise data users on 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 the objectives and the scope of 
activities. If your intended use of background soils data is beyond the scope of the BSCP 
Plan, you must develop scientific rationale to justify such use. Users are advised to read the 
entire text of this report instead of just the data summaries appearing in Sect. 5 and 
Appendixes B through 6. 



Table 21. Soil horizons and sample designations for Phase I and fI 

~ 

Gamma Alpha Beta 
emitters emitters emitters 

Tritium AA Sulfate Cyanide 
Pesticides ICP 

PAI-I Herbicides 
Field Lab 

Site Horizon Phase 
duplicate split PCBs metals metals 

31 

31,32,36 

31,32,36 

3 1,32,36 

32 

33 

33,34,35 

33,34,35 

33,34,35 

33,34,35 

34 

35 

36 

37 

37,38,41 

37,38,41 

37,38,41 

38 

39 

39,40,42 

39,40,42 

39,40,42 

40 
41 
42 

A 
A 
13 
C 

A 
A 

A 
A 

B 
C 

A 
A 
A 

A 
A 
B 
C 

A 
A 
A 
B 
C 
A 
A 
A 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Loclltioa=AND; Form~tion=C0PPER RIDGE 

2257 2257 2257 

7057 7057 

7060 7060 

7063 7063 

2259 2259 2259 

2262 2262 2262 

Split 1 7046 7046 

Split 2 7047 1047 

7051 7051 

7054 7054 

2265 2265 2265 

224% 2268 2268 

227 1 2271 2271 

2273 2273 2273 

7075 7075 

7078 7078 

7081 7081 

2275 2275 2275 

2277 2277 2277 

7066 7066 

7069 7069 

7072 7072 

2279 2279 2279 

2281 2281 2281 

2283 2283 2283 

7057 

7060 

7063 

7046 

7047 

7051 

7054 

7075 

7078 

7081 

7066 

7069 

7072 

7057 

7060 

7063 

7046 

7047 

7051 

7054 

7075 

7078 

7081 

7066 

7069 

7072 

7058 

7061 

7064 

7048 

7049 

7052 

7055 

7076 

7079 

7082 

7067 

7070 

7073 

7058 

7061 

7064 

2260 

2263 

7048 

7049 

7052 

7055 

2266 

2269 

7076 

7079 

7082 

7067 . 

7070 

7073 

7058 

7061 

7064 

7084 

7048 

7049 

7052 

7055 

7085 

7086 

7076 

7079 

7082 

7067 

7070 

7073 
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Gamma Alpha Beta 
AA Sulfate Cyanide Tritium 

PCRs metals metals emitters emitters emitters 

Pesticides ICP 
Lab PAH Herbicides 

Field 
Site Horizon Phase 

duplicate split 

1 
1,20,22 
1,20,22 
1,20,22 
10 
11 
12 
19 
19 
20 
21 
22 
3 
3 
3,511 
3,5,11 
3,5,11 
4 
4 
4 
4,12,21 
4,12,21 
4,12,21 
5 
9 
9,10,19 
9,10,19 
9,10,19 
9,10,19 
9,10,19 
9,10,19 

A 
A 
B 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
c 
A 
A 
A 
A 
B 
C 
A 
A 
A 
A 
B 
€3 
C 
C 

1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
2 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 

FD 

FD 

F 

FD 

FD 

2157 

2143 
2112 
2080 
2116 
2120 
2070 
2101 
2090 
2059 

2039 

2149 
2130 

2157 

2143 
2112 
2080 
2116 
2120 
2070 
2101 
2090 
2059 

2039 

2149 
2130 

7028 
7031 
7034 

7010 
7013 
7016 

7019 
7022 
7025 

7001 
7037 
7004 
7040 
7007 
7043 

7028 
7031 
7034 

7010 
7013 
7016 

7019 
7022 
7025 

7001 
7037 
7004 
7040 
7007 
7043 

7028 7028 7029 
7031 7031 7032 
7034 7034 7035 

7010 7010 7011 
7013 7013 7014 
7016 7016 7017 

7019 7019 7020 
7022 7022 1023 
7025 7025 7026 

7001 7001 7002 
7037 7037 7038 
7004 7004 7005 
7040 7040 7041 
7007 7007 7008 
7043 7043 7044 

7029 7029 
7032 7032 
7035 7035 

701 1 
7014 
7017 

7020 
7023 
7026 

7002 
7038 
7005 
7041 
7008 
7044 

7087 
701 1 
7014 
7017 

7088 
7089 
7020 
7023 
7026 

7002 
7038 
7005 
7041 
7008 
7044 



Table 21 (continued) 

Gamma Tritium Alpha Beta 

emitters emitters emitters 
Sulfate Cyanide Field Lab Pesticides ICP 

Site Horizon Phase PAH Herbicides 
duplicate split PCBs metals metals 

50 
50,66,73 
50,66,73 
50,66,73 
50,66,73 
5 0,6 6,7 3 
50,66,73 
50,66,73 
50,66,73 

52,53,78 
52,53,78 
53 
66 
68 
68,74,90 
68,74,90 
68,74,90 
6 8,7 4,9 0 
73 
74 
77 
77,85,86 
77,85,86 
77,85,86 
77,85,86 
77,85,86 
77,85,86 
78 
85 
86 
86 
90 

52,53,78 

A 
A 
A 
A 
A 
B 
B 
C 
C 
A 
B 
C 
A 
A 
A 
A 
A 
B 
C 
A 
A 
A 
A 
A 
B 
B 
C 
C 
A 
A 
A 
A 
A 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Split 1 
Split 2 

FD Split 1 
FD Split 2 

FD 

FD 

Split 1 
Split 2 

€3 

FD 

FD 

LOcah=ORR; Formatioa==CIlEPULTE!PEC 

1548 
5165 
5166 
5173 
5174 
5170 
5178 
5181 
5184 
5127 
5130 
5133 

1553 
1738 1738 1738 
1741 1741 1741 

5154 
5155 
5159 
5162 

1744 1744 
1746 1746 

5165 
5166 
5173 
5174 
5170 
5178 
5181 
5184 
5127 
5130 
5133 

5154 
5155 
5159 
5162 

5136 5136 
5145 5145 
5139 5139 
5148 5148 
5142 5142 
5151 5151 

Split 1 
Split 2 

1749 1749 

5165 
5166 
5173 
5174 
5170 
5178 
5181 
5184 
5127 
5130 
5133 

5154 

5159 
5162 

5136 
5145 
5139 
5148 
5142 
5151 

5165 
5166 
5173 
5174 
5170 
5178 
5181 
5184 
5127 
5130 
5133 

5154 
5155 
5159 
5162 

5136 
5145 
5139 
5148 
5142 
5151 

5167 
5168 
5175 
5176 
5171 
5179 
5182 
5185 
5128 
5131 
5134 

5156 
5157 
5160 
5163 

5137 
5146 
5140 
5149 
5143 
5152 

1549 
5167 
5168 
5175 
5176 
5171 
5179 
5182 
5185 
5128 
5131 
5134 

1739 

5156 
5157 
5160 
5163 

1747 

5137 
5146 
5140 
5149 
5143 
5152 

1607 

5167 
5168 
5175 
5176 
5171 
5179 
5182 
5185 
5128 
5131 
5134 

4212 
5156 
5157 
5160 
5163 
4273 
4274 
4276 
5137 
5146 
5140 
5149 
5143 
5152 
4277 

4278 
4279 



Table 2 1  (continued) 

Site 
Gamma Alpha Beta 

emitters emitters emitters 
Tritium AA Sulfate Cyanide 

Pesticides ICP 
PCBs metals metals 

Lab PAH Herbicides 
Field 

Horizon Phase 
duplicate split 

100 
101 
101 
101 
101,102,103 
101,102,103 
101,102,103 
102 
103 
104 
104,108,110 
l04,108,110 
104,108,110 
108 
110 
115 
115,116,117 
115,116,117 
115,116,117 
115,116,117 
116 
117 
93 
93,99,100 
93,99,100 
93,99,100 
98 

A 
a 
A 
A 
A 
B 
c 
A 
A 
A 
A 
B 
C 
A 
A 
A 
A 
A 
B 
C 
A 
A 
A 
A 
B 
c 
A 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1906 1906 
1897 1897 1897 

Split 1 
Split 2 

1894 1894 
1891 1891 1891 
1964 1964 1964 

1967 1967 
1970 1970 1970 
1973 1973 

Split 1 
Split 2 

1976 1976 1976 
1979 1979 
1900 1900 

1903 1903 1903 

5196 
5199 
5202 

5205 

521 1 
5208 

5216 
5217 
5222 
5225 

5187 
5190 
5193 

5196 
5199 
5202 

5205 
5208 
5211 

5216 
5217 
5222 
5225 

5187 
5190 
5193 

5196 
5199 
5202 

5205 
5208 
521 1 

5216 
5217 
5222 
5225 

5187 
5190 
5133 

5196 5197 
5199 5200 
5202 5203 

5205 5206 
5208 5209 
521 1 5212 

5216 5218 
5217 5219 
5222 5223 
5225 5226 

5187 5188 
5190 5191 
5193 5194 

4218 
4219 

4220 
4221 
1965 

1968 
1971 
1974 

1977 
1980 
4216 

4217 

5197 
5200 
5203 

5206 
5209 
5212 

5218 
5219 
5223 
5226 

5188 
5191 
5194 

4281 
4282 
5197 

4283 
4284 

5206 
5209 
5212 P ~ 

0 

5218 
5219 
5223 
5226 
4285 
4286 

5188 
5194 
5194 
4280 



Table 21 (continued) 

Alpha Beta 
emitters emitten 

Pesticides ICP Gamma . Field 
Lab PAH Herbicides AA Sulfate Cyanide Tritium Site Horizon Phase 

duplicate split PCBs metals metats emitters 

118 
118,122,124 
11 8,122,124 
118,122,124 
118,122,124 
119 
1 19,123,127 
119,123,127 
119,123,127 
119,123,127 
120 
120,126,129 
120,126,129 
120,126,129 
120,126,129 
121 
121,125,128 
121,125,128 

121,125,128 
122 
123 
124 
125 
126 
127 
128 
129 

121,125,128 

A 
A 
A 
B 
C 
A 
A 
A 
B 
C 
A 
A 
A 
B 
c 
A 
A 
A 
B 
C 
A 
A 
A 
A 
A 
A 
A 
A 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Split 1 
Split 2 

Split 1 
Split 2 

Split 1 
Split 2 

Split 1 
Split 2 

4095 4095 

4127 

4092 4092 

4129 

4105 4105 
4131 
4115 4115 
4133 
4089 
4135 
4137 
4086 4086 

4095 

4127 

4092 

4129 

4105 
4131 
4115 
4133 
4089 
4135 
4137 
4086 

5240 
5241 
5246 
5249 

5252 
5253 
5257 
5260 

5228 
5229 
5234 
5237 

5263 
5264 
5268 
5271 

5240 
5241 
5246 
5249 

5252 
5253 
5257 
5260 

5228 
5229 
5234 
5237 

5263 
5264 
5268 
527 1 

5240 
5241 
4246 
5249 

5252 
5253 
5257 
5260 

5228 
5229 
5234 
5237 

5263 
5244 
5268 
5271 

5240 
5241 
5246 
5249 

5252 
5253 
5257 
5260 

5228 
5229 
5234 
5237 

5263 
5264 
5268 
5271 

4942 
5243 
4247 
5250 

5254 
5255 
5258 
5261 

5230 
5231 
5235 
523a 

5265 
5266 
5249 
5272 

4096 
5242 
5243 
4247 
5250 

5254 
5255 
5258 
5261 

5230 
5231 
5235 
5238 

5265 
5266 
5269 
5272 

4093 

4106 

4116 

4090 

4087 

4942 
5243 
4247 
5250 
4287 
5254 
5255 

5230 

5235 
5238 
4288 
5265 
5266 

5231 tJ 
)” 

4289 

4290 
4291 
4292 



Table 21 (continued) 

Alpha Beta 
Tritium 

Gamma 
emitters emitters emitters 

Pesticides ICP AA Cyanide 
PCBs metals metals 

Lab pAt1 Herbicides Field 
Horizon Phase 

Site duplicate split 

Locatioa=ORR; Formation=COPPER RIDGE 

45 
45,60,75 
45,60,75 
45,60,75 
51 
51,55,62 
51,55,62 
5 1,55,62 
54 
54,64,83 
54,64,83 
54,64,83 

55 
58 
58,59,91 
58,59,91 
58,59,91 
59 
60 
62 
64 
74 
75 
83 
91 

A 
A 
B 
C 
A 
A 
B 
C 
A 
A 
B 
C 
A 
A 
A 
B 
C 
A 
A 
A 
A 
A 
A 
A 
A 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1544 

1546 

1497 

1495 
1542 

1491 
1493 
1480 
1483 

1477 
1474 
1471 

1497 

1495 

1491 
1493 
1480 
1483 

1477 
1474 
1471 

5109 
5112 
5115 

5100 
5104 
5106 

5118 
5121 
5124 

5091 
5094 
5097 

5109 5109 
5112 5112 
5115 5115 

5100 5100 
5104 5104 
5106 5106 

5118 5118 
5121 5121 
5124 5124 

5091 5091 
5094 5094 
5097 5097 

5109 
5112 

5100 
5 104 
5106 

5118 
5121 
5124 

5091 
5094 
5097 

5110 
5113 
5116 

5101 
5103 
5107 

5119 
5122 
5125 

5092 
5095 
5098 

1481 
1484 

5110 
5113 
5116 

5101 
5103 
5107 

5119 
5122 
5125 

5092 
5095 
5098 

5110 

4247 
5101 
5103 
5107 
4268 
5119 
5122 
5125 r + 

k 4  

5092 
5095 
5098 

4269 
4270 
427 I 
4215 

1478 
1475 
1472 



Table 21 (mntinued) 

Field Lab Pesticides ICP Gamma Alpha Beta Trilium 
emitters emitters emitters 

Site Horizon Phase PAH Herbicides AA Sulfate Cyanide 
duplicate split PCBs metals metals 

10 
10,33,35 
10,33,35 
10,33,35 
11 
11,27,41 
11,27,41 
11,27,41 
19 
19,22,32 
19,22,32 
19,22,32 
2 
2 
2 
2,2443 
2,26,43 
2,26,43 
2,26,43 
2,26,43 
2,26,43 
22 
2G 
26 
27 
27 
32 
32 
33 
33 
35 
41 
43 
43 

A 
A 
B 
c 
A 
A 
B 
C 
A 
A 
B 
C 
A 
A 
A 
A 
A 
E3 
B 
C 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
1 
1 
2 

FD 

FD 

FD 

FD 

1127 

1080 

1099 

1190 
1201 

1106 
1213 

1072 

1107 

1108 

1115 
1064 
1231 

1127 

1080 

1099 

1190 
1201 

1106 
1213 

1072 

1107 

1108 

1115 
1064 

1127 

1080 

1099 

1190 
1201 

I106 
1213 

1072 

1107 

1108 

1115 
1064 
1231 

5019 
5022 
5025 

5001 
5004 
5007 

5010 
5013 
5016 

5028 
5037 
5031 
5040 
5034 
5043 

5019 
5022 
5025 

5001 
5004 
5007 

5010 
5013 
5016 

5028 
5037 
5031 
5040 
5034 
5043 

5019 
5022 
5025 

5001 
5004 
5007 

5013 
5016 

5028 
5037 
5031 
5040 
5034 
5043 

5019 
5022 
5025 

5001 
5004 
5007 

5013 
5016 

5028 
5037 
5031 
SWO 
5034 
5043 

5020 
5023 
5026 

5002 
5005 
5008 

501 1 
5014 
5017 

5029 
5038 
5032 
504 1 
5035 
5044 

1128 

1079 

1122 

1189 
1198 

1123 
1214 

1071 

1124 

1125 

1126 
1063 

5020 
5023 
5026 

5002 
5005 
5008 

501 1 
5014 
5017 

5029 
5038 
5032 
5041 
5035 
5044 

5020 
5023 
5026 

5002 
5005 
5008 

5011 
5014 
5017 

';3 
CI w 4255 

5029 
5038 
5032 
5041 
5035 
5044 

4260 

4261 

4243 

4264 

4265 



Site 
Gamma Tritium Alpha Beta 
emitters emitters emitters 

AA Sulfate Cyanide 
Pesticides ICP 

PCBs metals metals 
Lab PAH Herbicides 

Field 
Horizon Phase 

duplicate split 

13 
13 
15 
15 
15,23,25 
15,23,25 
15,23,25 
16 
16,28,42 
16,28,42 
16,28,42 
21 
21 
23 
24 
24 
24 
25 
2a 
28 
3 
3,13,24 
3,13,24 
3,13,24 
31 
42 
5 
5 
5,21,31 
5,2l,3¶ 
5,21,31 

A 
A 
A 
A 
A 
B 
C 
A 
A 
B 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
C 
A 
A 
A 
A 
A 
B 
C 

1 
2 
1 
2 
1 
1 
1 
I 
1 
1 
1 
1 
2 
1 
1 
2 
2 
I 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 

Locratioa=ORR; Formation=NOLICHUCKY 

1299 1299 

1300 1300 

1301 

12% 

1295 
1294 

Split 1 
Split 2 

1293 
1292 

1297 

1303 
1302 
1298 

5055 5055 
5058 5058 
5061 5061 

5064 5064 
5067 5067 
5070 5070 

1301 

1296 

129.5 
1294 

1293 
I292 

1297 
5082 5082 
5085 5085 
5088 5088 

1303 
1302 
1298 

5073 5073 
5076 5076 
5079 5079 

5055 
5058 
5061 

5064 
5067 
5070 

5082 
5085 
so88 

5073 
5076 
5079 

5055 
5058 
5061 

5064 
5067 
5070 

5082 
5085 
5088 

5073 
5076 
5079 

5056 
5059 
5062 

5065 
5066 
5071 

5083 
5086 
5089 

5074 
5077 
5080 

5056 
5059 
5062 

5065 
5068 
5071 

5083 
5086 
5089 

5074 
5077 
5080 

4254 

4256 
5056 
5059 
5062 

5065 
5068 
5071 

4257 Y 
c1 
P 

4258 
4259 

4262 

5083 
5086 
5089 

4253 
5074 
5077 
5080 



i 

Table 21 (oontinued) 

Alpha Beta Gamma 

emitten emitters emitters 

Fieid Lab Pesticides ICP fi 
duplicate split PCBs metals metals Sulfate Cyanide Tritium PAH Herbicides Site Horizon Phase 

LocatiOa=ROA; Formah=COPPER RIDGE 

33 
33,35,44 
33,3544 
33,3544 
34 
34,39,41 
34,39,41 
34,39,41 
34,39,41 
35 
39 
40 
40,42,43 
40,42,43 
40,42,43 
41 
42 
43 
43 
44 
45 
45,46,47 
45,46,47 
45,46,47 
45,46,47 
45,46,47 
45,46,47 
46 
47 

A 
A 
B 
c 
A 
A 
A 
B 
C 
A 
A 
A 
A 
8 
c 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
C 
A 
A 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

m 

FD 

FD 

FD 

Split 1 
Split 2 

3203 

3206 

3209 
321 4 
321 1 

3203 

3206 

3209 
3214 
321 1 

3203 

3206 

3209 
3214 
321 1 

3217 321 7 3217 

3231 3231 323 1 
3233 3233 3233 
3229 3229 3229 
3227 3227 3227 

3235 3235 3235 

6046 
6049 
6052 

6082 
6084 
6087 
6090 

6055 
6058 
6061 

6046 
6049 
6052 

6082 
6084 
6087 
6090 

6055 
6058 
6061 

6046 
6049 
6052 

6082 
6084 
6087 
6090 

6055 
6058 
6061 

6046 
6049 
6052 

6082 
6084 
6087 
6090 

6055 
6058 
6061 

6047 
6050 
6053 

6083 
6085 
6088 
6091 

6056 
6059 
6062 

6073 6073 6073 6073 6074 
6076 6076 6076 6076 6077 
6070 6070 4070 6070 6071 
6079 6079 6079 6079 6080 ~. 
6064 6064 6064 6064 6065 
6067 6067 6067 6067 6068 

3225 3225 3225 
3223 3223 3223 

3330 

3329 
3327 

3328 

6047 
6050 
6053 

6083 
6085 
6088 
6091 

6056 
6059 
6062 

6093 
6047 
6050 
6053 
6094 
6083 
6085 

6095 

6056 
6059 
6062 

6074 6074 
6077 . 6077 
6071 6071 
6080 6080 
6065 6065 
6068 6068 



Tabk 21 (mntitlucd) 

Site 
Gamma Alpha Beta 

emitters emitters emitters 
Tritium AA Sulfate Cyanide 

Pesticides ICP 
PAH Herbicides 

Field Lab 
Horizon Phase 

duplicate split PCBs metals metals 

10 A 
10,13,14 A 
10,13,14 A 
10,13,14 B 
10,13,14 E 
10,13,14 c 
10,13,14 C 
13 A 
13 A 
14 A 
17 A 
19 A 
19 A 
20 A 
20 A 
21 A 
21 A 
22 A 
3 A 
3,7,21 A 
3,7,21 0 
3,7,21 C 
7 A 
8 A 
8,20,22 A 
8,20,22 B 
8,20,22 C 
9 A 
9,17,19 A 
9,19,19 B 
9,17,19 C 

1 
1. 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 

FD 

FD 

FD 

FD 

3168 

31 27 
3139 
3148 
3018 
3032 

3046 

3113 

3058 
3099 

3085 
3072 

3003 

Loartioo=ROA; FwID~~=DISMAL GAP 

3168 

3127 
3139 
3148 

3018 3018 
3032 3032 

3046 3046 

3113 

3058 3058 
3099 3099 

3085 3085 
3072 3072 

3003 3003 

6028 6028 
6037 6037 
6031 6031 
6040 6040 
6034 6034 
6043 6043 

6019 6019 
6022 6022 
6025 6025 

6010 6010 
6013 6013 
6016 6016 

6004 6004 
6001 6001 
6007 6007 

6028 6028 6029 
6037 6037 6038 
6031 603 1 6032 
6040 6040 6041 
6034 6034 6035 
6043 6043 6044 

6019 
6022 
6025 

6010 
6013 
6016 

6004 
6001 
6001 

6019 
6022 
6025 

601 0 
6013 
6016 

6004 
6001 
6007 

3016 
3031 

3045 

3057 
3098 

6020 
6023 
6026 

3084 
3071 

6011 
6014 
6017 

6005 
6002 
6008 

3004 

6029 6029 
6038 6038 
6032 6032 
6041 6041 
6035 6035 
6044 6044 

6020 
6023 
60% 

601 1 
6014 
6017 

5005 
6002 
6008 

E;’ 6096 

6097 

6098 

c-’ 

6020 
6023 
6026 

6011 
6014 
6017 

6005 
6 0 2  
6008 
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The following checklist of pertinent questions is provided to guide the prospective data 
user. 

1. 

2 

3. 

4. 

Do you know your site geological formations and soil characteristics? Have you read the 
BSCP sampling protocols? Will you be using a qualified soil scientist for i d e n t w g  and 
collecting samples from A, B, and C horizons of the soil? 

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? Either extraction or total dissolution methods (as 
specified in this document) for metals, organics, and some radionuclides must be the 
same, only in terms of analyte specificity and similar analyte recovery efficiency, if results 
from contaminated sites are to be compared with results from this project. The use of 
neutron activation analysis data and mass spectroscopy anaiysis of EPA methods of soil 
dissolution or extraction to currently accepted EPA methods is compared and discussed 
in Sect. 6. 

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. 

a. Rome Formation: Naturally occumng metal and radionuclide BSCP data may not 
be applicable. No sampling was performed, so there is no basis for comparison. 

Conasauga Group: For Pumpkin Valley, Rutledge (Friendship), and Maynardville 
formations, BSCP data for metals and radionuclides may not be applicable. There 
was no sampling of these formations. The data may be applicable for the Dismal 
Gap (Maryville) and Nolichucky formations in the Melton Creek section, even 
though this section of the Conasauga was not sampled. 

Knox Group: For the Copper Ridge and Chepultepec formations, the data are 
nearly all simiiar. For the Longview, Kingsport, and Mascot formations, which were 
not sampled, BSCP metals and radionuclides data should generally be applicabIe for 
the geologic group (see Tables 6.la and 6.lb). The Melton Hill section of the b o x  
should be abie to use the  Knox Group values contained in Tables 6.la and 6.lb. 

b. 

c. 

d. If there is no significant difference between two formations in a group €or a 
particular constituent, the group data may be applicable to other formations in the 
same group. 

e. Chickamauga Group: For the Bethel Valley area, the Bethel Valley section BSCP 
data should be applicable aithough some geologic units (A, B, C, and D> were not 
sampled. For the K-25 area, the K-25 section BSCP data should be applicable across 
all formations. 

Was your sample collected from a ridgetop 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 you obtain will probably vary. However, the 
applicable and comparabk BSCP data wili probably be on the conservative side. 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

Was your sample collected from a forested mineral soil surface layer (A horizon or A 
plus E horizons) or from an Ap horizon in a grassland field? You can use the 
appropriate values from the A horizon from the geologic formation that you checked 
above. 

Was your sample collected from :he surface of a site that has been disturbed OH stripped 
of topsoil in the past 30 to 45 years? If so, then the B horizon data from the particular 
geologic formation will probably be the most appropriate for comparisons. 

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

Was your sample collected from dl materials or cover above waste trenches? Can you 
identify the geologic formation source of those soil materials? If so, then you can 
compare your data with the appropriate 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 any BSCP data! If the fill came from Chestnut 
Ridge or from Melton Hill on the ORR, then you should be able to use the appropriate 
C horizon data from the Copper Ridge or Chepultepec formations or the Knox Group 
data of Tables 6.1a and 6.lb. 

Are your results equal to or lower than the median value plus two sigma deviation units? 
If so, your sample is probably nbt 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. 

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. We do want to base the 
analytic thresholds on instrument detection limits or on detection limits associated with 
method dilution factors. The presence of man-made chemical compounds and 
radionuclides above background should be interpreted as a sign o€ potential 
contamination. 

Please use only the relevant numbers from Tables 6.la and 6.lb for most of your data 
comparisons. If the discussion for a particular element or compound in Sect. 6 indicates 
a significant difference by formation within a geologic group, then use the appropriate 
formation data by horizon from Sect. 5. If A, B, and C horizon data are significantly 
different, use the data for specific horizons from a specific formation. For some very 
broad uses, the data across all geologic groups have been merged but have limited 
usefulness as a result (see Tables G.8 and G.9). 

2 4 2  How To Use Data-An Analytical Perspective 

The data reported in this document have been collected, analyzed, and validated 
according to the guideIines 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 
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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. 

1. 

2 

3. 

4. 

5. 

6. 

7. 

8. 

-. . 

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 the 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 
laboratory qualifiers are Found in Sects. 4.4.1 and 4.4.2. The data validation qualifiers used in 
this project are listed in Table 4.1. 

Data with validation qualifiers J, U3, UJN, UN, and JN 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 estimated or approximate 
concentration of the analyte and not a true concentration. 

The following questions are presented to provide additional guidance 

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

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

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

Did you use total dissolution methods [refer to HASL-300 methods in AEC (1972)] for 
radiological analyses? 

Did you incorporate any deviations or modifications in the methods as d e s c n i  in the 
BSCP Plan (Energy Systems 1992) or in this report? 

Is your data based on wet weight or dry weight? 

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

Did you compare your detection limits with those contained in the BSCP Plan (Energy 
Systems lm)? 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 EPNCLP 
statement of work for organic and inorganic anatyses. 
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9. Did you use the data validation guidelines developed for the BSCP, and did you refer 
to the validation qualifiers (list of data validation qualifier definitions can be found in 
Sect. 4.4) for data in this report when evaluating your data? 

243 Statistical Guidelines 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 Pian (Energy Systems 1992) and to Sect. 5 (particularly Sect. 5.10) of this report 
for discussions of laboratory and spatial variance and compositing. 

to compare background levels in various formations or horizons? See Sect. 5.2 
(particularly Sect. 5.2.3) and discussion on analytes of interest in Sects. 5 and 6 of this 
report. 

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 particular analyta 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, see Sect. 5.2, Measures 
of Central Tendency) 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 median, use 
a lower confidence bound. (Use an upper confidence bound for the median only if 
you want to be confident that the target is above the median.) 

to determine if the detection of a PAH, pesticide, herbicide, or other normally absent 
substance is inconsistent with a practical definition of background @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 S O M ~  

of these confidence bounds are not useful because overall sample sizes 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 (Table 5.1 
for inorganics, for example) and discussion in Sects. 5.2 and 5.10. 

Exclusions 

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 cornposited or if they are cornposited at significantly 
different levels other than three, or if they are biased, perhaps through the use of a 
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nonrandomized sampling site selection process that results 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, sbould 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 be unnecessarily low remediation targets. 

24.4 Data User Guidefines for Risk Assessments 

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

What is risk assessnrent as it pertains to the Bscp? 

Risk assessment is used to evaluate potential risk 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 noncarcinogenic (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" 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 tbe primary goals of this risk assessment? 

The primary objectives of this BSCP risk assessment are to (1) evaluate the BSCP 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 sampling areas (OM, Anderson 
County, and Rome County). 
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How are risk and hazard indices determined? 

To evaluate potential risk to human health from background constituents, EPA-approved 
doselresponse 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 in 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 mncern according to EPA guidelines for contaminated sites: risk < 1.0 x IO", no concern; 
risk between 1 .O x 10" and 1.0 x lo4, range of concern; and risk > 1.0 x lo", 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. 

How are the calculated risk d u e s  to be used? 

The most important aspect of the background soil data for risk assessment is in the 
selection of contaminants of potential concern. These background values can be used to attain 
an accurate assessment of the risk to human health posed by contaminants found at higher 
eoncentrations [two orders of magnitude above background concentrations according to the 
EPA (EPA 1990)] than naturally occurring background concentrations on the ORR. The total 
soil background risk reported in this document can be used to discuss siterelated 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 feasibi'ity 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 (Le, risk > 1  x lo4); this infomation 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 kks. 

e Not aU 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 €or environmental fate, transport, 
or transfer that may alter concentrations. 
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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 from the residential land use scenario are at the 
conservative end of the scale, when in fact residential use may not be the most likely future 
land use for the Om. This assumption contributes to the uncertainty by possibly 
overestimating risks. IdentiEying 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 
concentrations in the so& (2) the intake rates and exposure parameters are representative 
of actual potentially exposed populations, and (3) all contaminant exposure 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 reference doses) 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 an 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. 

2 4 5  Data Aaxs Considerations 

BSCP analytical results are available from OREIS. Users wishing to access the data 
should refer to ER/C-P2702, Rev. 0, “Obtaining Access to Data in OWIS,” and the “Oak 
Ridge Environmental Information System (OREIS) User Interface Manual for General Users, 
Version 1 .O.” 

AU data definitions 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. 

Note: Additional mnsiderations 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. 
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3. Does the user %ant to reproduce the risk calculations using alternate risk factors or 
exposure scenarios? The mean and upper 95% confidence bounds were calculated using 
a maximum likelihood estimation technique to appropriately account for values reported 
at their detection limit. 

25 EXAMPLE APPUCATIONS OF DATA USER GUIDELWES 

The process flow for applying the data user guidelines discussed in Sect. 2.4 is 
summarized in Fig. 2.3. This section presents two example cases to illustrate the suggested 
approach for applying the background soil characterization data in this report. 

EXERCISE KN USING BACKGROUND SOIL DATA 

Refer to the series of questions in Sect. 2.4.1 for guidance in determining applicability, 
both in general and for geological aspects in particular, of BSCP data to the two hypothetical 
situations under discussion here. Then refer specifically to Sect. 2.4.2 when comparing 
contaminated site data directly with BSCP data. The central question is: Are the data 
comparable? Refer to Sect. 2.4.3 when determining whether the treatment of the 
contaminated site data has been statistically similar to the treatment of the BSCP data. 
Finally, refer to Sect. 2.4.4 for data uscr guidelines relative to risk assessment. 

The primai:; concern in this discussion is whether the contaminated site data are 
comparable or are even compatible with the BSCP data. If this is not the case, then obtain 
technical assistance. 

Case I - Hypothetical Situation 

A waste treatment facility has had two leaks from a pressurized line that runs through 
a wooded area to the injection well. One slow leak occurred at a joint in the above-ground 
part of the pipe. This leak spread a plume on the surface that reached out into the woods. 
The area was roped off, and samples were collected and analyzed to locate the extent of the 
contaminated area and to estimate the level of contamination. This preliminary analysis 
identified the following radionuclide analytes of concern in the plume: cesium-137, 
technetium-99, and tritium. Samples were collected from the upper 10 cm of soil. The other 
line leak occurred in a below-ground section of the pipe at a depth between 50 and 100 cm. 
The same contaminants were found at this depth, too. 

Geology: Use the provisional ORR geology map (ORNL/TU-12074), have a qualified 
geologist make a site determination of the geologic formation, or use the ORR soils map, 
which relates soils to the underlying geologic formations. The leaks were found to be 
underlain by the Nolichucky Formation of the Glonasauga Group. 

Soils: Use the ORR soils map to determine if the leaks occurred in residual soils or 
colluvial-alluvial soils, or have a qualified soil scientist make an on-site evaluation. The leaks 
were found to be underlain by residual soils of the Nolichucky Formation. 
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Tables 5.3,5.4, Tables 5.1.5.3, 

I individual Site Soil Data 
Availabie from OREIS 

Fe. 2.3- Data user guideline flow chart 
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Landform: The above-ground leak is on a sideslope, and the below-ground leak is on 
a ridgetop landform. 

Vegetation: The vegetation is mixed hardwoods and pines. 

Background Data Selection 

The surface (0 to 10 cm) sampling depth is roughly equivalent to the A horizon of the 
soil profile, and the 50 to 100 cm depth is approximately equivalent to the C horizon of the 
soil profile. Where formation data are available in Sect. 5, they will be used; if formation data 
are not available, geologic group data from Sect. 6 will be used. 

Background data are available for cesium-137 from the A horizon for the Nolichucky 
Formation. See Table 5.8 for NOL-ORR A borizon data. 

Technetium-% data are available for the Nolichucky A horizon. See Table 5.8. 

There are no tritium data available for the Nolichucky Formation; therefore, the 
Conasauga Group A horizon data for tritium from Table 6.lb will be used. 
There are no cesium-137 detect data from the Nolichucky Formation for the C horizon; 
therefore, data from Table 6.lb can be used for the C horizon, because the Nolichucky 
Formation belongs to the Conasauga Group. 

BSCP soil samples were not collected from B and C horizons for technetium and tritium; 
however, those data should be below the instrument detection limits (IDLs), and we can 
resort to use of the IDLs in this case. 

Data for 0 to 10 cm depth of conhminated soil samples (from sect, 5) 

Analyte Units Median UCB95 x95 LTB9595 

Cesium-137 P W  0.53 1.26 2.99 1.18 

TC-99 pCi/g 1.10 1.92 2.63 1.57 

Tritium pCi/g 0.32 0.43 0.70 0.05 

Data €or 60 to 100 cm depth of contaminated soil samples (from Sect 6) 

Analyte Units Median UCB95 x95 LTB9595 

Cesium-137 PC& 0.OOO8 0.091 0.803 0.008 

T C - 9 9  PCik IDL 

Tritium PC@ IDL 

Note that numerical rounding of data has been done for this exercise. For an explanation 
of the headings in the tables above, please see pages 5-15 of this report. 

Analytical Method Selection 

The analytical coordinator reviewed the following information to ensure that the 
analytical laboratory methods used were comparable. 
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* Did you compare your analytical methods with those contained in the BSCP Plan 
(Energy Systems 1992, Volume 3)? Were the samples analyzed according to the EPA methods 
and procedures contained in the BSCP Plan? 
- The methods used for this investigation were taken from the BSCP Plan. The 

coordinator referred to Tables 6.5 to 6.13 in the Plan and used the €olloWing methods: 
- W L  300 Method for technetium; 
- EPA 901.1 for cesium, which is the gamma spectrometry method; and 
- EPA 906.1 for tritium, which is the liquid scintillation method. 

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

- The laboratory used a distillation method to prepare the tritium sample, just as in the 
BSCP. 

- The laboratory prepared the technetium sample using the HASL-300 method, which 
means that the laboratory did not ash the samples. This does not compromise the data, 
since the ashing step is only used to remove the organics that interfere with the analysis. 
Radiochemical preparation methods must be considered, because it is very important that 
the laboratory use a method employing total dissolution. Radiochemical preparation 
methods are not standardized, so individual laboratory procedures should be evaluated. 
The BSCP used methods that provide for total dissolution. 

- 

- 

BSCP Plan or in this report? 

Did you use total dissolution methods for radiological analyses? 

Total dissolution methods were used. 

Did you incorporate any deviations or modifications in the methods, as described in the 

- 

e 

0 

- 
0 

I 

No deviations or modifications reported by BSCP were used for this investigation, since 
the laboratory adhered to the HASL-300 method €or technetium49 analysis. 

Are your data based on wet weight or dry weight? 

All weights were based on ovendry-soil weight (- 10S°C), with percent moisture also 
reported. 

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

All units were the same. 

Did you compare your detection limits with those specified in the BSCP Plan? 
In the decision process to amve at appropriate analytical methods, the detection limits 
found in Tables 6.5 to 6.13 of the BSCP Plan were reviewed and determined to be 
sufficient for the investigation (cesium-137 = 3 pCi/g, technetium-99 = 2 pCi/g, tritium 
= 1 pCi/g). 

Did you use the data validation guidelines developed for the BSCP, and did you refer 
to the validation qualifiers (list of data validation qualifier definitions appears in Sect. 4.4) for 
data in this report when evaluating your data? 
- Data validation guidance was used consistent with BSCP definitions. 
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Statistid Methods 

From analytical considerations, it can be concluded that the data are compatible. The 
question of comparability is to determine if analyte levels. at the site are within “normal” 
background ranges. Suppose that “normal” means below the 95th percentile. (Of course, 
other percentiles could be used instead.) 

From Table 5 . 1 0 ~ ~  essentially all of the variance in background A horizon cesium-137 
measurements is due to laboratory variability (Le.? there is no spatial component). Therefore, 
cornpositing does not affect the variance of sample values, and the 73rmaI backgrond range 
is indicated by X95, the 95th percentile estimate, and by tolerance bounds for that percentile. 
X95 for cesium-137 is 2.99 pCi/g. LTB9595 for cesium-137 is 1.18, An upper 95% tolerance 
bound (UTB9595) for X95 can be computed using the expression 

UTB9595 = exp[2*ln(X95) - ln(LTB9595)l. (2-1) 

That value is 7.58. Thus, the true 95th percentile could be anywhere from LTB9595 = 1.18 
to UTI39595 = 7.58. Assuming that the laboratory variability for the site and background 
studies are about the same and under the assumptions made in the BSCP statistical analysis, 
we can be about 95% conGdent that site samples below 1.18 are normal and 95% confident 
that site samples above 7.58 are abnormal. Site samples between those two values may 
warrant additional consideration (e.g., of risks) or more sampling. 

For C horizon cesium-137, there were no Nolichucky detects. There were, however, 
several C horizon Om-Dismal Gap detects, and there were also detects at Dismal Gap sites 
in Anderson County. The P-value (probability) for comparing Nolichucky and Dismal Gap 
sites (P-DGN in Table G.5) is 0.017. This suggests that the Dismal Gap and Nolichucky sites 
may differ for C horizon cesium-137. If so, combining Conasauga site data may not be 
justified. However, the signilicance level 0.017 is borderline (see discussion on significance 
levels in Sect. 5-53), and so we can consider the combined Conasauga data. 

The values for Conasauga C horizon cesium-137 in Table 6.lb are median = 0.00078, 
UCB95 = 0,091, X95 = 0.803, and LTB9595 = 0.0077. The spatial variability of C horizon 
cesium-137 is appreciable: 2.20 base-ten-log pCi/g (from Table 5.1Oc). The laboratory standard 
deviation is 0.532. Therefore, the standard deviation for noncomposites is 

[(0.532>2 + (2.20)2]’n = 2.26 and 1O”g (median) + 

* = 3.97, 

estimates the 95th percentile for noncomposites. If the variability of the variance estimate is 
ignored, substituting upper or lower confidence bounds for the median provides upper and 
lower tolerance bounds for the 95th percentile. These values are 0.000004 and 4.02. The 
median and these tolerance bounds may be used as references for cesium-137 at Conasauga 
C horizon sites. 

The degrees-of-freedom €or C horizon cesium-137 in Table 5.10~ are 29 and 28. This 
suggests that the standard deviation estimates are fairly accurate. Nevertheless, the more 
detailed approach sketched in Sect. 5.10 could also be performed to account €or the variability 
in variance estimates. 
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As with A horizon cesium-137, the spatial component of variance for technetium-99 is 
negligible (see Table 5.10~). The technetium49 samples were also noncomposites. Thus, the 
approach described for A horizon cesium-137 can be taken for technetium-%. The lower and 
upper tolerance bounds for the 95th percentile are 1.57 and 4.41 pCi/g, respectively. 

Tritium samples were also noncomposites, so lower and upper tolerance bounds for the 
95th percentile are again calculated as for A horizon cesium-137. They are 0.045 and 
0.100 pCi/g, respectively. 

Case II - Hypothetical Situation 

The Y-12 Burial Ground in the Bear Creek Valley section of the ORR has suspect 
surface contamination of uranium dust and naphthalene at one of its disposal trenches. 
Samples were collected and analyzed to determine the extent and amount of contamination. 
The analytes of concern were identified as uranium-235, uranium-238, and naphthalene, Most 
of the contamination was found to be in the upper 30 cm of soil. 

Site Characteristics 

Geology: Use the provisional ORR geology map (ORNLiTM-12074) to obtain the 
location of the contaminated areas with respect to the underlying geology. The contaminated 
area was found to be underlain by the Pumpkin Valley Formation. 

Soils: Soil mapping was purposely not done in burial grounds or in suspected 
contaminated areas behind fences, so no soil data are available in such areas. The trench was 
initially installed to a depth of 8 ft. After filling, the spoil taken from the trench was used as 
cover material. Contamination evidently occurred when an adjacent trench was being filled. 
The soil scientist confvmeed that the cover materials above the trench consisted essentially of 
C horizon soil from the Pumpkin Valley Formation of the Conasauga Group, although recent 
covering of nearby trenches with red clayey soil from the Knox Group had occurred, and 
some red clay soil material had been pushed onto the outer edges of the cantaminated area. 

Background Data Selection 

BSCP data for the Pumpkin Valley Formation do not exist. Since the Pumpkin Valley 
Formation is part of the Conasauga Group, the Conasauga Group C horizon wifl be used 
€or obtaining background uranium values. See Table 6.1b for uranium-235 (alpha) and 
uranium238 (alpha) data. (Use of the total uranium data shown in Table 6.lb is not 
recommended.) 

Data for naphthalene were collected only from the A horizons of undisturbed soils. 
There were no data determined For any Conasauga Group soils. For this man-made 
organic, data from overall ORR PAH anatyses (Table G.10) are applicable to provide 
the required estimated values. 

Data for Conasauga Group C horizon (from sect 6) 

Analyte Units Median UCB95 x95 LTB9595 

Uranium-235 pCilg 0.039 0.057 0.1 12 0.071 

Uranium-238 pCilg 0.864 1.03 1.44 1.16 
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Data combined mer samphg areas (from Table G) 

Analyte Units Median UCB95 X95 LTB9595 

17.10 Naphthalene P!zn% 4-79 7.27 31.30 

Please refer to page 5-15 for an explanation of the headings that appear in the tables above. 

Analytical Method Selection 

The analytical coordinator reviewed the following information to ensure that the methods 
were comparable. 

0 Did you compare your analytical methods with those contained in the BSCP Plan 
(Energy Systems 1992, Volume 3)? Were the samples analyzed amrding to the EPA methods 
and procedures contained in the BSCP Plan? 
- The methods used €or this investigation were taken from the BSCP Plan. The analyst 

referred to Tables 6.5 to 6.13 in the Plan for the methods: 
- 
- 

EPA 8310 for napthalene and 
EPA 907.0 for isotopic uranium by alpha spectrometry. 

* 
in the BSCP Plan (Energy Systems 1992, Volume 3)? 
- 

Did you follow the same sample preparation methods and requirements as those stated 

The laboratory used the same preparation methods as in the BSCP €or napthalene, and 
the uranium method was based on an anion exchange column separation (HASL 
E-U-02-01). Radiochemical preparation methods must be considered, because it is very 
important that the laboratory use a method employing total dissolution. Radiochemical 
preparation methods are not standardized so individual laboratory procedures should be 
evaluated. The BSCP used methods that provided for total dissolution. 

- 
Did you use total dissolution methods for radiological analyses? 

Total dissolution methods were used. 

BSCP Plan or in this report? 
- 

Did you incorporate any deviations or modifications in the methods, as described in the 

No deviations or modifications to those reported by the BSCP were used for this 
investigation. 

0 

- 
also reported. 

Are your data based on web weight or dry weight? 

AU weights were based on oven-dry-weight (approximately 105°C) with percent moisture 

* 
- 

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

All units are the same. Napthalene was reported in pgkg,  and isotopic uranium was 
reported in pCi/g. 

* Did you compare your detection limits with those contained in the BSCP Plan? 
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- In the decision process to determine methods, the detection limits found in Tables 6.5 
to 6.13 of the BSCP Plan were reviewed and determined to be sufficient for this case 
(naphthalene = 1206 pg/kg, uranium-235 and -238 each = 0.1 pCi/g). 

Did you use the data validation guidelines developed for the BSCP, and did you refer 
to  the validation qualifiers (list of data validation qualifier definitions can be found in Sect. 
4.4) for data in this report when evaluating your data? 
- Data validation guidance was used consistent with BSCP definitioris. 

Statistical Methods 

The issue is to determine whether analyte levels at the site are within “ n ~ ~ a l ~ ~  
background ranges. In Table G.5, the P-values for comparing the Dismal Gap and Nolichucky 
formations in the C horizons are 0.62 for uranium-235 and 0.0018 for uranium-238. The 
significant difference in uranium-238 levels for the Dismal Gap and Nolichucky formations 
suggests that extrapolating from the BSCP data to the Pumpkin Valley Formation may not 
be justified, at least for uranium-238 values. Nevertheless, this can be done for both uranium- 
235 and uranium-238; calculations such as those for the C horizon cesium-137 are then 
appropriate. 

In some cases a tolerance bound for a composite may be a more useful reference value 
than a tolerance bound for a noncomposite. The tolerance bounds for composites of three 
are straightforward: for uranium-235, the LTB9.595 is 0.071, and UTB9595, calculated using 
equation 2 1 ,  is 0.177. For uranium-238, the LTB9595 is 1.16, and the UTI39595 is 1.79. 

When a noncomposited sample is analyzed, it could come from a localized area of 
elevated or higher concentration, but humans, due to their normal movements, are never 
exposed continuously to the upper end of the normal analyte distribution. If the analyte is 
sufficiently toxic, a person continuously exposed to these high concentrations might be 
affected. But, because of normal movements, the actual human exposure would always be 
closer to the mean concentration than to an upper percentile concentration. In such a case, 
the upper percentile would make an inappropriate reference value, and a percentile (or 
tolerance bound) for a composite would be a more representative reference. 

Because of anaIytical laboratory problems, the naphthalene data for the Conasauga 
Group were excluded from the statistical analysis presented in Sect. 5. However, it is 
reasonable to assume that the distribution of concentrations of naphthalene (a PAH) does 
not vary with formation. (See Table G.4. None of the tests comparing naphthalene 
concentrations was significant.) Thus, it is appropriate to consider statistics for the ORR as 
a whole (Table G.lO): median = 4.790, UCB95 = 7.27, X95 = 31.30, LTB9595 = 17.10, all 
in &kg. These statistics may be combined as in Case I for technetium49 or tritium, which, 
like naphthalene, were also sampled as noncomposites. 

As the foregoing shows, consideration of the situation in the field and of the analytical 
p r d u r e s  at the time of sampling can establish compatibility of the site data with BSCP 
data. Further analysis using statistical methods was needed to determine actual direct 
comparability of the results quantitatively. Thus, if results of field sampling and laboratory 
analyses indicate that concentrations of analytes of concern exceed pre-established criteria or 
threshold levels-perhaps by a factor of 2 or 5 times background (depending on confidence 
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in the data)-then the site can be considered contaminated and in need of remediation, with 
appropriate realistic cleanup targets based on measured and validated background levels of 
the analytes of concern. 

Refer to Sect. 2.4.4 for guidance relative to the evaluation of risk due to background 
concentrations of soil constituents. 
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3. FIEIl) INVESTIGATION, GAMMA SCREENING ANALYSES, 
AND QUALITATIVE SITE EVALUATION 

3.1 SUMMARY 

This section discuses pertinent aspects of obtaining soil samples for analysis 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 fmt 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 and 12 in the Dismal Gap in Anderson County) for a total of 48 sites in 
Phase 1. These operations were conducted during FY 1992 
In Phase II activities, 12 Copper Ridge sites and 12 Chepultepec sites were sampled on 
the Oak Ridge Reservation's (ORR's) Chestnut Ridge plus 12 Chickamauga sites in 
Bethel Valley and 12 Chickamauga sites in the East Fork (designated as K-25) area of 
the ORR. In addition, 12 Copper Ridge sites were sampled in Roane County and 12 
Copper Ridge sites were sampled in Anderson County during Phase II. 

0 

32 DITRODUCIION 

The Oak Ridge Reservation (ORR) lies in an area characterized by elongated ridges and 
broad-to-narrow valleys which run northeast to southwest. 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. 

Geologically, the area is characterized by three principal rock groups (the Conasauga, 
Knox, and Chickamauga). There are two major categories of soils: residual soils developed 
from in-place 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 
the major formations of the area are considered in this investigation, because they represent 
the dominant soils at waste area groupings and operable units in imminent remedial action 
projects on the O M ,  These formations are Dismal Gap and Nolichucky of the Conasauga 
Group, Copper Ridge and Chepultepec of the Knox Group, and deeply weathered soils of 
the Chickamauga Group. Soils formed in the Knox and Chickamauga groups were sampled 
and analyzed in the Phase I1 activities of this project. Soils from the Rome Formation, which 
is not one of the three major rock groups, do not appear with regularity at contaminated sites 
on the ORR and, for that reason, were not addressed in this project. 

Early soil sampling activities were restricted to residual soas of the two most 
representative Conasauga Group geologic formations of six: the Dismal Gap Formation 
(formerly MaryviUe Limestone) and Nolichucky Formation 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. 
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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 and Copper Ridge formations were sampled at both on-site ORR and off-site locations. 
Three geographic areas within the Chestnut Ridge section of this formation were chosen. The 
ORR area extended from the Clinch River on the west to the Roane County-Anderson 
County boundary 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). In addition, the Chepultepec Formation was sampled on the ORR, as were 
Chickamauga sites located both in Bethel Valley and in the East Fork (K-25 Site) area of the 
O R R  Several Bethel Valley Chickamauga sites were located in Anderson County. The 
selection of which parent materials to sample in each sampling area reflected the availability 
of limited resources and the goal of maximking project effectiveness, in addition to 
considering technical factors, such as site accessibility and the availability of suitable sampling 
sites that fit the selection criteria xussed in Sect. 3.3. 

3 3  SAMPLING !3TE SELECTION 

Sampling sites on the ORR were m&ined mostly to the Roane County portion, but some 
ORR Bethel Valley Chickamauga Sic .s 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 most potential ORR sites. A statistical program was used to randomly select 
grid coordinates that fell on predetermined soil map delineations of those soils of greatest 
extent. No two sites were to be less than 250 ft apart, This methodology resulted in the 
generation of a base map with potential sampling locations for the Dismal Gap, Nolichucky, 
Copper Ridge, Chepultepec and some of the Bethel Valley Chickamauga soils. Each ORR 
potential sampling site was assigned a unique number. In addition, the statistical program 
determined primary and secondary sampling sites. Secondary sites are alternate site locations 
in case the primary sites were unacceptable in terms of the selection criteria discussed below. 
In several cases on the O W ,  both primary and secondary sites were unacceptable, resulting 
in the soil scientist looking nearby for enough potential sites that would meet the criteria. The 
majority of ORR Chickamauga sites were selected by the soil scientist because of the extreme 
soil variability. Potential sites in southwestern Roane (Fig. 3.3) and northeastern Anderson 
(Fig. 3.4) counties were selected somewhat differently because of ownership, vegetation 
(Figs. 3.1-3.41, and past 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 48 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. 

33.1 Site Evaluation 

Individual site evaluation used the following criteria. 

Vegetation and c l is tmban~ The site had to be in forest that had not been disturbed for 
at least the past 40 i 5 years. Forest was either hardwoods, mixed old-field successional 
pines-cedars and hardwoods, or older planted loblolly pine plantations. Recently replanted 
pine plantations were rejected because the surface had been disturbed too recently. Each site 
was located by relating the map grid point to the actual soil map unit delineation and then 
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Fig. 3.1. Approximate locations of BSCP sampling areas.. 
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Fig. 3.2 A part of the ORR showing sampling site locations. 
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to the actual landform in the woods. If the vegetation parameter was met, then the next 
evaluation parameter was considered. 

Initial soil duation Several soil evaluations were made in an area surrounding the 
potential 3- by 3-rn sampling site to determine whether 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 the nearest 
point of access was also flagged so that the site could be located again some time after the 
initial evaluation. 

332 Selected Sites 

After the initial vegetation and soil screenings were finished for all of the potential sites, 
the following ORR 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; 
Nolichuckylprirnary: 15,23,24,25, and 31; 
Nolichucky/secondary: 3, 5, 13, 16, 21, 28, and 42; 
Copper Ridgelprimary: 45,554 60,62,64,75,83, and 91; 
Copper Ridgelsecondary: 51,54,58, and 59; 
Chepultepeclprirnary: 50, 52,66,68, 73,74, 77, 78,85, 86, and 90; 
Chepultepec/mndary: 53; 
Chickamauga: No primary or secondary sites were designated. Twenty of the 24 were 
selected by the soil scientist using criteria described elsewhere in this section. Field 
variance procedures were also used for the Bethel Valley part of the Chickamauga 
sampling and site grouping procedures. 

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

Following are the groupings for the ORR sites: 

Dismal Gap: [27 41 111 [22 19 321 [33 10 351 [2 43 261, 
Nolichucky: [15 23 251 [16 28 421 [S 21 311 [3 13 241, 
Copper Ridge: E91 59 581 [62 51 551 [7S 60 451 [83 54 641, 
Chepultepec: [53 78 521 [SS 86 771 [74 68 901 [(is 50 731, 
Chickamauga-Bethel Valley: [93 99 1001 [lo1 102 1031 1104 108 1101 [115 116 1171 ('The 
Bethel Valley groupings were not randomly generated because of a systematic 
distriiution of cesium-137 but were instead cluster grouped to determine whether other 
anthropogenic compounds had a similar nonrandom distribution), and 
Chickamauga-K-25: [120 129 1261 Ill8 124 1221 E119 127 1231 [125 128 1211. 0 

The exact sequence of sampling a site within any particular sampling group was not 
important. 
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33.4 Selection and Initial Evaluation of of f s i t e  Lacations 

Conventional U.S. Geological Survey topographic maps were used to locate potential 
sampling areas in southwest Roane County and in northeast Anderson County, so that these 
potential areas were in the same strike belt Conasauga Group section and Copper Ridge 
seetion as the ORR Dismal Gap and Copper Ridge sites. The University of Tennessee 
sampling crew made the potential site selection by using the same vegetation and soil 
parameters described elsewhere in this section. Independent confmation was obtained that, 
of the Roane County sites, 12 were in the Dismal Gap Formation and 12 in the Copper 
Ridge Section. Because of both present and past land uses off-site, the potential number of 
sampling areas was severely limited, but no two adjacent sampling sites could be closer than 
250 ft. Twenty four sampling sites that met the vegetation, soils, and past land use criteria 
were selected in Roane Gunty  and 24 in Anderson County (12 in the Dismal Gap and 12 
in the Copper Ridge). A radiation scxn was not performed for any off-site sampling location, 

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

0 

* 
e 
e 

Roane CountyDismal Gap: [9 17 191 [3 7 211 [8 20 221 [lo 13 141, 
Anderson CountyDismal Gap: [21 4 121 [19 9 101 [3 5 111 [22 1 201, 
Roane County/Copper Ridge: [33 35 441 [40 42 431 [46 47 451 [34 39 411, and 
Anderson County/Copper Ridge: [31 32 361 [34 35 331 [39 42 401 [4137 381. 

3.4 SITE AND SOIL DESCRIPTIONS 

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. Also included in Appendix A 
are tables giving the approximate coordinates of each site. Each site is described in numerical 
order within any location. In the appendix, ORR sampling sites are described first, followed 
by descriptions of the Roane County and Anderson County sites. 

3.5 SAMPLING PROCEDURES 

Field operations and samplc :andling were governed by the following procedures 
developed specifically for this pro” i: 

* 
e 

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, 
19870, and 1991a); ANSUMTM (1980); and Kimbrough et al. (1988). 

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

3.6 SOIL SAME'LTNG AND SAMPLE PREpARATloN 

3.61 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 
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). 

3-62 Materials 

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

3.63 Fckl Activities 

3.63.1 Locating sampling s i b  

The soil scientist 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 before sampling based on the following criteria: 

2. 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 plantation areas were considered 
as potential sampling sites. If a primary site was unsuitable because of recent surface 
disturbance, it was rejected with an explanatory note in the soil scientist's logbook, and 
the secondary site was evaluated for its potential suitability. If this p'ocess did not 
provide sufficient primary and secondary sites selected by random procedures, the soil 
scientist made additional selectious. 

2. If a site was deemed to have potential based on vegetation cover, the first soil observed 
near the grid point that qualified for sampling marked one corner of the proposed 
sample site. This was one way of reducing soil scientist bias. M e r  one corner of the 
sample site had been located, additional soil observations were made within a 4-m radius 
of the located grid point to determine whether the proposed site was uniform enough 
for sampling or 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 minimal overland runoff and removal of surface soil. materials Over the past 40 or 
so years or recent deposition. The purpose of the additional soil observations was to 
determine that most of the site was composed of residual soils, not oE thick colluvium or 
a thin (50- to 100-cm) colluvial capping. However, because of several constraints of 
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locating enough suitable sites, soils with a thin colluvial or alluvial capping less than 
50 cm thick were considered suitable for sampling. 

If the soils and vegetation cover were suitable, then an area approximately 3 by 3 m was 
selected and located by flagging around nearby trees. Soil observations were made at the 
four comers 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-m 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 comers. These stakes remained in place until all sampling 
had been completed. Care was taken to minimize 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, 
filled-in stump holes were exposed in digging 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 frorr the pit was placed outside 
the 3-by-3-m site. 

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

All ORR sites were scanned before any sampling using a hand-held radiation detector. 
An air reading and a ground-level reading were obtained. If the ground-level radiation 
reading whs higher than 100 cpm, then the site was considered contaminated. Where 
ground-level readings were above 80 counts per minute (cpm), a reading was taken in 
the top of the auger hole to determine whether a higher level of radioactivity existed 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 selected 
sites were monitored by an industrial hygienist during sampling (only 25% of ORR sites). 

After all sampling had been completed, a permanent, steel-marker fence post, suitably 
labeled, was placed at the center of each site (only ORFt sites), so that the site could be 
relocated. 

3.632 Sampling methods 

After arriving at or near the sampling site, all equipment to  be used for sampling (which 
had been precleaned, rinsed, and wrapped in aluminum foil in the laboratory) 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 area was exposed to acquire the volume needed 
for the sample. Initial pit excavatian 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 about 1-2 em with stainless steel soil sampling equipment 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 at least 18 em, exposing a fresh 
face to obtain undisturbed samples. A fresh, precleaned, and field-rinsed stainless steel 
sampling tool was used for sampling each soil horizon. Soil contaminated sampling tools were 
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not reused in the field until they had been thoroughly cleaned back at the Soil Preparation 
Laboratory (SPL). 

SurFiux horizon sampiing. At least two conditions could be encountered in sampling the 
surface layer. First, the site could be located in an area that had never been plowed. The 
horizonation would usually be an 0 horizon followed by an A horizon. Thii A horizon, 
usuaUy thin, is less than 10 cm thick unless there has been recent deposition, and is underlain 
by an E horizon. Second, the site could be located in an old field with naturally regenerated 
forest or in a pine plantation with trees at least 40 years old. Here the soil would usually have 
an 0 horizon of forest litter followed by a dark-colored A horizon that is 2 cm to about 5 or 
6 cm thick Beneath this horizon is a lighter colored old Ap horizon that typically extends to 
a depth of 15 to 18 c a  This particular horizon may not always be recognized as an old Ap 
horizon but instead as an E horizon. In the event of old fields that have been abandoned to 
forest 40 to 50 years ago, the surEicia1 organic 0 horizon and the uppermost A horizon have 
reformed since the last disturbance. The upper organic enriched mineral horizons, designated 
as A or Ap, were sampled and labeled A horizon At some sites, there was no A horizon or 
only an A horizon less than 2 cm thick. In this situation, the thin A horizon and the 
underlying E horizon were sampled. At all forested sites, sampling usually required the 
removal of tree roots. As poison ivy grows nearly everywhere, care was taken by samplers to 
protect against it. A small stainless steel trowel or spatula was used to push soil into the 
mouth of the sample jar. If any soil went past the mouth of the jar and came into contact 
with the sampler’s hand, the soil was discarded. All sampling was done in this manner, where 
the soil that was collected came into contact only with the stainless steel sampling tool. The 
only exception was For gamma screening samples where, because of the geometry of the 
sampling container, the soil was packed into the lower part of the container using a dean 
tool, which conformed to QC Level II. 

Three different soil samples were collected from the surface A horizon soil. 
Noncomposited A horizon samples were collected for (1) VOC analysis in a 250-mL amber 
glass bottle, (2) tritium analysis in a 1ooO-mL clear glass bottle, and (3) organic compound 
(such as P a ,  pesticides, and herbicides) analyses in a 1OOO-mL amber bottle. Bottles were 
capped, labeled, and sealed with a custody seal. One additional A horizon sample was 
collected in a 2-L bottle and labeled, “ESD A Horizon Composite.” All A horizon samples 
were placed in a chilled ice chest in the field and then placed into a refrigerator maintained 
at 4” * 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 letters “F’D” after the sample identification number. The choice of site from which to 
obtain an A horizon duplicate was at the discretion of the soil scientist. Any used gloves were 
discarded into a trash bag. 

Subsoil (B horizon) sampling. The subsoil, either a Bt horizon or a Bw horizon, was 
sampled at all sites but only for cornpositing purposes. Only horizons 8 cm thick 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 it. 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 
the field description using stainless steel sampling equipment and placed into a suitably 
labeled glass 2-L container or into three or four 1-L jars if field splits were to be generated 
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in the 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 substratum sampling. Soils having a shallow depth to the C or Cr horizon 
were sampled with manual 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 required hand augering equipment to penetrate deep enough to 
reach such soil materials. The C h o k n  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. “he C horizon of soils varied; in some, it was composed of mostly 
saprolite; in some, saprolitic materials; and in some, 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 obsewations assisted in determining the approximate 
depth of sampling. At least 1.5 kg of C horizon soil samples were collected from depths 
predetermined from field description using clean stainless steel equipment, placed in glass jars, 
and labeled, “ESD C Horizon Composite.” 

Duplicate samples and cornposited SPL splits. Duplicate soil samples from A, B, and C 
horizons were collected from at least one cornposited group per geologic formation for the 
ORR, Roane. and Anderson locations. The practice of collecting field duplicates for 
compositing purposes 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. The 
primary set and the field duplicate set were treated as completely different during SPL 
cornpositing procedures. 

Field splits were generated in the following manner. Enough additional sample from each 
of the three horizons to be cornposited was collected in the field. After the SPL cornpositing 
was done, the thoroughly mixed sample was divided into two parts. The first part was placed 
into a precleaned sample jar and labeled, for example, “metals, A horizon.” Another jar, filled 
with the second part, would have the same designation but a different number and would be 
listed as a compositd split in the laboratory notebook. The contract laboratory was not 
informed in advance that there were splits. Field duplicates were obtained periodically during 
BSCP sampling activities. Composited field splits were generated only during the latter part 
of sampling activities. 

Gamma screening samples six 5-cmdeep increment samples were collected from a 10- 
by 10-cm 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 radiation 
scan, a pit was dug to a depth of 50 to 60 cm at one corner of the 3- by 3-m 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 cm2). 
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3. A 10 cm x 10 cm x 5 cmdeep stainless steel frame was laid on the soil surface and 
carefully hammered into the soil to its S-cm depth. 

4. Soil from three sides of the frame was removed. A knife or a spatula was used to sever 
roots and soil from beneath the Erame. All soil was removed from the outer sides of the 
frame before it was 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 diam) 
were not put into the container. When samples had a considerable number of coarse 
fiagments-tor example, soik in the Knox Group-fine earth was packed into the 
container first, 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 using paper towels and a 
brass wire brush before the next 5-cm increment was collected. 

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 
soil and driven into its full 5 c m  depth. The soil was removed and packed following the 
previously d e s c n i  procedure. 

8. 

3.633 Preparation of compited soil samples in the SPL 

This procedure was repeated at 5-4311 increments to a depth of 30 cm. 

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

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

1. 

2. Individual composite samples were placed on clean blotting paper to partially dry before 
sieving. All 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 mi1 sample. An equal amount (about 1 kg or more) of 
three equivalent horizon samples (passed through the 4.75-mm sieve) was cornposited by 
through mixing in stainless steel containers. Mixing involved pouring the sample from one 
stainless steel container into another several times while the pouring container was 
rotated If a sample splitter was used, it produced a mixed compositexi sample sooner, but 
care had to be taken not to raise excess dust. One-third of each composited sample was 
stored in a preclean& 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 for neutron activation analysis 
(NAA). Additional samples and jars were required if cornposited splits were generated. 
The campositing p r d u r e  resulted in the destruction of the original field composite A, 
B, and C horizon soil samples. New sample numbers were assigned to all SPL cornposited 
soil samples, and a new chain-of-custody form was completed. The sampfing time (and 
date) for composited samples corresponded to the original field composite sample with 
the earliest sampling date. 
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3. 

e 

8 

The cornposited B and C horizon 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 Soil 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 because of thinness 
were noted in the field book 

A variance form was used where field conditions nexessitated a change in sampling 
procedure (none were needed in Phase I, but more than one were executed in ORR 
Phase II activities). It was intended that the sampling and compositing procedures would 
be the same for all sites underlain by a particular geologic formation(s). 

3.63.4 NAA samples 

Compasited samples of all A, B, and C horizons that had been labeled “extra” and 
preserved in a refrigerator were subsampled for N U  A 40-mL prwleaned 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 0- .in a vertical cross-section sample from the large glass jar. Sampling 
was done in this mar : until the 40-mL jar was filled. The small sample jar was given the 
same “extra” comp ced sample number but was designated “NAA.” A laboratory 
chain-of-custody fomA was completed, and the samples were transferred to the Analytical 
Chemistry Division at O m .  After the samples had been returned to the SPL, the moisture 
content of each was determined. Consistent with other CLP method requirements, the 
moisture content was used to convert aU NAA results to an ovendry-soil basis. 

3.635 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 rinse water for the lot were provided by 
the supplier. Stainless steel sampling devices were cleaned by field sampling teams in the SPL 
using Method ESP-900 (Environmental Surveillance Procedures, Kimbrough et al. 1988). 
Soilcontaminated tools were brought into the soils laboratory. They were first washed in tap 
water and a detergent, 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 were not applied 
to stainless steel field and laboratory equipment. A final deionized water rinse of the sampling 
devices was performed in the field before sampling. The effectiveness of the equipment 
cleaning and any potential contamination during sampling trips was monitored by submitting 
rinse water samples for analysis (five times by on-site and oti-site sampling teams). The quality 
of the deionized and organic-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. 
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3-63.6 Maintenance and catibration d SPL balances, mn, 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 was zeros& before anything was placed on 
the pan. The weight was recorded afier the balance stabilized and an "OK" appeared in the 
display window. The accuracy of the balance was verified using a standard weight. In addition, 
a set of brass weights ranging from 1 g to ZOO0 g was used to determine both accuracy and 
precision. This information was recorded in the BSCP laboratory notebook. 

Periodic temperature monitoring was conducted of the refrigerator, the ice chests used 
to cool soil samples in the field, and the ice chests used in the transfer to analytical 
laboratories. Temperature measurements made with a max/min thermometer indicated that 
a temperature range of 4' *4"C was maintained most of the time. However, the EPA 
standard is 4" lt2"C. The addition of several relatively warm samples could raise the 
temperature above 8" C for a short the. There were a few instances where a VOC trip blank 
was taken to the field with too much ice, resulting in partial freezing of the trip blank before 
warmer soil samples were added to the ice chest. Temperature data were recorded in the 
laboratory and field noteboob where appropriate. 

The w e n  in the SPL was monitored periodically to ensure that the drying temperature 
was maintained between 100" and 104°C. Tfiese monitoring data were 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 

3.63.7 Maintenance and transfer of records 

Original records were maintained in the SPL (Building 1505, Room 375 at O W )  €or 
all BSCP ORR sampling activities. For University of Tennessee sampling activities, some 
original documents were kept there, and copies were kept in Room 375. Records were kept 
in a file cabinet with a list of contents. After each phascbof the project had been completed 
and the data v e a e d ,  copies were made of each document, and the originals were transferred 
to archived storage. Transfer was accomplished by a chain-ofastody procedure, where the 
original documents to be transferred were listed individually. Copies remain in the SPL for 
reference and review. 

3.632 Management of noncxm- WarteintheSPL 

Waste generated in the SPL consisted of emptied glass jars, excess soil beyond what was 
needed for cumpositing purposes, soil in gamma scan containers, soil in VOC sample bottles 
returned fiom the Y-12 Piant VOC analytical laboratory, and blotting paper. Because none 
of the these waste materials contained any hazardous metals, organics, or radionuclides, 
disposal was done as follows. 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. 
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If the SPL should have any contaminated samples, they would be disposed of under 
laboratory standard operating procedures. 

There were three major objectives for achieving 5eld quality control: 

1. seAection of representative sampling sites undisturbed by recent activities, including ORR 
facility activities or off-site activities, such as farming operations or -ecreational uses, that 
resulted in surface soil disturbance; 

2. collection of representative samples and transfer of these samples to analytical 
laboratories; and 

3. prevention of crosscontamination at any site and between sites, which included 
maintaining a complete chain of custody and detailed records of all field and laboratory 
compositing activities. 

A n y  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 before being abandoned 
or planted in pine trees on the QBR or allowed to revert back to forest on private lands. 

Site screening on ORR sites included the following: 

1. Sites were scanned for radiation. Any ground-level reading above 100 cpm resulted in a 
site being rejected. However, no potential sampling sites were rejected for this reason, 

2. Selected ORR sites were monitored for organics by an industrial hygienist while a 
sampling 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 
all A horizons. The BSCP Plan stated that VOC analyses would 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 Plant 
Laboratory used Level IV methodology and procedures in determining VOC levels but, 
because the results were to be used only for screening purposes to reject unacceptable 
sampling sites (by preactivity), these results were required to be reported and 
documented only to Level 11, because more rigorous requirements were unnecessary. 

Field quality levels ranged from data quality (DQ) Level II to DQ b e !  Iv. However, 
in practice, DQ Level IV was adhered to throughout all field sampling activities, including 
screening samples for VOCs, where samples were placed into prakaned glass containers. 
Field quality control procedut . are listed in Sects. 6.6.1.3 to 6.6.1.9 of the BSCP Plan 
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(Energy Systems 1m). Tbe following discussion covers the procedures foftowed in collecting 
samples. 

Before going to the field, all stainless steel sampling equipment was thoroughly washed 
with soap and water followed by a prescribed number of distilled water rinses. After the find 
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. In these instances, 
rinsing was done at the truck and the equipment was 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 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 pushed by the sampling 
tool beyond the mouth of the jar was discarded. The only exception to this rule was placing 
soil into the ESD gamma poly containers. Placing the entire volume of soil into the gamma 
poly container required that the soil be packed into the lower restricted space either with 
frngers or with a freshly cut stick of a convenient diameter. After each soil horizon was 
sampled, a new sampling tool was used to collect samples from the next soil horizon. All soil- 
contaminated stainless steel sampling tools were returned to the laboratory for standard 
cleaning, rinsing, and wrapping in aluminum foil. Shovels used to open and fill pits were 
thoroughly cleaned between sites to prevent any crossantamination. In addition, soil 
removed from pits was placed outside the 3- by 3-m sample area. 

J .  

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 completed and placed on glass sample jars, after the jar was 
filled. Each sample logged into the field logbook then was transcribed onto a field 
chain&-custody form which was signed by all personnel involved in the sampling operation. 

SPL operations after compositing consisted of placing mil samples in a refrigerator, 
preparing laboratory chain-of-custody forms, packing samples into ice chests, and taking them 
to shipping or, in the case of the UT SPL, bringing them to the ESD SPL at O W  for 
storage until they were sent for analysis- In the fatter haif of Phase I and all of Phase I? 
activities, preparation of laboratory chain-of-custody form and new container labels, the 
packing, and the shipping were done by W / A P O  personnel, according to Procedure 
BSCPSOP-02, Rev. 0. 

The cornpositing process resulted in the destruction of the individual site A horizon, 3 
horizon, and C horizon samples and the creation of new cornposited samples. All of these 
activities were recorded in the ESD soh 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 changebariance system (Sect, 6.6.1.9 of the BSCP Plan, Energy Systems 1992, 
Volume 3) was not utilized in any Phase I activities, but it was used in certain ORR Phase 

' II activities, primarily to make changes in implementing cluster compositing of the Bethel 
Valley Chickamauga sites (see Sect. 5.21). The clustering procedure grouped each set of 
three adjacent site samples for cornpositing purposes. 
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3 8  QUALITATIVF, RESULTS OF GAMMA S P E ~ O S C O P Y  SCREENING 

The objective of gamma screening was to determine whether any of the sites had been 
affected by ORR facility or off-site activities in the past or had been subjected to recent 
erosion or deposition. Gamma spectroscopy shows the activities of several radionuclides in 
soils. There are several important natural radionuclides such as potassium-40, thorium, and 
radon-226, and there can be several anthropogenic radionuclides including cesium-137. 
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 caused by local sources 
that was much higher than regional background fallout level, it could be rejected as a 
sampling site, if there was no obvious explanation from the site description. The presence of 
any other anthropogenic radionuclide would also have resulted in rejection of a sampling site. 
The average background level of cesium-137 for the southeastern United States is now about 
8.5 pCi/cm2. However, soils located in areas that received deposition from higher areas 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. 

The gamma screening samples were counted on a high-resolution, solid state, coaxial, 
intrinsic, germanium detector coupled to an ND9900 multichannel analyzer with 40% 
channels. The gamma system had previously been calibrated with a laboratory control sample 
(National Bureau of Standards SRM 4353 Rocky Rats Soil) in the geometry used to contain 
the soil samples. The documentation of analytical results was prepared at DQ Level 11, but 
the analytical procedure used for the soil samples was DQ Level JY. 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, sources were counted on a weekly 
or daily schedule to verify that the detectors remained in calibration. 

Cesium-137 values in picocuries per square centimeter were summed for the upper 30 em 
of the soil profile (see Appendix B). In another part of Appendix B, the gamma screening 
data have been converted to picocuries per gram after moisture content analysis, and the dry 
weight of each scanned sample was determined. Statistical analysis shows that there are 
significant differences between ORR, Anderson, and Roane Dismal Gap sites, but no 
differences exist between Copper Ridge 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 County site, No. 13, had a total cesium-137 value of 
1.98 pCicm2. The soil profile description for this site (Appendix A) strongly indicates that this 
severely eroded site has only very recently become stabilized with a forest litter layer, thus 
reducing surface erosion. Two Roane County sites had high cesium-137 values compared with 
the expected average background level of approximately 8.5 pCicm2. Both sites had a surface 
capping of either colluvium or alluvium, a situation where there is lateral water and sediment 
movement and localized transport and deposition from higher areas. Note that a global source 
of cesium-137 exists via atmospheric deposition over the entire region of the QRR and Roane 
and Anderson counties. In addition, the ORR has superimposed on it, at least in certain 
locations, the contribution of cesium from sources within the Q R R  No transport or 
movement of cesium or other soil constituents is postulated or implied from these results 
between on-site and off-site sampling areas. Two Anderson County sites had the highest 
values: AND-19, with a value of 14.42 pCi/cm2, and AND-41, with a value of 14.31 pCi/cm2. 
The first site, AND-19, located on the lower part of a convex slope, has an overthickened 
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surface horizon with about 13 em of modem sediment overwash that contains considerable 
cesium-137, while AND41 also has an overthickened A horizon. The ORR Dismal Gap data 
are slightly higher than the Anderson County and Rome County Dismal Gap data because 
of higher minimum values, which indicates a longer period of minimal disturbance for the 
ORR sites. The Nolichucky data have the highest mean values and also the highest minimum 
values. This is most likely caused by the more gentle slope gradients which resuked in less 
lateral tramport of particles downslope. The ORR Dismal Gap sites were significantly 
different from the: R a e  and Anderson county sites. There were no differences between the 
ORR, AND and ROA Copper Ridge sites. The gamma scan results for some of the 
ORR-Bethel Valley sites indicate that a localized cesium-137 source exists. A characteristic 
bell-shaped curve of cesium-137 distribution occurs with the highest value from ORR-101 of 
22.89 pCi/m2. This ORR-101 site is located just east of the new water treatment plan and 
at the west end of Building 4500. The adjaent two sites 100 and 102 (on either side of 101), 
also have elevated cesium-137 levels. Background levels are reached at ORR-104, which is 
located just east of the HFIR road The ORR K-25 Chickamauga sites had typical cesium-137 
background values that were slightly lower than the ORR Copper Ridge mean value, but this 
is to be expected because the Chickamauga soils tend to be more erosive. In conclusion, most 
variations in the cesium-137 gamma screening data could be accounted for by past land use 
and by landform variability. The cesium-137 data fkom ORR sites 101,102, and 103 were not 
used for statistical analysis and for risk assessment because there was possible local 
contamination with cesium-137 at these sites. Tritium data from ORR sites 101,102, and 103 
were a h  deleted because of suspected local contamination. 

3.9 QUALlTATIW ANAL.YSIS OF OAK RIDGE RESERVATION SlTES 

ORR Sire 2. This site, based on both geologic information and soil survey data, is situated 
within the Dismal Gap Formation, The soils are typical of ORR Dismal Gap soils in that they 
possess a very high degree of spatial variability. No Visual field evidence existed 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 argillic horizan, 
and the C horizon consisted of transition horizons between the argillic horizon and the Ct 
horizon. The VOA sample 1257 contained chloroform. This is considered to be caused by 
instrument contamination. The related water trip blank did not contain chloroform. Two sets 
of A horizon samples were collected for tritium analysis (samples 1189 and 1198). No tritium 
was detected in either sample, but the reported detection limits were different. Two sets of 
A horizon samples were collected for organics analysis (samples 1190 and 1201). Most of the 
reported numbers, below detection limits, are similar, but statistical analysis would be needed 
to determine whether any of the reported results are different. The ESD gamma scan analysis 
for cerium-137 gave a value of 8.33 pCVcm*, a typical value for cesium in the upper 30 cm 
of the soil on a sloping site. 

ORR Site 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 no field evidence misted of recent surface disturbance. The A horizon soil sample 
consisted of a thin A horizon and the ofd Ap horizon beneath. The €3 horizon sample 
consisted entirely of argillic horizon soil material, and the C honion sample was collected 
entirely of C horizon material between the B horizon above and the Cr horizon beneath. 
Acetone h m  instrument contamination was detected in VOA sample 1271, but the reported 
value is lower than €or other samples that have a “U” qualifier. The organics analysis 
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indicated no detects. The ESD gamma scanning results gave a cesium-137 value of 
8.47 pCi/cm2 in the upper 30 cm of the soil profile. 

ORR Site 5. This site is located in the Nolichucky Formation. This site is located behind 
the security fence of the Central Training Facility and about 50 ft south of Bear Creek Road 
The vegetation is old-field successional forest dominated by pines. This site had a layer of 
pine needles and mosses 5 cm thick and differed from many other sites in this respect. The 
A horizon sample consisted of an old Ap horizon. The B horizon sample consisted of the 
entire argillic horizon, and the C horizon consisted of a mixture of C and Cr horizon materials 
because of the steeply dipping strata. VOA sample 1272 contained acetone (from sporadic, 
accidental instrument contamination). All organics were below detection limits. ESD gamma 
scanning results gave a 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 no recent erosion has O C C U K ~ ~ .  

ORR Site 10. This site is situated in the transition zone between the DismaI Gap 
Formation and the Rogersville Formation. Vegetation includes hardwoods, indicating that this 
site had reverted from agricultural activities well before other sites because of very severe 
erosion before abandonment. The A horizon sample consisted entirely of A horizon materials, 
the B horizon consisted of cambic materials, and the C horizon consisted of C and 
Cr materials, an example of a fairly typical Dismal Gap soil. VOA sample 1258 contained 
acetone (instrument contamination). The tritium result was rejected (refer to Sect. 4.53.10 
for explanation). All organic results were below detection h i t s .  E D  gamma scanning results 
gave a cesium-137 value of 10.97 pCQcm’ :ri the upper 30 of the soil profile, an indication 
that this site was stable even though the spe was about ~ )%, and evidence indicates that 
the site had once. been severely csroded betore global fallout started. The slightly higher than 
normal value indicates that there has been 1 to 2 cm of recent deposition. 

ORR Site 11. This site is located about 400 ft downslope, from ORR Site 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 Ap horizon, the B horizon sample consisted of the entire thickness of the 
argillic horizon, and the C horizon sample consisted mostly of C materials. Because ORR Site 
10 and ORR Site 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 1259) shows nothing above detection limits, except for acetone (instrument 
contamination). No tritium was detected. All organic results were below detection limits. ESD 
gamma scanning results gave a cesium-137 value of 7.26 pCi/cm2 in the upper 30 cm of the 
soil profile, considerably lower than that for ORR Site 10, indicating that some soil erosion 
has occurred since global fallout started 

ORR Site 13. This 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 porosiry than is typical. 
VOA sample 1273 showed acetone as an instrument contaminant. Organics results indicated 
the estimated “J” presence of a PAH, bexszo[b]fluoranthene. All other data were below 
detection limits. Recent pine harvesting and replanting actiwty near this site might have 
caused this @AH to be in the soil. ESD ce~turn-137 gamma scanning results gave a value of 
8.94 pCi/cm2 in the upper 30 cm of the so& indicating that this site has been stable. 
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ORR Site 15 and ORR Site 16. These sites are located about 250 Et apart on the 
Nolichucky Formation. They have similar vegetation of 40- to 50-year-old planted loblolly 
pines. The major difference is that one site, ORR Site 15, is located on a nearly level 
landform, and ORR Site 16 is located on a sideslope with 1oo/o slope gradient and was 
severely eroded before abandonment. Except for acetone caused by instrument contamination, 
there were no VOAs above detection limits. The organic results were also very similar to all 
results below detection limits except for “J” estimates of benzofalpyrene, 
benzo[b]fluoranthene, and benza[b]fluoranthene at very low levels at ORR Site 16. ESD 
gamma scanning results from ORR Site 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 Site 16 gave a value of 9.93 pCi/cm2 in the upper 30 crn of the soil profife, indicating 
that this site has a h  been stable since globat fallout began. 

ORR Site 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. Except for acetone resulting from instrument contamination, there were no 
VOAs above detection limits. Tritium was not found at t h s  site, but the results were rejected 
because of analytical labratory problems. 7Ie organic results were aU below detection limits, 
except for fluorene which has a 7’’ qualifier. ESD cesium-137 gamma scanning results from 
ORR Site 19 gave a value of 9.01 pCicm2 in the upper 30 cm of the soil, indicating that this 
site has been stable. 

ORR Site 21. This site is 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 an upper convex slope and had been severely eroded before abandonment. 
All VOA results were below detection limits except for acetone caused by instrument 
contamination. All organics results were below detection limits. ESD cesium-137 gamma 
scanning results h m  ORR Site 21 gave a 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. 

ORR Site 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-fieid 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 1123) (refer 
to Sect. 4.5.3.10 for explanation). All organics were below detection limits. ESD gamma 
scanning results for cesium-137 gave a value of 9.63 pciicm”, indicating that this site has been 
stable since global fallout began, and that little cesium had been removed by erosion. 

ORR Site 23, ORR‘ Site 24, and ORR Site 25. These three sites are closely related in 
terms of their geology, landscape position, vegetation, and past land use. They are all 
underlain by the Nolichucky Formation, and all are in forest dominated by old-field 
successional pines. All three sites have similar so2 morphology with a superficial layer of 
organic materials. The Ahorizon samples consisted of a thin Ahorizon and the old 
Ap horizon beneath. The B horizon samples consisted of a mixture of the argillic and cambic 
horizons. and the C horizon samdes were a mixture of C and Cr soil materials. Dudicate 
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samples were collected for VOA analysis hom two of the three sites. The results were all 
below detection except for acetone caused by instrument contamination. The organic results 
were also very similar for all three sites, except for “J” estimates of acenapthene in ORR Site 
23 and pyrene in ORR Site 24. The results for benzoanthrene, chrysene, and fluoranthene 
were all rejected (discussed in Sect. 4.5.1.3). ESD cesium-137 gamma scanning results are 
similar for ORR Site 23 and ORR Site 24,9.17 and 10.49 pCi/cm2, respectively, indicating site 
stability. ORR Site 25 had a result of 7.69 pCi/cm2, indicating that some erasion had occurred 
since global fallout started. 

ORR Site 26 and ORR Site 27. These sites are also close together. Both are underlain by 
the Dismal Gap Formation, have similar forest vegetation and past land use, 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 hoiizons consisted of a mixture of C and Cr horizon materials. 
VOA results were all nondetects except for acetone and 2-butanone, which are caused by 
instrument contamination. QRR Site 26 contained “J” estimated tritium, while QRR Site 27 
did not. The organic results iar both sites were below detection limits. ESD gamma scanning 
data for cesium-137 indicated a normal result of 8-59 for QRR Site 26 and 6.35 pCicm2 for 
ORR Site 27, an indication of recent erosion from this site. ORR Site 26 is on a steeper 
slope gradient than ORR Site 27 but appears to be more staLle. One cannot rule out a forest 
fire on ORR Site 27 that could have led to some soil erosion. 

ORR Site 28. This site is located a short distance south of ORR Site 26 and ORR 
Site 27. ORR Site 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 soil 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 argillic horizon, and the 
C horizon sample consisted of mostly C horizon materials. Two samples were sent for VOA 
analysis. There were no detects in the VOA results exception for an acetone “J” value caused 
by instrument contamination. All organics were below detection limits, with two PAHs 
rejected. ESD gamma scan results for cesium-137 shcwed a value of 9.69 pCi/cm2, indicating 
that this site had not been subjected to erosion since global fallout started, even though this 
site had been severely eroded before abandonment. 

ORR Site 31. This site is underlain by the Nolichucky Formation, but the upper 61 cm 
consisted of colluvium. Most of the old-field successional pines had been harvested in the past 
10 to 15years, and there was evidence that the larger area around this site had been 
disturbed, but the 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 trichlsrofluoromethane, but the other sample did 
not. Both samples had aw‘ane, and one had 2-butanone, which is considered to be caused 
by 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 value of 11.14 pCi/cm2 for cesium-137, a value slightly 
higher than predicted. This site is on the lower part of a long side slope and had received 
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some deposition of soil from higher on the slope. Specific data for this site do not indicate 
that it should be rejected 

ORR Site 32, ORR Site 33, and ORR Site 35. These sites are all located adjacent to each 
other and are separated by about 250 to 300 ft. All three sites are underlain by the Dismal 
Gap Formation and have had similar old-fieid successional forest dominated by pines. Most 
of the pines have recently died and fallen over, releasing a dense understory of brush, small 
pines, and small hardwoods. All 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 it is considered to be caused by 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 Site 35) was more subject to erosion than 
the other two sites. ORR Site 32 had a value of 7.88, ORR Site 33 had a value of 9-38, and 
ORR Site 35 had a value of 5.87 pCi/cm2. These differences cannot be explained in terms of 
soil morphology, slope gradient, vegetation, or landscape position but are the result of micro 
erosion and deposition on hill slopes. 

O M  Site 41, ORR Site 42, and ORR Site 43. These sites are located near the west end 
of the Y-12 burial grounds. ORR Site 41 and ORR Site 43 are underlain by the Dismal Gap 
Formation, while ORR Site 42 is underlain by the Nokhucky Formation. Ali sites had typical 
soils of their geologic formation and had similar morphology. Ecep t  for acetone, all 
A horizon VOA analytes were below detection l imb. Tritium was not detected in ORR 
Site 41, and the other sites were not analyzed. No organics registered above detection limits 
in ORR Site 41 and ORR Site 43.3enzo[b]fluoranthene and pyrene were estimated at very 
low levels in ORR Site 4 2  The results of some PAHs for these sites were rejected. ESD 
cesium-137 gamma scan data for two of the three sites showed that minimal surface instability 
had occurred since global fallout started. ORR Site 41 had a value of 10.89 pCiicm2 in the 
upper 30 cm of soil, ORR Site 42 had a value of 6.75, indicating erosion, and ORR Site 43 
had a value of 8.48. Soil morphology for ORR Site 42 shows that this site had been somewhat 
less stable than the sites on either side. 

ORR Site 4.5. This site is located within the Copper Ridge Formation. Vegetation is old- 
growth hardwoods that have been Cut several times. The most recent logging near this site 
was done 15 to 25 years ago. An access road was cut nearby, about 100 to 150 ft away, to 
allow access for well drilling. The soil surface was leaf-covered. The A horizon samples were 
collected from a thin A horizon and the El horizon immediately beneath. There were no 
VOA detects, but there were one or more PAHs. These PAH compounds were found at 
every Copper Ridge and Chepultepec site on the O R R  ESD gamma scanning results gave 
a cesium-137 value of 8.00 pCi/cm2 indicating a stable site. Based on all screening data, this 
site was considered suitable and representative. 

ORR Site 50. This site is located within the Chepultepec Formation. Vegetation is 
old-field successional forest, where most of the early pines have died and fallen over. The soil 
surface was covered both by leaves and by an underlying Oa horizon. The A horizon samples 
were collected wholly from the A horizon. Because of the thickness of the subsoil Bt horizon, 
the C horizon sample (at a depth of 140 to 160 cm) was sampled in the lower Bt horizon. 
Both acetone and butanone were detected in the VOA analysis, but the presence of these 
compounds is considered to be caused by instrument contamination. There were detects for 
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several PAHs. After examination of the data, these PAHs were considered to be natural 
background. ESD gamma scan results gave a cesium-137 value of 8.39 pCi/cm2 indicating a 
stable site. Based on all site parameters and screening tests, this site was considered suitable 
and representative. 

ORR Site 51. This site is located in the Copper Ridge Formation. Vegetation is old-field 
successional forest, but most of the original pines have died and fallen over, releasing poplar, 
red maple, and sugar maple. This site is near an area that was recently cleared and planted 
in loblolly pines and is within 80 ft of a bulldozed road to allow access for drilling wells. Both 
acetone and butanone were detected in the VOA analysis, but these compounds were caused 
by instrument contamination. One or  more PAHs were detected, but these occur at all 
Copper Ridge and Chepultepec sites. ESD gamma scanning results gave a cesium-137 value 
of 8.30 pCiicm2 indicating a stable site. Based’on site selection criteria and screening criteria, 
this site was considered suitable and representative. 

ORR Site 52. This site is located in the Chepultepec Formation. Vegetation is old-field 
successional, but most of the original pines have died and fallen over. The soil surfam is leaf- 
covered. The A horizon sample was collected from the regenerated forest soil A horizon and 
the older Ap (plowed) horizon beneath. The C horizon sample, obtained from a depth of 140 
to 170 cm, consisted of clay-plugged saprolitic materials. Both acetone and butanone were 
detected in the VOA analysis, but these compounds are caused by instrument contamination. 
Data for PA€& are missing, but, based on all other Copper Ridge and Chepultepec data, 
these compounds can be presumed to be present. ESD gamma scan results for cesium-137 
gave a value of 10.14 pCi/cm2, indicating that this site has received some recent deposition. 
Based on site selection criteria and screening analysis, this site was considered suitable. 

ORR Site 53. This site is located on the Chepultepec Formation. Vegetation is old-field 
successional forest, but the field had been abandoned to woods well before 1940. Present 
forest is dominated by white oak. The soil on this site has a layer of local cherty colluvium 
that is 36 cm thick The soil surface was leaf-covered. The A horizon sampled was collected 
from the regenerated forest soil A horizon and the underlying old Ap horizon. The B and C 
horizons were sampled in the underlying residuum. The C horizon sample, obtained at a 
depth of 140 to 160 cm, consisted of clay-plugged saprolitic materials. There were no VOA 
detects, but there were one or more detects for PAHs. The ESD gamma scan results gave a 
value of 6.23 pCi/cm2 indicating some recent erosion. Based on site selection criteria and 
screening analysis, this site was considered suitable and representative. 

ORR Sire 54. This site is located in the Copper Ridge Formation. The vegetation is older 
but cutover forest. Most of the large trees are chestnut oak along with smaller red maple. The 
soil surface was leafcovered. The A horizon sample consisted of a thin A horizon and part 
of the E horizon beneath. The C horizon sample, obtained from a depth of 155 to 165 cm, 
consisted of clay-plugged saprolitic materials. VOA data are missing for this site. One to 
several PAHs were detected at this site. ESD gamma scan results gave a value of 
7.76 pCicm2, indicating a stable site. Based on site selection criteria and screening analysis, 
this site was considered suitable and representative. 

ORR Site 55. This site is located in the Copper Ridge Formation. Present vegetation 
consisted of cut-over forest. This site did not appear to have ever been plowed. Large trees 
are mostly chestnut oak along with mid-level sugar maple and poplar. The ground surface was 
19 !-covered. The A horizon sample consisted of a thin A horizon and the thin horizon 
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immediately beneath. The A horizon sample was obtained from the colluvium, but the B 
horizon sample was obtained from residuum The G horizon sample, obtained from a depth 
of 140 to 165 cm, consisted of high-claycontent subsoil materials. VOA data for this site are 
missing, and there were one or more detects for PAT%. ESD gamma scan results for 
cesium-137 gave a value of 8.33 indicating a stable site. Based on site selection criteria and 
screening analysis, this site was considered suitable and representative. 

ORR Site 58. This site is located in the Copper Ridge Formation. Present forest 
vegetation is old-field successional, but the early pines have k e n  succeeded by red oak, sugar 
maple, and some poplar. The ground sur€ae was leaf-covered. The A horizon samples 
consisted of a thin, regenerated forest soil A horizon and the old Ap horizon beneath. The 
C horizon sample, obtained from a depth of 140 to 173 cm, consisted of high-clay-content 
subsoil materials. Both acetope and butanone were detected at this site, but these compounds 
are the result of instrument contamination. There were one or more PAT3 detects. ESD 
gamma scan results for cesium-137 gave a value of 7.01 pCi/cm2, indicating that there has 
been slight erosion Based on site selection criteria and screening analysis, this site was 
considered suitable and representative. 

ORU Site 59. This site is located in the Copper Ridge Formation. Present forest 
vegetation is old-field successional. There are mature short-leaf pine and mature white oak 
with an understory of dogwood, beech, red maple, and sassafras. There were sparse blueberry 
shrubs and a few hickory sprouts, and the forest floor was leaf-covered. The A horizon sample 
consisted of a thin A horizon and the E horizon beneath. The C horizon sample, obtained 
at a depth of 140 to 165 cm, consisted of clay-plugged saprolitic materials. Results from VOA 
anaIysis are missing, but there were one or more detects for PAISS. ESD gamma scanning 
results gave a value for cesium-137 of 7.71 pCi/cm2, indicating that this site has been fairly 
stable. Based on site seleciion criteria and screening ana€ysis, this site was considered suitable 
and representative. 

ORR Site 60. This site is located in the Copper Ridge Formation. This site was once a 
severely eroded agricultural fieid. Present forest vegetation is old-field successional. The early 
pine have either died and fallen over or were harvested. Present canopy trees are oaks and 
red mapIe with a few white pine and a regrowth of Virginia pine. There were a few blueberry 
shrubs along with tree sprouts on the leaf-covered forest floor. The A horizon sample 
consisted of a thin A horizon and the old Ap horizon beneath. The C horizon sample, 
obtained from a depth of 145 to 175 cm, consisted of partially clay-plugged saprolitic 
materials. Results of the VOA analysis are missing, but there were one or more detects for 
PAHS. ESD gamma scan results for cesium-137 gave a value of 6.23 pCi/cm2, an indication 
of erosion. Based on site selection criteria and screening analysis, this site was considered 
suitable and representative. 

ORR Site 62. This site is located in the Capper Ridge Formation. Present vegetation 
consists of old-field successional forest. Most of the early pines have died and fallen over, 
allowing oak and hickory to become dominant in the canopy. The forest floor is leaf-covered. 
This site is located within 75 to 80 ft of an area that was clear cut and replanted to loblolly 
pine. The VOA results are missing, but there were one or more detects for PAHS. The A 
horizon sample consisted of a thin A horizon and the old Ap horizon beneath. The C 
horizon, obtained at a depth of 140 to 163 cm, consisted of highly mottled lower subsoil 
materials. ESD gamma scan results for cesium-137 gave a value of 10.45 pCi/cm2, indicating 
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that there has been a slight amount of sediment deposition. Based on site selection criteria 
and screening analysis, this site was considered suitable and representative. 

ORR Site 64. This site is located in the Copper Ridge Formation. Present vegetation is 
old-field successional forest. The early pines have all disappeared, leaving oaks and poplar. 
The forest floor is leafcovered The A horizon sample consisted of a thin A horizon and the 
old Ap horizon beneath. The C horizon -ample, obtained at a depth of 150 to 16P :m, was 
composed of saprolite. "he VOA data is missing, but there were one or more detects for 
PAHs. ESD gamma Scan results for cesium-137 gave B value of 8.76 pCi/cm2, indicating that 
this site has been stable. Based on site selection criteria and screening analysis, this site was 
considered suitable and representative. 

ORR Site 66. This site is located in the Ghepultepec Formation. Present vegetation is 
old- 4eld successional with many of the early pines still standing. There are few poplar and red 
maple along with many red maple saplings and dogwood. The site was in a dense stand of 
ferns. The A horizon sample consisted of the old Ap horizon. The C horizon, obtained at a 
depth of 150 to 173 cm, was composed of highly clay-plugged saprolitic materials. There were 
no VOA detects and me or more detects for PAHs. The herbicide 2-4-D was detected at this 
site, but, given the remoteness of this site and no close access to a road, this particular detect 
is highly questionable and most likely caused by contarnination after the sample left the ORR 
or by analytical instrument contamination. ESD gamma scan results for cesium-137 gave a 
value of 5.53 pCi/cm2 indicating recent erosion. Based on site selection criteria and screening 
analysis, this site was considered suitable and representative. 

ORR-68. This site is located in the Chepultepec Formation. Vegetation is old forest 
where periodic logging has occurred. Present large trees are oaks and hickories. The forest 
floor is leaf-covered. The upper 40 to 50 cm of the soil consists of local cherty colluvium. The 
A horizon soil sample consisted entirely of the A horizon. The B horizon sample was 
collected in the residuum beneath the surficial colluvium. The C horizon soil sample, obtained 
from a depth of 150 to 175 cm, consisted of clayey subsoil material. Acetone was detected, 
but this compound is caused by instrument contamination. One or more PAHs were detected. 
ESD gamma scan results for cesium-137 on samples collected from colluvium gave a value of 
10.33 pCi/cm2 indicating some recent deposition. Based on site selection criteria and screening 
analysis, this site was considered suitable. The presence of the colluvium makes this site 
slightly less desirabIe in representing residual soils. 

ORR Site 73. This site is located in the Chepultepec Formation. Vegetation on this site 
is old-growth forest that has been periodically logged. Stumps were close to the pit. Indeed, 
the pit face cut through an old stump hole. Present canopy trees are poplar, oak, and red 
maple. There is a thick sapling stand of red maple, oak cherry, and cedar. The ground surface 
is leaf-covered. Soil samples were obtained away from the filled-in stump hole. The A horizon 
soil sample consisted of the A horizon. The C horizon soil sample, obtained at a depth of 145 
to 160 cm, consisted of saproIite. ESD gamma scan results for cesium-137 gave a value of 
12.87 pCi/cm2 indicating recent deposition. There are recent tree throw mounds above this 
site which could have contniuted sediments. Based on site selection criteria and screening 
analysis, this site was considered to be suitable and representative. 

URR Site 74. This site is located in the Chepultepec Formation. Present vegetation is 
old-field successional forest. The site is located close to an old fence row. Barb Wire was 
embedded in several trees. Older trees in the fence row are red oak and white oak. Younger 
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trees in the old field area are black gum, sweet gum, oak and red maple. The ground surface 
is leaf-covered. The A horizon soil sample consisted of the A horizon and part of the E 
horizon immediate& beneath. The C horizon soil sample, obtained from a depth of 140 to 160 
cm, consisted of very cherty saprolitic materials. Acetone was detected, but its presence is 
caused by instrument contamination. From one to several PAHs were detected. ESD gamma 
scan results for cesium-137 gave a value of 7.15 pCi/cm2 indicating relative stability, Based on 
the site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Site 75. This site is located in the Copper Ridge Formation. Present vegetation is 
old-field successional forest. The original pines are in the process of being replaced by a thick 
stand of d h g  pines along with popfar, black gum, sourwood, and dogwood. The ground 
surface is covered by leaves, needles, and fallen pine trees. The A horizon soil sample 
consisted of the thin regenerated A horizon and the old Ap horizon beneath. The C horizon 
soil sample, obtained from a depth of 150 to 160 cm, consisted of the lower clayey subsoiL 
The VOA analysis data is missing, but there were one or more detects for PAHs. ESD 
gamma scan results for cesium-137 gave a value of 10.04 pCi/cm2 indicating relative stability. 
Based on the site selection criteria and screening analysis, this site was considered suitable 
and representative. 

ORR Site 77. This site is located in the Chepultepec Formation. Vegetation is old-field 
successional forest. A few of the early pines are still standing, but the dominant canopy trees 
are hardwoods. The ground surface is leaf-covered The A horizon soil sample consisted of 
a thin, regenerated A horizon and the old Ap horizon beneath. The C horizon soil sample, 
obtained from a depth of 140 to 160 an, consisted of saprolitic materials that contained 
considerabie manganese oxide. There were no VOA detects. The PAW data are missing, but, 
based on the widespread presence of one or more PAHs in all other sites, these compounds 
should be present at this site. ESD gamma scan results €or cesium-137 gave a value of 
11.76 pCi/cm2 indicating slight recent deposition. Based on site selection criteria and screening 
analysis, this site was considered suitable and representative. 

ORR Sire 78. This site is located in the Chepultepec Formation. The soil has a layer of 
ancient colluvium that is about 36-cm-thick Vegetation is old-field successional forest. Most 
of the early pines have died and fallen over, and the present forest is dominated by 
hardwoods. The forest €loor is leaf-covered The A horizon soil sample consisted of the thin, 
regenerated A horizon and the old Ap horizon beneath. The B horizon soil sample was 
obtained from the clayey subsoil of the residuum beneath the colluvial capping. The C 
horizon soil sample, obtained from a depth of 140 to 150 cm, consisted of clayplugged 
saprolitic materials. There were no VOA detects, and the organic data are missing. Based on 
the widespread presence of one or more PAHs in all other sites, these compounds should be 
present at this site. ESD gamma scan results for cesium-137 gave a value of 856 indicating 
stability. Based on site selection criteria and screening analysis, this site was considered 
suitable and representative. 

ORR Sire 83. This site is located in the Copper Ridge Formation. Vegetation is old-field 
successional forest. Most of the early pines have died and fallen over. The forest canopy is 
now dominated by hardwoods, but some pines are present, The forest floor is leaf-covered. 
The A horizon soil sample consisted of a thin A horizon and the old Ap horizon beneath. 
The C horizon soil sample, obtained from a depth of 100 to 170 cm, consisted of very cherty 
clay-plugged saprolitic materials. This site required two deep auger holes to collect enough 
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sample, because of the high chert content. The VOA data are missing. One or more PAHs 
were detected at this site. ESD gamma scan results for cesium-137 gave a value of 
9.01 pCi/cm2 indicating stability. Based on site selection criteria and screening analysis, this 
site was considered suitable and representative. 

ORR Sire 85. This site is located in the Chepultepec Formation. The present forest is 
cutover old-growth. Because of the site steepness, it d m  not appear that the soil has ever 
been plowed. Present canopy trees are red oak, sugar maple, white pine, and umbrella 
magnolia. The soil at this site has a layer of creepderived colluvium that is about 42-cm-thick 
?%e soil also has a thick, dark surface l a y r  because of the northerly aspect. The A horizon 
soil sample consisted of the upper 15 cm of the 23-cm-thick A horizon. The B horizon was 
sampled from the clayey residuum. The C horizon soil sample, obtained born a depth of 140 
to 160 cm, consisted of saprolitic materials. Acetone was a detect in the VOA analysis, but 
the presence of this compound is the result of instrument contamination. The data for PA€% 
are missing. Based on the widespread presence of one or more PAHs in all other sites, these 
compounds should be present at this site. All ESD gamma scan samples were collected from 
the surficial colluvium. The value of 8.32 pCi/cm2 indicated stability. Based on site selection 
criteria and screening analysis, this site was considered suitable and representative of soils on 
steeper slopes on the ORR. 

ORR Sire $6. This site is located in the Chepultepec Formation. Vegetation is old-growth 
forest. Dominant canopy trees are chestnut oak and hickory. There are smaller red maple and 
sassafras. The ground surface was Ieaf-covered. The soil at this site had an extremely cherty 
lag-gravel surface layer. Because of the slope steepness, this site had never been plowed. The 
A horizon soil sample was abtained from the very thin A horizon and part of the E horizon 
beneath to a depth of 15 crn. The B horizon soil sample was obtained from the clayey residual 
subsoil beneath the creep capping. The C horizon soil sample, obtained from a depth of 140 
to 155 cm, consisted of clayey saprolitic materials. There were no VOA detects, and the 
organics data are missing. Based on the widespread presence of one or more PAHS in all 
other sites, these compounds should be present at this site. ESD gamma scan results for 
cesium-137 gave a value of 7.89 pCicm2 indicating stability. Based on site selection criteria 
and screening analysis, this site was considered suitable and representative of soils on steeper 
slopes. 

ORR Site 90. This site is located in the Chepultepec Formation. Vegetation is a 30- to 
40-year-old stand of planted lablolly pine. The understory is red maple, poplar, and seedling 
pines. The ground is covered by honeysuckle, roses, and blackberry briars. The ground surface 
is covered by pine needles and leaves. This site is located about 60 ft north of Chestnut Ridge 
Road. This is a heavily traveled road with a limestone gravel surface. As a result, calcium 
eontent of the surface may be higher than in areas farther from the road. The A horizon soil 
sample was obtained from the entire thickness of the Ap horizon. The C horizon soiI sample, 
obtained from a depth of 140 to 160 cm, consisted of clay-plugged saprolitic materials. 
Acetone was detected in the VOA analysis, but this compound is caused by instrument 
contamination. One or more PAHS were detected at this site. The closeness of the road to 
this site evidently did not contribute to higher VOA or organics levels than at more remote 
sites. ESD gamma scan results for cesium-137 gave a value of9.88 pCi/cm2 indicating stability. 
Based on site seIection criteria and screening analysis, this site was considered suitable and 
represent at ive. 
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ORR Site 91. This site is located in the Copper Ridge Formation. Vegetation is old- 
growth woods. Several chestnut stumps are located nearby, and barb wire is embedded in 
nearby trees, an indication of an old fence row. Dominant canopy trees are poplar, cherry, 
post oak, and white oak One chestnut sprout occurred close to the soil pit. The ground 
surface was leaf- covered. The A horizon soil sample consisted of a thin A horizon and the 
entire thickness of the E horizon beneath. The C horizon sampie, obtained from a depth of 
135 to 155 cm, consisted of the lower part of the clayey argillic horizon. The VOA data are 
missing. One or more PAfIS were detected ESD gamma scan resuits for cesium-137 gave a 
value of 10.85 pCi/cm2 indicating a slight amount af recent deposition. Based on site selection 
criteria and screening analysis, this site was considered suitable and representative. 

The following sites (OM Site 93 through ORR Site 117) were sampled in the Bethel 
Valley area of the ORR. Site screening with a hand-held radiation detector revealed higher- 
than-background levek of radiation, but no sites were rejected, because all site readings were 
less than 100 cpm. A decision was made to continue sampling to determine whether other 
elevated levels of metals or organics could be related to the higher cesium-137 levels. 

ORB Site 93. This site is located within the Moccasin Formation of the Chickamauga 
Group of the Bethel Valley section. Vegetation is old-field successional. The old field had 
been severely eroded before abandonment, The canopy is now dominated by hardwoods, but 
a few large pines and cedars remain. The ground surface is leaf-cwered. The A horizon soil 
sample consisted of a very thin, regenerated A horizon and the old Ap horizon beneath. The 
C horizon soil sample, obtained from a depth of 65 to 80 cm, consisted of clayey luwer 
subsoil. Rock was encountered at a depth of 85 cm. This site, located at the west end of the 
Bethel Valley sampling area, had a cesium-137 level slightly elevated above background. 
Because this site is not in a concave landform position, the elevated cesium is interpreted to 
be of local ORNL origin. Tritium was below detection limit at this site. No other elevated 
levels of metals or radionuclides were associated with the elevated cesium. Acetone was a 
detect in the VOA analysis, but this compound is caused by instrument contamination. One 
or more PAHs were detected. The ESD gamma scan results for cesium-137 gave a value of 
10.4 pCicm2, indicating relative stability or perhaps a slight amount of contamination. Based 
on site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Site 99. This site is located in the Bethel Valley section of the Chickamauga Group 
Moccasin Formation. This site was a very severely eroded field before abandonment. 
Vegetation is old-field successional forest. Most of the original pines are still standing. The 
ground surface was about 70% covered by mosses and the remainder, by pine needles and 
leaves. The A horizon soil sample consisted of a very thin A horizon and the old Ap horizon 
beneath. The C horizon soil sample, obtained from a depth of 98 to 113 cm, consisted of 
clayey saprolitic materials with abundant manganese. Depth to limestone at this site was more 
than 1.5 m. Both acetone and butanone were VOA detects, but these two compounds are the 
result of instrument contamination. There were one or more PAHs detects. Technetium49 
was detected at this site. Cesium-137 from the ESD gamma scan was slightly elevated above 
background (12.5 pCi/cm2) and is interpreted to be caused by local O W  input. Tritium was 
below detection limits. However, no other metals or radionuclides were elevated at this site 
except for the higher than normal cesium. Based on site selection Criteria and screening 
analysis, this site was considered suitable and representative. 
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ORR Site 100. This site iS in the Bethel Valley section of the Chickamauga Group 
(Unit G). Vegetation is old-growth woods that had been partially cut over and pastured 
before abandonment. The present open forest stand has large oaks, some white pine, and 
sugar maple. There are low bush blueberry plants, and the ground surface is leaf-covered. 
TRis site, located southwest of Bldg. 1505, has the third highest level of cesium-I37 (18.4 
pCilcm3 and second highest level of tritium (0.14 pCi/g). These elevated levels are 
interpreted to be caused by local ORNL emissions. There were no elevated levels of other 
metals or radionuclides. The A horizon soil sample was obtained from the entire thickness 
of the old Ap horizon. The C horizon soil sample, obtained from a depth of 55 to 70 cm, 
consisted of saprolite. There was a paralithic Cr horizon at a depth of 85 +a. Acexane was 
detected in the VOA analysis, but this compound is caused by instrument contamination. One 
or more PAHs were detected. Based on site selection criteria and screening analysis, this site 
was considered suitable and representative except for cesium and tritium 

O M  Sire 101. This site is in the Bethel Valley section of the Chickamauga Group 
Moccasin Formation. Vegetation consists of mature oaks, cedars, and amencan beech with 
saplings of beech, sugar maple, L ' dogwood. This site was severely eroded before 
abandonment and was probably a wc -s pasture. The forest floor was leafcovered. This site 
had the highest elevated level of c.. m-137 (22.9 pCVcm2) and the third highest level of 
tr.iium (0.12 pCi/g). Both of th elements are interpreted to k caused by local 
contamination from O N .  Therc ere no other elevated levels of organics, metals, or 
radionuclides. The A horizon soil sample consisted of a 12-cm-thick A horizon. An old stump 
infilling occurred in part of the pit face but was avoided in sampling. The C horizon soil 
sample, obtained from a depth of 60 to 70 cm, consisted of clayey saprolitic materials. Depth 
to rock was highly irregular in the soil pit. Rock was at a depth of 70 cm in the section of the 
pit face that was sampled. Acetone was detected in the VOA analysis, but this compound is 
caused by instrument contamination. One or more PAHs were detected. Based on site 
selection criteria and screening analysis, this site was considered suitable and representative 
except for cesium and tritium. 

ORR Site 102. This site is in the Bethel Valley section of the Chickamauga Group 
Moccasin Formation. This site was evidently the front yard or back yard of a farmstead. 
Vegetation is an open stand of large, mature oaks and pines. Poison ivy was very abundant. 
The gr ilnd surface was covered with leaves and pine needles. This site had an elevated level 
of cesium-137 (17.3pCi/cm2) and the highest level of tritium (0.22 pCilg). This site and ORR 
Site I01 are on either side of Bldg. 4500. However, no other elevated levels of organics, 
metals, or radionuclides were associated with either the cesium or tritium. The elevated levels 
are interpreted to be caused by local input from ORNL. The A horizon soil sample was 
c kcted  in the upper 10 cm of the A horizon. The G horizon, obtained from a depth of 90 
: 01 cm, consisted of saprolitic materials. Rock ledges were encountered at a depth of 

zm in the vertical section of the soil pit that was sampled. Depth to rock in the soil pit 
7 cd from 34 cm to 101 cm. Acetone was a detect in the VOA analysis, but this compound 
b caused by instrument contamination. One or more PAHs were detected. Based on site 
selection criteria and screening analysis, this site was considered suitable and representative 
except for the elevated levels of cesium-137 and tritium. 

ORR Site 103. This site is in the Bethel Valley section of the Chickamauga Group 
Moccasin Formation. Vegetation is old-field successional forest. This site was severely eroded 
before abandonment. Some of the early pines and cedars remain along with a few large oaks. 
Smaller trees are amencan beech, dogwood, black gum, and cedars. This site had elevated 
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levels of cesium-137 (14.0 pCi/cm2) and tritium (0.20 pCi/g). These higher levels are 
interpreted to be caused by local input from ORNL. There were no other elevated levels of 
organics, metals or radionuclides at this site when compared to all of the Bethel Valley sites. 
The A horizon soil sample was collected from a 4-cm-thick A horizon The A horizon was 
mostly composed of Rome colluvium that had moved downslope. The C horizon soil sample, 
obtained from a depth of 90 to 100 cm, consisted of saprolitic materials. Acetone was 
detected in the VOA analysis, but this compound is caused by instrument contamination. One 
or more PA€& were detected. Based on site selection criteria and screening analysis, however, 
this site was considered suitable and representative, even though it exhibited elevated levels 
of cesium-137 and tritium. 

ORR Site 104, This site is in the Bethel Valley Section of the Chickamauga Group 
Moccasin Formation. Vegetation is old-field successional forest. The early pines and cedars 
have mostly been replaced by hardwoods dominated by oaks, red maple, and hickory. There 
are low-bush blueberries, and the forest floor is leaf-covered. Levels of cesium-137 
(10.2 pCi/cm’) and tritium were at background and below-detection limits, respectively. There 
were no other elevated levels of metals or other radionuclides. The A horizon soil sample 
consisted of a reformed E horizon and the old Ap horizon beneath. The C horizon sample, 
obtained at a depth of 75 to 95 cm, consisted of saprolitic materials. No rock was encountered 
within a depth of lo0 cm. There were no VOA detects, but there were one or more detects 
for PAHs. Based on site selection criteria and screening analysis, this site was considered 
suitable and representative. 

ORR Site 108. This site is in the Bethel Valley section of the Chickamauga Group. 
Vegetation is old-field successional. There are still many older pines and cedars. The forest 
floor was mostly leafavered, but there were patches of mosses. There were no elevated 
levels of either cesium-137 (85 pCi/cm2) or tritium, nor of any other metals or radionuclides. 
The A horizon soil sample consisted of the old Ap horizon. The C horizon, obtained from 
a depth of 80 to 90 cm, consisted of highly clay-pfugged saprolitic materials. Depth to rock 
was variable in the soil pit, ranging from 53 to 95 an. The vertical section of soil sampled was 
in the deepest part of the pit. Butanone was detected in the VOA analysis, but this compound 
is caused by instrument contamination. One or more PAHs were detected. Based on site 
selection criteria and screening analysis, this site was considered suitable and representative. 

ORR Site 110. This site is underlain by the Bethel Valley section of the Cbickamauga 
Group. Vegetation is old-field successional forest with pines, cedars, and oaks. The understory 
consists of beech and hickory sprouts along with weeds and honeysuckle. The forest floor is 
leaf-covered. This site had been severely eroded before abandonment. There were no 
elevated levels of cesium-137 (7.9 pCi/cm2) or tritium, although there was a reading of 90 cpm 
in the top of the auger hole from the hand-held radiation detector used in site screening. 
There were apparent elevated levels of Pa-234 and Np-237 that might have caused this higher 
than normal instrument reading. The A horizon soil sample consisted of the 3-cm-thick 
reformed A horizon. The C horizon, obtained from a depth of 75 to 85 cm, consisted of 
clayey saprolitic materials. There were thin rock ledges at several depths in the pit face. Based 
on site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Sire 115. This site is underlain by the Bethel Valley section of the Chickamauga. 
Vegetation is old-field successional forest of Virginia pine, cedar, oak, hickory, ash, and 
d o g w o o d  The ground was covered with poison ivy, honeysuckle, and leaves. This site did not 



3-32 

appear to have been plowed, but evidently was a woods pasture. There were no elevated 
levels of cesium-137 (9.5 pCi/cm2) nor tritium. The A horizon soil sample consisted of the A 
horizon and the transitional EB horizon beneath. The C horizon sample, obtained from a 
depth of 60 to 75 cm, consisted of saprolitic materials. Depth to rock was mostly 25 to 45 cm, 
except in the deep part of the pit that way sampled. There, rock occurred at a depth of 
75 cm. Acetone was a detect in the VOA analysis, but this compound is caused by instrument 
contamination. One or more PAHs were detected. This site had an apparent higher level of 
Pa-234 than most other Bethel Valley sites. Based on site selection criteria and screening 
analysis, this site was considered suitable and representative. 

ORR Site 116. This site is underlain by the Bethel Valley section of the Chickamauga 
Group. Vegetation is a planted loblolly pine plantation. The trees appear to be about 40 years 
old. The site is within 50 to 60 f t  of an old house or barn (disturbed area). There were nr 
elevated levels of cesium-137 (7.8 pCi/cm2), nor of tritium, nor of any other radionuclides G: 

metals. The A horizon soil sample consisted of a thin, reformed A horizon and the old Ap 
horizon beneath. The C horizon, obtained from a depth of 70 to 85 cm, Consisted of saprolitic 
materials. No rock was encountered within a depth of 100 cm. Both acetone and butanone 
were detected in the VOA analysis, but these two compounds are caused by instrument 
contamination. One or more PAHs were detected. Technetium-99 was also detected in this 
sample. This site also had an elevated level of Pa-234 when compared with most other Bethel 
Valley sites. Based on site selection criteria and screening analysis, this site was considered 
suitable and representative. 

OliR Site 117. This site is underlab by the Bethel Valley section of the Chickamauga 
Group. The soils are formed in residuum, but the presence of rounded river gravels indicates 
that this site had been covered with alluvium in the past. Vegetation is a loblolly pine 
plantation. The tres 2ppear to be about 40 years old. There were no elevated levels of 
cesiun-137 (8.9 pC m2), nor of tritium, nor of any other radionuclides or metals. The A 
horizon soil sample consisted of a thin, reformed A horizon and the old Ap horizon beneath. 
me C horizon soil sample, obtained from a depth of 85 to 95 cm, consisted of clayey 
saprolitic materials. Limestone rock was encountered at a depth of 106 em. Butanone was a 
detect in the VOA analysis, but this is caused by instrument contamination. One or more 
PAHs were detected. This site had a higher level of Pa-234 than most of the other Bethel 
Valley sites. Based on site selection criteria and screening analysis, this site was considered 
suitable and representative. 

ORR Site 118. This site is underlain by the East Fork (K-25 Site) section 01 me 
Chickarnauga Group. Vegetation is old-growth hardwood forest dominated by large white 
oaks, American beech, cherry, and sugar maple. There were no elevated levels of cesium-137 
(9.64 pCi/cm2) nor of tritium. No VOAs were detected, but there were one or more detects 
for PAHs. The A horizon soil sample consisted of the S-cm-thick, reformed A horizon. The 
C horizon soil sample, obtained from a depth of 70 to 80 cm, consisted of saprolitic materials. 
No rock was encountered within a depth of 100 cm. Based on site selection criteria and 
screening analysis, this site was considered suitable and representative. 

OAR Site 119. This site is underlain by the h t  Fork (K-25 Site) section of the 
Chickamauga Grzup. Vegetation is cut-over old woods. Present large trees are cedars, oak, 
and ash. There were no elevated levels of cesium-137 (7.79 pCdcm2) nor of tritium, but there 
was a detect €or technetiiim-99. There were no VOA detects, but there were one or more 
detects for PAHs. The norizon soil sample consisted of a thin AI horizon and the A2 
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horizon beneath. The C horizon soil sample, obtained from a depth of 75 to 88 cm, consisted 
of the transitional horizon beneath the Bt horizon and limestone bedrock. Depth to rock in 
the soil pit varied from 30 cm to more than 100 cm. Based on site selection criteria and 
screening analysis, this site was considered suitable and representative. 

ORR Sire 120. This site is undertain by the East Fork (K-25 Site) section of the 
Chickamauga Group. The soil had a thin layer of alluvium, 27-cm-thick over the residuum. 
Vegetation is old-growth hardwoods dominated by large American beech. There were no 
elevated levels of cesium-137 (9.01 pWcm2) or tritium. There were no VOA detects, but 
there were one or more detects for PAHs. The A horizon sample was obtained from the 
upper 10 cm of the soil. The B horizon sample was collected from the residuum beneath the 
sur€icial alluvium. The C horizon soil sample, obtained from a depth of 85 to 100 cm, 
consisted of saprolitic materials. No rock was encountered within a depth of 100 cm. Based 
on site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Site 121. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is old-field successional forest dominated by Virginia pine 
with an understory of gum, red maple, and beech. There were no elevated levels of 
cesium-137 nor of tritium, but technetium99 was detected. Butanone was a VOA detect, but 
this compound is caused by instrument contamination There were one or more detects for 
PAHs. Of special interest is a detect for chlordane. This site is close to an old farm building 
site, so it may be a real detect and not caused by instrument contamination The A horizon 
soil sample consisted of a thin, reformed A horizon and the old Ap horizon beneath. The C 
horizon soil sample, obtained from a depth of 70 to 90 cm, consisted of saproIitic material. 
No rock was encountered Within a depth of 100 cm. ESD gamma scan results for cesium-137 
gave a value of 6.36 pCi/cm2, an indication of recent erosion. Based on site selection criteria 
and screening analysis, this site was considered suitable and representative 

ORR Site 122. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is a planted loblolly pine plantation with trees more than 
40 years old. There are abundant honeysuckle and briars on the needleavered forest floor. 
There were no elevated levels of cesium-137 nor of tritium. There were no VOA detects, but 
there were one or more detects for PAHs. The A horizon soil sample consisted of the entire 
thickness of the old Ap horizon. The C horizon soil sample, obtained from a depth of 70 to 
80 cm, consisted of saprolitic materials. No rock was encountered within a depth of 100 cm. 
Based on site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Site 223. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is a planted loblolly pine plantation with trees more than 
40 years old. There are abundant honeysuckle and briars on the needleavered forest floor. 
There were no elevated levels of cesium-137 or tritium. Acetone was a detect in the VOA 
analysis, but this compound is caused by instrument contamination One or more PAHs were 
detected. The A horizon soil sample was obtained from a depth of 0 to 3 cm. "he C horizon 
soil sample, obtained from a depth of 80 to 90 cm, conslsted of saprolitic materials. No rock 
was encountered within a depth of 100 cm. ESD gamma scan results for cesium-137 gave a 
value of 7.30 pCi/cm2, an indication of recent erosion. Based on site selection criteria and 
screening analysis, this site was considered suitable and representative. 
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ORR Site 124. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is a planted loblolly pine plantation with trees more than 
40 years old. There are abundant honeysuckle and briars on the needle-covered forest floor. 
The actual site is at the very edge of the plantation and close to a rock escarpment 
overlooking East Fork of Poplar Creek. There were no elevated levels of cesium-137 
(8.09 pCilcmt) nor of tritium, but technetium-99 was detected. There were no VOA detects 
for VOAs, but there were one or more detects for PAHs. The A horizon soil sample, 
obtained 6-om a depth of 10 cm, consisted of a thin, reformed A horizon and part of the old 
Ap horizon beneath. The C horizon soil sample, obtained from a depth of 80 to 90 cm, 
consisted of saprolitic materials. Rock was encountered in the soil pit from very close to the 
surface at one end to more than 100 cm at the other end, about 3 ft away. Based on site 
selection criteria and screening analysis, this site was eonsidered suitable and representative. 

ORR Sire 125. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is a planted loblolly pine plantation with trees more than 
40 years old. There are abundant honeysuckle and briars on the needle-covered forest floor. 
There were no elevated levels of cesium-137 or tritium. Acetone was a detect in the VOA 
analysis, but this compound is caused by instrument contamination. There were one or more 
detects for PAHS. The A horizon soil sample consisted of the very thin, reformed A horizon 
and part of the older Ap horizon beneath. The C horizon soil sample, obtained from a depth 
of 70 to 90 cm, consisted of clayey saprolitic materials. No rock was encountered in the soil 
pit within a depth of 100 cm. ESD gamma scan results for cesium-137 gave a value of 
7.50 pCi/cm2, an indication of relative stability. Based on site selection criteria and screening 
analysis, this site was considered suitable and representative. 

ORR Site 126. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is old-field successional forest dominated by Virginia pine 
and hardwoods. Poison ivy, honeysuckle, and mosses were abundant on the ground surface. 
There were no elevated levels of cesium-137 (9.31 pCi/cm2) nor of tritium. Acetone was a 
VOA detect, but this compound is caused by instrument contamination. There were one or 
more detects for PAHs. The A horizon soil sample consisted of a thin, reformed A horizon 
and the old Ap horizon beneath. The C horizon soil sample, obtained from a depth of 80 to 
90 cm, consisted of saprolitic materials. No rock was encountered in the soil pit within a 
depth of 100 em. Based on site selection criteria and screening analysis, this site was 
considered suitable and representative. 

O M  Site 127. This site is underlain by the East Fork (K-25 Site) section of the 
Chickarnauga Group. Vegetation is old-field successional forest dominated by Virginia pine, 
cedars, and hardwoods. There were abundant poison ivy and honeysuckle on the ground 
surface. There were no elevated levels of cesium-137 (9.62 pCi/cm2) nor of tritium. There 
were no VOA detects, but there were one or more detects €or PAHs. The A horizon soil 
sample consisted of a thin, reformed A horizon. The C horizon soil sample, obtained from 
a depth of 65 to 75 cm, consisted of clayey saprolitic materials. No rock was encountered in 
the soil pit within a depth of 100 cm. Based on site selection criteria and screening analysis, 
this site was considered suitable and representative. 

ORR Sire 128. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is old-field successional forest dominated by Virginia pine, 
cedars, and hardwoods along with some dogwood and red maple. Poison ivy and honeysuckle 
were abundant on the ground surface. There were no elevated levels of cesium-137 
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(8.89 pCi/cm~ nor of tritium. Both acetone and butanone were VOA detects, but these 
compounds are caused by instrument contamination, One or more PAHs were detected. The 
A horizan soil sample consisted of a thin, reformed A horizon and the old Ap horizon 
beneath. The C horizon soil sample, obtained from a depth of 70 to 90 cm, consisted of 
saprolitic materials. No rock was encountered in the soil pit within a depth of 100 cm. Based 
on site selection criteria and screening analysis, this site was considered suitable and 
representative. 

ORR Site 129. This site is underlain by the East Fork (K-25 Site) section of the 
Chickamauga Group. Vegetation is old-fieid successional forest. The site was probably an 
open woods pasture. There are a few large oaks. White pine is now invading and rapidly 
reproducing. There are a few holly trees, along with red maple and oak sprouts. There were 
no elevated levels of cesium-137 (8-% pC/cm2) nor of tritium. Butanone was a VOA detect, 
but this compound is c a d  by instrument contamination. One or more PAHs were detected. 
The A horizon soil sample consisted of a thin, reformed A horizon and the old Ap horizon 
beneath. The C horizon soil sample, obtained from a depth of 100 to 116 cm, consisted of 
saprolitic materials. No rock was encountered in the soil pit within a depth of 100 cm. Based 
on site selection criteria and screening anaIysis, this site was considered suitable and 
representative. 

3.10 QUALITATIVE ANALYSIS OF ROAIW COUNTY SITES 

ROA Sire 3, ROA Site 9, ROA Site 19, ROA Site 20, ROA Site 21, and ROA Site 22. 
These sites are located close together in the central part of the sampling transect. AH of these 
sites had old-field successional forest of pines and hardwoods. 

ROA Site 3. This site is located in a toeslope position. The entire soil profile oonsists of 
colluviudalluvium derived from soils of Conasauga Group rocks rather than residuum from 
the Dismal Gap Formation. Acetone and 2-butanone were “J” estimates in the VOA analysis, 
but these are caused by instrument contamination. There were no other VOA analytes above 
detection limits. No tritium was detected in the Aborizon 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 exjmienced erosion since the 
start of global fallout. 

ROA Site 7 and ROA Site 8. These sites are close together. ROA Site 7 and ROA Site 8 
are on a lower sideslope. The upper 44 cm of the ROA Site 7 and the ROA Site 8 soil 
profiles are formed in cohmium. 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. Except for acetone, no 
VOAs were detected and no tritium was detected. Benzo[b]anthracene was an estimated ‘7’’ 
detect, but no other organics were detected. ESD cesium-137 gamma scan results gave a value 
of 6.64 pCi/cm2 for ROA Site 7, indicating that this site has been eroding since global fallout 
started. The corresponding value for ROA Site 8 is 11.93 pCi/cm2, indicating that there bas 
been some deposition on this site. 

ROA Site 9. This 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 
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the C horizon sample consists of Cr materials from the Dismal Gap Formation. No VOAs 
were detected, no tritium was detected, and no organics were detected. ESD cesium-137 
gamma scan showed a value of 10.15 pCi/cm2 for the upper 30 cm of the soil profile, an 
indication of some recent deposition. 

ROA Site 10. 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. Except for acetone, 
no VOAs or organics were detected. ESD cesium-137 gamma scan results gave a value of 
8.56 pCi/cm2, indicating that this site has been relatively stable. 

ROA Sire 13 and ROA Site 14. These sites are close together. The soil at RQA Site 13 
formed in residuum of the Dismal Gap Formation. Present forest is old-field successional 
dominated by pines on ROA Site 13. The site is at the base of a long slope. Except €or 
acetone and 2-butanone, no VOAs were detected. Benm[b]fluoranthene was an estimated 
“J” detect, No other organics were 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 actively eroding. 
ROA Site 14 occurs on a convex sideslope. The upper 41 cm of the soil profile formed in 
colluvium Below 41 cm, the soil formed in the transition zone between the Dismal Gap and 
RogersviUe formations. Present forest k old-field successional dominated by red maple, 
poplar, dogwood, and poison ivy. Except for acetone, no VOAs were detected. 
Benzo[a]pyrene was an estimated “J” detect, but no other organics were detected. ESD 
gamma scan results gave a value of 8.20 pCi/cm2 for this site, an indication of relative stability. 

ROA Sire 17. 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. Exception for acetone and 2-butanone resulting from instrument 
contamination, no other VOAs were detected, no tritium was detected, and no organics were 
detected. ESD cesium-137 gamma scan results gave a value of 9.61 pCi/cm2, indicating that 
this site has not been eroding. 

ROA Site 19. This site is located in a toeslope position. The upper 47 em 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. No 
VQAs were detected, no tritium was detected, and no organics were 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 Site 20. This site is located in a toeslope position. The soil is derived from residuum 
of the Dismal Gap Formation. No VOAs were detected, no tritium was detect, but fluorene 
was a “J” estimated detect in the A horizon. No other organics were detected. ESD 
cesium-137 gamma scan results gave a value of 6.11 pCi/cm2, indicating that some soil erosion 
has occurred since global fallout started. 

ROA Sire 21. This site is located in a midslope position. The upper 74 em of the soil 
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. No 
VOAs were detected, and no organics were detected. The ESD cesium-137 gamma scan data 
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results show a value of 5.40 pCUm2, an indication that this site has been eroding since global 
fallout started. 

ROA Site 22. This site is located on a bench landform. The upper 45 crn of the soil 
profile is colluvium. Below is residuum of the Dismal Gap Formation. Present forest is 
old-field successional, but it is now dominated by hardwoods. No VOAs were detected, no 
tritium was detected, but there was an estimated “J” detect for naphthalene in A horizon 
samples. ESD cesium-137 gamma scan results gave a value of 4.16 pCi/cm2 to a depth of 
30 cm for this site, indicating that erosion has occurred since global fallout started. 

ROA Site 33. This site is underlain by the Copper Ridge Formation of the &ox Group. 
This site is about 400 Ft away from an old quarry. The surface of the site was covered with 
carbonate fragments up to boulder six. These were the result of blasting operations. 
Vegetation is old-field successional forest. The pines have all been replaced by hardwoods. 
Acetone was a VOA detect, but this compound is caused by instrument contamination. A 
pesticide product, 4-4‘ DDT was detected. One or more PAHs were detected. This site had 
a slightly elevated cesium-137 level, but this is considered within the norm. Based on site 
selection criteria and screening analysis, this site was considered to be typical and 
representative. 

ROA Site 34. This site is underlain by the Copper Ridge Formation of the Knox Group. 
Vegetation is old-field successional forest with some of the early pines still remaining, but 
most of the trees are now hardwoods. Acetone was a VOA detect, but this compound is 
caused by instrument contamination. One or more PAHs were detected. This site had an 
elevated cesium-137 level. The soil profile description indicated that there had been about 
4 cm of recent overwash, which would explain the higher-than-normal level. Based on site 
selection criteria and screening analysis, this site was considered to be typical and 
representative- 

ROA Site 35. This site is underlain by the Copper Ridge Formation of the Knox Group. 
Vegetation is old-field successional forest with all of the early pines having been replaced by 
hardwoods dominated by oaks. No VOAs were detected, but there were one or more P B .  
This site had an elevated cesium-137 leveL The soil profile description indicated that there 
had been some recent overwash, resulting in an over-thickened A horizon, which would 
explain the higher-than-normal level, Based on site selection criteria and screening anaiysis, 
this site was considered to be typical and representative. 

ROA Site 39. This site is underlain by the Copper Ridge Formation of the K n a  Group, 
but the upper 95 cm of the sail consisted of local colluvium Vegetation is old-field 
successional forest, but the early pines have been replaced by oaks. No VOAS were detected, 
but there were one or more PAHs. This site had a sIightly elevated cesium-137 accumulation, 
an indication that some h a 1  sediment accumufation has O C C U K ~ ~ .  Because of the excessive 
thickness of the colluvium, this site is not considered to be representative of residual soils, but 
would be representative oE local cherty colluvial soils of the Copper Ridge Formation. 

ROA Site 80. This site is underlain by the Copper Ridge Formation of the Knox Group, 
but the upper 52 cm of the soil eonsisted of local cherty colluvium. Vegetation is oid-field 
successional forest, but most of the early pines have been replaced by oaks and hickories. 
Acetone was a detect in the VOA analysis, but this compound is caused by instrument 
contamination. One or more PAHs were detected. Cesium-137 accumulation of 8.7 pCi/cm2 
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was within the normal (average) background range of about 8.7. The slightly excessive 
thickness of colluvium is borderline to consider this site to be representative of Copper Ridge 
residual soils. 

ROA She 41- This site is underlain by the Copper Ridge Formation of the Knox Group. 
Vegetation is old-field successional forest, but most of the early pines have been replaced by 
oaks. No VOAs were detected, but there were one or more detects for PAHs. Cesium-137 
accumulation of 9.1 pCi/cm2 was within the normal background range of about 8.7. Based on 
site selection criteria and screening analysis, this site was eonsidered to be typical and 
representative. 

ROA Site 42. This site is underlain by the Copper Ridge Formation of the Knox Group. 
Vegetation is old-field successional forest. Most of the early pines have been replaced by 
oaks, red maple, and sumac. Acetone was a VOA detect, but this compound is the result of 
instrument contamination. One or more PAHs were detected. Cesium-137 accumulation of 
6.7 pCi/cm2 was the below background range of about 8.7, an indication that some surficial 
erosion has occurred at this site. The soil profile description d m  not indicate the presence 
of any A horizon. Based on site selection criteria and screening analysis, this site was 
considered to be typical and representative, except for the slight amount of erosion (1 to 
2 cm). 

ROA Site 43. T h i s  site is underlain by the Copper Ridge Formation of the Knox Group, 
but the upper 72 crn of the soil consisted of local cherty colluvium. Vegetation is old-field 
successional forest. Present vegetation is chestnut oak, dogwood, sumac, and sassafras. 
Acetone was a VOA detect, but this compound is the result of instrument contamination. 
One or more PAHs were detected. Cesium-137 accumulation of 11.1 pCi/cm2 was above 
normal background range of about 8.7, an indication that there has been some surficial 
deposition on this site, although the presence of any recent deposition was not described in 
the soil profile description. Because of the excessive thickness of the colluvium, this site is not 
considered to be representative of residual soils, but would be representative of local cherty 
colluvial soils of the Copper Ridge Formation. The second problem is the recent deposition 
on this site, but sediment accumulation of about 2 cm would account for the higher 
cesium-137 value. 

ROA Site 44. This site is underlain by the Copper Ridge Formation of the Knox Group, 
but the upper 88 cm of the soil consisted of local cherty collwiurn. Vegetation is old-field 
successional forest. Most of the early pines have been replaced by oaks, red maple, poplar, 
and dogwood. Acetone was a VOA detect, but this compound is the result of instrument 
contamination. One or more PAHs were detected. Cesium-137 accumulation of 5.8 pCi/cm2 
was considerably below the nmmal background range of about 8.7, a strong indication that 
this site has been eroding s i n e  radioactive cesium deposition began. Because of the excessive 
thickness of the coiluvium, this site is not considered to be representative of residual soils, but 
it would be representative of local cherty colluvial soils of the Copper Ridge Formation. The 
second problem is the recent erosion from this site. 

ROA Size 45. This site is underlain by tne Copper Ridge Formation of the Knox Group, 
but the upper 33 crn of the soil consisted of local cherty colluvium. Vegetation is old-field 
successional forest. Most of the early pines have been replaced by sassafras, oaks, hickories, 
and dogwood. Acetone was a VOA detect, but this compound is the result of instrument 
contamination. One or more PAHs were detected, Cesium-137 accumulation of 8.4 pCi/cm2 
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was very close to the normal background range of about 8.7. Based on site selection criteria 
and screening analysis, this site was considered to be typical and representative. 

ROA Site 46. This site is underlain by the Copper Ridge Formation of the Knox Group, 
but the upper 64 cm of the soil consisted of local ancient alluvium. Vegetation is old-field 
successional forest. Most of the early pines have been replaced by red maple and dogwood. 
Acetone was a VOA detect, but this compound is the result of instrument contamination. 
One or more PAHs were detected. Cesium-137 accumulation of 7.7 pCi/cm2 was within the 
normal background range of about 8.7. Because of the excessive thickness of the ancient 
alluvium, this site is not considered to be representative of residual soils. 

ROA Site 47. This site is underlain by the Copper Ridge Formation of the Knox Group, 
but the upper 43 cm of the soil consisted of local cherty colluvium. Vegetation is old-field 
successional forest. Most of the early pines have been replaced by poplar, red maple, and 
dogwood. Acetone was a VOA detect, but this compound is the result of instrument 
contamination. One or more PAHs were detected. Cesium-137 accumulation of 43 pCi/cm2 
was well below the normal background range of about 8.7, an indication that there has been 
considerable erosion. Because of the thickness of colluvium, this site is marginally 
representative of residual soils. The second problem is the recent erosion from this site. 

3.11 QUAUTA'"IW3 ANALYSIS OF ANDERSON COUNTY SITES 

AND Site 1, AND Sire 10, andAND Site 11. These sites are located close together. AND 
Site 1 is located in Dismal Gap residuum and is situated in a woodlot that is also used for 
cattle pasture. The A horizon sample consisted of an oid 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 registered 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 been, and perhaps stili is, eroding, although at a 
very slow rate. AND Site 10 occurs in an old field with old-field successional forest dominated 
by pines. This site is on a nearly level ridge top. The A horizon sample consisted of an 
A horizon, the 3 horizon sample consisted of the entire thickness of the argillic horizon, and 
the C horizon sample consisted of Cr materials. Except for acetone, all VQA analytes were 
below detection limits, but several organics were estimated. Ali were PAHs. In addition, there 
were several organic rejects. ESD cesium-137 gamma scanning results gave a median value 
of 939 pCi/cm2, which agrees with the soil morphology indication of surface stability. AND 
Site 11 occurs in a stand of hardwoods that was once an old field. The soil morphology is 
typical of a more strongly weathered and developed soil from the Dismal Gap Formation than 
what k generally typical. Except for acetone, no VOA analytes registered above detection 
limits. There were several V" estimated organics. The ESD cesium-137 gamma scanning 
results gave a median value of 10.27 pCi/cm2 for the upper 30 cm of the soil profile. This 
value indicates that this site has not been eroding, but may have received 1 to 2 cm of recent 
deposition. 

AND Site 3, AND Sire 4, AND Site 5, and AND Site 20. These four sites are clustered 
close together. They are all under the same ownership and have a similar old-field 
successional forest dominated by pines. The underlying geology is the Dismal Gap Formation. 
AND Site 3 was formed wholly in residuum. AND Site 4 was formed in 53 cm of colluvium 
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and the underlying residuum. AND Site 5 was formed in 70cm of colluvium and the 
underlying residuum. AND Site 20 was formed in 21 cm of colluvium and the underlying 
residuum. Except for acetone resulting from instrument contamination, no VOA analytes 
registered above detection limits. All sites showed estimated “J” amounts of several PAWS. 
ESD cesium-137 gamma scan results indicated that AND Site 3, with a value: of 4.73 pCi/cm2, 
had been quite eroded. AND Site 20, with a value of 7.03 pCi/cm2, had been eroded to some 
extent, but AND Site 4, with a value of 9.97 pCi/cm2, had not experienced any erosion. 

A N D  Site 9 and AND Site 19. These sites are located close together, separated by about 
300 Et. Both sites have typical soib that formed in Dismal Gap residuum. AND Site 9 occurs 
on a convex sideslope, while AND Site 19 occurs on the lower part of a sideslope. Except for 
acetone, no VOA analytes registered above detection limits for either site. However, there 
were several “J” estimated organics, mostly PAHs, for both sites. ESD cesium-137 gamma 
scan results for AND Site 9 show a value of 8.95 pCi/cm2 in the upper 30 cm of the soil 
profile, while AND Site 19 shows a value of 14.42. The soil profile description indicates that 
there has been some soil deposition at this site. 

A N D  Site 12, AND Site 21, and RND Site 22. These sites are underlain by the Dismal 
Gap Formation, and the soils are typical of Dismal Gap residual soils. They exhibit similar 
old-field successional forest dominated by pines but have slightly differing landscape positions. 
Cattle are allowed to graze on AND Site 12 and Site 21 but not on AND Site 22. Except for 
acetone, no VOA analytes registered above detection limits. All sites contain estimated “J” 
PAMS. AND Site 12 also contains Aroclor 1242 above detection limits. ESD cesium-137 
gamma scan data show a value of 7.31 pCi/cm2, a lower-than-normal value, indicating that 
there has been some soil erosion from AND Site 12. The value for AND Site 21 is 6.35, also 
a lower- than-normal value, indicating that there has been soil erosion from this site. In 
addition, AND Site 22 has a value of 3.80 pCi/cm2, an indication of considerable erosion. 

AND Site 31. This site is underlain by the Copper Ridge Formation, but the upper 61 cm 
of the soil profile consisted of local cherty colluvium. Vegetation is old-field successional 
forest and is now dominated by Virginia pine, sassafras, and oaks. Both acetone and butanone 
were VOA detects, but these compounds are the result of instrument contamination. One or 
more PAHs were detected. Cesium-137 aceumuIation of 8.6 pCi/cm2 was well within normal 
background range of about 8.5. Because of the excessive thickness of the colluvium, this site 
is not considered to be representative of residual soils but would be representative of local 
cherty colluvial soils of the Copper Ridge Formation. 

AND Site 32. This site is underlain by the Copper Ridge Formation, but the upper 45 cm 
of the soil profile consisted of local cherty colluvium. Vcgetatisw is old-field successional 
forest and is now dominated by oaks, hickories, and sassafras. Both acetone and butanone 
were VOA detects, but these compounds are the result of instrument contamination. One or 
more PAHs were detected. Cesium-137 accumulation of 7.1 pCi/cm2 was slightly below the 
normal background of about 8.5, an indication that some erosion has occurred at this site. 
Because of the thickness of colluvium, this site is marginally reprexntative of residual soils. 

AND Sire 33. This site is underlain by the Copper Ridge Formation, but the upper 46 cm 
of the soil profile consisted of local cherty mllwium. Vegetation is old-field successional 
forest and is now dominated by hickories, oaks, dogwood, and sassafras. No VOAs were 
detected. One or more PAHs were detected. The herbicide aldrin was detected. Cesium-137 
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accumulation of 8.5 pCi/cm2 was the same as the normal background range of a b u t  8.5. 
E3ecause of the thickness of colluvium, this site is marginally representative of residual soils. 

AND Sire 34. This site is underlain by the Copper Ridge Formation, but the upper 52 cm 
of the soil profile consisted of local cherty colluvium. Vegetation is old-field successional 
forest which is now dominated by chestnut oaks, sassafras, dogwoods, and red maple. No 
VOAs were detected, One or more PAHs were detected. Technetium-99 was detected at this 
site. Cesium-137 accumulation of 11.4 pCi/cm2 was above the normal background of about 
85, an indication that some sediment accumulation has occurred on this site. Because of the 
thickness of coiluvium, this site is marginally representative of residual soils. The above- 
normal cesium level indicating deposition also makes this site less representative of stable 
sites. 

AND Site 35. This site is underlain by the Copper Ridge Formation, but the upper 62 cm 
of the soil pro% consisted of local cherty colluvium Vegetation is old-field successional 
forest and is now dominated by oaks, sassafras, and red maple. Both acetone and butanone 
were VOA detects, but these compounds are the result of instrument contamination One or 
more PAHs were detected. Cesium-137 accumulation of 7.5 pCi/cm2 was slightly below the 
normal background of about 85,  an indication that some erosion has occurred at this site. 
Because of the thickness of colluvium, this site is not considered to be representative of 
residual soils but is very representative of the associated colluvial soils. 

RND Site 36. This site is underlain by the Copper Ridge Formation, but more than 90 cm 
of the: soil profile consisted of local cherty colluvium. Vegetation is poplar, white oak, red 
oak, and hickory. Both acetone and butanone were VOA detects, but these compounds are 
the result of instrument contamination. One or more PA% were detected. Cesium-137 
accumulation of 5.1 pCi/cm2 was well below normal background range of about 8.5, an 
indication that erosion has occurred at this site. Because of the thickness of colluvium, this 
site is not representative of residual so& but is representative of adjacent colluvial soils. The 
second problem with this site is the amount of erosion that has occurred. 

AND Site 37. This site is underlain by the Copper Ridge Formation. Vegetation is 
old-field successional forest and is now dominated by cedar, red maple, and oak. No VOAs 
were detected One or more PAEES were detected Cesium-137 accumulation of 12.8 pCi/cm2 
was well above the normal background of about 8.5, an indication that some sedimentation 
has occurred on this site. Based on site selection criteria, this site would appear to be 
representative, but the high cesium-137 value, an indication of sediment deposition, makes 
this site marginally suitable. 

AND Sire 38. This site is underlain by the Copper Ridge Formation, but the upper 40 cm 
of the soil consisted of local cherty colluvium. Vegetation is old-field successional forest and 
is now dominated by cedar, privet, red maple, and oak No VOAs were detected. One or 
more PAHs were detected. Cesium-137 accumulation of 10.5 pCi/cm2 was above the normal 
background range of about 8.5, an indication that some sedimentation has occurred on this 
site. Based on site selection criteria, this site would appear to be representative, but the 
colluvial capping and the higher than normal cesium-137 value would make this site marginally 
representative. 

AND Site 39. This site is underlain by the Copper Ridge Formation, but the upper 34 cm 
of the soil consisted of local ancient alluvium. Vegetation is old-field successional forest and 
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is now dominated by oaks, hickories, and red maple. No VOAs were detected. One or more 
PAHs were detected. Cesium-137 accumulation of 6.8 pCi/cm2 was below the normal 
background range of about 8.5, an indication that some erosion has occurred at this site. 
Based on site selection criteria, tl- - site would appear to be representative, but the thin 
alluvial capping and the lower than ormal cesium-137 value would make this site marginally 
representative. 

AND Site 40. This site is underlain by the Copper Ridge Formation, but the upper 36 cm 
of the soil consisted of local cherty colluvium or alluvium. Vegetation is old-field successional 
forest and is now dominated by Virginia pine and red maple with a ground cover of ferns. 
Acetone was a VOA detect, but this compound is the result of instrument contamination. 
One or more PAHs were detect&. Cesium-137 accumulation of 7.3 pCi/cm2 was slightly 
below the normal background of about 8.5, an indication that some erosion has oc~urred on 
this site. Based an site selection criteria, this site is considered to be representative. 

AND Site 41. This site is underlain by the Copper Ridge Formation, but the upper 38 cm 
of the soil consisted of local cherty colluvium. Vegetation is old-field successional forest and 
is now dominated by red maple, dogwoods, and Virginia pine with a ground cover of ferns. 
There were no VOA detects. One or more PAHs were detected. Both alpha chlordane and 
endosulfon-1 were pesticide detects. Cesium-137 accumulation of 14.3 pCi/cm2 was well above 
the nonnal background of about 8.5, an indication that considerable sedimentation has 
occurred on this site. Based on site selection criteria, this site would appear to be 
representative, but much higher than normal cesium-137 value would make this site marginally 
representative. 

AND Site 42. This site is underlain by the Copper Ridge Formation, but the unper 53 cm 
of the soil consisted -4 local cherty colluvium. Vegetation is old-field successional. €orest and 
is now dominated lj 4rginia pine and red maple with a ground mver of ferns. Acetone was 
a VOA dekat, but ti& compound is the result of instrument contamination. One or more 
PAHs were detected. Cesium-137 accumulation of 7.1 pCi/cm2 was slightly below the nonnal 
background of about 8.5, an indication that some erosion has occurred at this site. Based on 
site selection criteria, this site would not be representative of residual soils, but would be 
representative of adjacent colluvial soils. 
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4, ANALYTICAL, LABORATORY ANALYSES AND DATA 
V W A T I O N  

4.1 SUMMARY OF DATA VALIDATTON 

The data generated in the Background Soil Characterization Project (BSCP) were 
validated according to project-specific validation guidelines. These guidelines were prepared 
according to the U.S. Environmental Protection Agency (EPA) Contract Laboratory Program 
(CLP) Validation Functional Guidelines and the BSCP Project Plan (Energy Systems 1992). 
A total of 55 data packages was received for the BSCP Project, 23 chemical and 32 
radiologicai. (Please note that the number of chemical packages from the Phase I annual 
report was incorrect; the report stated 35 data packages and there were only 12 data 
packages, which is the reason for the decrease in the number of chemical packages). The 
laboratories reported 22,370 results, with only a total of 1715 results (8.0%) being rejected 
by data validation and 6,947 results (31%) being estimated (J) or (VJ) (Table 4.1). 
Occurrences of rejected data appear in Appendix H. The quality control (W) problems 
observed in the chemical data validation consisted of (1) calibration problems; (2) blank spike, 
matrix spike (MS), and surrogate recoveries outside QC limits; and (3) coelution' problems. 
The major concern in the chemical data centered on the analysis of polynuclear aromatic 
hydrocarbons (PAHs). The analytical laboratory had problems related to the method, with 
only 75% of the data k i n g  usable. There were minor problems with herbicides and metals; 
31% of the dalapon results and 87% 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 QC limits. Usability was lowest for two isotopes--curium-244 and 
neptunium-237-for which only 43% of the curium-244 and 70% of the neptunium-237 were 
usable. The curium-244 data were rejected because the laboratory was unable to recover 
blank spikes, matrix spikes, or duplicates due to interferences. The neptunium237 results 
were rejected because of cafibration errors and calculation errors in matrix spike/matrix spike 
duplicate (MSMSD) and blank spike recoveries that, upon correction, yielded recoveries that 
were outside limits. Lists of sample numbers belonging to each sample delivery group (SDG) 
are presented in Appendix E 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 this project can benefit future Environmental 
Restoration (ER) projects. The initial planning p r o m  focused on sampling, with a general 
idea of what analyses were required. Upon review of QC requirements and analytical methods 
required, the project had to reevaluate the schedule and budget to address analytical needs. 
In addition, the BSCP was the first ER project to u t i l i  fully the new Analytical Projects 
OEce (APO). The laboratories performing the work-the first large project they had received 
from Energy Systems-required a period of adjustment to Energy Systems requirements and 
needs. Many of the concerns that surfaced during early validation activities 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, Volume 3) and the APO Statement of Work] of the laboratories, 
including review of the laboratories' procedures and quality assurance (QA) review process, 

'&elution is defined as the condition of insufficient separation of two compounds during the 
chromatographic process. 
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Table 4.1. Deftnition of data validation Qualifiers 

Qualifier Definition 

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

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. 

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. 

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. 

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. 

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. 

JN 

R 

UN 

UJN 

RN 

would have been helpful. In addition, sending performance evaluation samples to the 
laboratory for each of the methods requested would have indicated the types of data packages 
each laboratory can provide and demoras ated the laboratory’s ability :o perform the 
requested analyses. For example, during val .ition of the technetium-99 data, a copy of the 
laboratory’s procedure for analyzing technetium was requested, and it was 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 furnacing step of the procedure before 
the samples were shipped. Because no preaudit was performed, project personnel had to study 
and evaluate the effects of muffle furnacing at high temperatures on the volatility of 
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technetium in order to determine the acceptability and usefdness of the data. Follow up and 
results are discussed in Sect. 4.4. 

4 2  SCOPE 

The objective of the analytical program was to determine the background concentration 
levels of selected metals, organics, and radionuclides in natural soil samples. 

The assumptions used to select the analytical parameters follow. 

Background concentrations of naturally occurring inorganic, organic, and radiological 
parameters or analytes of interest to be determined are those normally found in soils and 
sediments of natural origin that indicate contamination when found above natural 
background. These 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 (ORR). 
The parameters or analytes not occurring naturally were assumed to have an a priori 
concentration equivalent to zero background, which would be below the anaiytical 
detection limits. Some of these include manmade compounds such as volatile organics 
and some semivolatile organics. Radionuclides were an exception due to nuclear 
activation and fmion products that may have been added to the natural background by 
natura1 processes, such as atmospheric deposition. 

The analytical methodologies used for this project are those consistent with EPA's 
analytical Level N. The EPA CLP procedures were used where appropriate and SW-846 
methods were used for the non-CLP parameters. Due to the nature of the project, the 
contract-required detection limits were too high, so the laboratory adapted the SW-846 
detection limits to their procedures. 

The laboratories selected to perform the analyses were 

the lowest in cost. 

evaluated, selected, and approved by the N O ,  
capable of performing the requested analyses as stated in the work plan, and 

The laboratories selected for the BSCP were Lockheed Analytical Services (chemical) 
and EcoTek LSI (radiological). These laboratories were chosen by comparing the responses 
of four laboratories to the issued statement of work [consisting of the Project Sampling and 
Analysis Plan and the Quality Assurance Plan contained in the BSCP Plan (Energy Systems 
1992, Volume 3)]. All the laboratories did not submit prices for each analyte required for this 
project, so common analytes were selected and a price comparison was performed for 
evaluation purposes. Of the laboratories submitting prices for the chemical portion of the 
project, only Lockheed provided pricing and availability for all requested parameters. An 
analysis of the submitted prices also indicated that Lockheed had the overall lowest cost of 
the laboratories responding. 
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Only two laboratories submitted responses to the statement of work for the radiological 
analyses. A comparison of the responses indicated that h T e k  was capable of performing 
the analyses at the lowest cost. 

4.4 QUALITY ASSURANcE(QuAwTy CONTROL AND DATA VALIDATION 

The QA and QC of this project was conducted according to the requirements of the 
EPA CLP. The Analytical Level as defined by the EPA Data Quality Objectives document 
i s  Level lV. This level is characterized by rigorous QNQC protocols and documentation. The 
pesticidePCB analyses were performed according to the EPA CLP March 1990 Organics 
Statement of Work The metals analyses (except osmium) were performed according to the 
EPA CLP March 1990 Inorganics Statement of Work. AU other analyses were analyzed under 
“CLP-like” procedures with the minimum QC outlined in the project plan. 

During this project there were some modifications to the analytical program. The 
following lists the modifications and how they affected the project. 

The method for the volatile organic analysis was changed from EPA Method 8240 to 
EPA Method 8260, because the laboratory was using a gas chromatographic system that 
utilized a capillary column for separation instead of a column packed with graphitized 
carbon coated with carbowax (which method 8240 uses). This change did not affect the 
detection limits specified by the work plan. 

The analysis of nitrate was removed from the analytical program because of the 24-h 
holding time. Due to the cornpositing of samples, the samples were not shipped for 2 to 
5 days after sample collection, which meant that the nitrate holding time was already 
exceeded. Therefore, analyzing for nitrate would be futile. 

The work plan indicates that EPA 200.7 CLP-M was to be used for the preparation and 
analysis of silicon. However, silicon was prepared according to EPA Method 3050 and 
analyzed according to EPA 200.7 CLP-M. This change does affect the recovery of silicon, 
since the preferred method is to use a hydrogen fluoride digestion. 

Since it was found that the laboratory was nuffle-furnacing technetium-99 samples, a 
method was needed to remove organic matter but not volatilize the technetium. Eco’l’ek 
LSI performed an in-house study of the effects of furnace temperatures and detrmined 
that there was no appreciable loss of technetium at 400°C or less. Because of this 
finding, we resampled for technetium. and reanalyzed using the lower furnace 
temperature. As an additional precaution, we had the laboratory spike the samples 
before furnacing and determine recovery efficiency before carrying out the technetium-99 
method analysis. Using this technique, it was found that the technetium was 
quantitatively recovered, and the results were usable for the BSCP. 

4 5  DATA VALlDATION 

The data validation for this project was conducted by the K-25 Analytical Environmental 
Support Group (AESG), the ORNL Measurement Applications and Development Group 
(MAD), and the ORNL Biomedical Environmental Information Analysis Section (BEIAS). 
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All sample data were delivered to the ORNLJMAD Analytical Coordinator who had ultimate 
responsibility for the data throughout the validation process. ORNWMAD screened the data 
packages to ensure contract compliance and that project deliverables were provided, and K-25 
AESG performed the technicaI review of the data. 

The criteria for the data validation are outlined in the BSCP Plan (Energy Sjstems 1992, 
Volume 3). However, the project plan did not provide detailed requirements; therefore, the 
K-25 Site AESG personnel developed project-specific criteria. They were prepared consistent 
with the EPA CLP Validation Functional 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 was screened for completeness of project deliverables. 
Secondly, the data were reviewed and evaluated against the project-specific data validation 
criteria. This evaluation was then assessed by a peer review that examined the qualified data, 
checked the rationale of the professional judgments, and evaluated the reasonableness of the 
findings in light of the data quality objectives. The peer-reviewed data package was then 
reviewed by a third individual who 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 process. Upon compietion of the validation, a 
report was issued; a summary of the fmdings is presented below. 

45-1 Organic Data Validation Results 

451.1 Pesticide/pCB validation Tesults 

The analysis of pesticide/PCB samples was performed according to the USEPA Contract 
Laboratory Program Statement of Work for Organic Analysis, Multi-media, Multi-Concentration, 
March 1990. There were 118 samples analyzed for the pesticidePCB compounds listed in the 
statement of work. 

Holding Times. Holding times were met €or both the extraction and analysis for all samples 
except sampIes 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 
was qualified as estimated (J) 

Gas chrmtographlelectron capture detector (GCIECD) Imtrument Perfomzance. The 
frequency and sequence of the resolution check mixture and the performance evaluation 
mixtures were evaluated. 

1. 

2. 

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

The depth of the valleys between two adjacent compounds (dieldrin and DDE) in the 
resolution check mixture could not be verified as being 260% of the height of the 
shorter peak. 

Dieldrin and DDE were qualified as estimated (J) for positive results and estimated 
nondetect (UJ) for nondetects in SDGs 0523260, 0508260, 0511260, 042260, 
0424260,0430260, 0514260, and 0519260. 
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3. 

4. 

A performance evaluation mixture (PEM) was analyzed at the beginning and end of each 
initial calibration sequence and at the beginning of every other 12-h analytical sequence. 

Adjacent peaks in the PEM were reviewed and appeared to be 100% resolved for all 
compounds exczpt beta-BHC and gamma-BHC on one column. Retention times were 
within the specified retention time windows. 
0 Beta-BHC and gamma-BHC were qualified as estimated (J) for positive results and 

estimated nondetect (UJ) for nondetects €or SDGs 0523260, 0508260, 0511260, 
0430260, 0514260, and 0519260. 

The relative percent difference (RPD) between the calculated amount and the true 
amount for each of the single component pesticides and surrogates in the PEW was 
525% €or all target compounds except the following: 

5. 

4,4’-DDT was qualified as estimated (J) for positive results and estimated nondetect 
(UJ) for nondetects in SDG 0523260; 
beta-BHC was qualified as estimated (J) for positive results and estimated nondetect 
(UJ) for nondetects in SDG 0508260, 
beta-BHC and methoxychlor in sample 3072 of SDG 0511260 were qualified as 
estimated (J) for positive results and estimated nondetect (UJ) for nondetects; 
alpha-BHC was qualified as estimated (J) €or positive results and estimated 
nondetect (UJ) €or nondetects in samples 1064, 1072, 1080, and 3003 of SDG 
042260; 
beta-BHC and methoxychlor were qualified as estimated (J) for positive results and 
estimated nondetect (UJ) for nondetects in sample 3018 of SDG 042260; 
alpha-BHC was qualified as estimated (J) €or positive results and estimated 
nondetect (UJ) for nondetects in samples 1099 and 1106 of SDG 0424260, 
beta-BHC and methoxychlor were qualified as estimated (J) for positive results and 
estimated nondetect (UJ) for nondetects in samples 1107, 1108, and 1115 of SDG 
0424260, 
beta-BHC and methoxychlor were qualified as estimated (J) €or positive results and 
estimated nondetect (UJ) €or nondetects in samples 1127 and 3032 of SDG 0430260; 
4,4’-DDT was qualified as estimated (J) €or positive results and estimated nondetect 
(UJ) for nondetects for SDG 0722260; 
beta-BHC was qualified as estimated (J) €or positive results and estimated nondetect 
(UJ) for nondetects in SDG 0727260; and 
beta-BHC was qualified as estimated (J) for positive results and estimated nondetect 
(UJ) €or nondetects in SDG 0803260. 

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

1. Individual standard mixtures A and B contained all 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 €or analysis. 
Adjacent peaks in the individual standard mixtures were reviewed and appeared to be 
at least 90% resolved for all target compounds. 

Retention times reviewed were within the specified retention time windows. 

2. 

3. 

Endosulfan I and alpha-BHC had almost the same retention time window that 
qualified the data as estimated (J) for positive results and estimated nondetect (UJ) 
for nondetects in SDC 0508260. 
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4. All percent standard deviation (%RSD) results for the calibration factors met the QC 
criterion of 520% for target compounds, with the exception of the following: 

alpha-BHC was qualified as estimated (J) for positive results and estimated 
nondetect (UJ) for nondetects in SDGs 0803260 and 0727260; 
4,4’-DDT was qualified as estimated (J) for positive results and estimated nondetect 
(UJ) for nondetects in SDG 0722260; 
alpha-BHC, delta-BHC, 4,4’-DDD and 4’4’-DDE were qualified as estimated (J) for 
positive results and estimated nondetect (UJ) for nondetects in SDGs 0519260 and 
0508260, 
alpha-BHC, 4,4’-DDD and 4,4’-DDE were qualified as estimated (J) for positive 
results and estimated nondetect (UJ) for nondetects in SDG 0430260 and sample 
3072 of SDG 0511260, 
alpha-BHC and endrin aldehyde were qualified as estimated (J) for positive results 
and estimated nondetect (UJ) for nondetects in samples 1099 and 1106 of SDG 
0424260 and samples 1064,1072,10sO, and 3003 of SDG 04226& 
alpha-BHC, 4,4’DDE, 4,4’-DDD, and 4,4’-DDT were qualified as estimated (J) for 
positive results and estimated nondetect (UJ) for nondetects in samples 1107, 1108, 
and 1115 of SDG 0424260 and sample 3018 of SDG 04226;o; 
alpha-BHC, delta-BHC, gamma-BHC, 4,4‘-DDD and 4,4’-DDE were qualified as 
estimated (J) for positive results and estimated nondetect (UJ) for nondetects in 
samples 3058,3099, and 3085 of SDG 05112a and 
alpha-BHC, gamma-BHC, 4,4’-DDD, 4,4’-DDT, and endrin aldehyde were qualified 
as estimated (J) for positive results and estimated nondetect (UJ) for nondetects in 
SDG 0523260. 

5. 
6. 

7. 

Surrogates met the criterion of 5330% RSD. 
A single concentration calibration standard was analyzed for multi-component 
compounds. 

All 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 the foUowing: 

aldrin, which was qualified as estimated (J) in SDG 0430260, and 
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 analysis of either a PEM or an individual continuing calibration 
midpoint standard mixture. The was no significant contamination found in the blanks, with 
the exception of PBBLKOZ 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 non-detected (U) since the concentration of the samples was less than five times 
the concentration found in the associated blanks. 

Surrogates. All surrogates were within the 60 to 150% QC limits with the foUowing 
exceptions: 

sample 3058 of SDG 0511260, all target compounds in this sample were qualified as 
estimated (J); 
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sample 3018 of SDG 042260, no qualification was 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 min 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 QC 
criterion of 60% on both columns; therefore, late eluters (those eluting within 10 min 
of the DCB surrogate) were qualified as estimated (J) in samples 1462 and 2179; and 

SDG 0727250 showed recovery of DCB less than the QC criterion of 60% on both 
columns; therefore, late eluters (those eluting within 10 min of the DCB surrogate) were 
qualified as estimated (J) in this SDG. 

Matrix SpikelMatrir Spike Duplicates. Results were checked to ensure that reported results 
met the required QC criteria. MS and MSD data are not used to qualify data alone. All MS 
and MSD recoveries were within QC limits with the exception of the following: 

MS and MSD recoveries in SDGs 0727260 and 0803260 e x d e d  the QC limit of 150%. 
However, there was no qualification of the data because no target compounds were 
found in the samples. 
Endrin failed to be recovered in the MS of SDG 0523260 and was poorly recovered in 
the MSD. However, since there were no problems with recovery and breakdown of 
endrin in the standards and PE&, there was no qualification of the data. 

* 

Overall Assessment. The laboratory did not always adhere to CLP protocol. 

* 
* 

Extract volumes were condensed to 4 mL instead of 10 mL 
Only 1 mL of matrix spike and matrix spike duplicate solutions were added to samples 
instead of the required 2 mL. 

Chromatograms for standards were non-compliant (less than 10% full scale for single 
component compounds and less than 25% full scale for multi-eomponent 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 Is. 

6 

* 

A summary of the pesticidePCB data validation results is presented in Table 4.2. 

45-12 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 58 samples analyzed for the chlorinated herbicide compounds. 
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Table 4 2  Summary distn^bution of pesticidelpCB data validation results 

Compound u UJ P J R S U M  %usable No 
qualifier 

alpba-BHC 

delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 1 
Heptachlor epoxide 

Endosulfan I 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan sulfate 

Methoxychlor 
Endrin ketone 
Endrin aldehyde 

gamma-Chlordane 
Toxaphene 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 2 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

beta-BHC 

4,4’-DDE 

4,4‘-DDD 

4,4’-DDT 

alpha-Chlordane 1 

27 90 
60 57 
45 72 
27 90 
57 60 
77 39 
% 21 

89 25 
49 68 
46 71 
96 21 
95 22 
53 64 
94 22 

24 91 
88 29 
94 23 
87 29 
91 24 
% 21 
96 21 

96 21 
% 21 
% 21 
93 21 
96 21 
% 21 
95 21 

1 1  

2 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 

2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

118 
118 
118 
118 
118 
118 
118 

118 
118 
118 
118 
118 
118 
117 

118 
118 
118 
117 
118 
118 
118 

118 
118 
118 
118 
118 
118 
118 

99 
99 
99 
99 
99 
99 
99 

98 
99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 

__ ~~~ _ _ _ ~ ~  ~~ 

Holding Times. All holding times fell within the specified range, except for the following: 

AU samples in SDGs 1204260, 1209260 and 1211260 exceeded holding times by greater 
than two times the limit. All non-detects were flagged unusable (R) and detects were 
flagged estimated (J). 
Sample 3359 in SDGs 1118260, 1120260 and 1124260 was three days outside holding 
t h e  limit and was flagged estimated nondetect (UJ) for nondetects and estimated (J) 
for detects. 

Sample 1734 in SDGs 1015260, 1016260, 1020260, and 1023260 exceeded holding time 
limits by one day and was qualified estimated non-detect (UJ) for nondetects and 
estimated (J) for detects. 

All samples in SDGs 1204260, 1209260, and 1211260 were re-extracted, exceeding 
holding time greater than two times the holding time limit. They were qualified as 
unusable (R) and estimated (J). 
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Initial and Verification Calibration. Some of the chlorinated herbicides were found to be 
outside the QC limits (9 2 0.M).  The data was qualified by reviewing the exeeedance of the 
QC limits in regard to other problems encountered during the validation. 

In SDGs 0508260 and 0511260, the data were qualified as non-detected (U) because 
dalapon, dichloroprop, dinoseb, and the surrogate 2,4 dichlorophenylmethylacetate were 
outside QC limits, but there were no cornpounds 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) €or all samples except 1213. 
In SDGs 0803260 and 0727260/0728260/0729260, the data were qualified as non-detected 
(U) because 2,4-DB was outside the QC limits on one column while dinoseb and the 
surrogate 2,4 dichlorophenylmethylacetate were outside the limits on the second column. 
Since no compounds were detected in the samples and since the compounds met the QC 
criteria on at least one column, the data was qualified nondetected. 

The data in SDG 0430260 were qualified because dalapon, MCPA, and 
2,4-dichlorophenyl-methylaeetate were outside QC limits on 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 due to the failure of the surrogate on both 
columns. Therefore, all data is qualified estimated non-detected (UJ), because the 
surrogate value was not within the QC limits. Dalapon was rejected (R) due to it gross 
failure of the QC criteria. 

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

All 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 QC limit (%D 115%)~ while dichloroprop, dinoseb, and 2,4-DB were qualified 
estimated nondetected (UJ). 

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

In SDGs 1204260, 1209260, and 1211260, dalapon on column RTX-35 and dalapon on 
column RTX-5 were outside the 20% RSD limit. All results qualified as estimated 
non-detects (WJ) and estimated detects (J). 

Calibration factor %RSD for SDGs 1015260, 1016260, 1020260, and 1023260 was 
exceeded. The compounds dalap J, dichloroprop, MCPP, and MCPA were qualified WJ 
for nondetects and J for detects. 

MCPP and MCPA in SDGs 0828260 and 0827260 exceeded QC limits. Dalapon, 2,4-D, 
2,4-DB7 silvex and dinoseb were qualified UJ for nondetects and J for detects because 
initial calibration exceeded 20%. 

Laboratory Blanks. There were no significant contamination problems found except for the 
following: 

0 SDG 0430260, where the laboratory experienced a contamination problem and diluted 
all the samples and QC samples by a factor of 1:lO and 
SDGs 1204260, 1209260, and 1211260, where the surrogate recovery for the blank 
AB6960MS was outside the 50 to 150% established range. All results for samples 196.1, 

0 
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1970, and 1976 were qualified UJ for nondetects and J for detects. Samples associated 
with AJ36W from both columns qualified as R because holding times were greater than 
two times the limit. 

Surrogates. All surrogate recoverieS were found within the QC criteria of 50 to 150%, with 
the exception of some samples within SDGs 0430260 ( l W , l W , l 1 2 7 ,  and 3032),0424260 
(1099,1106,1107, and 111S), 0511260 (3046 and 30721, and 0508260 (1201-ED). Samples that 
had surrogate recoveries outside the QC limits on 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 was rejected (R). 

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

0 Silvex and 2,4,5-T had LCS recoveries slightly outside the QC limits; therefore, data for 
SDGs 0508260 and 0511260 were qualified as estimated (J); 
all samples of SDG 0424260 were qualified estimated nondetected (UJ) because the LCS 
recoveries were outside QC limits; 

all data in SDGs 0803260 and 0727260/0728260/0729260 were qualified estimated 
nondetected (UJ) because no LCS was analyzed; 

in SDGs 1015260,10162fd, 1020260, and 1023260, the recovery of 2,443, silvex, 2,2,5-T 
exceeded the acceptable range, and the data were qualified (J); and 

samples in SDGs 1204260, 1209260, and 11211260 had low surrogate recoveries; 
nondetects were qualified R and detects J. 

* 

0 

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

0 

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 at a factor of 1:20; 
improper amounts of soil were used. The proper amount was 50 g, but the laboratory 
used 25 g in some of the SDGs; and 

verification of practical quantitation limits was not possible, because the information was 
not provided. 

* 

A summary of the chlorinated herbicide data validation results is presented in Table 4.3. 

45-13 Polynudear aromatic hydrocartxlm 

The analysis of PAH samples was performed according to the USEPA SW-846 Method 
8310, Second Edition, with the QC performed in a “W- l ike”  manner. There were 
131 samples analyzed for the P A H  compounds. 

The PAH data generated from the Phase II (1993 sampling) sampling effort had more 
detected values than the data results in Phase I. The reason for this cannot be definitively 
determined, but a review of the validation results indicates that the laboratory had more 
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Table 43. Summary distribution of herbicide data validation results 

Compound No qualifier U UJ P' J R SUM % usable 

Dalapon 8 32 18 58 69 
Dicamba 33 19 6 58 90 

Dinoseb 21 31 6 58 90 
MCPA 14 37 1 6 58 90 

MCPP 17 35 6 58 90 
Silvex 15 37 6 58 90 
2,4-D 18 33 1 6 58 90 
54-DB 20 32 6 58 90 
2,4,5-T 24 28 6 58 90 

Dichloroprop 21 31 6 58 90 

'Quahfier P IS a laboratory data qualifier defined in the preface to Volu. 2. 

problems with contamination in Phase I than in Phase II. This contamination problem could 
be the cause of the larger number of detected results in Phase II data. 

HoUing Times. All 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, all detected results were estimated (J), and nondetected results were 
qualified estimated nondetected (UJ). 

Initial and Verification Calibration, The initial. calibration is assessed by the review of the data 
against the correlation coefficient. The QC limit for the correlation coefficient is I? 20.990. 

0 Benzo[a]anthracene and chrysene for SDGs 0422260, 0424260, 0430260, 0508260, 
0511260, 0514260,0519260,0722260, and 0722260/0723260 were found to melute and 
were qualified as unusable (R) for all positive hits, because it was impossible to 
distinguish one from the other and 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 and decafluorobiphenyl (the surrogate, for SDGs 0508260 -r,d 051 60 exceeded 
the initial calibration QC limits, so all pyrene data were flagge :s estimated (J) for 
detects and estimated nondetected (UJ) for nondqtects. All other I ;a must be estimated 
(J) because of the coelutisn of the surrogate with a target compound. 

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

Decafluorobiphenyl and benzo[a]anthracene/chrysene for SDG 0523260 exceeded the 
initial calibration QC limits. All data were estimated (J) for detected compounds and 
estimated nondetected for nondetected compounds. 

0 

0 
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1BenzOkhijperylene coelutes with dibenzo[ah]anthracene, therefore, results €or SDGs 
0727260,0727260 and 0803260 for these two compounds must be qualiGed as unusable 
(R), because the laboratory could not quantify the MS/MSD and LCS recoveries for 
dibenzo[ah ]anthracene. 

Anthracene, benzo [k ] fluoran thene, benzo [a] pyrene, and benzo @hqperylene/ 
dibenzo[uh]anthacene for SDG 0727260 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 (0.9891) it was not qualified. 

Anthracene, benzo[k]fluoranthene, benm[a]pyrene, and benzo[ghqperylene/ 
dibenzo[uh]anthracene for samples 1458, and 1464 of SDG 0803260 exceeded initial 
calibration QC limits, so detected results for anthracene and km[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. 

Benzo[b] fl uoran thene and benzo [ghq pexylene in SDG 12 16260/10 ~6260/1020260/ 
1023260 were qualified as estimated (J), because the chromatograms for these samples 
indicated the presence of these analytes even though they were not reported. 

The verification of the calibration was assessed by determining the percent difference of 
the verification calibration result sample to the initial calibration resutt. All verification 
analyses were within the QC criteria (%D s 15%) except the following: 

Benzo[kjfluoranthene, indeno[f23-cd]pyrene, benzo[a] pyrene, and benzokhq perylene for 
samples 1099, 1106, 1107, 1108, 1115, and 3018 of SDG 0422260 exceeded QC limits, 
and detected compounds were qualified as estimated (J), and non-detected compounds 
were qualified as estimated non-detect (UJ). 
Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene, 
indeno[l23-~dJpyrene, benzo[k]fluoranthene, and bem@qperylene 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[123-~d]pyrene,beozo[k]fluoranthene, an thracene, pyrene, benzoEghi]peryiene,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[I23-cd]pyrene ,  benzo[k] f luoranthene ,  an thracene ,  pyrene, 
benu,[u]anthracene/chrysene, and benm[a]pyrene for SDG 0523260 e x d e d  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]fluoranthene, dibenzo[uh]anthracene, and benzofghi]perylene for SDGs 0727260 
and 0803260 were qualified as estimated (J), and nondetected compounds were qualified 
as estimated nondetect (UJ). 
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e Pyrene exceeded QC criteria in SDG 0828260, therefore, dettxted values of pyrene were 
qualified as estimated (J), and nondeteeted values were qualified estimated nondetects 
(UJ)" 

Laborafoy Blanks. The laboratory experienced some laboratory blank contamination during 
the course of this project. The laboratory xperienced a contamination problem in the 
samples of SDGs 0422260 and 0424260. The iboratory liad to dilute all the samples and QC 
samples by a factor of 1:lOO and l:lO, respec;:vely. Due to this problem, all the samples were 
estimated (J) €or detected compounds and estimated nondetect (UJ) for nondeteeted 
compounds. 

Sample concentrations of the analytes listed below that were greater than or equal to the 
maximum detection limit (MDL) but less than five times the highest concentration found in 
any blank were qualified as nondetected (U). Sample conazntrations of the analytes listed 
below that were found to be below the MDL were qualified as nondetated (U), while sample 
concentrations greater than five times the highest concentration found in any blank were not 
qualified. 

For SDG 0828260, acenapthalene, phenanthrene, fluoranthene, benzo[u]anthracene, 
chrysene, and indeno[l23-~djpyrene were found in the blank. 

For SDG 0924260/1002260/1009260, phenanthrene and fluoranthene were found in the 
la+ xatory blank. 

For SDG 1015260/1016260/1020260/1023260, fluorene was found in the laboratory blank. 

For SDG 11 18260/1120260/1124260, phenanthrene, fluoranthene, and pyrene were found 
in the laboratory blank. 

For SDG 1204260/1209260/1211260, napthalene, phenanthrene, anthracene, 
fluoranthene, pyrene, benzo[a]anthracene, and benzoG$ijfluoranthene were found in the 
laboratory blank. 

For SDG 1216260/1217260/1218, phenanthrene, py-cene, ben- /anthracene, 
benzo(ghz]perylene, and indeno(l23-cdIpyrene were found in the blank 

For SDG 1204260/1209260/121126, gross contamination of anthrdene, pyrene, 
benzo[a]anthracene, and benzo(ghi]perylene was found in the laboratory blank. This gross 
contamination caused these analytes to be qualified unusable (R) in this SDG. 

Scurugutes. All surrogate recoveries were found within the QC criteria of 50 to 150% with the 
exception of the following: 

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

Surrogate recoveries were reported outside the QC limits for all samples except sample 
1099 of SDG 0424260. All results except for sample 1099 were qualified as NJ for 
de: ied mmpounds and UNJ for nondetected compounds. The N qualification was 
ad< 1 because of the laboratory's inability to properly integrate the surrogate peak. 

Decafluorobiphenyl had a 0% recovery for sample 1213 in SDG 0508260, so all 
nondetects were rejected (R), and all positive results were estimated (J). 

e 

a 
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Decafluorobiphenyl had extremely high values for samples 1190 and 1201 of SDG 
0508260, so all positive results were estimated (J-) and all nondetects were estimated 
nondetects (UJ). 
All results for SDG 0511260 were qualified as 3 (detects) and UJ (nondetects) and 
nondetect results for sample 3099 were qualified unusable (R), because a surrogate 
recovery of 0% was reported. 

Surrogate recoveries were outside of QC limits for SDG 0514260, so all positive results 
were estimated (J), and all nondetects were estimated nondetects (UJ). 
Surrogate recoveries were outside of QC limits for samples 3148 and 3168 of SDG 
0519260, so all positive results w r e  estimated (J), and all nondetects were estimated 
nondetects (UJ). 
Surrogate recoveries were outside of QC limits for all samples of SDG 0523260 except 
samples 1293, 1295, 1300, and 1301, so all positive results of the samples outside of QC 
Simits 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 ail positive results were estimated (J), and all 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 limits were estimated (J), and all nondetects 
were estimated nondetects (UJ). Sample 2080 had a surrogate recovery below lo%, so 
all positive results were estimated (J), and nondetects were rejected (R). 
Compounds quantitated off the fluorescence detector were qualified estimated for 
detected compounds and unusable (R) for nondetects for the following SDGs: 
12W~/1209260/1211260, 1216260/12 17260/12 1826O (with acenapthalene and 
indeno[l23-cd]pyrene qualified as estimated for detects and estimated nondetects for 
nondetects in samples 1964, 1%7, 1970, and 1973), 0924260/1002260/10, and 
0828260 (samples 3223,3227,3229, 3231 and 3233-FD). 
For SDG 1015260/1016260/10202(jo/1023260, sample 1744 had surrogate recoveries of 
322%, so detects were qualified as estimated (9, and nondetects were not qualified. 
Samples 1738 and 1741 had no surrogate recovery, so detects were qualified as J and 
nondetects as R. 
For SDG 0828260, samples 3227 and 3229 had no recovery off the UV/Vis detector, so 
detects were qualified as J, and nondetects as R. Samples 323343 and 3235 had 
surrogate recoveries exceeding 150%, so detects qualified as J, and nondetects as UJ. 
Sample 3223 had a surrogate recovery less than 50% but greater than lo%, so qualified 
detects as J and nondetects as UJ. 

Mutrir Spike/Mafrix Spike Duplicates. Reported results were checked to ensure that they met 
the required QC criteria. MS and MSD data are not used to qualify data alone. Ail MS and 
MSD recoveries were within QC limits, with the exception of the following: 

’ SDGs 0422260 and 0424260 had MS recoveries for naphthalene and acenaphthalene of 
0%. 

SDGs 0508260 and 0511260 had MS recoveries for naphthalene, acenaphthalene, 
phenanthrene, fluorene, and acenaphthene of 0%. 
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SDG 0514260 had MS recoveries for fluorene of 0%. Naphthalene was reported at twice 
the amount spiked. 

SDG 0523260 had MS recoveries for naphthalene, acenaphthalene, fluorene, and 
acenaphthene (MSD) of 0%. 

AU results for dibenzo[ah]anthracene and benzo&h]perylene of SDG 0722260 were 
rejected (R) because these two compounds coelute. 

SDGs 0727260 and 0803260 had MS recoveries for anthracene and 
dibenzo[ah]anthracene (MSMSD) of 0%. 

SDG 1204260/1209260/1211260 was grossly contaminated with pyrene and anthracene. 

Laboratory Control Samples. All samples met requirements for LCS recoveries except for the 
following: 

An LCS was not provided in SDG 0422260, therefore, all the data was qualified as 
estimated (detects) and UJ (nondetects). 

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

Fluorene results for SDG 0511260 were estimated J (detects) or WJ (nondetects) 
because LCS recoveries for fluorene were outside QC limits (D-142%). 

Acenaphthalene results for SDG 0523260 were estimated J (detects) or rejected R 
(nondetects) because a 0% LCS recovery was reported. 

SDG 1204260/1209260/1211260 was grossly contaminated with pyrene and anthracene, 
so pyrene and anthracene were qualified as unusable (R). 

0 

Overall Assessment. There were three major problems' identified with the PAHs: coelution, 
compound identification, and reporting of diluted and undiluted samples. 

The conditions used by the laboratory for method 8310 resulted in coelution problems. 
Initially the laboratory was using decafluorobiphenyl as a surrogate, which coeluted with 
fluoranthene. The laboratory also experienced coelution problems with benzo[a]anthracene 
and chrysene under these conditions. 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 coelution problem between benzo jghqperylene and dibenm[ah]anthracene. 

There were several identification problems with the PAHs. The laboratory's method of 
determining retention time windows and their criteria for determining whether a compound 
is within 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 does not consistently perform dilutions when a compound exceeds the 
initial calibration linear range. When diiutions are performed, the laboratory reports both the 
diluted and undiluted samples on the same Form 1s. The laboratory was found to report 
sample results at the practical quantitation limit (PQL) even though a positive hit was found 
in the undiluted sample while it was not found in the diluted sample. The N qualifier was 
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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. 

Table 4.4. Summary dstnbution of polynuclear aromatic hydrocarbon 
data validation results 

Compound No U UJ J JN R RN UN UJN SUM 5% 
QuaL u.sable 

Acenaphthene 12 28 27 5 48 11 131 63 
Acena ph t h ylene 2 4 2 4 6 8  19 2 12 131 84 
Anthracene 2 3 3 6 4 2  1 3 4 2  11 131 73 
BemIaIanthracene 2 3 1 2 6 5  5 34 10 131 74 

2 25 74 6 10 14 131 92 Benzo Iu ] pyrene 
Benzo[b]fluoranthene 3 4 2 8 5 8  6 21 11 131 84 
Benu, @q perylene 4 1 24 51 38 1 12 131 70 
Benzo[k] fl uoranthene 2 2 8 6 5  19 1 1 15 131 85 

Chryseae 2 12 24 21 61 1 10 131 53 
D i k w j n h  ]anthracene 6 26 29 60 10 131 54 
Fluorant hene 7 8 55 57 1 3 131 56 
Fluorene 3 3 4 2 4 4 4 8 2  11 131 62 

Indeno [ I 23-cd] pyrene 11 20 52 18 18 2 10 131 85 
Napht baiene 7 39 27 11 131 64 

13 131 97 Phenanthrene 4 23 76 11 4 
Pyreae 6 1 20 67 1 16 20 131 88 

4 5 2  Inorganic Data Validation Results 

The analysis of inorganic species was performed according to the USEPA Cornact 
Laboratory Program Statement of Work for Inorganic Analysis, Multi-rnedia, Multi 
-Concentration, August 1987. The a n a l p  that are not governed under this statement of work 
were osmium and sulfate, which were done using a CLP-like SW-846 method with a QC 
protocol similar to CLP. There were 158 samples analyzed for all anaiytes listed in the BSCP 
work pian, except for the following. There were 157 samples analyzed for boron, lithium, and 
strontium. There were 159 samples analyzed for cadmium, 153 samples analyzed for 
chromium, 152 samples analyzed for cyanide, 139 samples analyzed for sodium, and 154 
samples analyzed for sulfate. These data results are missing t a m e  of laboratory 
inconsistencies in data reporting. The low number of sodium samples is due to the laboratory 
inconsistently reporting an analyte that was not requested. 

Holding Times. All holding times were within the specified times, 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 the 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. 
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Soil samples 6046, 6049, and 6052 of SDG Q909250/0915260 exceeded the cyanide 
technical holding time of 14 days by 5 days. Cyanide results €or these samples were 
qualified as “J” €or detects and “UJ” €or nondetects. 

Soil samples 6064,6067,6070,6073,6076, and 6079 of SDG 101526Q/1020260/1023260 
exceeded the cyanide technical holding time of 14 days by 1 day. Cyanide results €or 
these samples were qualified as “J” €or detects and “UJ” for nondetects. 

Soil samples 6082, 6084, and 6090 of SDG 1118260/1120260/1124260 exceeded the 
cyanide technical holding time of 14 days by 5 days. Cyanide results for these samples 
were qualified as “J” €or detects and “UJ” €or nondetects. 

Soil samples 5205, 5208, and 5211 of SDG 1204260/1209260/1211260 exceeded the 
cyanide technical holding time of 14 days by 3 days. Cyanide results for these samples 
were qualified as “J” €or detects and “UJ” for nondetects. 

Initial Calibration and Calibration Verification. The calibrations for the SDGs for graphite 
furnace atomic absorption met all the requirements, or the deviations did not warrant any 
action by the validator. 

The calibration for ICP analyses met all requirements except for the following SDGs: 
042260,0430260,0508260,0511260,0514260, and 0519260. The calibration for ICP analyses 
of these SDG did not comply with the CLP criteria or the manufacturers’ criteria. In addition, 
there were three SDGs where the calibration did not comply for the ICP analytes of boron, 
lithium, osmium, and silicon. These three SDGs are 0722260,0723260, and 0803260. In each 
case, the laboratory used the update function of the instrument instead of the calibration 
called for in the CLP statement of work. Also, 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” the instrument. This, too, is a deviation from 
CLP. The laboratory did not use the proper manufacturer’s guidance in applying this 
correction. The laboratory allowed percent corrections to exceed manufacturer criteria €or 
recalibration without performing a recalibration. The technical judgment was to not qualify 
the data as estimated (J) because of acceptable initial calibration verification ( 1 0  and 
continuing calibration verifications (CCVs), but it may be necessary to consider the added 
uncertainty €or certain uses of the data, as well as regulatory and defensibility concerns. 

The cyanide results were qualified estimated (J) or estimated nondetect, because there 
was 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 SDG 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). 

Samples 5216 and 5217 of SDG 1204250~1209260/1211260 were assayed €or lead and 
found to be over the calibration limit of the instrument. The samples were diluted and 
reanalyzed, but the dilution was not taken into account when recalculating the dry 
concentration; thus, the results €or lead were qualified as unusable (R). 

(Note: The laboratory used SDG numbers for some of the data packages which were a 
combination of individual SDGs when they had to combine several SDGs €or one analysis. 
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The laboratory used slash marks to separate the combined SDGs from individual SDGs. This 
nomenclature was not camed through consistently in every case.) 

Laboratory Blank Results. The analysis of laboratory blanks provides a means of assessing the 
existence of contamination in the analytical method. Blanks did not show evidence of 
significant contamination except for the analytes discussed below. 
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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 5 times the associated CCV. In addition, calcium and 
selenium were qualified as nondetects, because the results of the preparation blank were 
comparable to the sample results. 

The preparation blanks for SDC 0514260 contained levels of calcium and thallium 
comparable to that 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 €or SDG 0727260/0728260/07292,60 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 and well 
beyond the negative instrument detection limit (IDL). Calcium results were qualified 
nondetect when the calcium sample results were less than 5 times the concentration in 
the preparation blank. 

Antimony data for SDG 0722260/0723260 was qualified nondetect when sample results 
were less than 5 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 it was determined had values approaching 
the negative reporting limit and well beyond the negative DL. Silicon results were 
qualified estimated (J), because the CCBs between which the sample was analyzed had 
values exceeding the negative reporting limit. 

Overall, the Iaboratory 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 statement of work. 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 canyover contamination. 

Boron results were above the IDL and above “negative” sample results; therefore, all 
boron results for SDG 0909260/0915260 were qualified as unusable (R). 
Lithium had an absolute value greater than IDL in SDG 1118260/1120260/1124250; all 
lithium data were qualified estimated (Jj. 
Copper results for samples 6055, 5118, 5127, 5136, 5145, 6076, and 6079 of SDGs 
0909260/0!315260 and 1015260/1020260/1023260 were qualified U, because the sample 
results were less than five times the blank result. 
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Cbbalt results for samples 5094, 5097, 5104, 5115, 6061, 6058, 6052, 6049, 5121, 5124, 
5130, 5133, 5139, 6064, 6076, 6079, and 6084 of SDGs 0909260/0915260, 0924260/ 
1002260/1009260, 1015260/1020260/1023260, and 11 18260/1120260/1124260 were 
qualified U because the sample results were less than five times the blank result. 

Nickel results €or samples 6061,6058,6055,6046,5118,5127,5130,5136,6076, and 6079 
of SDGs 0909260/0915260 and 1015260/1020260/1023260 were qualified U, because the 
sample results were less than five times the blank result. 

Strontium results for samples 5094, 5097, 5105, 5115, and 7057 of SDGs 0924260/ 
1002260/1009260 and 1204260/1209260/1211260 were qualified U, because the sample 
results were less than five times the blank result 

Chromium results €or samples 1735 and 5145 of SDG 1015260/1020260/1023260 were 
qualified U, because the sample results were less than five times the blank result. 
Beryllium results for samples 5118,5121,5124,5127,5130,5133,5136,5139,5142,5145, 
5148, 6076, and 6079 of SDG 1015260/1020260/1023260 were qualified U, because the 
sample results were less than five times me blank result. 

Sodium results €or sample 5118 of SDG 1015260/1020260/1023260 were qualified as U, 
because the sample results were less than five times the blank result. 

Calcium results for sample 5124 of SDG 1015260/1020260/1023260 were qualified U, 
because the sample results were less than five times the blank result. 

Cadmium results for samples 5133 of SDG 1015260/1020260/1023260 were qualified U, 
because the sample results were less than five times the blank result. 

Potassium results for samples 5127, 5136, 5145, and 6076 of SDG 1015260/1020260/ 
1023260 were qualified U, because the sample results were less than five times the blank 
result. 

All osmium results were qualified U, because of soil preparation blank results in SDC 
11 18260/1120260/1124260. 

Nickel results €or sample 7057 of SDG 1204260/1209260/1211260 was qualified UJ, 
because the sample results were less than five times the blank result. 

All silicon results less than the IDL were qualified as estimated (J), due to consistently 
reported negative values in SDG 1216260/1217260/1218260. 

Interference Check Sample. The analysis of an interference check sample (ICs) was to verify 
the interelement and background correction factors. All ICs results were acceptable except 
for the following: 

0 Vanadium was outside the criteria on both the initial and final ICs; therefore, all 
vanadium data was qualified estimated (J) in SDGs 0514260 and 0519260. 

Zinc consistently had results over the contact required detection limit (CRDL) when 
supposedly no analyte was present. Due to this, zinc results in all samples of SDG 
1015260/1020260/1023260 were qualified as estimated (J) when the reported value was 
greater than the CRDL. 
Silicon and osmium were qualified as estimated (J) in all samples, due to an XCS recovery 
greater than 120% and because the results in all samples exceeded the IDL, with the 
exception of sample 6082 for osmium. The osmium result for sample 6082 was less than 
XDL; therefore, osmium €or sample 6082 was qualified U in SDG 1118260/11202610/ 
1124260. 

0 



4-21 

Samples 6082,6084,6087, and 6090 for potassium had results below the CRDL and were 
qualified as unusable (R), because the ICs was -808 pg /L  and the results were false 
negatives in SDG 11 1826O/1120260/112426Q. 
Strontium, manganese, vanadium, zinc, and molybdenum all had results over the CRDL 
when supposedly no analyte was present. All strontium results were qualified J if over 
CRDL and UJ if under CRDL, due to the possibility of negative interference. All 
manganese, vanadium, zinc, and molybdenum results were qualified J if Over CRDL and 
UJ if under CRDL, due to the possibility of false positives in SDG 1204260/1209260/ 
121 1260. 
All potassium, silicon and boron results less than the IDL were qualified as estimated (J), 
due to consistently negative results that could be of greater magnitude than the IDL Ali 
associated results for these analytes may be false negatives in SDG 1216260/1217260/ 
1218260. 
All manganese, vanadium, zinc, and molybdenum results greater than the fDL were 
qualified as estimated, since the results were consistently greater than the D L  when no , 

analytes were present, and all associated samples may be affected by false positives in 
SDG 1216260l12 1726W12 18260. 

Matrix Spikes. The spiking levels and analytes did not agree with CLP requirements, so it was 
difficult to apply CLP criteria for Phase I data. However, the laboratory did bring spiking 
levels to CLP requirements in analyzing Phase II samples, In addition, post-digestion spikes 
were also not performed as specified by CLP. The data was qualified because MS samples 
were outside criteria, as follows. 

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

Osmium results for SDGs 0430260,0508260, and 051126Q were qualified as estimated 
nondetect, because predigestion spike was outside criteria. 

Silver results €or SDG 0727260/0728260/0729260 were qualified as estimated nondetected 
(UJ), because of low predigestion spike recoveries. Silicon was qualified as estimated (J), 
because of low recoveries, wbile osmium results were rejected (R) because of very low 
recoveries. 

Antimony and silver results €or 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%. All osmium results were rejected (R), because the spike recovery was 
outside criteria at 2.2% (criteria 75 to 125%). 

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

All osmium results for SDGs 0909260/0915260 and 0924260/1002260/1009260 were 
qualified as unusable (R) due to 0% spike recovery. 
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All silicon results for SDGs 0909260/0915260 and 0924260/1002260/1009260 were 
qualified as unusable (R) because spike recovery was reported <O%. 
Lead results for samples 6052 and 6061 were qualified as estimated (J) due to spike 
recoveries outside the established range of 85 to 115% for SDG 0909260/0915260. 

All cadmium results for SDG 0909260/0915260 reported above the CRDL were qualified 
as estimated (J) due to spike recovery out of acceptable limits. 

All manganese results above the CRDL for SDG 0924260/1002260/1009260 were 
qualified as estimated (J) due to spike recovery out of acceptable limits. 

All antimony and mercury results greater than the CRDL were qualified estimated (J) 
due to the spike recoveries out of acceptable criteria in SDG 1015260/1020260/1023260. 
Ail silicon results reported as detected were qualified estimated (J) and nondetects 
qualified OJJ) due to the spike recovery out of acceptable criteria in SDG 1015260/ 
1020260/1023260. 
Cadmium samples 6070 and 5151 of SDG 1015260/1020260/1023260 were qualified as 
estimated (UJ for nondetects) due to high postdigestion spike recovery. 

Selenium samples 5124, 5127,5136,5139, 5142,5145,5148, and 5151 of SDG 1015260/ 
1020260/1023260 were qualified as estimated (J for detects and UJ for nondetects) due 
to low postdigestion spike recovery. 

All results for arsenic and lead less than the IDL were not quallfied; however, due to the 
MS recovery e x d i n g  criteria, all results for arsenic and lead above the IDL were 
qualified estimated (J) in SDG 11 18260/1120260/1124260. 

AU results for antimony, cadmium, manganese, and cyanide were qualified J if over 
CRDL and UJ if under CRDL, due to low MS recoveries in SDG 1118260/1120260/ 
1124260. 

All results for barium, lithium, molybdenum, silicon, strontium, and osmium were 
qualified as unusable (R) due to the lack of a predigestion spike in SDG 1118260/ 
1 120260/1124260. 

All results for antimony and silicon were qualified J if over CRDL and UJ if under 
CRDL, due to low MS recoveries in SDG 1204260/1209260/1211260. 
All results for osmium were qualified as unusable (R), due to MS recovery near zero in 
SDG 1204260/1209260/1211260. 
Arsenic results were qualified estimated (J), due to poor MS recovery and omission of 
method of standard additions for this analyte in SDG 1204260/1209260/1211260. 
All antimony results were qualified as U3 if less than the CRDL due to low spike 
recovery in SDG 1216260/1217260/121S260~ 

All lead results were qualified as estimated (J) if greater than the CRDL, due to high 
spike recovery in SDG 1216260/1217260/1218260. 

All osmium results were qualified as unusable (R) due to spike recovery of approximately 
zero in SDG 1216260/1217260/1218260. 
Arsenic results for samples 7066,7072, and 7075 (SDG 1216260/1217260/1218260~ were 
qualified as estimated (J) due to spike recovery outside control limits. 

Selenium results €or samples 5240 and 5268 (SDG 1216260/1217260/12l8260) were 
qualified as estimated (J), due to spike recovery outside control limits. 
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Thallium results for sample 5241 (SDG 1216260/1217260/1218260) were qualified as 
estimated (J) due to spike recovery outside control b i t s .  

Lead results for samples 7078 and 7081 (SDG 1216260/1217260/12182M>) were qualified 
as estimated (J) due to spike recovery outside control limits. 

Duplicates. All laboratory duplicates were within the QC limits, except for the following: 

9 

0 

9 

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 resuits for SDG 0803260 were qualified estimated (J), because the duplicate 
results exceeded criteria. 

All results for chromium, iron, vanadium, and sulfate were qualified as estimated (J) for 
SDG 0909260/0915260, due to the RPD e x d i n g  criteria in the soil duplicates. 

All results for arsenic, iron, manganese, selenium, and vanadium were qualified as 
estimated (J) for SDG 0924260/1002260/1009260, due to the RPD exceeding criteria in 
the soil duplicates. 

Chromium and zinc soil analysis results were qualified as estimated (J), due to duplicate 
spike recoveries exceeding the maximum RPD for soils in SDG 1118260/1120260/ 
1124260. 

Laboratory Control SampZes. An aqueous LCS was used. The CLP statement of work specifies 
that a solid LCS be used when analyzing solid samples. The results from the aqueous LCS 
may not be indicative of analyte recovery, making the evaluation difficult. Aqueous control 
samples are being used with more frequency becuase of the difficulty in finding comparable 
matrix material. Sand or pure silica has been used by some laboratories, but it still does not 
provide the matrix related effects. 

Osmium results in SDGs 042260, 0430260, 0508260, and 0511250 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. 

All results for cadmium greater than the IDL were qualified as estimated (J), because 
the LCS recovery was outside criteria in SDG 0909260/0915260. 

All results for osmium were qualified as unusable (R), because the LCS recovery was 
outside criteria in SDG 1015260/1020260/1023260. 

The aqueous LCS was not spiked with osmium according to the case narrative 
accompanying package 11 18260/1120260/1124260; therefore, the results for aqueous samples 
were qualified UJ for nondetects and J For detects. 

Method of Standard Additions. The method of standard additions (MSA) was performed on 
the following samples. Lead samples 503 1,5034,5040,6028,6034,6040,5079,5088,14b8, and 
1468D had MSAs performed with no problems, except that the spiking levels used in sample 
5079 and 5088 were not adapted well to the concentration of the samples. Chromium samples 
7034, 7037-FD, 7040-FD, 7043-FD, and 14% had MSAs performed with no problems. 
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Serial Dilutions. The serial dilution results for SDG W22260/0430260/0508260/0511260 for 
silicon exceeded the acceptance criteria; therefore, all silicon data was qualified as estimated 
(J>* 

Silicon results for SDG 0727260/07Z260/072!2260 were qualified estimated (J) because 
the serial dilution exceeded acceptance criteria. 

Silicon and zinc se5al dilution results exceeded acceptance criteria for SDG 0803260. 

Chromium and lead for SDG 1015260/1020260/1023260 did not meet the percent 
difference requirements; therefore, all associated chromium and lead data were qualified as 
estimated (J). 

The percent difference for zinc was reported in excess of 10% with a concentration of 
fifty times the CRDL. Data were qualified J if results were over CRDL and UJ if under 
CRDL in SDG 1204260/1209260/1211260. 

Results for chromium, lead, and zinc were qualified as estimated (J), because they 
exceeded limits for ICP serial dilution. 

Other Laboratory QC. Accompanying the soil samples were equipment water rinsates. The 
equipment rinsates for samples collected during Phase I were taken after the completion of 
sampling, whereas potential contamination of samples is normally identified from rinsates 
taken before samples are collected. Association of rinsates with particular samples was not 
identified, so specific qualification of data could not be performed. 

SDG 0422260: Antimony analytical spike recoveries were below limits, so those results 
were qualified as estimated (J). 
SDG 0430260: Antimony graphite furnace atomic absorption (GFAA) analytical spike 
recovery is based on a spike concentration of 20 mg/L. The laboratoiy qualified sample 
6001 with a “W9; all antimony results should have been so qualified, since the values of 
the analytical spike ranged from 73 to 80%. On this basis, all 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) 
because of low analytical spike recoveries. 

SDG 0727260/0728260/0729260: The arsenic results for sample 5070 was 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 were 

e calibration of the Leeman ICP did not follow CLP or manufacturer’s instructions; 
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spiking levels for matrix spikes, postdigestion spikes, and GFAA analytical spikes were 
inconsistent with CLP, and the analytes in the matrix spike were not in agreement with 
the CLP; 
preparation volumes were noncompliant; 
the laboratory analyzed postdigestion spikes when they were not called for; 
matrix spikes for GFAA were analyzed with an analytical spike added, which is not called 
for in CLP; 
reanalysis when the blank exceeded the absolute value of the CRDL or reporting limit 
was not performed; and 
aqueous rather than solid LCSs were analyzed with soil samples. 

A summary of the inorganic data validation results is presented in Table 4.5. 

Table 45. Sa- distriiotion of inorganic data validation results 

Compound No qualifier B' U UJ J R SUM % usable 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Osmium 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
S tront i um 
Sulfate 
Thallium 
Vanadium 
Zinc 

150 
1 
85 
115 
32 
12 
1 
45 
79 
73 
121 
4 

104 
106 
61 
66 
94 
74 
1 

117 
0 

72 
3 

49 

1 
42 
59 
125 

1 
64 
73 

3 
9 
23 
34 
104 
5 
0 

84 
0 

47 
3 
0 
2 
15 
57 
65 
3 
1 
26 
10 
0 
39 
46 
0 
0 
89 
45 
2 
16 
1 
4 

5 
68 
12 
9 
22 
79 
142 
29 
10 
26 
18 
19 
4 
10 
21 
9 
6 
65 
118 
31 
3 
13 
13 
2 

130 
8 
25 
7 

127 
9 
3 

0 
76 
2 
0 
0 
33 
13 
0 
1 
3 
0 
105 
0 
1 
0 
0 
0 
0 
0 
0 
18 
6 
6 
2 
27 
0 
0 
0 
2 
0 
1 

0 
4 
36 
0 
0 
13 

2 
0 
63 
9 
16 
12 
48 
24 
8 
18 
55 
18 
3 
0 
0 
23 
80 
80 

0 
0 
18 
20 
E9 
84 
77 

0 
0 
0 
0 
0 
15 

1 
0 
0 
0 
0 
12 
0 
2 
10 
0 
0 
0 
10 
0 
136 

5 
10 
25 
0 
0 
10 
0 
12 
0 
0 

158 
158 
158 
158 
158 
157 
159 
158 
153 
158 
158 
152 
158 
158 
157 
158 
158 
158 
158 
158 
157 
158 
158 
158 
158 
139 
157 
154 
158 
158 
158 

100 
100 
100 
100 
100 
90 
99 
100 
100 
100 
100 
92 
100 
99 
94 
100 
100 
100 
94 

100 
13 
98 
94 
84 

100 
100 
94 
100 
92 
100 
100 

*Qualifier B is a laboratory data qualifier defined in the preface to Volume 2. 
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4 5 3  Radiochemical Data Validation Results 

Iodine-129 was initially considered as an analyte of concern, but the unavailability of 
qualified laboratories capable of analyzing for this radionuclide caused the project team to 
drop it from the analyte list. 

453.1 Thorium isotopic validation results 

One hundred fifty samples were analyzed for isotopic thorium by the alpha spectrometry 
technique. 

Holding times. The holding times for isotopic thorium were met. 

Calibration. The laboratory was unable to provide information on the standard used for the 
initial energy and efficiency calibration. The laboratory included the daily full-width half 
maximum information, centroid information, and efficiency information. Background 
information pertaining to these samples was acceptable, except for SDGs 21262,21232,21123, 
21058, 21081, 21383,21328, 21377, and 30044. Either the background information was not 
provided at all or it was not provided for the detectors of interest. Without the correct 
information, the data must be qualified estimated (J) for results greater than minimum 
detectable activity (h4DA) and (UJ) for results less than MDA 

Incorrect monthly calibration infomation was provided for SDGs 2658, 2419, 2423, 
21262,21232,21299,21345,21247,2878,21081,21383,2847,21169,2924,21328, and 21377. 
The information that they provided was not for the detectors of interest. Also, no monthly 
calibration was provided for SDGs 2104-6, 2970, 21034, 21123, 21003, 21058, 21205, and 
30044. Without the correct information, the data must be qualified estimated (J) for results 
greater than the MDA and (UJ) for results less than MDA 

The laboratory did not provide daily calibration information for SDGs 2633,2638,21383, 
21169, and 21345-10,11, so it is impossible to determine the behavior of the instrument on 
the day of the analysis. All results greater than MDA were qualified as (J), and all results less 
than MDA were qualified as (UJ). 

Laboratory blank results. All laboratory blank results were either less than the lMDA or the 
lowest sample activity was 5 times greater than the blank activity and deemed amptable. 

Tracer results. ThoPium-229 was used as the tracer for this analysis. All tracer recoveries were 
within the QC limits (15 to 125%), except for SDGs 2419,2423, and 2633. These SDGs were 
qualified estimated (J) for results greater than MDA and unusable (R) for results less than 
MDA An outdated tracer solution was used for Phase 11, and all results greater than MDA 
were estimated (J), and all results less than MDA were rejected (R) for SDGs. 

Matrix spikelmatrix spike duplicates. Thorium-230 was the spike used in the MSJMSD. All 
MSMSD results were within the QC limits (75-125%), except for SDGs 21262 and 21232. 
RPDs between the MS/MSD were all within QC limits (150% maximum). 

Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA All duplicate results met this criterion. 
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Blank Spike. The spike was thorium-230. All blank spike results were within QC limits 
(75-125%). 

Chemical separation specificity. No energy spectra or library matches were provided to check 
the chemical separation specificity of the isotope. All results were qualified as estimated (J) 
for results greater than the ADA and (UJ) for results less than M D A  

Overall assessment. All the data were estimated (J) or (UJ) because the laboratorywas unable 
to provide infomation on the standard used for the initial energy and efficiency calibration, 
an outdated tracer was used, and no energy spectra and library matches were provided to 
assess the chemical separation specificity. Also, there was a failure to run a daily calibration 
on SDGs 21383,21169,21345-10,ll. 

4 5 3 2  Uranium htopic vaIidation results 

One hundred forty-eight samples were analyzed for isotopic uranium by the alpha 
spectrometry technique. 

Ho&ing rimes. The holding times for isotopic uranium were met. 

Calibration. Sample 6038 of SDG 2423 was qualified estimated (J) for results greater than 
MDA and estimated nondetect (UJ) for results less than MDA The laboratory was unable 
to provide information on the standard used for the initial energy and efficiency calibration. 
The laboratory included the daily full-width half maximum information, centroid information, 
and efficiency information. Background information pertaining to these samples was 
acceptable, except €or SDGs 21383, 21046, 2970, 21003, 21034, 21366, 21081, 21377, and 
21377. Either the background information was not provided or it was not provided for the 
detectors of interest. Without the correct information, the data must be qualified estimated 
(J) for results greater than MDA and (UJ) for results less than MDA. 

Incorrect monthly calibration information was provided for SDGs 21123, 21299, 21247, 
21328,21377, and 21169. The information that they provided was not for the detectors of 
interest. Also, no monthly calibration was provided €or SDGs 21383,2924,21046,2970,21003, 
21058,21205,2847,2134S,2878,21034,21366, 21081,30044,21262, and 21232. Without the 
correct information, the data must be qualified estimated (3) for results greater than the 
MDA and (UJ) for results less than MDA. 

The laboratory did not provide daily calibration information for SDGs 21046, 21034, 
30044, and 21383-06& so it is impossible to determine the behavior of the instrument on the 
day of the analysis. All results greater than MDA were qualified as (I), and all results less 
than MI)A were qualified as (UJ). 

Laboratory blank results- AlI laboratory blank results were either less than the MDA or the 
lowest sample activity was 5 times greater than the blank activity and deemed acceptable. 
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. 
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0 Uranium-234, -235, and -238 were found in the laboratory blank of SDG 2658 above the 
MDA All the samples had positive results greater than the MDA, but less than 5 times 
the blank value. Therefore, all results less than 5 times the blank were qualifjed U. 

Tracer results. All 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 spikelrnatrir spike duplicates. All MS/MSD recoveries were within the QC limits 
(75-125%), with the exception of SDGs 2419, 2423, 2878, and 2847. RPDs between the 
MS/MSD were all within QC limits ( (50% maximum). 

DupZicates. The RPD acceptance criterion was *35% for samples with values greater than 
or equal to 5 times the MDA All duplicate RPDs were within QC limits, except for 
uranium-235 of SDGs 2684, 2970, 21046, 2847, 21003, 21058, 21205, and 2924. All data 
associated with these SDGs were qualified (J) for results greater than the MDA 

Bhnk Spike. All the blank spike results were within QC limits (75-125%), with the exception 
of SDGs 21046,21034, and 2924. 

Chemical separation specificdy. No energy spectra or library matches were provided to check 
the chemical separation specificity of the isotope. A l l  results were qualified as estimated (J) 
for results greater than the MDA and (UJ) for results less than MDA 

Overall assessment. All the data was estimated (J) or (UJ) because the laboratory was unable 
to provide information on the standard used for the initial energy and efficiency calibration 
and no energy spectra and library matches were provided to assess the chemical separation 
specificity. Also, there was a failure to run a daily calibration on SDGs 21046, 21034, 30044, 
and 21383-06k Samples io SDG 2423 were qualified estimated (J) because of the failure of 
the MS to meet acceptance criteria. 

4533 Plutonium isotopic validation results 

Sixty-three samples were analyzed for plutonium-238 and 56 samples for 
plutonium-239l240 by the alpha spectrometry technique. 

Holding times. The holding times for isotopic plutonium were met. 

Calibration. The laboratory was unable to provide information on the standard used for the 
initial energy and efficiency calibration. The laboratory included the daily full-width half 
maximum information, centroid information, and efficiency information. Background 
information pertaining to these samples was acceptable, except for SDGs 21232,21003,21299, 
21366, 2970, 2847, and 21046. Sample 5029 of SDG 2419 was qualified estimated (J) for 
results greater than MDA and UJ for results less than MDA because no background 
information was provided. Data in SDG 2633 was qualified J €or 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. 
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... 

Jncorrect monthly calibration information was provided for SDGs 21169, 30044,21377, 
and 2847. The information that they provided was not for the detectors of interest. Also, DO 
monthly calibration was provided for SDGs 21081,21232,2924,21328,21383,21058,21003, 
21123,21345,21299,21366,2970,2&47,21034, and 21046. Without the correct information, 
the data must be qualified estimated (J) for results greater than the MDA and (UJ) for 
results less than MDA. 

The laboratory did not provide daily calibration information for SDGs 21232,2970, and 
21046, so it is impossible to determine the behavior of the instrument on the day of the 
analysis. AU results greater than MDA were qualified as (J), and all results less than MDA 
were quamed as (UJ). 

Laboratory blank resutts. AU laboratory blank results were either less than the MDA or the 
lowest sample activity was 5 times greater than the blank activity and deemed acceptable. 

Tracer results. All tracer recoveries were within the QC limits (15-125%), with the exception 
of SDGs 2684 and 2391 and 2878. The data in SDGs 2684 and 2,391 was J for results above 
the MDA and R for resufts less than MDA because of the use of an outdated tracer solution. 
The tracer could not be recovered in samples of SDG 2878. 

Matrix spikematrix s p h  duplicates. All MSMSD recoveries were within the QC limits 
(75-125%). RPDs between the MSMSD were all within QC limits ( 550% maximum). 

Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA. Ali duplicate RPDs were within QC limits ( ~ 5 0 %  maximum), 
except €or SDG 21058,21081, and 2924, which had several isotopes (Pu-238 and Pu-239/240) 
outside QC limits. Also, the €allowing SDGs had just Pu-238 RPD outside QC limits: 2970, 
21366,21299,21345,21003,21262,21383,21328,21232,21377,30044, and 21169. SDG 21123 
and SDG 2878 had only Pu-239/240 outside QC Limits. All data associated with these SDGs 
were qualified (J) for results greater than the MDA 

Blank Spike. All the blank spike results were within QC limits (75-125%), with the exception 
of SDG 2878, for which a blank spike could not be calculated, because the tracer activity 
could not be recovered. Samples in this SDG were qualified unusable (R). 

Chemical separation spec@+ No energy spectra or library matches were provided to check 
the chemical separation specificity o€ the isotope. The preparation notes mention the 
presence of iron hydroxide precipitate at the time of plating, suggesting the presence of 
uranium, which would interfere with the plutonium. All results were qualified as estimated 
(J) for results greater than the MDA and (UJ) for results less than MDA 

Overall assessment. Au the data were estimated (3) or (UJ) [with the exception of the samples 
in SDGs 2684,2391, and 2878, which were qualified (R)], because the laboratory was unable 
to provide informatioo on the standard d for the initial energy and efficiency calibration 
and no energy spectra and library matches were provided to assess the chemical separation 
specificity. Also, no daily calibration was run on SDGs 21232,2970, and 21046. 

Plutonium-239/240 are isotopes that are analyzed by alpha spectrometry. In this procedure, 
the Pu-239/240 isotopes are not separated out by this method. Therefore, these two isotopes 
should be reported as one. However, during the Phase 1 analyses of Pu-239D40, the 
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laboratory reported some samples individually. There were 7 Pu-239 samples and 6 Pu-240 
samples reported in this way. The reasons for this are not clear, so caution must be used 
when using these data. 

453.4 Neptunium-237 validation results 

Sixty-four samples were analyzed for neptunium-237 by alpha spectrometry technique. 

Holding Times. All technical holding times were met. 

Calibration The tracer (neptunium-239) for this analysis was run by gas proportional counter, 
and determination of neptunium-237 was done by alpha spectrometry; therefore, calibration 
information was needed for each instrument. The laboratory was unable to provide 
information on the standard used for the initial energy and efficiency calibration. The 
laboratory included the daily full-width half maximum information, centroid information, and 
efficiency information. Background information on these samples was acceptable, except for 
SDGs 21262 and 21232. Either the background information was not provided or it was not 
provided for the detectors of interest. Without the correct information, the data must be 
qualified estimated (J) for results greater than MDA and (UJ) for results less than MZ>k 

Incorrect monthly calibration information was provided for SDGs 21299,21169, 21123, 
21345, 30044, 21377, 2924, 2132.8, and 21383. The information provided was not €or the 
detectors of interest. Also, no monthly calibration was provided €or SDGs 21262, 21232, 
21081,21034,21003,21366,21046, and 2970. Without the correct information, the data must 
be qualified estimated (J) for results greater than MDA and (UJ) for results less than MDA 

The laboratory did not provide daily calibration information for SDGs 21 123,21345, and 
21299, so it is impossible to determine the behavior of the instrument on the day of the 
analysis. AI1 results greater than MDA were qualified as (J), and all results less than MDA 
were qualified as (UJ). 

Calibration information for the gas proportional counter contained self-absorption curves 
with all raw data and the beta plateau curves. The crosstalk information was present, but raw 
data counts were not provided. Gas proportional counter calibration met all criteria. 

Laboratory blank results. All laboratory blank results were less than the MDA, except for 
SDGs 21262 and 21232. Blank activities exceeded the MDA; therefore, possible blank 
contamination exists, and all data above the MDA were estimated (J). No laboratory blank 
data was provided for SDG 2684, so all data above the MDA was J. 

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

Maair ~ ~ i k e l m a h i ~  spike duplicate. MS/MSD recoveries were within the QC limits (75-125%) 
for SDGs 2391, 21232, 21262, and 21169, but all other SDGs were outside QC limits. The 
laboratory used an incorrect activity value, which changed their MSMSD results. The data 
were qualified estimated (J) for results greater than the MDA because of the failure to meet 
QC criteria. 

Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA All duplicate RPDs were within QC limits of ( 1 5 0 %  
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maximum) except for SDGs 21299,-21345, 21058, 21034, 2878, 21081, 21383, 21328, 2924, 
21377, 30044, and 2847. AU data associated with these SDGs were qualified (J) for results 
greater than the MDA 

Blank spike results. All blank spike recoveries were within QC limits (75-125%) except for 
SDGs 2970, 21046, 21366, 21299, 21345, 21003, 21058, 21034, 2878, 21081, 21383, 21328, 
2924,2137’7,30044, and 2847. All resutts greater than the MDA were qualified estimated (J), 
while all results less than the MDA were rejected (R). There were six results less than the 
MDA that should have been rejected, but professional judgment was used to determine that 
only one of the six should be rejected (R). The other results had blank spike recoveries above 
70%. The sample that was rejected was 6074 of SDG 21034. 

Chemiccll separation speufilfy. No energy spectra or  library matches were provided to check 
the chemical separation specificity of the isotope. All results were qualified as estimated (J) 
for results greater than the MDA and (UJ) for results less than MDA 

Overall ussessment. All the data were estimated (J) or (UJ) [with the exception of the sample 
in SDG 21034, which was qualified (R)], because the laboratory was unable to provide 
information on the standard used for the initial energy and efficiency calibration and no 
energy spectra and library matches were provided to assess the chemical separation specificity. 
Also, there was a failure to run a daily calibration on SDGs 21123, 21345, and 21299. Data 
in SDGs 2419 and 2391 were rejected, because there was no self-absorption information to 
assess calibration. 

4535  Curium-244 validation results 

Sixty-one samples were analyzed for curium-244 by alpha spectrometry technique. 

HoIding times. All technical holding times were met for curium-244. 

Calibration The laboratory was unable to provide information on the standard used for the 
initial energy and efficiency calibration. The laboratory included the daily full-width half 
maximum information, centroid information, and efficiency infomation. Background 
information pertaining to these samples was acceptable except for SDG 2847. Either the 
background information was not provided or it was not provided for the detectors of interest. 
Without the correct information, the data must be qualified estimated (J) for results greater 
than MDA and (UJ) for results less than MDA 

.... 

Incorrect monthly calibration information was provided for SDGs 21366, 21299,21345, 
21328,21377,30044, and 2847. The information that they provided was not for the detectors 
of interest. Also, no monthly calibration was provided for SDG 21383. Without the correct 
information, the data must be qualified estimated (J) for results greater than the MDA and 
(UJ) for results less than MDA. 

The laboratory did not provide daily calibration information for SDGs 21366, 21299, 
21345, 21383, 21328, 21377, 30044, and 2847, so it is impossible to determine the behavior 
of the instrument on the day of the analysis. All results greater than MDA were qualified as 
(J), and all results less than MDA were qualified as (UJ). 
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Laboratoty blank resid&. All laboratory blank results were either less than the MDA or the 
lowest sample activity was 5 times greater than the blank activity and deemed acceptable. 

Tracer results. All tracer recoveries were within the QC limits (5125%) .  

Ma& spikt/m.utnk spilce duplicate, MSMSD recoveries were all within the QC limits 
(75-12!5%) except for SDGs 21046, 21123, 21003, 21058, 21034, 2878, 21081, 2924, 21169, 
21262, 21232, and 2970. There was no recovery of the duplicate sample or the unspiked 
sample. Therefore, neither a duplicate nor a matrix spike could be calculated. All of these 
SDGs with no recovery were qualified as unusable (R). 

Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA All duplicate FWDs were within QC limits of ( 5 5 0 %  
maximum) except for SDGs 21046, 21123, 21003, 21058, 21034, 2878, 21081, 2924, 21169, 
21262, 21232, and 2970. There was no recovery of the duplicate sample or the unspiked 
sample. Therefore, neither a duplicate nor a matrix spike could be calculated. All of these 
SDGs with no recovery were qualified as unusable (R), 

Blank spike resulfs. All blank spike recoveries were within QC limits (75-125%). 

Chemical separation specific@. No energy spectra or library matches were provided to cheek 
the chemical separation specificity of the isotope. All results were qualified as estimated (J) 
€or results greater than the MDA and (UJ) for results less than MDA. 

Overall assessrnenf. The data were estimated (J) or (UJ) because the laboratory was unable 
to provide information on the standard used €or the initial energy and efficiency calibration, 
and no energy spectra and library matches were provided to assess the chemical separation 
specificity. Also, there was a failure to run a daily calibration on SDGs 21366, 21299, 21345, 
21383,21328,21377,30044, and 2847. The following SDGs were all qualified unusable (R), 
because there was no recovery of the duplicate sample or the unspiked sample. Therefore, 
neither a duplicate nor a matrix spike could be calculated SDGs 21046, 21 123, 21003, 21058, 
21034, 2878, 21081,2924, 21169,21262, 21232, and 2970. 

453.6 Strontium-90 validation results 

Fifty-four samples were analyzed for strontium-90 by gas flow proportional counting. 

Holding times. All technical holding times were met for strontium-90. 

Calibration. All calibration criteria were met for strontium-90. 

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

Marrix spike/matrix sptGe duplicates. All MS/MSD recoveries were within the QC limits 
(75-12!5%) with the exception of SDGs 2633, 2638, 2658,21046, and 21034, which had MS 
recoveries below the QC limits. 

Duplicates. The RPD acceptance criterion was &35% for samples with values greater than 
or equal to 5 times the MDA All duplicate results met this criterion except for SDGs 21299 
and 21328. 
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BZank Spikie resdts. All blank spike recoveries were within the QC limits (75-125%) except 
for SDGs 21058 and 21081. 

Overall Assessment. The data €or strontium-90 were qualified as usable. All detects had no 
qualifiers and all nondetects had (U) qualifiers. 

453-7 Gamma spectrometry validation results 

One hundred fortyeight samples were analyzed by gamma spectrometry. 

HoIding times. All technical holding times were met. 

CnlibretiOn All calibration criteria were met for all samples and were within the upper and 
lower ranges. 

Laboratory bknk res&. No analytical laboratory blank samples were analyzed. 

Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA All duplicate RPDs were within QC limits of (550% 
maximum) except for SDG 2419,2423,21345 and 21247, which had RPD results outside the 
QC limits. 

Overall Assessment. The data were qualified as usable for all analytes except europium-155. 
All detects had no qualifiers and all nondetects had estimated (U) qualifiers. Europium-155 
data were qualified unusable (R) because the laboratory incorrectly identified a thorium x-ray 
line as europium-155. 

4.538 Total uranium MMatioa results 

Sixty-one samples were analyzed for total uranium by pulsed laser phosphorimetry. This 
technique provided results on a mass basis, which the laboratory converted to activity by 
multiplying by an activity conversion factor (0.679 pCi/pg). This conversion factor was based 
on the specific activities and natural distribution of uranium-234, uranium-235, and 
uranium-238. The natural distribution of uranium isotopes was 0.0055% uranium-234,0.72% 
uranium-235, and 99.27% uranium-238. The specific activities used for the conversion were 
6.13E + 3 pCilpg for uranium-234, 214 pCi/pg for uranium-235, and 0.33 pCi/pg for 
uranium-238. 

Holding times. All technical holding times were met. 

Catibration Ail calibration criteria were met except for the SDGs 2423,2684,2658,2638, and 
2633. These SDGs had correlation coefficients outside criteria for the high and low standards; 
therefore, detects were J and nondetects were UJ. 

Laboratory blank results. All laboratory blank results were either less than the MDA or the 
lowest sample activity was 5 times greater than the blank activity and deemed acceptable. 

Muttir spikelrnattix spike duplicates. AI1 MS/MSD recoveries were within the QC limits 
(75-125%) with the amption of SDCs 21123,21058,21081,2924,21169,21262, and 21232. 
The percent RPDs were within the QC limits. 
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Duplicates. The RPD acceptance criterion was +35% for samples with values greater than 
or equal to 5 times the MDA All duplicate RPDs were within QC limits of (550% 
m d u m ) ,  except €or SDG 2878. 

Blank spike resu1f.s. All blank spike recoveries were within QC limits (75-125%). 

Overall assessment. The data for total uranium were estimated (J) or (UJ) because the 
laboratory was unable to provide information on the amount of spiking compound used and 
the amount of tracer used, since the laboratory was putting the spike and tracer in the same 
aliquot or because of spike recoveries. However, later the laboratory began to separate the 
spike from the tracer, and the amounts were able to be determined. The following SDGs have 
no qualifiers, because of this change: 21383,30044,2847,21328, and 2878. 

433.9 Technetium-99 validation results 

Fdty-one samples were analyzed for technetium99 by liquid scintillation. These samples 
were obtained from the resampling discussed in Sect. 4.4. 

Technetium-99 data met all necessary criteria, and it was determined that the data is 
usable, and there were no validation qualifiers assessed to the data. Therefore, all detects 
have no qualifiers and all nondetects are qualified estimated (U). 

4.53-10 Tritium validation results 

Sixty-one samples were analyzed for tritium by liquid scintillation. 

Holding times. All technical holding times were met. 

Calibration. The liquid scintillation counter was calibrated with NIST traceable quench 
standards; however, this information was not verifiable according to the information 
submitted. The carbon-14 daily standard check did not include a radioactive source report. 
There is no information to relate the raw data for the quench curve to the standard used, and 
there is no preparation information €or the quench curve. Also, the daily standard information 
and the control charts used to monitor the daily standard checks were not present, and there 
is no way to verify whether the standard checks passed or failed. 

Due to the laboratory's failure to include proper documentation for the carbon-14 
standard and the exclusion of the daily standard information, including control charts used to 
monitor the daily standard and background checks, all of the data must be qualified as 
estimated (J) for detects and (UJ) for nondetects. 

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

Ma* spikelmatrix sp& duplicates. All MS/MSD recoveries were within the QC limits 
(75-125%), except SDG 2369, 2391, 2970. 

Duplicates. The RPD acceptance criterion was &35% €or samples with values greater than 
or equal to 5 times the MDA AI1 duplicate RPDs were within QC limits of (150% 
maximum), except for SDG 2391. This qualifies SDG 2391 as 3 €or results above the MDA 
and UJ for results below the MDA. 
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Blank spike results. All blank spike recoveries were within QC limits (75-125%) except for 
SDG 21345. 

Overall assessmnt. Data For these soil samples (Table 4.6) were qualified as estimated due 
to the laboratory's failure to include all relevant information for calibration. Therefore, all 
detects are (J) and all noadetects (UJ). However, there is one sample, 21205-05, that is 
qualified unusable (R), because the laboratory reported it at a point outside of the quench 
curve that makes it invalid. 

45.4 ICP/MS Data Validation Results 

Of the 150 samples collected for ICPMS analysis, 144 were analyzed. The remaining six 
samples were not analyzed, because sample volume was depleted before ICP/MS analysis 
could take place. 

Holding times. There were no hoiding time requirements for the soil samples in this case. 

Initial calibration and calibration verificution. Four runs of tuning solution with %RSD < 10% 
were shown. The spectra for mass calibration and resolution checks for the 12/28/92 run were 
nearly illegible, hence, the factors could not be verified. A m a s  calibration report did not 
accompany the graphical representation of the scans. The %R for ICV and CCV were within 
limits, and true values were verified. 

Laboratory blank results. The analysis of laboratory blank provides a means of assessing the 
existence of contamination in the analytical method. Blanks did not show evidence of 
significant contamination. 

Inteference check samples. The analysis of an ICs was to verify the interelement and 
background correction factors. IC3 samples were run. The laboratory used 6020 CLP-M 
Version 8.1 and adhered to recommended values in Table 4.7, except for those recommended 
values that were higher than the linear range of the instrument. Solution A indicates no 
barium, copper, nickel, or zinc, but low levels of these elements were found. 

M a h  spitz. Spiking levels did not agree exactly with CLP. The spike for antimony was 
outside QC limits and was rerun, as required. 

Duplicates. All duplicate %RSD were acceptable, except for selenium (40.2%). The selenium 
data will be qualified as estimated (J) due to this finding. 

Laboratory control samples. The LCS was identified in the laboratory response, and true 
values and recoveries are correct. 

Serial dilufions. Serial dilutions would be required €or barium, chromium, lead, and zinc. All 
%D values were acceptable except for zinc. The results of the diluted samples were higher 
than the original sample for zinc; therefore, all zinc data were qualified as estimated (J). 



4-36 

Table 4.6 Summary distriiution of radiocAemjcal data validation results 

UJ R SUM % Analyte No U J 
Qualifier usable 

Americium-241 
Barium-133 
Cesium-131 
Chromium-51 
Cobal t-57 
Cobalt40 
Curium-243 

Curium-244 
Curium-245 
Curium-247 
Europium-152 
Europium-154 
Europium- 155 
Hafnium-181 

Iridium-192 
Neptunium-237 
Neptunium Gamma 
Niobium 
Plutonium-238 
Plutonium-239/240 

Potassium-40 
Radium-226 
Ruthenium-103 
Strontium-90 
Technetium-% 
Thorium-228 

Thorium-230 
Thorium-232 
Thorium-234 
Thorium-234 Gamma 
Total Uranium 
Tritium 
Uranium-2331234 

Uranium-235 
Uranium-235 Gamma 
Uranium-236 
Uranium-238 
zinc45 
Zirconium-S)§ 

1 

80 

2 

139 
147 

1 
2 

10 

51 
7 
9 

59 

147 
148 
68 

148 
148 
148 
61 

61 
59 

148 
148 

136 

136 

90 
134 

9 
3 

147 
52 
41 

1 
8 

89 

148 
148 

35 

28 
16 

148 

149 
150 
18 

51 
18 

136 

107 

6 
136 

24 

10 

33 
39 

2 

1 

59 

1 
39 
12 

41 

142 
12 

32 

148 

19 

2 
1 

4 

148 
148 
148 
148 
148 
148 
61 

56 
61 
61 

148 
148 
148 
136 

136 
64 
90 

134 
63 
56 

148 
150 
148 
54 
51 

150 

150 
150 
129 
15 
61 
61 

148 

148 
148 
148 
148 
148 
148 

100 
100 
100 
100 
100 
100 
100 

43 
100 
100 
100 
100 

0 
100 

100 
70 

100 
100 
91 
98 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
93 

100 

100 
100 
100 
100 
100 
100 
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Tabk 4.7. Summary distnbntim of ICP/MS data wlidation results 

Compound No qualifier 3 U UJ J R SUM %usable 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Chromium 
Cobalt 

Copper 
Lead 
Manganese 
Nickel 

Selenium 
Silver 
Thallium 
Zinc 

143 

140 
106 

25 

143 
79 

137 
143 
142 
111 

3 
3 
37 

113 

# 

6 

1 
32 

71 

140 

5 
143 

143 
72 

143 100 
143 100 
143 100 
143 100 

143 100 
143 100 
143 100 
143 100 

143 100 
143 100 
143 100 
143 100 

14 56 70 100 
143 100 
143 100 

143 143 100 

4 5 5  Neutron Activation Analysis (NAA) Data Validation Results 

The method of NAA was used to determine 34 trace elements in the samples according 
to procedures given in Standard Analytical Method ORNL-AC-MM-222003. There were a 
total of 143 samples analyzed. They were broken down into seven different batches. 

Holding Tune. AI1 holding times fell within the specified range. 

Initial calibraziun and calibration verification. There is no information provided about the 
energy calibration of the detectors, but inspection of peak searches for standards shows peak 
energies at the expected locations. Efficiency information was provided, and ail other criteria 
for calibration was met. The laboratory performed three different counts: long counts (20-day 
decay), medium counts (Cday decay), and short counts (20-min decay). In the long and 
medium counts, all standards were counted in the same geometry, and the same efficiency 
files were applied to aIL For these longer-lived nuclides, decay corrections were not necessary. 
The short counts for the standards were counted in different geometries. Exact efficiencies 
were provided for the standards, and decay corrections were implemented. 

Laboratory blank resds. The procedure states that the blank is acceptable if the activity in 
each peak of interest is less than 5% of analyte level. However, no activities are given for the 
blank values in milligrams per kilogram. Comparison of the milligrams per kilogram values 
from the blank with those of sample 5030 shows that the blank is less than 5% of the analyte 
levels, except for hafnium. The blank level for hafnium was a significant fraction (>lo%) of 
most sample values. Hafnium will be qualified as J. 

Laboratory control samples (LCS). The percent recovery limits for the LCS were 80 to 120%. 
Based on the LCS results, the following elements are qualified J: silver, barium, cerium, 
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chromium, iron, hafnium, lutetium, and samarium. The following elements are qualified R 
cadmium, selenium, and zinc. The laboratory felt that the zinc results for this batch were 
anomalous, but upon review it was determined that only batches 1 and 5 should be R. 

Matrir spike recoveries. The percent recovery could not be calculated with the information 
given in the table. Upon speaking with the laboratory, it was determined that all values should 
be converted to mass rather than concentration. Tabular results can be produced in this way. 
However, spike recovery limits do not apply for analytes with concentrations more than 4 
times the spike amount, This was the case for hafnium, iron, magnesium, manganese, 
potassium, scandium, and sodium. Therefore, even though some of these were out of the 
control limits, no qualifier was applied. The following elements were qualified estimated (J) 
due to out-of-control-limit recoveries: arsenic, cadmium, cerium, cobalt, chromium, gallium, 
lanthanum, samarium, and thorium. These elements are qualified rejected (R): tungsten and 
zinc. Note: Cobalt batches 4 and 5 had no qualifier. 

Duplicates. For values that are undetected (U), control limits do not apply. The laboratory 
applied limits of +35% and indicated that the out-of-limits elements for the duplicate samples 
are antimony, arsenic, gallium, terbium, and uranium. However, EPA control limits €or soils 
are very wide (only %RPD > 100% are estimated). Thus, no elements required qualification. 

Continuing calibration verification (CCV). The following guidelines were used to qualify the 
data: 90-1 10% no qualifier; 89-75% and 111-125% are J; all others will be R. The following 
elements arc out of limits: lutetium and yttrium are qualified J; and cadmium, samarium, and 
zinc are qualified R. 

OveraN Assessment. The final validation qualifiers for the NAA data are as follows: arsenic, 
barium, cerium, chromium, gallium, hafnium, iron, lanthanum, lutetium, silver, and thorium 
are all qualified estimated J. Cobalt is also qualified J, but only for batches 1, 2, 3, 6, and 7. 
The following elements are qualified unusable R cadmium, samarium, selenium, and tungsten. 
Zinc batches 1 and 5 were also qualified R. Note: all “0” concentrations are to be interpreted 
as MISSING DATA. Information cannot be retrieved. In contrast, cadmium, selenium, and 
zinc data obtained by ICP analyses were 9996, 94%, and 100% usable, respectively. 

4.6 SCREENING ANALYSES FOR VOLATILE ORGANIC COMPOUNDS 

The analyses of volatile organic compounds were performed on non-cornposited surface 
soil samples. This analysis was sanducted as a screen to determine whether there was any 
disposal of wastes at the site or evidence of contamination of groundwater plumes under the 
site. Since this analysis was being performed as a screen, the analytical level was set at II, 
which provided quantitative data with less rigorous QNQC and documentation. 

The results of most volatile organic screens were that no volatile organic compounds 
were detected. However, there were some samples found with detectable quantities of 
campounds found typically associated as laboratory contaminates (acetone and 2-butanone). 
Sixty-seven samples showed acetone; 8 samples showed 2-butanone; 2 samples showed 
trichloroethylene; 17 samples showed both acetone and Zbutanone; 3 samples showed 
acetone, 2-butanone, and trichloroethylene; 1 sample showed acetone and trichloroethene; 
and 1 sample showed acetone, Zbutanone, and toluene as contaminants. In addition, there 
were two samples that showed a compound other than these two contaminants. One sample 
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showed detectable quantities of trichlorofluoromethane, and the other sample showed 
detectable quantities of chloroform. Each of these compounds was found in low concentration 
and could conceivably be associated with the laboratory performing the analysis. 

Table 4 8  Summary dismiution of neutron activation analysis data Miidation results 

Analyte No qualifier J UJ R Sum % Usable 

Aluminum 
Antimony 
Arsenic 
Barium 
Cadmium 
Cerium 
Cesium 

Chromium 
Cobalt 
Europium 
Gallium 
Gold 
Hafnium 
Zron 

Lanthanum 
Lutetium 
Magnesium 
Manganese 
Mercury 
Potassium 
Rubidium 

Samarium 
Scandium 
Selenium 
Silver 
Sodium 
Terbium 
Thorium 

Titanium 
Tungsten 
Uranium 
Vanadium * 

Ytterbium 
Zinc 

143 
143 

143 

40 
143 

143 

143 
143 
143 
143 
143 

143 

143 
143 

143 

1 43 
143 
143 
103 

143 
143 

143 

143 
103 

143 

143 
143 

143 
143 

143 

1 43 

143 

143 

143 

143 
143 
143 
143 
143 
143 
143 

143 
143 
143 
143 
143 
143 
143 

1 43 
143 
143 
143 
143 
143 
143 

143 
143 
143 
143 
143 
143 
143 

143 
143 143 

143 
143 
143 

40 143 

100% 
100% 
10% 
100% 
0% 

100% 
100% 

100% 
100% 
100% 
100% 
100% 
100% 
100% 

100% 
100% 
100% 
100% 
100% 
100% 
100% 

0% 
100% 
0% 

100% 
100% 
100% 
100% 

100% 
0% 

100% 
100% 
100% 
72% 
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5. STATISTIGQL ANALYSIS 

5.1 SUMMARY 

This section contains data summary statistics for the Background Soil Characterization 
Project (BSCP), which include detection frequencies, median estimates as measures of central 
tendency, upper 95th quantile estimates as measures of the upper ends of the normal 
background range, and confidence bounds for these estimates. Detection probability 
confidence bounds are given for the data that were primarily “nondetects.” The statistical 
methodology for “detect” data assumes that data follow the lognormal distribution, with 
possibly different means but the same variance in each formation-location (FL). The statistical 
methodology incorporates each nondetect as “between zero and the detection limit” without 
resorting to approximation, such as setting its value to the detection limit. 

All data were examined graphically to assess the lognormal assumption and to check for 
outliers. With the exception of a few outliers, the data appear to be consistent with the 
assumptions. However, sample size limitations precluded thorough statistical testing of these 
assumptions. Comparisons were made across FLS and horizons, and some significant 
differences were determined. These differences include differences among the Oak Ridge 
Reservation (ORR) and Anderson County and Roane County FLs (see Sect 6). Laboratory 
and spatial variances were estimated and compared. On the basis of these estimates and the 
relative costs of laboratory and field sampling, the advantage of using cornposited soil samples 
was demonstrated. 

The purpose of this section is to provide a statistical overview of the BSCP data and to 
demonstrate statistical methodology. The data are either “detects” or “nondetects,” depending 
on whether they exceed detection limits. Each nondetect was considered “censored,” that is, 
known only to be less than the detection limit Data qualified as “unusable” were rejected a 
priori. 

Statistical analyses were performed to 

1. 

2. 

3. 

4. 

5. 

assess the data graphically-that is, to screen for statistical outlien and to make 
preliminary decisions about the statistical distributions of the soil constituents; 

compute summary statistics: means, medians, confidence bounds, and tolerance bounds 
for soil concentration levels, and estimates and confidence bounds for detection 
probabilities; 

resolve and estimate laboratory and field components of variance; 

compare, to a limited extent, the three soil horizons and the geologic formations in three 
different sampling areas: the Dismal Gap and Copper Ridge formations on the ORR and 
in Anderson and Roane counties, tbe Nolichucky and the Chepultepec formations on the 
ORR, and the Chickamauga formations in Bethel Valley and K-25 on the O M ;  
compare NAA and ICP/MS results with the AA/ICP inorganics and with alpha, beta, and 
gamma radionuclide results; and 
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6. uncover, through the above five steps, data problems not revealed earlier by data 
validation and verification. 

Different analytes tend to have different statistical distributions, variance properties, 
patterns of detection, and patterns of missing or rejected data. For many of the analytes, the 
statistical analysis is premised on the assumption that the data arise from lognormal 
distributions with equal variances but possibly different means in different FLS. These 
assumprivns are discussed further in Sect. 5.2.1. How appropriate these assumptions are varies 
with the analyte. Available time and budget constraints precluded the tailoring of individual 
statistical analysis for each analyte. 

However, special attention may be warranted in certain cases, especially for anaIytes 
whose background levels are near levels of risk concern. In such cases, the discussion in this 
section may provide useful guidance, but the users of the background data should perform 
their own analysis. 

All results were plotted to check for outliers and other anomalies. For those soil 
constituents that were mostly detected, which includes most of the inorganics and PAHs and 
some of the radionuclides, the same plots were used to decide whether a parametric statistical 
distribution (e-g., normal or lognormal) was appropriate for modeling the data or whether the 
statistical scatter in the data was similar over the different FLs. On the basis of this visual 
assessment, the decision was made that the lognormal distribution and homogeneity-of- 
variance (equal scatter) assumptions were adequate for the data analyses considered here. 
Graphical data assessment is discussed further in Sect. 5.2.2. 

For the mostly detected constituents, the usual array of means, standard errors, and 
confidence bounds were computed using the SAS Lifereg procedure and the method of 
maximum likelihood with lognormal errors and homogeneity of variance (SAS 1990). This is 
desrqbed further below. 

The nondetects were entered as censored data using the Lifereg procedure. The method 
of analysis used to handle nondetects (the method of maximum likelihood) makes full use of 
the data, without “imputing” them or resorting to other compromises, such as setting them 
to zero, to the detection limit, or to half the detection limit. 

Maximum likelihood estimation for censored lognormal data is discussed in Lawless 
(1982, Sect. 5.2). For the mostly detected constituents, separate means are estimated for the 
lognormal analyte distributions for each formation and horizon, but results for all formations 
contribute to a single variance estimate. In this way the data were pooled over formations, 
thus reducing the statistical noise in the estimates and making confidenw limits tighter. 
Results cannot, in the same way, be pooled across horizons because of the statistical 
dependence of the results from different horizons at the same individual site. , 

Summary statistics are given in Sects. 53-59 for inorganics, herbicides, pesticidesPCBs, 
PAHs, radionuclides, volatile organics, and gamma screening data. These statistics can 
ordinarily be computed when there are detects. There are exceptions, however (e.g.? when 
each EL having a detect, has just one, and it is less than the detection limits for nondetects 
from that FL). Exceptions also occur in a few cases for numerical reasons (e.g., the computing 
algorithm may fail to converge because of a nonrobust starting value). In such eases these 
estimates are indicated as missing with the symbol “.”. 
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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, tolerance bounds are used: 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, selected as a 
reasonable bound on the usual background range. For example, if the sample result 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 is increased, statement (1) becomes ever more and 
(2) ever less tenable. While background percentiles are not known exactly, they can be 
estimated from background data. Tolerance bounds, which are just confidence bounds for 
percentiles, account for estimation error; lower tolerance bounds for upper percentiles are 
of particular interest. LE a sample value is below such a laver tolerance bound, then one can 
be confident that it does not exceed the corresponding percentile. If the sample percentile 
level is not too high, then one 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 
would be a reasonable candidate for a remediation target (particularly a tolerance bound for 
a single noncomposite sample). 

For analyses with sufficiently many 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. When the vast 
majority of the results are nondetects, as with herbicides and pesticides, the usual statistics 
cannot be computed, and only detection probabilities are estimated. UCBs €or detection 
probabilities (binomial probability distributions) are discussed in Owen (1962). Similar UCBs 
are also computed For probabilities of exceeding the maximum detection limit (MAXDL) of 
the nondetects. 

UCBs for detection probabilities can be used as follows: If there is confidence that the 
true background detection probability is less than the UCB, if that UCB is small enough and 
if the detection limits do not change much in the future, then any future detect would suggest 
contamination. For example, if the detection probability is less than 0.05, then a detect 
indicates either a 141-20 chance background event or else contamination. 

To be useful, the detection probability UCBs should be around 0.05 or less. To achieve 
this, sample sizes need to be 50 or more, and data must be combined over FLs. Similar use 
can be made of UCBS for probabilities of exceeding MAXDLS. Of course, the probability of 
detection depends on the laboratory and can change in future surveys. 

Comparisons of results for different FLs and horizons are discussed in Sects. 5-23 and 
5.3-5.9. Comparisons are of interest because of their implications on (1) combining FLs for 
data analysis (e.g., to increase degrees of freedom for error estimates) and (2) extrapolations 
to other sampling areas, formations, locations, and sites not sampled in the BSCP. Possible 
differences in background values among areas for which there are data may require using 
caution in extrapolating to other areas. 

Gamma screening and volatile organic results are discussed in Sects. 5.8 and 5.9, and 
NAA and ICPMS results are presented in Sects. 5.11 and 5.12. 
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Composite Sample Data 

BSCP herbicide, pesticide, PAH, and volatile organic samples were not composited, but 
the inorganics and radionuclide samples were. For most of the inorganics and radionuclides, 
there are sufficient numbers of detects to make estimating medians and computing tolerance 
bounds the primary approach to statistical analysis. But some inorganics and, especially, some 
radionuclides were mostly undetected. In such cases, detection probabilities are given for 
composites of three. 

When a contaminant or unusual constituent is detected in composites, the individual 
samples are sometimes analyzed separately to determine the original site or sites that it came 
from. This procedure was not pursued in the SSCIP. Therefore, detection probabiIities for 
single (noncornposite) samples cannot be estimated directly for the inorganics and 
radionuclides. A bound for these probabiIities can be found as follows: Suppose X, an 
observation from a composite of three, is [(x, + x, + x3)/3] - e, where e is laboratory error, 
and xl, x2 and x, represent the true concentrations in the individual composited samples. The 
random variable X, = x1 - e has the same statistical distribution as an observation from a 
single noncomposite sample. For any x, P(X > x) 2 P(xl * e > 3 - x). Thus, a UCB for 
P(X > x) is a conservative UCB for P(X, > 3 - x), and a UCB for the detection probability 
for composites is a conservative UCB for the detection probability of noncomposites with 
detection limits tripled. 

BSCP results for composites can be compared to results €or noncomposites, though in 
some cases it will be necessary to account for the smaller variance of the composite results. 
To do this, variance components (Le-, 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. Variance component estimates can also be used in planning future surveys. 
Variance component estimates require replicate observations at the same site. Replicates in 
the BSCP, which are in the form of duplicates and splits, are discussed in Sect. 5.2.4. 

Measures of Central Tendency 

Analysis of lognormal data is generally accomplished by analyzing the logs of the data, 
that is by computing means, standard errors, ett. 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 means. However, the median (50th percentile) of the logs is the log 
of the median. Other percentiles transform in the same way, as do confidence bounds €or 
them. For this reason, in this section attention is restricted mostly to medians and other 
percentiles- instead of means. But, medians are usually considered to be more appropriate 
measures of central tendency for skewed distributions, such as the lognormal. 

Rejected Data 

Many of the background results are nondetects (designated by validation codes “U,” 
“UJ”); the results given in the background data sets are then detection limits. Data designated 
with thr validation code “R” (rejected) were not used in the following analyses but, with a 
few exuprions, the remaining data were used, including data designated “J” (estimated). The 
exceptions, which are discussed in the following sections, were usually obvious outliers and, 
at the suggestion of soil scientists, were deleted from further statistical analyses. For most of 
the analyses, some data were assigned the validation code “R.” It is assumed here that the 
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assignment of Rs was not based on the detection status of results. In particular, results of the 
same analyses should not be differentially rejected because they are nondetects. 

5.21 Basic Assumptions 

Residual soils that are underlain by a particular formation are represented as the union 
of numerous small disjoint regions. For each BSCP formation, a subset of that union, suitable 
as background and within particular property boundaries, defines a targeted area for the 
BSCP (e.g., ORR Dismal Gap). As described in the BSCP Pian (Volume 3, Energy Systems 
1992), to the extent feasible, targeted areas were sampled randomly. For composites, samples 
were partitioned randomly into sets of three and composited. (Note, however, one procedural 
variance discussed at the end of Sect. 3.7). Therefore, to the extent that sites are sampled 
randomly, the data, both composites and noncomposites, are simple random samples. A close 
approximation to random sampling was achieved €or ORR sites. Access limitations were more 
severe off-site, and so the approximation is not as good there. Nevertheless, on the basis of 
graphical inspection, on-site and off-site data seem to have similar distributions, and it is 
reasonable to assume that the goal of simple random sample site selection was met. Certain 
applications, however, may warrant closer scrutiny of these assumptions. 

For those analytes that were mostly undetected, spatial distribution assumptions play no 
role in the analysis. For many of the inorganics and radionuclides, however, there are detects. 
For these analyses, on the basis of data plots, the decision was made to model the data as 
lognormal with equal variances (but possibly different means) within FLS. Separate analyses 
are made for each horizon. By using the same statistical model for all of the detected analytes, 
the analysis is greatly simplified. This is consistent with the goal of providing a statistical 
overview. Furthermore, more formal assessment of the model assumptions, [e-g., using 
goodness+€-fit (GOF') tests] is difficult (because of small numbers of observations in each 
area, nondetects, etc.) and fraught with logical problems (failing to reject a model may be due 
only to weakness of the GOF test, which is itself very complicated to assess). GOF tests are 
discussed in Lawless (1982, Chapter 9), where the lack of procedures appropriate for this 
setting is made clear. 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. A graphical approach to assessing these assumptions is 
discussed in the next section. 

All results, whether detects or nondetects, were plotted to check for outliers, 
homogeneity of variance, and deviations from lognormality, which, for these data with so few 
observations for each formation, amounts to checking for outliers. The Barge number of 
graphs precludes presenting them all here. An example is the horizon A aluminum plot in 
Fig. 5.1. ln  this example, the highest Dismal Gap-ORR result is suspect, especially since there 
is another observation at the same site that is much lower. Such discrepancies were resolved 
by BSCP soil scientists. By contrast, the horizon B aluminum results in Fig. 5 2  are more 
consistent. Major outliers and anomalous results are noted in Sects. 5.3-5.9. 

For each analysis and horizon, a graphical assessment of the fundamental assumption- 
that the analyte concentrations have lognormal distributions with the same variance but means 
that may depend on &can be made as follows: 
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1. 

2. 

For each FL, convert the observations-denoted as xl, x, .._ , %-to logs, y1 = log(x,), 
.__ , yn = log(%) Cy is simply the logarithm of the observations). 

For the data in each FL, depending on whether or not there are nondetects, compute 
either the empirical distribution function or the product limit estimate of the distribution. 
FJy), the empirical distribution function of (uncensored) observations, y,, yB -., y,,, is the 
proportion of i with yi I y. The product-limit estimate is analogous but adjusts for 
nondetects (see Lawless (1982), Sects. 2.3.1 and 9.1.1). 

Compute the normal scores, G[F,,Q], where G is the inverse of the standard normal. 
distnbu tion function. 

For all mS plot the y values by the normal scores using symbols that distinguish FLs. 

3. 

4. 

Under the lognormal model these GOF plots should be roughly linear with the same 
slope, that is, parallel lines. In fact, it can be shown that the intercepts of the Ilhes should be 
approximately the means and that the slopes should be approximately the pooled standard 
deviation from the analysis of variance of the log concentrations. The word “roughly” is 
operative because there are only a few observations for each IT, and so the distribution 
function estimates tend to be noisy. One can get an idea about how such data should behave 
by performing this procedure with simulated (pseudorandom) lognormal data. 

Figure 5.3 is a GOF plot of normal scores for aluminum in horizon 3. Figure 5.4 is a 
GOF plot with the same medians and scale, but simulated lognormal data. Thus, the 
horizon B aluminum data seem to be consistent with the lognormal assumption. All of the 
data are detects. Figure 5-5 is a plot of normal scores computed from the product-limit 
estimates of the logs of the data for mercury in horizon A, which had numerous nondetects. 
(A plot analogous to Fig. 5.4 for mercury could also be made, but to properly account for 
nondetection would require detection limits €or all observations, including the detects. Then 
the ith simulated concentration would become a nondetect, if it happens to fall below the ith 
detection limit.) 

This graphical GOF procedure could be turned into a more formal test as follows: 
compute a GOF statistic-say a sum of squares-that measures the deviatmns of the plotted 
values (Le., logs by normal scores, as in Fig. 5.3) from the fitted lines having slope equal to 
the overall standard deviation and intercepts equal to the means. Next, simulate 
pseudorandom normal data having those means and that standard deviation. Figure 5.4 is one 
realization of such a simulation. Then compute the GOF statistic for the simulated data. 
Repes the simulation many times (e.g., lOOO), and recompute the GOF statistic for each 
repetixn. Then, see where the original GOF statistic (computed from the original plotted 
data) lies in the range of simulated ones. An original value that is unusually large relative to 
the range of simulated values suggests that the lognormal model does not hold. Note, 
however, that this is still not a formal O F  test (it is a “bootstrap” test). 

The GOF plots reported do not support the lognormal assumption for every analyte and 
horizon. For example, there is an outlier in the horizon A aluminum data plot. These 
deficiencies were not pursued, because the purpose of this section is to provide an overview 
and to demonstrate methods. Nevertheless, the GOF plots could be used to assess 
lognormality in each case. 
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Goodness of Fit Check 
Analysis=Aluminum Horizon=B 
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normal score 

Fig. 53. Plot of observation logs by corresponding normal scores for horizon B aluminum. In the 
absence of statistical variation, the curves should be parallel lines--if the lognormal, equal-variance model 
holds. 
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Goodness of Fit Cheek 
Analysis=Fietitious Horizon=Fictitious 

4.1 

4.0 
-1.0 -0.8 -0.6 -0.4 -03 0.0 0.2 0.4 0.6 0.8 1.0 

normal score 
codes: +--tt. DG-AND *-*--X W-ROA e+-* m - 0 ~ ~  

e a  NL-ORR Bffe Cm-BV d r l s d r  Cm-mS 
fE-IE)--E1 Cm-ORR CR-ORR -4 CR-AND * CW-KOA 

Fig. 5.4. Plot of observation logs by corresponding n o d  scores for pseudorandom lognormal data 
with means and variance the same as for the horizon B aluminum data.. This illustrates the departure from 
ideal parallel lines due to ordinary statistical variation, as also illustrated in Fig. 5.3. 
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Fig. 55. Plot similar to Fig- 53 but based on product limit estimates for horizon A mercury data, 
which have nondetects. 
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5.23 Comparison of Formation-Locations and Horizons 

Comparisons of FLs and horizons are discussed briefly here. The intent is to sketch a 
method by which these comparisons can be made, rather than to give a detailed discussion 
of the nature of the differences among F’b or horizons for each analyte. These differences 
are discussed further in Sect. 6. 

Comparisons of mS can be made by using chi-square likelihood ratio (LR) tests 
(Lawless 1982, pp. 524-525). This can be done using the S M  Proc Lifereg and the lognormal 
equal variance model, even when there are nondetects. Tbe tests involve computing 
likelihoods under two (null and alternative) models, their LR, and then comparing the 
likelihoods using -2ln(LR), which, under the null model, has approximately a chi-square 
distribution. This is essentially a one-way analysis of variance, but nondetects are admitted 
into the analysis. When there are no nondetects, FES can also be compared using F-tests or 
t-tests, €or example, with SAS Proc GLM (SAS 1990). This is the usual one-way analysis of 
variance-a standard statistical procedure. 

When there are no nondetects, the LR and F-test significance levels are the same 
asymptotically (Le., in theory €or large sample sizes). In practice, as with the BSCP sample 
sizes, the LR significance levels are generally smaller. [The LR and F-tests actually coincide 
in this case (Wilks 1962, Chapter 13). The approximation incurred in the LR test is only 
through using the chi-square to approximate the F-distribution.] For the majority of analytes, 
there are some nondetects. To be consistent €or both these and the all-detect cases, the LR 
test was used to make all comparisons. But since the corresponding significance levels tend 
to be smaller (and especially since many comparisons are being made), the 0.01 
significance-level cut-off is likely to be better than the usual 0.05 for declaring differences to 
be significant. 

When FLS differ significantly, the question becomes how they differ (comparison of 
means). Unlike the SAS Proc GLM, the software in Proc Lifereg has not been developed to 
answer this question easily. Under project constraints, pursuing that question fully €or each 
analyte and horizon was not feasible. Nevertheless, tests were performed to compare (1) all 
FLE in general, (2) Dismal Gap locations, (3) Copper Ridge locations, (4) QRR FLS, 
(5) Chickamauga locations, (6) ORR Dismal Gap with Nolichucky ELS, (7) ORR Copper 
Ridge with Chepultepec FlLs, and (8) groups on the ORR-the Chickamauga, Conasauga 
(Dismal Gap and Nolichucky formations), and Knox (Copper Ridge and Chepultepec 
formations). 

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, and 
in such cases frequency comparisons are almost always negative. 

By virtue of the sampling, BSCP soil samples are statistically independent for each 
horizon. They are not, however, independent across horizons, as observations for the three 
horizons come in triples for each site or (in the w e  of composites) combination of sites. 
When there is no censoring, this dependence can be accounted for by analyzing differences 
between results at different horizons: B from A, C from B, and C from A.. When there is 
censoring, these differences are themselves censored. For example, if a horizon A observation 
is a nondetect with detection limit 10 and the corresponding horizon B observation is a 
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detect, say 15, then the A-B difference is interval censored: between 0 - 15 = -15 
and 10 - 15 = -5. 

The censored differences between horizons can also be analyzed using the SAS Lifereg 
procedure. For this section, these differences are assumed to arise from approximately normal 
distributions. Horizon comparisons are made for inorganics and radionuclides (Sects. 5.3 and 
5.7). The differences are first compared to check for differences (in the differences) between 
FLs. Generally, the FL does seem to play a role in horizon differences, and the differences 
are examined for each FL. 

5 2 4  FieM Duplicates and Splits 

BSCP results include two kinds of replication at the same site: (1) field splits-separate 
subsamples from one original (possibly composited) sample and (2) field duplicates-samples 
(possibly composited) from the same general sites (e.g., holes) but taken a small distance (or 
distances) apart- In the BSCP, the distance was unspecified but was generally about 3 ft. Field 
splits can be used to estimate laboratory error along with any error associated with sample 
granularity. Field duplicates measure both of these errors plus small-scale spatial variability. 

How to combine replicates into the data analysis is not straightforward. A duplicate or 
split does not represent new independent information because it is from a site already 
sampled, and so these replicates should not be treated as independent observations. On the 
other hand, replicates, having been measured more than once, represent more information 
than an ordinary, single sample. 

For data that are uncensored (all detects), duplicates and splits can be handled using 
variance components models (see, for example, Searle 1971, Chapter 9). Sites-within-& can 
be modeled as a random effect, but even then approximation is necessaly. How to compute 
exact confidence intervals for the spatial variance estimates is unknown.) For most BSCP 
analytes, however, there are nondetects. Unfortunately, software is not readily available for 
analogous analyses with nondetects. Therefore, our approach to replication at the same site 
is as follows. 

For analyses with primarily nondetects, only one member of each replicate pair, triple, 
etc. was included in the data analysis. In most cases that means simply that one nondetect was 
included in the analysis and that additional nondetects at the same site were dropped. 

For analyses with more than just a few detects, replicates at a site were averaged. This 
may cause a slight downward bias in variance estimates, but the alternative of not using 
replicates ignores useful information, and the alternative of modeling the replicates-a 
random effects model with censored data-is not feasible under project cost and time 
constraints. When all are detects, this is straightforward. When there are nondetects (which 
are left-censored), the averages are either left-censored or intervalensored. For example, 
if at the same site there are two splits, one a nondetect with detection limit 1 and the other 
a detect at level d, then the average is interval-censored, between V2 and (d i- I)D. If both 
splits are nondetects with limits 1, and 1, then the average is a nondetect, between 0 and 
(I1 f I&. Notice that these averages are computed BEFORE taking logs. If the averaging 
was done after taking logs, because the log of zero is minus infinity, the average for replicates 
with even a single nondetect would be a nondetect regardless of the number of detects among 
the replicates. 
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Variance components are discussed in Sect. 5.10. In order to increase the frequency of 
data that can be used to estimate variance components, duplicates and splits are treated the 
same-as replicates. 

53 INORGANICS 

Inorganics include metals, cyanide, and sulfates. For several of these, some or all values 
are nondetects, but most results are detects. Data screening reveals that many of the ORR 
A horizon composite results for sites 2,26, and 43 are much higher than the other values for 
the ORR A horizon, including the field duplicate, which also happens to be from sites 2,26, 
and 43. Figure 5.1 illustrates this for aluminum. It is also true for nickel, vanadium, and zinc, 
and to a lesser extent for barium, beryllium, cobalt, copper, iron, lithium, magnesium, 
potassium, and strontium. The duplicates are consistently high, suggesting the possibility of 
laboratory error. 

There is an unusually high nondetect among the Roane County, Copper Ridge, 
horizon C results for antimony. There are four detects (of four composites) for antimony in 
Nolichucky horizons B and C, but there were very few detects elsewhere in horizon C. An 
ORR, Dismal Gap. horizon C cadmium nondetect is suspiciously high. There is an extremely 
low horizon C, Dlsmal Gap, ORR mercury value. There is an extremely high horizon A, 
Anderson County, Copper Ridge selenium value. 

There are in horizons A and B of the Nolichucky, arsenic, chromium, and lead values 
that are extremely low, and single high values of arsenic for ORR Copper Ridge in each of 
horizons B and C. 'These were all deleted (though not validation rejects). All nondetects for 
calcium were deleted. There are extremely low values of copper and vanadium for ORR 
Dismal Gap horizon B; they were deleted. 

Some of the cyanide results are negative. The negative results were set to zero for the 
statistical analysis, but this still remains a problem because a zero value implies that the 
cyanide detection limit is zero. 

Summary statistics for inorganics that have suEciently many 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 FLS. The estimates are based on ail of the data, 
whether detects or not. Results for field duplicates and originals were averaged. The 
percentile estimate and lower tolerance bounds are for composites of three. 

For each analyte, horizon, and f a  mation, Table 5.1 also shows UCB95, a 95% UCB for 
the median, X95, an estimate of thc: 95th percentile of the analyte's distribution, and 
LTB9595, the 95% lower tolerance bound for the 95th percentile. N, the number of samples, 
D, the number of true detects (single detects or all-detect averages), and I, the number of 
interval-censored averages, are also given. The information contained in Table 5.1 can be 
applied directly in utilization of the data, as discussed. in Sect, 2.4.3. 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. The standard errors are 
used to compute confidence bounds, with the estimates assumed to be approximately normal. 
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Table 5.1. Summary statiftics for inorganic9 
(Estimates and oonfiden<z bounds are in mllli-grams per It&gma) 

Horizon location N I D Median UCB95 x95 LTi39595 
Formation- 

Aluminum 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NLORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

23100 
15400 
20700 
22200 
16500 
16500 
8450 
10500 
13600 
9150 

26ooo 29200 
17300 19500 
23200 26200 
25Ooo 28100 
18600 u)900 
186oO 2Omo 
9510 10700 

11800 13300 
15300 17200 
10300 11600 

25800 
17200 
23100 
24800 
18500 
18500 
9440 

11800 
152.00 
lo200 

B 
B 
B 
3 
B 
B 
B 
B 
B 
B 

DG-AND 
DG-ROA 
DG-OM 
NLaRR 
CHI-BV 
cHz-K2s 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

35500 
23700 
31100 
34800 
29700 
34800 
18400 
17000 
19400 
15400 

40100 45200 
26700 30100 
35100 39600 
39200 44300 
33500 37800 
39300 44300 
2c)800 woo 
19200 21700 
21900 24700 
17300 19600 

39800 
26500 
34800 
38900 
33200 
39000 
20700 
19OOO 
21700 
17200 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-EV 
CHI-m 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

38900 
25100 
39000 
37900 
33300 
34300 
17500 
17800 
209oO 
16800 

44OOo 49900 
28500 32200 
44200 50100 
42900 48600 
37800 42800 
38900 44OOo 
m 2 2 6 0 0  
20200 22900 
23700 26900 
19100 21600 

43700 
28200 
43900 
42600 
37500 
38600 
19800 
uxxx) 
23500 
189M) 

Antimony 

DG-AND 
NL-ORR 
REMAINDER 

4 0 1  0.885 
4 0 1  0.463 
32 0 0 

0.929 0.936 
0.485 0.490 

0.882 
0.470 

A 
A 
A 

B 
B 
3 

DG-AM) 
NL-ORR 
REMAINDER 

4 0 1  0.663 
4 0 4  0.717 
32 0 0 

1.OOo 1.200 
0.%5 1300 

0.780 
0.838 

C 
C 
C 
C 

DG-AM) 
NL-ORR 
CHI-BV 
REUAINDER 

4 0 1  0.710 
4 0 4  0.673 
4 0 1  0328 
2 8 0 0  

1.090 1310 
0.914 1.240 
0.512 0.606 

0.847 
0.808 
0393 
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Table 5.1 (continued) 
Formation- 

Horizon location N I D Medii UCB95 X95 LTB9595 

A DG-AND 
A DG-ROA 
A DG-ORR 
A NL-ORR 
A CHI-BV 
A C H I - W  
A CHE-ORR 
A CR-ORR 
A CR-AND 
A CR-ROA 

B DG-AND 
B DG-ROA 
B DG-ORR 
B NL-ORR 
B CHI-BV 
B CH1-W 
B CHE-ORR 
B CR-ORR 
IB CR-AND 
B CR-ROA 

C DG-AND 
C DG-ROA 
C DG-ORR 
C NL-ORR 
C CHI-BV 
C CHI-K25 
C CHE-ORR 
C CR-ORR 
C CR-AND 
C CR-ROA 

A DG-AND 
A DG-ROA 
A DG-ORR 
A NL-ORR 
A CHI-BV 
A CHX-K25 
A cm-ORR 
A CR-ORR 
A CR-AND 
A CR-ROA 

B DG-AND 
B DG-ROA 
B DG-ORR 
B NL-ORR 
B CHI-BV 
B CHI-K25 
B CHE-ORR 

Arsenic 

4 0 4  435 
4 0 4  5.86 
4 0 4  6.24 
3 0 3  6.16 
4 0 4  625 
4 0 4  7.61 
4 0 4  1130 
4 0 4  24 10 
4 0 4  12 10 
4 0 4  922 

4 0 3  4.04 
4 0 4  7.03 
4 0 4  7.77 
3 0 3  6.45 
4 0 4  7.05 
4 0 4  7.4 1 
4 0 4  21.20 
3 0 3  42.50 
4 0 4  20.60 
4 0 4  16.70 

4 0 3  3.80 
4 0 4  7.43 
4 0 4  1260 
4 0 3  6.63 
4 0 4  6.24 
4 0 4  6.79 
4 0 4 3290 
3 0 3  68.40 
4 0 4  26.10 
4 0 4  2930 

4 0 4  80.7 
4 0 4  87.9 
4 0 4  99.1 
4 0 4  75.4 
4 0 4  79.6 
4 0 4  76.7 
4 0 4  53-6 
4 0 4  71.8 
4 0 4  116.0 
4 0 4  613 

4 0 4  56.0 
4 0 4  69.4 
4 0 4  %.7 
4 0 4  86.2 
4 0 4  113.0 
4 0 4  89.4 
4 0 4  35.6 

556 
7.49 
7.97 
8.18 
7.99 
9.73 

14.40 
30.70 
1550 
11.80 

5.42 
937 

10.40 
8.99 
9.40 
9.87 

2830 
59.20 
27.50 
2230 

5.69 
11.00 
18.70 
9.96 
9.25 

10.10 
48.80 

108.00 
38.60 
43.40 

105.0 
114.0 
129.0 
97.8 

103.0 
99.6 
69.5 
93.2 

151.0 
79.6 

893 
81.7 

114.0 
101.0 
133.0 
105.0 
41.9 

7.10 5.47 
956 7.36 

1o.m 7.84 
10.10 7.47 
10.20 7.86 
1240 957 
18.40 14.20 
39.30 30.20 
19-80 15-20 
15.M 11.60 

7.18 5.27 
1250 9.18 
13.80 10.10 
11.50 8.08 
1250 9.21 
13.20 9.67 
37.70 27.70 
7550 53.20 
36.60 26.90 
29.70 21.80 

834 5.45 
1630 10.70 
27.70 18.u) 
14.60 9.48 
13.70 9.00 
14.90 9.79 
72.30 47.40 

150.00 93-10 
5730 37.60 
64.40 4220 

136.0 103.0 
148.0 1120 
167.0 126.0 
127.0 96.2 
134.0 1020 
129.0 97.9 
903 68.4 

121.0 91.6 
1%.0 148.0 
103-0 78.2 

105.0 88.4 
%. 1 80.8 

134.0 113.0 
119.0 100.0 
156.0 131.0 
124.0 104.0 
493 41.4 
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Tabk 5.1 (continued) 

Horizon location N I D M e d i i  UCB95 x95 LTB9595 
Formation- 

B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
3 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 

CH.I-K25 
CHE-ORR 
CR-ORR 
CX-AND 
CR-ROA 

c m w  

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
cHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NGORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 39.8 
4 46.9 
4 36.1 

4 8Li.2 
4 73.0 
4 109.0 
4 80.9 
4 145.0 
4 79.0 
4 263 
4 11.6 
4 26.9 
4 16.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
2 
3 
4 
4 

4 
4 
4 
4 
4 
4 
2 
3 
4 
3 

4 
4 
4 
4 
4 
4 
2 
3 
4 
4 

0.833 
0.647 
0.781 
0.786 
1.020 
0.912 
0.350 
0.511 
0.743 
0.455 

0.%2 
0.628 
0.728 
1 .Mx, 
1.450 
1.440 
0503 
0.544 
0.656 
0.428 

1.170 
0.825 
1.020 
1.170 
1930 
1.420 
0548 
0.753 
0.682 
0.555 

46.8 
55.2 
424 

115.0 
101.0 
1.50.0 
112.0 
200.0 
109.0 
363 
16.0 
37.1 
2 2 1  

1.020 
0.793 
0.957 
0.964 
1.250 
1.120 
0.460 
0634 
0.911 
0558 

1.230 
0.805 
0.934 
1-29 
1.850 
1.840 
0.693 
0.7 15 
0.841 
0554 

1.470 
1 .OM 
1.270 
1.460 
2390 
1.770 
0.738 
0.960 
0.855 
0.695 

55.0 
64.9 
49.9 

158.0 
139.0 
207.0 
154.0 
276.0 
150.0 
50.1 
22.1 
51.1 
30.4 

1.250 
0.973 
1.170 
1.180 
1530 
1370 
0.526 
0.768 
1.120 
0.684 

1580 
1.030 
1.m 
1.650 
2380 
2360 
0.828 
0.895 
1.osO 
0.704 

1.840 
1.300 
1.600 
1.830 
3.000 
2.220 
0.860 
1.180 
1.070 
0.871 

463 
54-6 
42.0 

1120 
98.6 
147.0 
109.0 
196.0 
107.0 
35.6 
15.7 
36.3 
21.6 

1.010 
0.782 
0.944 
0.950 
1.230 
1.100 
0.397 
0.6 13 
0.898 
0550 

1.210 
0.791 
0.917 
1.260 
1.820 
1.810 
0.5% 
0.673 
0.826 
0.537 

1.450 
1.020 
1 .so 
1.440 
2360 
1.750 
0.633 
0.918 
0.842 
0.684 
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Table 5.1 (continued) 

Horizon location N I D Median UCB95 X95 LTB9595 
Formation- 

DG-ROA 
DG-ORR 
CHE-ORR 
REMAINDER 

4 1 3  
3 1 1  
4 1 0  
2 3 0 0  

26.00 
13.70 
2-38 

38.10 
22.70 
4.87 

55.80 
29.50 
5.12 

33.80 
16.80 
250 

A 
A 
A 
A 

15-20 
21-40 
3.49 

25-60 
35.60 
6.99 

41-80 
58.90 
9.6 1 

21.80 
30.20 
4.tB 

B 
B 
B 
B 

DG-ROA 
DG-ORR 
CHE-ORR 
REMAINDER 

4 0 3  
4 1 3  
4 0 1  
2 4 0 0  

29-90 
34.90 
6.15 

C 
C 
C 
C 

DG-ROA 
DG-ORR 
CHE-ORR 
REMAINDER 

4 0 4  
4 0 4  
4 1 1  
2 3 0 0  

23.40 
27.40 
4.82 

32.50 
37.90 
7.09 

45.00 
5250 
9.25 

A REUAJNDER 4 0 0 0  

B 
B 

CR-ROA 
REMAINDER 

4 1 0  
36 0 0 

C REMAINDER 40 0 . o  

Calcium 

1860 
2070 
1810 
1080 
2560 
1880 
611 
696 
1240 
755 

2570 
2490 
2370 
1310 
3530 
2590 
843 
960 

1710 
1040 

1820 
1560 
1600 
817 
2500 
1830 
597 
679 

1210 
737 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
2 0 2  
3 0 3  
2 0 2  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

1350 
1310 
1250 
689 

1860 
1360 
443 
505 
899 
547 

B 
B 
B 
B 
B 
B 
B 
R 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
1 0 1  
2 0 2  
3 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

764 
779 
886 
768 

2210 
1190 
484 
312 
415 
305 

1080 
1550 
1440 
1140 
3110 
1680 
682 
439 
585 
430 

1520 
1550 
1760 
1530 
4390 
2370 
961 
619 
825 
607 

1050 
769 
1060 
loo0 
3030 
1640 
664 
428 
570 
419 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 

4 0 4  
1 0 1  
4 0 4  
2 0 2  
4 0 4  

383 
594 
898 

1240 
4590 

563 
1280 
1320 
2130 
6760 

828 
1280 
1940 
2680 
9930 

547 
585 

1280 
1520 
6560 
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Table 5.1 (mntinned) 
Fonnation- 

location N I D Median UCB95 X95 LIB9595 Horizon 

C 
C 
C 
C 
C 

CHI-KZ5 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

1780 
369 
269 
536 
358 

2620 
543 
372 
788 
527 

1730 
359 
232 
520 
348 

4 0 4  1210 
4 0 4  251 
3 0 3  172 
4 0 4  364 
4 0 4  244 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CKi-BV 
CHI-KZ 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  28.1 
4 0 4  273 
4 0 4  24.7 
3 0 3  28.0 
4 0 4  34.0 
4 0 4  325 
4 1 3  14.6 
4 0 4  15.4 
4 0 4  20.2 
4 0 4  12.7 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

33.3 
323 
29.2 
34.0 
40.2 
385 
17.4 
18.3 
23.9 
15.0 

395 
383 
34.6 
39.2 
47.7 
45.6 
205 
21.6 
283 
17.8 

329 
31.9 
28.9 
31.9 
39.8 
38.1 
17.1 
18.1 
23.6 
14.8 

B 
B 
B 
B 
€3 
E? 
B 
€3 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  35.0 
4 0 4  38.1 
4 0 4  37.4 
3 0 3  37.1 
4 0 4  34.1 
4 0 4  21.2 
4 0 4  29.7 
4 0 4  29.3 
4 0 4  30.1 
4 0 4  24.6 

413 
449 
44.1 
44.9 
40.2 
40.3 
35.0 
34.6 
355 
29.0 

48.7 
529 
52.0 
515 
473 
47.5 
41.2 
40.7 
41.8 
34.2 

40.8 
44.4 
43.6 
422 
39.7 
39.9 
34.6 
34.2 
35.1 
28.7 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
cHI-IC2.5 
CHE-ORR 
CR-OM 
CR-AND 
CR-ROA 

4 0 4  37.7 
4 0 4  38.7 
4 0 4  46.0 
4 0 4  54.4 
4 0 4  33.1 
4 0 4  293 
4 0 4  27.0 
4 0 4  28.9 
4 0 4  327 
4 0 4  35.4 

45 .O 
46.2 
54.9 
64.9 
39.5 
34.9 
322 
34.5 
39.0 
42.3 

53.7 
55.2 
655 
77.4 
47.2 
41,7 
38.4 
4 1 2  
465 
50.4 

44.4 
45.1 
543 
64.1 
39.1 
34.5 
31.8 
34.1 
38.5 
41.8 

cobalt 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHEdRR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  1240 
4 0 4 21.40 
4 0 4  14.50 
4 0 4  14.40 
4 0 4  18.50 
4 0 4  29.50 
4 0 4  1150 
4 0 4  7.16 
4 0 4  15.90 
4 1 2  5-16 

1650 
28.40 
1930 
19.20 
24-50 
25.90 
1530 
10.30 
21.10 
7.02 

21.90 
37.70 
25.60 
25.40 
3250 
34.40 
2030 
13.70 
28.00 
9.09 

16.20 
27.90 
18-90 
18.80 
24-10 
25.40 
15.00 
10.10 
20.70 
6-60 
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Table 5.1 (continued) 
~- 

Formation- 
Horizon location N I D Median UCB95 x95 LTB9595 

B DG-AMD 
B DG-ROA 
B DG-ORR 
B NL-ORR 
B CHI-BV 
B CHI-K25 
€3 CHE-ORR 
B CR-ORR 
B CR-AND 
B CR-ROA 

C DG-AND 
C DG-ROA 
C DG-ORR 
C NL-ORR 
C CHI-BV 
C C H I - D  
c CHE-ORR 
C CR-ORR 
C CR-AND 
C CR-ROA 

A DG-AND 
A DG-ROA 
A DG-ORR 
A NL-ORR 
A CHI-BV 
A CHI-K25 
A CHE-ORR 
A CR-ORR 
A CR-AND 
A CR-ROA 

B DG-AND 
B DG-ROA 
B DG-ORR 
B NL-ORR 
B CHI-BV 
B C H I - D  
B C H E - o m  
R CR-ORR 
€3 CR-AND 
B CR-ROA 

c DG-AND 
C DG-ROA 
C DG-ORR 
C NCORR 
C CHI-BV 
C CHI-K25 
C CHE-ORR 
C CR-ORR 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 1 1  
4 0 1  
4 0 4  
4 1 1  

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 3  
4 0 1  
4 0 4  
4 0 1  

copper 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 1 1  
4 0 3  
4 0 4  
4 1 2  

4 0 4  
4 0 4  
3 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 1 3  

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 3  
4 0 4  

1220 
9.80 
8.92 
13.40 
1350 
1270 
229 
1.70 
9.62 
226 

14.60 
10.10 
1200 
14.50 
23.00 
14.30 
6.79 
151 
6.30 
0.97 

14.90 
11.00 
16.10 
11.70 
16.20 
11.40 
3.92 
6-25 
9.15 
5.76 

19.00 
13.70 
20.60 
1930 
23.60 
17.90 
16.80 
18-60 
22.40 
12.20 

2730 
23.80 
28.70 
24-90 
29.00 
19.00 
21.40 
30.80 

19.20 
15.40 
14.10 
21.10 
21.20 
20.00 
3.94 
3.16 
15.20 
3.94 

27.80 
1930 
22 XI 
2: 13 
43.90 
27.20 
13.10 
354 
1200 
237 

18.90 
14.00 
2050 
14.90 
20.60 
1450 
5.26 
8.19 
11.60 
7.41 

2350 
16.90 
26.20 
23.80 
29.20 
2210 
20.70 
23-00 
27.60 
15.10 

33.90 
29.60 
35.70 
30.90 
36.00 
23-60 
27.10 
3830 

3020 1850 
2430 14.90 
2210 13.60 
33.30 20.40 
33.40 20.50 
3150 1930 
5.69 3.26 
4.22 226 
23.90 14.60 
5.61 3.17 

53.10 26.40 
36.90 18.30 
43.60 21.70 
5290 26-30 
83.80 41.70 
51.90 25.80 
24.70 1230 
550 236 
2290 11.40 
3.53 1.45 

24.00 18.60 
17.80 13.80 
26.10 20.10 
18.90 14.60 
25.20 B.20 
1850 14.30 
6.33 4.68 
10.10 759 
14.80 11.40 
930 7.15 

29.00 23-10 
20.90 15.70 
3130 24.20 
29.40 2350 
36.00 28.70 
2730 21.80 
2550 20.40 
28-40 2260 
34-10 27.20 
18.60 14.80 

4210 33.40 
36.70 29.20 
44.30 35.10 
38.40 . 3050 
44.70 3550 
29.30 2330 
3290 25.70 
4750 37.70 
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Table 5.1 (continner) 

N I D Median UCB9.5 
Fonnation- 

Horizon location x95 LTB9595 

C CR-AND 
C CR-ROA 

4 0 4  
4 0 4  

30.00 
1650 

37.20 
2050 

46.20 36.70 
2550 20.20 

cyanide 

A DG-AND 
A DG-ROA 
A DG-ORR 
A REMAINDER 

4 1 1  
4 1 2  
3 0 1  
2 6 0 0  

0.1340 
03140 
0.1300 

0.253 
0583 
0.28 1 

0.410 0.195 
0.979 0.447 
0398 0,177 

B DG-AND 
B DG-ORR 
B REMAINDER 

4 0 1  
4 0 2  
30 0 0 

0.0688 
0.2460 

0.210 
0594 

0.29 1 0.102 
1.040 0.292 

C DG-ORR 
C REMAINDER 

4 0 2  
33 0 0 

0.2660 0.760 1.450 0.278 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-ZUS 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

25600 
25400 
29m 
27900 
36OOo 
31000 
14200 
12OOO 
15300 
11600 

29700 
29600 
34200 
32400 
41800 
36OOo 
16500 
13900 
17800 
13400 

34600 29400 
34400 29300 
39800 33900 
37700 32100 
48600 41400 
41800 35600 
39200 16400 
16200 13800 
20700 17600 
15600 13300 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

DG-GND 
DG-RUA 
DCr-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

3p400 
32600 
37300 
42400 
48900 
55100 
33500 
3nw 
29400 
23ooo 

44500 
36800 
42100 
47900 
55200 
62300 
37800 
36900 
33200 
26OOo 

50200 44100 
41600 36500 
47600 41800 
54100 47500 
62400 54800 
70300 6 1800 
42700 37500 
41700 36600 
37500 33000 
29ux) 25700 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
cHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

42700 
38800 
43000 
41700 
52800 
53700 
34500 
41200 
33800 
37900 

47 100 
42900 
47400 
46OOo 
58200 
592.00 
38 100 
45500 
37300 
41900 

52OOo 46800 
47300 42600 
52300 47100 
SO800 45700 
64300 57900 
65400 58800 
42000 37800 
50200 45200 
41 100 37000 
46m 41600 
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Table 5.1 (continoed) 
Formation- 

location N I D Median UCB95 X95 LIT39595 Horizon 

53.4 383 
44.0 31.5 
37.9 27.2 
327 224 
66.5 455 
59.0 42.2 
33.6 24.1 
7 13 51.1 
61.7 44.2 
36.9 26.4 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
cm-ORR 
CR-QRR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
3 0 3  
3 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

28.6 
23.6 
203 
175 
35.7 
3 1.6 
18.0 
38.2 
33.1 
19.8 

39.1 
322 
27.7 
25.1 
51.1 
432 
24.6 
52.2 
45.2 
27.0 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHLK25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
3 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

18.8 
128 
11.8 
11.8 
20.1 
16.7 
10.0 
185 
235 
109 

25.9 
17.6 
16.2 
17.1 
27.7 
22-9 
13.8 
25.4 
323 
15.0 

35.6 253 
24.2 17.2 
223 15.8 
22.4 15.2 
38.0 27.1 
315 22.4 
19.0 135 
35.0 24.9 
445 31.7 
20.7 14.7 

48.7 295 
36.0 23.1 
33.6 21.6 
54.2 34.9 
91.5 58.9 
38.2 24.6 
47.7 30.7 
77.4 49.8 
40.0 25.7 
359 23.1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

3 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

21.3 
15.7 
14.7 
23.7 
40.0 
16.7 
20.9 
33.9 
175 
15.7 

34.3 
23.8 
222 
35.9 
605 
253 
3 15 
512 
265 
23.7 

Lithium 

13.30 
14.10 
21.40 
14.00 
16.00 
17.40 
4.99 
3.48 
9.17 
4.66 

16.90 13.00 
17.10 12-60 
26.40 19.50 
17.80 13.70 
18.40 12.80 
22.30 17.10 
6.28 4.78 
4.24 3.15 
11.70 8.98 
5.74 4.24 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-OKR 
NL-ORR 
CHI-BV 
CH1-W 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 2  
3 0 3  
4 0 4  
2 0 2  
4 0 4  
4 1 1  
4 0 2  
4 0 4  
3 0 3  

10.40 
10.50 
16-20 
10.90 
11-30 
13.70 
3.85 
260 
7.18 
3.51 

24.60 
24.60 
28.40 
30.50 
4 1.20 
41.80 

31.60 24.20 
3150 24.10 
36.40 27.80 
39.20 30.00 
47.70 33.10 
53.60 41.10 

DG-AND 
DG-ROA 
DG-OKR 
NL-ORR 
CHI-BV 
CHI-IC25 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
2 0 2  
4 0 4  

19-20 
19.20 
2210 
23.80 
29.00 
3260 
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Table 5.1 (mntind) 

Horizon location N I D Median UCB95 x95 LTB9595 
Fonnation- 

B CHE-ORR 
B CR-ORR 
B CR-AND 
B CR-ROA 

0 3  10.60 
0 4  633 
0 4  12-10 
0 3  8.76 

13.90 
8.12 

15.60 
11.70 

17.40 
10.40 
20.00 
14.40 

13.00 
7.97 
15.30 
10.60 

C DG-AND 
C DG-ROA 
C DG-ORR 
C NGORR 
C CHI-BV 
C CHI-K25 
C CHE-ORR 
C CR-ORR 
C CR-AND 
C CR-ROA 

4 
4 
4 
4 
2 
4 
4 
4 
4 
3 

0 4  20.70 
0 4  24-60 
0 4  27.60 
0 4  23.40 
0 2 37.10 
0 4  36-00 
1 2  11-40 
0 3  4.09 
0 4  1280 
0 3  9.88 

2730 
3230 
3630 
30.80 
54.60 
4730 
15.60 
5.40 

16.80 
13-60 

35.90 
4250 
47.70 
4050 
64- 10 
6230 
19.70 
7.07 
22 10 
17.10 

26.70 
31.60 
35.50 
30.20 
42-90 
46-40 
14.20 
5.26 
16.50 
12.20 

Magnesium 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-Kz.5 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

0 4  2690 
0 4  1580 
0 4  2850 
0 4  a 1 0  
0 4  1380 
0 4  1080 
0 4  369 
0 4  463 
0 4  680 
0 4  411 

3230 
1900 
3420 
2410 
1660 
1300 
443 
557 
817 
494 

38si.l 
2290 
4110 
2900 
2Ooo 
1570 
533 
669 
982 
594 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3 190 
1880 
3380 
2380 
1640 
1290 
438 
550 
807 
488 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 
NGORR 
CHI-BV 
CHI-W 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

0 4  2890 
0 4  1980 
0 4  3 m  
0 4  2720 
0 4  2330 
0 4  23 10 
0 4  813 
0 4  569 
0 4  869 
0 4  536 

3370 
2320 
3820 
3 180 
2720 
2690 
949 
664 
1010 
648 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3930 
2700 
4460 
3710 
3170 
3140 
1110 
776 

1180 
757 

3340 
2290 
3790 
3150 
2690 
2660 
940 
658 

lo00 
642 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORK 
CHI-BV 
CHI-m 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 4  3560 
0 4  3010 
0 4  4370 
0 4  3380 
0 4  3230 
0 4  2290 
0 4  735 
0 4  45 1 
0 4  859 
0 4  449 

4240 
3590 
5210 
4040 
3860 
2740 
877 
539 
1030 
536 

So80 
4290 
6230 
4820 
4610 
3270 
1050 
644 

1230 
640 

4210 
3550 
5150 
3990 
3820 
2710 
867 
533 

1010 
530 

.. . 
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Table 5.1 (mntioued) 

Horizon location N I D Medim UCB95 X95 LTB9595 
Formation- 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
€3 
B 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

€3 
B 
€3 
B 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K.25 
CHE-ORR 
CR-ORR 
CR-ANI) 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
C H I - U  
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-ROA 
DG-ORR 
cHI-K25 
CHE-ORR 
CR-OM 
CR-AND 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

708.0 
1720.0 
997.0 
653.0 

1050.0 
1670.0 
921.0 

1070.0 
2230.0 
853.0 

279.0 
341.0 
279.0 
265.0 
378.0 
328.0 
114.0 
139.0 
5 19.0 
123.0 

535.0 
265.0 
344.0 
321.0 
675.0 
370.0 
206.0 
925 

326.0 
67.9 

M-7 

0 1  0.095 
0 2  0.154 
0 4  0.3 16 
0 4  0.185 
0 4  0.160 
0 4  0.494 
1 2  0.129 
0 4  0.157 
1 3  0.1 10 
0 3  0.118 

0 1  0.136 
0 -  2 0.151 
0 3  0.117 
0 3  0.104 
0 4  0.107 
0 4  0.131 

970 
2360 
1370 
895 

1440 
2290 
1260 
1460 
3069 
1170 

484 
593 
484 
460 
656 
571 
197 
242 
902 
214 

1080 
535 
693 
648 

1360 
747 
415 
186 
658 
137 

0.1 180 
0.1840 
03700 
0.2170 
0.1880 
0.5790 
0.1530 
0.1840 
0.1300 
0.1390 

0.1660 
0.1800 
0.1370 
0.1220 
0.1250 

1330 
3230 
1870 
1230 
1980 
3 130 
1730 
20oo 
4190 
1600 

841 
1030 
842 
799 

1140 
992 
343 
421 

1570 
372 

2180 
1080 
1400 
1310 
2740 
1510 
838 
376 

1330 
276 

0.1310 
0.2120 
0.4340 
0.2540 
0.2200 
0.6780 
0.1770 
0.2150 
0.1500 
0.1620 

0.1850 
O.U)60 

0.1590 
0.1410 
0.1460 

0.1530 0.1790 

950 
2310 
1340 
877 

1410 
2240 
12Ao 
1430 
3ooo 
1140 

467 
572 
467 
444 
633 
550 
190 
233 
870 
206 

1030 
511 
662 
619 

1300 
7 13 
397 
178 
629 
13 1 

0.1050 
0.1770 
03650 
0.2140 
0.1850 
057 10 
0.1490 
0.1810 
0.1260 
0.1360 

0.1520 
0.1710 
0.1330 
0.1180 
0.1220 
0.1500 
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Horizon 
Formation- 

location 

B 
B 

A 
A 
A 

C 
.c 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

CR-ROA 
REMAINDER 

DG-ROA 
DG-ORR 
CHI-BV 
CHI-EGZS 
CHE-ORR 
CR-ORR 
CR-AM) 
CR-ROA 
REMAINDER 

DG-AND 
CR-ORR 
m E R  

DG-AND 
NL-ORR 
CHI-BV 
cHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
REMAINDER 

DG-AND 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CH1-m 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
(331-BV 
CHI-= 

Table 5.1 (continued) 

N I D Median UCB95 X95 LTF39595 

4 1 3  0.145 0.1690 0.1970 0.1650 
12 0 0 

4 0 1  0.126 
4 0 1  0.060 
4 0 2 0.098 
4 0 4  0.135 
4 0 4  0.161 
4 0 4  02-48 
4 0 4  0.179 
4 0 4  0.232 
8 0 0  

0.1570 
0.0838 
0.1180 
0.1590 
0.1900 
0.2930 
0.2110 
0.2740 

0.1760 
0.0838 
0.1370 
0.1880 
0.2250 
03460 
0.2500 
03240 

0.1410 
0.0594 
0.1 130 
0.1560 
0.1870 
0.2880 
0,2070 
0.2690 

4 1 0  1.28 1.72 1.69 1.24 
4 0 1  1.41 1.75 1.87 1.48 
29 0 0 

4 1 1  
4 0 1  
2 0 1  
4 0 1  
4 0 1  
4 0 3  
4 0 2  
3 0 1  
8 0 0  

1.32 
13 1 
233 
2.13 
203 
3.03 
266 
1.47 

1.89 
1-95 
3.74 
3.20 
3.05 
4.08 
3-70 
230 

2.37 
2.35 
4.19 
3.82 
3.64 
5.43 
4.78 
264 

1.62 
159 
2-56 
2.56 
243 
3.82 
335 
1.68 

4 0 2  1.57 202 244 3-86 
4 1 1  221 2% 3.45 256 
4 0 4  3.80 4.74 5.93 4.53 
4 0 2  27 1 3.48 4.22 323 
3 1 2  262 3.44 4.08 3.01 
18 0 0 

4 0 4  20.80 25.80 3200 25.40 

4 0 4  2350 29.10 36.10 28.60 
4 0 4  1730 21.40 26.60 21.10 
4 0 4  1350 16.70 20.70 16.40 
4 0 4  1720 21-30 26.50 21,00 
4 1 0  5.74 7.65 8-83 6.62 
4 0 3  7.65 9.71 11.80 9.15 
4 0 3  8.64 10.70 1330 10.50 
4 2 0  429 6.06 6.59 4.63 

4 0 4  16.70 20.80 25.80 20.40 

4 0 4  24.30 30.40 38.00 29.80 
4 0 4  17.90 2.2.40 28.00 22.00 
4 0 4  2290 28.60 35.70 28.10 
4 0 4  20.80 26.10 32.50 25-60 
4 0 4  22.60 28-20 3530 27.70 
4 0 4  21.70 27.10 33.90 26-60 
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Table 5.1 (ioontinoed) 
Fomation- 

Horizon location N I D Median UCB95 x95 LTB9595 

13.80 
14.30 
17.80 
10.70 

1650 
17.90 
22.30 
13.20 

1260 
14.10 
1750 
1030 

E 
B 
B 
B 

CHE-QRR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 1  1050 
4 0 4  1150 
4 0 4  1430 
4 1 2  8.44 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  29.20 
4 0 4  26.90 
4 0 4  28.80 
4 0 4  2430 
4 0 4  31.90 
4 0 4  2290 
4 0 3  19.90 
4 0 4  15.80 
4 0 4  16.00 
4 0 3  10.90 

3730 
34.40 
35.90 
31.10 
40.90 
29.40 
25.60 
m.20 
20.60 
14.00 

47.80 
44.10 
47.30 
39.90 
52.30 
37.60 
3270 
25.90 
2630 
17.90 

36.70 
33.80 
3630 
30.60 
40.20 
28.90 
25-10 
19.90 
20.20 
13.70 

A 

B 

C 

REh4AINDER 4 0 0  

REMAINDER 5 0 0  

REMAINDER 5 0 0  

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
3 1 2  
4 0 0  

3890 
1300 
2300 
2950 
1550 
1690 
370 
505 
290 

4740 
1590 
2800 
3590 
1890 
2060 
4.5 1 
615 
370 

5770 
1940 
3410 
4380 
2300 
2s 10 
549 
749 
430 

4670 
1570 
2760 
3540 
1860 
2030 
444 
606 
335 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-W 
CR-ORB 
CR-AM) 
CR-ROA 
REMAINDER 

B 
B 
B 
B 
B 
B 
B 
B 
E3 
€3 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHl-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
3 0 3  

3850 
1730 
2590 
3690 
2400 
3860 
1100 
597 
854 
479 

4540 
2040 
3050 
4350 
2830 
4550 
1300 
. 703 
1010 
578 

5350 
2410 
3590 
5130 
3330 
5360 
1530 
829 
1190 
664 

4490 
2020 
3010 
4300 
2800 
4500 
1280 
6% 
996 
545 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

4460 
2490 
3130 
5020 
2470 
3810 
1210 

5 180 
2890 
3630 
5830 
2870 
4420 
1410 

6020 
3360 
4220 
6770 
3330 
5 140 
1640 

5 130 
2860 
3600 
5770 
2840 
4380 
1390 
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Forination- 
location Horizon x95 LTr39595 

C 
C 
C 

CR-ORR 
CR-AND 
CR-ROA 

4 0 4  798 927 
4 0 4  LO 10 1170 
3 0 3  500 595 

1080 918 
1360 1160 
675 563 

selenium 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
NL-ORR 
CHI-BV 
CHI-K25 
CHEORR 
CR-ORR 
CR-AM) 
CR-ROA 
REMAINDER 

4 0 4 0.746 0.940 
4 0 1  0.723 0.996 
4 0 3  0565 0.718 
4 0 4 0.739 0.931 
4 0 4 0.763 0.962 
2 1 1  0.440 0.625 
4 0 4  0.637 0.803 
4 0 4  1.040 1,310 
4 0 2 0.483 0.621 
4 0 0  

1.190 0.9 19 
1.150 0.833 
0.8% 0.695 
1.170 0.91 1 
1210 0.940 
0.699 0.486 
3.010 0.785 
1.650 1.280 
0.767 0591 

B 
B 
B 
B 
E 
3 
B 
B 
B 
B 

DG-AND 
DG-ROA 
NL-ORR 
CHI-BV 
CHI-K.25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-KOA 
REMAINDER 

4 0 4 0.676 0.809 
4 0 1  0.429 0595 
4 0 3  0.649 0.779 
4 0 4  0.785 0.938 
4 0 3  0.721 0.877 
3 0 2  0.474 0592 
4 0 4  0.813 0.971 
4 0 4  0.622 0.744 
4 0 3  0588 0.706 
4 0 0  

0.967 0.795 
0.613 0.440 
0.928 0.763 
1.120 0.922 
1.030 0.838 
0.677 0.537 
1.160 0.955 
0,889 0.73 1 
0.843 0,691 

. .... 

DG-AND 
NL-ORR 
CHI-33V 
CH1-W 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
REUAINDER 

4 1 3  0.495 0.637 
4 0 3  0.817 1.oso 
4 0 2 0.612 0.792 
4 0 3  0.530 0.681 
3 0 2 0531 0.709 
4 0 4 0.880 1.120 
4 0 4  0.646 0.824 
4 0 4  0.651 0.830 
8 0 0  

0.804 0.612 
1330 1.020 
0.994 0.758 
0.861 0.658 
0.862 0.635 
1.430 1.090 
1.050 0.802 
1 -060 0.808 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
2 0 2  
4 0 4  
4 0 4  
1 0 1  
4 0 4  
1 0 1  

221 243 
484 532 
506 556 
245 269 
5 10 583 
636 699 
54 1 595 
633 764 
45 1 4% 
580 700 

267 241 
585 528 
611 552 
295 267 
616 536 
769 694 
653 590 
764 631 
545 492 
700 577 

B 
B 
B 

DG-AND 
DG-ROA 
DG-ORR 

4 0 4  239 268 
4 0 4  519 580 
4 0 4  49 1 549 

299 265 
649 575 
613 544 



5-28 

Table 5.1 (continued) 

Horizon location N I D Median UCB95 X95 LIB9595 
Formation- 

NLQRR 
CHI-BV 
CHI-KZ 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
2 0 2  
4 0 4  
4 0 4  
1 0 1  
4 0 4  
1 0 1  

248 
553 
790 
600 
663 
509 
581 

277 
647 
883 
67 1 
828 
569 
725 

3 10 
69 1 
987 
750 
828 
636 
725 

277 
547 
664 
363 
641 
%9 
756 
823 
653 
77 1 

275 
586 
875 
665 
560 
564 
578 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-m 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
2 0 2  
4 0 4  
4 0 4  
1 0 1  
4 0 4  
1 0 1  

214 
423 
5 14 
280 
4% 
750 
585 
637 
505 
597 

243 
481 
584 
3 19 
595 
852 
665 
823 
574 
771 

2/41 
476 
578 
316 
53 1 
843 
658 
634 
569 
593 

Silver 

A REMAINDER 4 0 0 0  

B REMAINDER 4 0 0 0  

C REMAINDER 4 0 0 0  

sodium 

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
R E M N D E R  

4 0 4  
4 0 4  
4 0 4  
4 0 3  
4 0 4  
4 0 4  
1 0 0  

392 
426 
323 
357 
395 
354 

417 
454 
344 
381 
421 
377 

445 
483 
366 
405 
448 
401 

414 
45 1 
341 
377 
418 
374 

A 
A 
A 
A 
A 
A 
A 

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
R E W N D E R  

416 
455 
3 18 
357 
374 
343 

447 
488 
342 
383 
401 
368 

480 
524 
367 
41 1 
43 1 
395 

443 
485 
339 
380 
398 
365 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
1 0 0  

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
REMAINDER 

4 0 4  
4 0 4  
4 0 4  
4 0 1  
4 0 4  
4 0 4  
1 0 0  

419 
438 
329 
359 
379 
360 

454 
474 
356 
389 
410 
390 

492 
514 
386 
422 
445 
.r73 

450 
470 
353 
386 
407 
386 
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Table 5.1 (continued) 

Horizon location N I D Medii Ut395 X95 LTB9595 
Fonnabon- 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
€3 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
€3 
B 
B 
B 
3 
€3 

DG-AND 
DG-ROA 
DG-ORR 
=-om 
CHI-BV 
CM-K25 
CHE-om 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-KS 
CHE-URR 
CR-AND 
CR-ROA 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K.25 
CHE-ORR 

4 
4 
3 
4 
2 
4 
4 
4 
4 
3 

4 
4 
4 
4 
2 
4 
4 
4 
4 
3 

4 
4 
4 
4 
2 
4 
4 
4 
3 
4 

4 
4 
3 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
3 
4 
2 
4 
2 
4 
4 

' 3  

4 
4 
4 
4 
2 
4 
2 
3 
4 
3 

4 
4 
4 
4 

- 2  
4 
2 
4 
3 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

4 
4 
3 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 

6.180 
4.970 
7.930 
4550 
552.0 
11.700 
2360 
3510 
5590 
3.480 

4320 
4.630 
7520 
5.520 
6.900 
14.400 
2830 
1.910 
2890 
2380 

3.760 
4.170 
8.970 
5.190 
13.200 
12.800 
0.5% 
1.860 
1.480 

14.10 
69-90 
86-70 
18.70 
94.70 
178.00 
73.70 
63-20 
104.00 
54.90 

41.80 
134.00 
103.00 
79.00 
79.40 
137.00 
46.00 

8.480 
6.820 
11.400 
6.250 
8.640 
16.000 
3330 
4.810 
7.680 
5.020 

6340 
6.810 
11.100 
8.100 
11.900 
21,200 
4.300 
2840 
4.250 
3.710 

5.900 
6.550 
14.100 
8.150 
25.100 
2o.Ooo 
0.962 
2930 
2490 

19.6 
975 
127.0 
26.0 
1320 
248.0 
103.0 
88.2 
146.0 
76.6 

58.2 
187-0 
143.0 
110.0 
111.0 
191.0 
64.1 

11.60 
935 
14.90 
857 
10.40 
2200 
4.45 
6.60 
1050 
656 

932 
10.00 
16.20 
11.90 
14.90 
31.10 
6.11 
4.13 
6.24 
5.14 

9-26 
1030 
2210 
1280 
3270 
3150 
1.47 
4.60 
3.65 

27.4 
136.0 
169.0 
363 
184.0 
346.0 
143.0 
123.0 
203.0 
107.0 

81.0 
260.0 
199.0 
153.0 
154.0 
266.0 
893 

8.270 
6.650 
10.100 
6.090 
6530 
15.600 
3.120 
4.700 
7.490 
4.460 

6.150 
6.600 
10.700 
7.860 
8-450 

20500 
3-970 
2710 
4.120 
3.210 

5.670 
6.290 
13.600 
7.840 
16.800 
19.300 
0.893 
282.0 
2.090 

19.2 
953 
113.0 
25.5 
129.0 
243.0 
101.0 
86.3 
1420 
74.9 

56.9 
183.0 
140.0 
108.0 
108.0 
187.0 
62.7 
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Table 5.1 (mntinned) 
~ 

Horizon 
Fonnation- 

location N I D Median UCB95 x95 Lrn9595 

626 
77.1 
80.2 

87.2 61.3 
107.0 75.4 
1120 78.5 

B 
B 
B 

CR-ORR 
CR-AND 
CR-ROA 

4 0 4  44-90 
4 0 4  55.40 
4 0 4  57.60 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
C R - o m  
CR-AND 
CR-ROA 

4 0 4  16.00 
4 0 4  47.20 
4 0 4 129.00 
4 0 4  38-30 
4 0 4  36-70 
4 0 4  43.70 
4 1 2  1350 
4 0 2  9.83 
4 0 4  35.80 
4 0 3  10.80 

24.7 
725 

199.0 
58.9 
56.5 
673 
213 
16.1 
55.1 
17.1 

37.9 23.9 
1120 702 
306.0 192.-Q 
90.6 57.0 
86.8 54.7 

103.0 65.2 
320 199 
233 14.1 
84.7 533 
25.7 16.0 

0.523 0.154 
0.818 0.257 
1.950 0.605 

A 
A 
A 
A 

DG-ROA 
DG-ORR 
CR-AND 
REhUINDER 

4 0 1  0.105 
4 0 1  0.165 
4 1 0  0394 
2 6 0 0  

0.387 
0556 
1.370 

DG-ROA 
DG-ORR 
NL-ORR 
CR-ORR 
REMAINDER 

4 0 1  0232 
4 0 2  0.326 
4 0 1  0343 
4 0 1  0.273 
2 2 0 0  

0.405 
0500 
0537 
0.486 

0.4% 0.286 
0.6% 0.414 
0.732 0.430 
0583 0335 

DG-ROA 
DG-ORR 
NL-ORR 
CHE-ORR 
CR-AND 
REMAINDER 

4 0 1  0.269 
4 0 2  0.345 
4 0 4  0.576 
2 1 0  0.313 
4 0 1  0.463 
2 0 0 0  

0.394 
0.485 
0.777 
0.542 
0.710 

0.489 0335 
0.626 0.430 
1.050 0.712 
0569 0321 
0.840 0553 

Vanadium 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NGORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-OM 
CR-AND 
CR-ROA 

4 0 4  303 
4 0 4  322 
4 0 4  34.2 
4 0 4  32.4 
4 0 4  36.5 
4 0 4  36.6 
4 0 4  30.0 
4 0 4  26.4 
4 0 4  34.4 
4 0 4  23.0 

34.8 
36.9 
39.1 
37.1 
41.9 
420 
343 
30.3 
39.4 
26.4 

39.8 34.5 
423 36.6 
44.8 38.8 
425 36.8 
48.0 41.5 
48.1 41.6 
393 34.0 
34.7 30.0 
45.1 39.0 
30.2 26.1 

CS-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CW-BV 
C H 1 - U  
CHE-ORR 

4 0 4  44.8 
4 0 4  39.1 
3 0 3  39.8 
4 0 4  45.9 
4 0 4  44.1 
4 0 4  527 
4 0 4  61.7 

50.7 
44.3 
45.9 
520 
50.0 
59.7 
69.9 

57.5 503 
50.2 43.9 
51.0 43.9 
58.9 51.5 
56.6 49.6 
67.6 59.2 
79.2 69.3 
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Table 5.1 (mntind) 

Horizon iocation N I D Median UCB95 X95 LTEl9595 
Formauon- 

B CR-ORR 4 0 4  63.4 71.8 813 71.2 
B CK-AND 4 0 4  575 65.2 73.8 64.6 
B CR-ROA 4 0 4  493 55.8 633 55.4 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
3 
B 
B 
3 
B 
8 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CwT-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHX-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CWE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

426 47.6 53.2 
35.0 39.1 43.7 
46.6 521 58.2 
41.4 46.2 516 
42.1 47.0 525 
45.8 512 57.1 
57.9 64.6 722 
78.3 87.4 97.6 
63.6 71.0 79.2 
81.1 905 101.0 

47.3 
38.8 
51.7 
45.9 
46.7 
50.8 
642 
86.8 
70.5 
89.9 

49.7 61.4 75.9 60.6 
40.7 50.3 62.1 49.6 
50.6 626 77.4 61.7 
37.9 46.8 57.9 46.2 
44.9 55.5 68.6 54.8 
46.0 56.9 70.4 56- 1 
393 48.6 60.1 47.9 
34.9 43.2 53.4 42.6 
44- 1 54.5 67.3 53.7 
39.4 48.7 602 48.0 

51.0 662 86.0 
41.1 53.4 69.4 
515 66.9 86.9 

57.8 75.0 445 
58.9 765 99.4 
71.0 92.2 120.0 
116.0 151.0 1%.0 
76.7 99.6 129.0 
733 95.2 124.0 
435 565 73.4 

4 0 4  59.5 
4 0 4  51.1 
4 0 4  6 15 
4 0 4  44.6 
4 0 4  829 
4 0 4  65.4 
4 0 4  171.0 
4 0 3  129.0 
4 0 4  828 
4 0 4  55.2 

79.0 105.0 
67.8 90.0 
81.6 108.0 
593 78.7 
110.0 146.0 
86-8 115.0 
227.0 302.0 
173.0 227.0 
110.0 146.0 
73.2 97.2 

65.1 
525 
65.8 
56.8 
75.2 
90.6 
149.0 
97.9 
93.6 
55.6 

77.5 
665 
80.1 
58.1 
108.0 
85.2 
223.0 
166.0 
108.0 
7 1.9 

- -~ ~ ~- - 

*N = number of observations, possibly averages over replicates at sitcs; 1 = number of interval 
censored observations (see text); D = number of true detects (see text); UcB9.5 = 95% upper 
confidence bound for median; XM = estimate of 95th percentile; LIB9595 = 95% lower mfidencz 
bound for 95th permatile; R E M D E R  refers to the remaining observations-no detects. 
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Abbreviation 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 

CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

Dismal Gap-Anderson County 
Dismal Gap-Roane County 
Dismal Gap-Oak Ridge Reservation 
Nolichucky-Oak Ridge Reservation 
Chickamauga-Bethel Valley 
Chickamauga-K-25 Area 
Chepultepec-Oak Ridge Reservation 
Copper Ridge-Oak Ridge Reservation 
Copper Ridge- 4nderson County 
Copper Ridge-Roane County 

The statistical accuracy of the results can be assessed by comparing the estimates to their 
corresponding confidence bounds: the median to the UCB95 and the percentile X95 (for 
composites of three) to the lower tolerance bound LTE39595, and by comparing the two 
conFdence bounds. Consider, for example, the beryllium, A horizon of the ORR Dismal Gap 
row in Table 5.1. The median and 95th percentile estimates are 0.78 and 1.17 mgkg per gram. 
But, as indicated, we can be 95% confident only that the median is less than O.%, and 95% 
confident that the 95th percentile exceeds 0.94 m a g .  On the basis of these data and 
statistical arguments, and given a beryllium measurement of a composite of three from a new 
test location, one could not rule out beryllium contamination at the new location, unless the 
level there was less than about 0.94. Since it is 95% certain only that the background median 
is less than 0.96, one cannot be confident of not getting future beryllium samples for which 
contamination would not be ruled out-even in uncontaminated areas-on the basis of these 
data. This is an unavoidable consequence of the study’s small sample sizes. Of murse, in 
practice, on the basis of risk arguments, 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 statistical precision, further combining of data may be necessary, or 
it may simply be necessary to collect more data. 

An example of further data combination is presented in Table 6.la, which is like 
Table 5.1 except that the breakdown is by ORR groups rather than formations. The groups 
are the Conasauga (Dismal Gap and Nolichucky formations), b o x  (Copper Ridge and 
Chepultepec formations), and Chickamauga soils group, represented by the two ORR 
Chickamauga sampling locations. The UCB95 statistics tend to be lower than the LTB9595s 
in Table 6.la, a reflection of the combination of data (over formations) for each group. Of 
course, combining data as in Table 6.la should be justified. To this end, tests to compare 
areas within groups are discussed here and in Sect. 6. 

The usual summary statistics are not meaningful when nearly all of the observations are 
nondetects. For those inorganics, Table 5.2 presents an alternative. Table 5.2 contains 95% 
UCBs for the probabilities of detection or exceeding the MAXDL for those analytes having 
fewer than 2090 detects. Field duplicates and splits were dropped. (Consequently, there may 
be a few discrepancies between number of detects in Tables 5.1 and 5.2.) The MAXDLs are 
only for the nondetects. When the UCBs in Table 5.2 are less than 0.05 or perhaps 0.10, the 
observation of a new detect in a similar area suggests that the background values may have 
been compromised. 
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Table 5.2 Additional summafy statistics for inorganks with fewer than 20% d e w  
(Data have been combined over sampling area;a) 

Antimony 
Antimony 
Antimony 
Boron 
Boron 
Cadmium 
Cadmium 
Cadmium 
Cyanide 

Cyanide 
Cyanide 
Molybdenum 
Osmium 
Osmium 

Osmium 
Silver 

Silver 
Silver 
Thallium 
Thallium 

A 40 
B 40 
C 40 
A 34 
B 36 
A 40 
B 40 
C 40 
A 37 
B 38 
C 37 
A 37 
A 4 
B 5 
C 5 
A 40 
B 40 
C 40 
A 38 
B 38 

1.40 2 
1-40 5 
2.m 6 
19.80 6 
10.20 7 
0.25 0 
0.24 1 
03 1 0 
130 5 
1.10 3 
1.10 2 
9.80 2 

14.80 0 
15.20 0 
19.90 0 
210 0 
220 0 
280 0 
0.78 2 
0.67 5 

0.15 
0.25 
0.27 
0.32 
033 
0.07 
0.11 
0.07 

0.26 
0.19 
0.16 
0.16 
053 
0.45 
0.45 
0.07 
0.07 
0.07 
0.16 
0.26 

0 

0 
0 
4 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0.07 
0.07 
0.07 
0.25 
030 
0.07 
0.07 
0.07 
0.08 

0.08 
0.08 
0.08 

053 
0.45 
0.45 
0.07 
0.07 
0.07 
0.12 
0.08 

'Cornposited samplu--9S% UCBs for pmbabilitis of detection or of e x d i n g  the MAXDL. N = number of observations, 
duplicates and splits not included. MAXDL = maximum detection limit for nondeterts 

Some of the UCBs in Table 5.2 are above 0.10. Results in the table have been combined 
over all BSCP FLS to increase the sample sizes. Reducing the UCBs further would require 
additional sampling from the same or new areas. 

Tests for differences between FLs and between horizons are discussed in S a t .  5.2.3 and 
in Appendix G. Significance levels for tests for F'L differences in inorganics are presented in 
Table G.S. Cadmium, boron, cyanide, osmium, silver, and horizon A antimony and 
molybdenum were not analyzed for FL differences because of little detection of these 
analytes. Neither were horizon B and C antimony, which have almost no detects, except in 
the Nolichucky Formation, where there were four. 

To see haw to use Table G.3, consider, for example, horizon A arsenic. It shows 
significant differences among all FLS in general (p < O.OOOl), among Copper Ridge locations 
(p = 0.00021, among ORR FLs (p  < O.OOOl), between the ORR Copper Ridge and the 
Chepultepec FLs (p = 0.0008>, and among the three groups (p < O.OOOl>, but not among 
Dismal Gap locations (p = 0.20), or between the two ORR Chickamauga locations 
(p = 0.35), or between the ORR Dismal Gap and Nolichucky formations (p = 0.96). 

FL comparisons are discussed further in Sect. 6. The differences can be further explored 
using other LR tests; for analysis-horizon combinations without censoring, using F-tests and 
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t-tests; and, less formally, using Table 5.1 or graphical techniques. For example, horizon B 
aluminum, which shows signXcant differences among FIs overall, among Dismal Gap 
locations, and among ORR FLs, does not show differences among Copper Ridge locations. 
This is illustrated in Fig. 5.2. From the figure and Table 5.1, it is clear that horizon B 
aluminum is lowest in the Copper Ridge and Chepultepec formations, and, among Dismal 
Gap locations, slightly lower in Roane. County. 

Differences between horizons for the inorganics are analyzed first to see if the FL makes 
a difference in the horizon differences (it does seem to) and then to estimate the average 
differences for the various IFLS. Significance levels for these comparisons are presented in 
Table G.6. For example, for aluminum, the FL has a significant effect on the horizon A-B 
differences (p = 0.0002). The average differences in aluminum concentrations (mgkg) 
between horizons A and B by FL are 

Formation- Average difference" 
loation (mi!&) 

DG-AND 
DG-ROA 
DG-ORR 
NOLORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

- 12425 
- 87OO 
-9975 
- 12m 
- 13450 
- 18150 
- 10037 
-6805 
-5675 
- 6249 

'with standard error 2071. 

Athough these differences vary significantly with FL, each is also highly significant 
(p s 0.oOcil in each case): in each FL, there is significantly more aluminum in horizon B than 
in A Horizon differences €or inorganics are discussed further in Sect. 6. 

5.4 HERBICIDES 

All results for herbicides are horizon A noncomposites. There are two detects, one on 
the ORR (2,4-D in the Chepultepec FL) and one in Roane County (MCPA in the Coppx 
Ridge). Graphical examination reveals that the field duplicates and originals are generally in 
extremely close agreement for ",he herbicides. This suggests that perhaps the designation "U" 
for nondetect may have been applied too conservatively. Of course, these data are 
nevertheless handled here as nondetects. 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. 

These UCBs are useful because they are small enough that we can be confident that a 
detect in a background area is a low-probability event. Thus, statistically, a detect suggests a 
departure from background. 
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Table 53. Herbicides-%% UCBs for pmbabilities of detedion or of acceding tbe MAXDL- 
( H o h n  A data haw beeB ambin& over sampling “as.) 

MAXDL Number of detection UCB for Number UCB for 
AnatystF N exceeding prob. > 

detects probability MAXDL MAXDL W-Q) 

545-T 
2,443 
2&DB 

Dalapon 

50 314.0 0 0.06 0 0.06 

50 1894.0 1 0.09 0 0.06 

50 1421.0 0 0.06 0 0.06 

38 S527.2 0 0.08 0 0.08 

Dicamba 50 421.0 0 0.06 0 0.06 

Dichlorprop so 10520 0 0.06 0 0.06 
Din& 50 221.0 0 0.06 0 0.06 
MCPA 

MCPP 
S W X  

50 394685.0 1 0.09 0 0.06 

50 299961.0 0 0.06 0 0.06 

50 263.0 0 0.06 0 0.06 

‘N = number of observations, duplicates and splits not included. MAXDL = maximum detection limit for nondetects. 

All pesticide results are A horizon noncomposites. There are no statistical outliers. As 
with the herbicides, field duplicates and original results are all very close. After excluding 
duplicates, there were either 108 or 109 samples for each pesticide. Of these there were eight 
detects-four in Anderson County, two in Roane County, and two on the ORR. These results 
are discussed in Sect. 6. Table 5.4 €or pesticides is analogous to Tables 5.2 and 5.3. 

In spite of the detects, like the herbicide UCBs, the pesticide UCBs are useful because 
they are small enough that we can be confident that a detect in a background area is a 
low-probabiiity event. 

All P M  results are A horizon noncomposites. Many results have the validation 
designation “R” and are thus not used in the statistical analysis. (All of the originals in the 
original-reanalysis pairs are so designated.) There are no statistical outliers. However, most 
of the results for the Dismal Gap and Nolichucky formations are designated as nondetects 
(even though the PAH field duplicate and original results are nearly identical: for ail of the 
PAH samples from these areas and are exactly equal €or most). However, most of the results 
for the other formations are detects, sometimes lower than the detection limits €or the Dismal 
Gap and Nolichucky data. This is due to analytical laboratory contamination problems in the 
samples (see Sect. 4). Therefore, the results of those samples were excluded from the 
statistical analysis discussed in this section. 

Table 5 5  gives UCBs for detection probabilities. Table 5.6 gives summary statistics for 
those PAHs having one or more detects. Tables 5.5 and 5.6 parallel Tables 5.1 and 5.2 for 
the inorganics. 
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Table 5.4. Pestiades-%% UCBs for probabllitig of 
detedion or of araeeding maximom detedion limit? 

(Horizon A data have been combined over sampling areas.) 

Analysis 
Number UCB for prob. UCB for 

MAXDL Number of 
exCeedh4 > W L  

(P@& de*ects probability MAXDL 
N 

4,4'-DDD 109 13.0 0 0.03 0 0.03 
4,4'-DDE 109 13.0 0 0.03 0 0.03 

Aldrin 109 6 3  1 0.04 0 0.03 
Aroclor 1016 109 130.0 0 0.03 0 0.03 
Aroclor 1221 109 254.0 0 0.03 0 0.03 
Aroclor 1232 109 130.0 0 0.03 0 0.03 
Aroclor 1242 109 130.0 1 0.04 1 0.04 
Aroclor 1248 109 130.0 0 0.03 0 0.03 
Aroclor 1254 109 130.0 0 0.03 0 0.03 
Aroclor 1260 109 130.0 0 0.03 0 0.03 
Dieldrin 109 13.0 0 0.03 0 0.03 
Endosulfan I 108 6.3 2 0.06 0 0.03 
Endosulfan I1 109 13.0 0 0.03 0 0.03 
Endosulfan sulfate 109 235 0 0.03 0 0.03 
Endrin 109 13.0 0 0.03 0 0.03 
Endrin aldehyde 109 13.0 0 0.03 0 0.03 
Endrin ketone 109 13.0 0 0.03 0 0.0) 
Heptachlor 109 6.3 0 0.03 0 0.03 
Heptachlor epavlde 109 6.3 0 0.03 0 0.03 
Methoxychlor 109 63.0 0 0.03 0 0.03 
Toxaphene 109 630.0 0 0.03 0 0.03 
alpha-BHC 109 6.3 0 0.03 0 0.03 
alpha-Chlordane 109 235.0 2 0.06 0 0.03 
beta-BHC 109 6 3  0 0-03 0 0.03 
delta-BHC 109 63 0 0.03 0 0.03 
gamma-BHC (Lindane) 109 6.3 0 0.03 0 0.03 
gamma-Chlordane 109 46.0 0 0.03 0 0.03 

4,4'-DDT 109 13.0 2 0.06 1 0.04 

ON = number of observations, duplicates and splits not included. MAXDL = maximum detection limit for nondetects. 

Significance levels €or comparisons of PAHs by FL are in Table 6.4. Many of the PAHs 
do exhibit some significant differences. 

Table 55.  PAHs--95% U<=Bs for detedion p r o b a b i i i ~  
(Horimn A data has been combined over sampling areas.) 

UCBfor Number UCBfor 
N MAXDL Number Of detection exceeding prob. > 

(P@g> detem probability MAXDL MAXDL 

Acenaphthene 25 4.7 11 0.62 0 0.11 
Acenaphthylene 61 236.7 5 0.16 2 0.10 
Anthracene 44 4.7 39 0.95 3 0.17 
Benzo[b]fluoranthene 52 4.7 47 0.96 12 0.35 
Chrysene 36 4.7 23 0.77 11 0.45 

Fluorene 34 4.7 20 0.73 1 0.13 
Indeno[l,23-c,d]pyrene 64 45.2 27 0.53 1 0.07 

Dibem[qh]anthracene 33 4.7 27 0.92 1 0.14 

Naphthalene 32 23.7 19 0.74 2 0.18 

'N = number of observations, duplicates and splits not included. MAXDL = maximum detection limit for nondetects. 
Note: Dismal Gap and Nolichucly (Phase I) data were excluded (see text of this section). 



5-37 

Tabie 5.6 Additional snmmary statistin for PAWP 
(Estimates and alnfideLfce bounds are in mia-ogliims pea kmglam.1 

N I  D Median UCB9.5 X95 Lm9595 Formation- 
location 

Aceaaph- 
1 3.50 
3 133 
1 0.80 
3 1.42 
2 1 .m 
1 0.80 

CHI-BV 1 0  
CHI-K25 3 0  
CHE-OIZR 4 0  
CR-ORR 6 0  
CR-AND 2 0  
CR-ROA 9 0  

5.% 
1 .a2 
1.36 
1.93 
1.74 
1 3 6  

5-96 
227 
1-36 
242 
204 
136 

3390 
1590 
0.775 
1.700 
1340 
0.775 

A==@w= 
4 57.6 
1 13.6 
0 

CR-ORR 10 0 
CR-ROA 8 0  
REMAWDER 43 0 

240 
15 1 

1580 
372 

306.0 
50.7 

AMhaarzoe 
5 0.623 
10 1.240 
2 0.398 
8 0.880 
7 1340 
7 1.410 

CHI-BV 5 0  
CHI-K25 10 0 
CHE-ORR 4 0  
CR-ORR 8 0  
CR-AND 7 0  
CR-ROA 10 0 

1.15 
1.91 
1.04 
1.42 
225 
2.30 

2.44 
4.85 
1-56 
3.44 
5.26 
552 

1.260 
2.950 
0.581 
z000 
2w 
3.240 

mEalan tb raQoe  
6 4.30 
12 5.65 
7 1.70 
12 2.0 1 
11 2 13 
12 3.22 

CHI-BV 6 0  
CHI-K2S 12 0 
CHEaRR 7 0  
CR-ORR 12 0 
CR-AND 11 0 
CR-ROA 12 0 

6.42 
751 
246 
267 
2.87 
4.28 

1150 
15.10 
4.54 
538 
5.70 
8.62 

7.49 
11.00 
3.04 
3.91 
4.10 
6.26 

==wY== 
12 3.78 
12 5.19 
5 3.28 
10 2-66 
10 1.70 
11 1.21 

CHI-BV 12 0 
CHT-K25 12 0 
CHE-ORR 5 0  
CR-ORR 10 0 
CR-AND 10 0 
CR-ROA 12 0 

4.92 
6.75 
4.93 
354 
22.6 
159 

9.42 
12w 
8-17 
6.61 
4-22 
3.0 1 

7.00 
9.60 
531 
4.8 1 
3.07 
222 

BeauolblBuorantbeae 
8 4.45 
12 458 
2 297 
8 2 19 
8 2.64 
9 1.79 

CHI-BV 8 0  
CHI-K.25 12 0 
CHE-ORR 4 0  
CR-ORR 8 0  
CR-AND 8 0  
CR-ROA 12 0 

630 
6.09 
5.28 
3.11 
3.77 
246 

11.90 
1230 
7.% 
5-87 
7.12 
4.80 

8.10 
8.83 
4.44 
4.00 
4.85 
338 

-2brrYlene 
5 3.46 
12 4.78 
6 2.57 
9 285 
10 231 
10 1.90 

CHI-BV 5 0  
CIC-K25 12 0 
CHE-ORR 6 0  
CR-OM 9 0  
CR-AND 10 0 
CR-ROA 11 0 

5.13 
6.16 
3.68 
3.82 
3.05 
251 

835 
1150 
6.20 
6.87 
557 
459 

5.49 
8.62 
4.21 
4.96 
4.07 
3.37 
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Table 5.6 (continued) 

N I  D Median UCB95 -5 LTL(9595 Forma tion - 
location 

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AM) 
CR-ROA 

CHI-BV 
CHI-K2s 
CR-ORR 
CR-AND 
CR-ROA 
REMAZNDER 

CHI-BV 
CHI-KZ 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

CHI-BV 
CHJ-K25 
CHE-ORR 
CR-AND 
CR-ROA 
REMAINDER 

CHI-BV 
CHI-K25 
CIIE-ORR 
CR-ORR 
REMAINDER 

12 
12 
5 
11 
9 
12 

5 
6 
9 
1 
12 
3 

3 
3 
5 
8 
2 
12 

8 
11 
7 
12 
6 
12 

2 
7 
6 
6 
3 
10 

11 
12 
7 
12 
10 
12 

7 
6 
4 
7 
8 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 

29 1 12 2270 
12 2910 3.72 
5 1570 229 
11 1.400 1.81 
9 1360 1.81 
12 0.943 1.21 

==4wu-- 

7.82 4 4.98 
4 5-31 8.01 
9 3.93 5.45 
1 4.30 11.40 
5 213 3 *09 
0 

chrysene 

mt=w@w- 
2 0597 1.42 
3 0.765 156 
3 1.030 2.03 
8 1.030 159 
2 1310 3.12 
9 0.960 1.44 

F l U W U l e D e  

8 4.95 7.26 
11 6.82 9.45 
7 3.09 4.64 
12 5.95 8.12 
6 285 4.42 
12 438 5.99 

Flu- 
2 2600 5.540 
7 1.410 2110 
2 . 0365 0.726 
3 0.873 1.590 
3 2160 4.010 
3 0.935 1.660 

- z * m 4 m  
8 11.m 16.2 
7 9-48 13.6 
1 7.85 15.9 
8 8.99 128 
3 13.10 20.4 
0 

Napa;i- 
7 6.20 10.90 
6 1.88 3.44 
3 9.50 2150 
3 8.05 16.50 
0 

5 3 4  
6.84 
3.68 
3.29 
3.19 
222 

13.20 
14.10 
10.40 
11-40 
5.66 

20s 
262 
3.5 1 
353 
4.48 
3.29 

14.60 
20.10 
9.09 

17.50 
839 

1290 

758 
4.12 
1.07 
2.55 
630 
273 

34.1 
28.8 
239 
273 
39.8 

27.70 
8.39 

42.40 
35.90 

4.04 
5.18 
246 
247 
234 
1.68 

8.02 
8.92 
6.98 
4.18 
3.83 

0.83 
1.23 
1.70 
212 
1.80 
2-04. 

9.61 
13.90 
5.85 

12.30 
5.23 
9.06 

3.400 
2.540 
0523 
1.340 
3.220 
1.480 

224  
19.4 
120 
183 
25.2 

13.90 
4.06 

1750 
17.00 
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Table 5.6 (continued) 

N I  D Median Ut2395 X95 LTB9595 Formation- 
location 

PbeaanthreDC 
CHf-BV 12 0 12 6.63 8.79 17.70 1290 
CJ3I-m 12 0 12 7.16 9.50 19-10 13.90 
CHE-ORR 7 0  7 3.12 4.52 831 539 
CR-ORR 12 0 12 4.06 539 10.80 7.90 
CR-AND 12 0 12 3.63 4.81 9.67 7.05 
CR-ROA 12 0 12 3.17 421  8.45 6.16 

pyreoc 
CHI-BV 6 0  6 7.84 12-50 24.80 15.00 
CH1-W 12 0 12 10.90 1530 34-60 23.80 
CHE-ORR 7 0  7 3.42 5.28 10.80 6.76 
CR-ORR 12 0 12 5-04 7.02 15.90 10.90 
CR-AND 10 0 10 3.07 4.42 9.70 6.48 
CR-ROA 12 0 12 212 2% 6.71 4.61 

dN = number of observations, possibly averages wer replicates at sites; 1 = number of 
interval censored observations (see text); D = number of true detects (see text); UCB95 = 95% 
upper confidence bound for median; X95 = estimate of95th percentile; LTf3959S = 95% lower 
confidence bound for 95th peramtile; REMAWDER d m  to the remaining observations-no 
detects. 

Many of the radionuclide soil results are validation rejects, and in general, the missing 
data structures for radionuclides vary considerably with analyte. There are no usable data for 
europium-155. There are substantial proportions of missing data for various sampling areas, 
formations, and horizons for isotopes of curium, hafnium, iridium, neptunium, niobium, 
plutonium, ruthenium, and zirconium. 

Upon graphical analysis, several radionuclide results (including detection limits) seemed 
anomalous. One of the pIutonium-239/240 results for horizon A Copper Ridge in Roane 
County is extremely high. A uranium-236 detect in the Chickamauga-K-25 area is much lower 
than all other uranium-236 reported values, almost all of which are nondetects. For several 
analytes (e.g., americium-241 and barium-133), the detection limits for Dismal Gap and 
Nolichucky samples from on- and off-site were almost ali higher than the remaining 
formations. 

Uranium-233/234 and uranium-238 were not detected in the Nolichucky Formation but 
were detected in aIl other formations. Uranium-235 was a h  not detected in the Nolichucky 
Formation but was detected at most other formations. For the statistical analyses discussed 
in this section and for the Nolichucky Formation, NAA uranium-238 data were substituted 
for alpha uranium-238 data, as well as for uranium-233/234 data. NAA uranium-235 data were 
also substituted for the alpha uranium-235 data For the alpha detects, the uranium-233/234 
to uranium-238 ratio is 0.984 0.032, very close to the theoretical value of 1. This motivates 
using uranium-238 data for uranium-233/234. The relationship of NAA data to alpha uranium 
results is discussed in Sects. 5.11 and tj"6.4. 

One of the niobium-95 detection limits (S2,OOO pCi/g> is clearly due to laboratory error 
and was dropped. The potassium40 nondetects were also dropped. 
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After the data deletions and substitutions, with the exceptions of potassium-40, 
thorium-232, uranium-2331234, and uranium-238, all of the radionuclides have one or more 
nondetects. Results €or the mostly undetected analytes are summarized in Table 5.7. Results 
for the detected analytes are summarized in Table 5.8. Statistics are also given for tritium in 
Table 5.7, computed from all BSCP data except data from ORR Copper Edge, ORR Dismal 
Gap, and Bethel Valley, where tritium contamination appears likely (see Table 5.8). 

Summary statistics €or radionuclides by group are presented in Table 6.lb. Significance 
levels for comparisons of radionuclides by FLs in Table G.5. The radionuclides do not exhibit 
as many significant differences across FLS as the inorganics, but there are differences. 
Thorium-232, for example, shows differences and seems to be elevated in horiizon A in the 
Nolichucky Formation (p = 0.0045 for the Dismal Gap comparisons, p c 0.0o01 for the QRlR 
comparisons, p = O.OOO1 €or the comparison of Nolichucky with ORR Dismal Gap locations, 
and see Table 5.8). 

Similarly, although there are horizon differences, there seem to be fewer for 
radionuclides than for inorganics. For example, thorium-232 horizon A-B differences are not 
affected significantly by FL (p = 0.34): 

Difference Standard 
estimate error Significance 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-IC2.5 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

- 0.06 
-032 
-0.64 
-0.03 
-0.14 
- 0.7 1 
-0.54 
-055 
-0.41 
-0.47 

0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 

0.8160 
0.1707 
0.0072 
0.9158 
0.550 1 
0.0027 
0.0234 
o.om-7 
0.0829 
0.0475 

NOTE: Table G.9 contains this table and similar ones for other 
radionuclides. 

To further explore the nature of the differences, see Table 5.8 €or the data. For data with 
all detects, formal comparisons can also be made using an analysis of variance (hoc GLM). 
For example, by that approach, horizon A thorium-232 levels are significantly different in the 
Dismal Gap areas (p = 0.02) and on the ORR (p < 0.OOOl). FL and horizon differences for 
radionuclides are also discussed in Sect. 6. 

The primarv 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). 

The Nolichucky-ORR and Dismal Gap-Roane County data differ very slightly from those 
in the Phase I report (DOE/OR/Ol-1136), because of some minor discrepancies in dates and 
sample IDS, which are accounted for in Table 5.9. The data are also illustrated in Fig. 5.6. 



5-41 

Table 5.7. Summary statistics for radionaclides with fewer than 2096 deteas' 
@ata have been oombmed ovw sampling area) 

Number UCBfor Number UCBfor 
Analysiki Honzon N UAXDL of detection exceeding prob. > 

detects probability MAXDL MAXDL 

Curium-244 
Curium-244 
Neptunium237 
Plutonium-238 
Uranium-236 
Uranium-236 
Uranium-2.36 

Hafnium-181 
Hafnium-181 
Hafnium-181 
Iridium-1% 
Iridium- 192 
Iridium-192 
Niobium-95 
Niobium-95 
Niobium-95 
Ruthenium-103 
Ruthenium-103 
Ruthenium-103 
Strontium-90 
Zirconium-95 
Zirconium-95 
Zirconium-95 

Americium-241 
Americium-% 1 
Americium-24 1 
Barium- 133 
Barium-133 
Barium-133 
Cesium-137 
Chromium-51 
Chromium-51 
Chromium-51 
Cobalt-57 
Cobalt57 
C~hl t -57  
Cobalt-60 
Cobalt4 
cobalt-60 
Curium-243 
Curium-243 
Curium-243 
Curium-as 
Curium-245 

A 
B 
3 
C 
A 
B 
C 

A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
A 
B 
C 

A 
B 
C 
A 
B 
C 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 

15 
1 
1 
3 
40 
39 
40 

12 
11 
11 
12 
11 
11 
12 
10 
10 
16 
15 
15 
36 
16 
15 
15 

40 
39 
39 
40 
39 
39 
39 
40 
39 
39 
40 
39 
39 
40 
39 
39 
36 
4 
4 

36 
4 

m 
7540 
0.830 
2600 
0.095 
0.084 
0.058 
0.110 

Beta 

0.0 120 
0.0110 
0.0110 
0.0100 
0.0080 
0.0088 
0.0140 

0.0260 
0.1100 
0.0100 
0.0100 
4.2000 
0.0240 
0.0220 
0.om 

o.om 

Gamma 

0.11m 
03420 
0.1960 
0.0426 
0.1310 
0.0957 
0.0944 
1.0700 
0.8680 
0.7680 
0.0239 
0.07 19 
0.050 1 
0.0431 
0.1 130 
0.1950 
0.2350 
0.0686 
0.0680 
O.Z!NO 
0.1100 

0 
0 
0 
0 
3 
1 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 

0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.18 
0.95 
0.95 
0.63 
0.18 
0.12 
0.15 

0.22 
0 2  
0% 
0.22 
0.24 
0.24 
0.22 
0.26 
0.26 
0.17 
0.18 
0.23 
0.16 
0.17 
0.18 
0.18 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.25 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.08 
0.53 
053 
0.08 
0.53 

0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.18 
0.95 
0.95 
0.63 
0.07 
0.12 
0.07 

0.22 
0.24 
0.24 
022 
0.24 
0.24 
0.22 
0% 
0.26 
0.17 
0.18 
0.18 
0.08 
0.17 
0.18 
0.18 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.15 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.08 
053 
053 
0.08 
0.53 
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Table 5.7 (continued) 
Number UCBfor Number UCBfor 

Analysis Horizon N MAXDL Of detection exceeding prob. > 
detects probability MAXDL MAXDL 

Curium245 
Curium-247 
Curium-247 
curium-247 
Europium-152 
Europium-152 
Europium-152 
Europium-154 
Europium- 154 
Europium-154 
Hafnium-18 1 
Hafnium-181 
Hafnium- 18 1 
Iridium-1 92 
Iridium-192 
Iridium- 192 
Neptunium-237 
Neptunium-237 
Neptunium-237 
Niobium-95 
Niobium-95 
Niobium-9S 
Ruthenium- 103 
Ruthenium-103 
Ruthenium-103 
Uranium-238 
Uranium-238 
Uranium-238 
Zinc45 
z i n c 4 5  
Zinc45 
Zirconium-95 
Zirconium-95 
Zirconium-95 

Tritium' 

C 
A 
B 
C 
A 
B 
c 
A 
B 
C 
A 
B 
C 
A 
B 
c 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 

A 

4 
36 
4 
4 

40 
39 
39 
40 
39 
39 
24 
24 
24 
24 
24 
24 
23 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
40 
39 
39 
24 
24 
24 

24 

0.1100 
0.2720 
0.0 1 14 
0.01 10 
0.2360 
0.7520 
0.5OoO 
0.0466 
0.1400 
03160 
0.0877 
0.1990 
0.1760 
0 . W  
0.1990 
0.1020 
4.6800 

13.7000 
9.9100 
0.1190 
3.0300 
0.2450 
0.0860 
0.2070 
0.1780 

26.7000 
74.8000 
283Ooo 
0.099 1 
0.2890 
0.2310 
0.1140 
0.3320 
O X J O  

Tritium 

0 3  

0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 

053 0 
0.16 0 
0.53 0 
053 0 
0.07 0 
0.07 0 
0.07 0 
0.07 0 
0.07 0 
0.07 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 

0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.12 0 
0.18 1 
0.07 0 
0.07 0 
0.07 0 
0.12 0 
0.12 0 
0.12 0 

0.12 a 

0.12 0 

0.53 
0.08 
0.53 
053 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.18 
0.07 

0.07 
0.12 
0.12 
0.12 

0.07 

0.12 

oComposited sarnpIes--95% UCBs for probabilities of detection or of aceeding the MAXDL N = number of 

'Excluding ORR Copper Ridge, Dismal Gap, and Bethel Valley data. 
observations, duplicates and splits not included. MAXDL = maximum detection limit for nondetects. 
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Table 5.8. Additional summary statistiCr, for detected radionudides by horizons 
(Esrimates and mafidem bounds are in picocurig per gram) 

Horizon Formation- N I  D Median UCB95 X95 LTB9595 
IOGItiOn 

oesium-l37 (Gamma) 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
3 

C 
C 
C 

A 
'A 

3 

C 

A 
A 
A 
A 
A 
A 
A 
A 

B 

A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CH1-W 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORII 
CR-ORR 
CR-AND 
REMAINDER 

DG-AND 
DG-ORR 
REMAMDER 

NL-ORR 
REMAINDER 

REMAINDER 

REMAINDER 

DG-AND 
NL-ORR 
CHI-BV 
C€II-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
CHI-BV 

4 0  3 
4 0  3 
4 0  4 
4 0  4 
3 0  3 
4 0  4 
4 0  4 
4 0  4 
4 1  3 
4 0  4 

0.12700 
0.29700 
0 5 W  
052700 
1.17000 
1.09000 
0.99900 
0.84200 
0.63300 
0.95000 

03060 
0.7130 
1.4300 
1 .m 
3.1900 
25900 
23800 
2.0 100 
15100 
22600 

0.723 
1.690 
3.400 
2.990 
6.640 
6.170 
5.670 
4.780 
3.590 
5.400 

4 0  4 0.06190 0.2500 1.010 
4 0  4 0.00935 0.0378 0.153 
3 0  2 0.03740 0.2000 0.611 
4 0  3 0.00762 0.0329 0.125 
4 0  1 0.00625 0.0436 0.102 
4 0  1 0.02320 0.1290 0.379 
15 0 0 

4 1  2 0.02730 0.2280 1.600 
3 0  2 0.03450 0.4180 2010 
31 0 0 

-00552 -00649 -00716 4 0  2 
32 0 0 

' 4  0 0 

4 0  0 

Nipunium-237 (Alpba) 

4 0  
2 0  
3 0  
4 1  
4 1  
4 0  
4 1  
4 0  

0.0877 
0.1330 
0.0934 
0.0928 
0.0672 
0,0841 
0.0601 
0.0526 

0.1 130 
0.1900 
0.1250 
0.1200 
0.089 1 
0.1080 
0.0793 
0-0682 

0.1450 
0.2200 
0,1550 
0.1540 
0.1110 
0.1390 
0.0995 
0.0870 

1 0  0 

mutaaium-238 (Alpha) 

4 1  0 0.02W 0.0443 0.0508 
4 1  2 0.1040 0.1660 us30 
4 1  0 0.0413 0.0825 0.1010 
3 1 1 0.0739 0.1290 0.1800 

0.2850 
0.6650 
13400 
1.1800 
23000 
2.4300 
22300 
1.8800 
1.4100 
2.1200 

0.1940 
0.0292 
0.0979 
0.0239 
0.0150 
0.0684 

0.08% 
0.09u) 

.W78 

0.1100 
0.15 10 
0.1130 
0.1160 
0.0824 
0.1050 
0.0744 
0.0659 

0.0239 
0.1520 
0.0503 
0.1OOo 
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Table 5.8 (continued) 

Horizon Formation- N I  D Median UCB95 X95 LTB9595 
location 

A 
A 
A 
A 
A 
A 

B 
B 

C 

A 
A 
A 
A 
A 
A 

a 
B 

C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
3 
B 
B 
B 
B 

C 
C 
C 

CHI-= 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 
REMAINDER 

DG-ROA 
DG-ORR 

R E M N D E R  

DG-ORR 
CHI-BV 
CHI-K25 
CHFi-ORR 
CR-ORR 
CR-ROA 
R E M D E R  

DG-ORR 
R E W N D E R  

DG-KOA 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 

4 3  1 0.0725 
4 2  1 0.0802 
4 0  3 0.0232 
4 0  1 0.0865 
3 2  0 0.1110 
4 0  0 

1 0  1 0.0980 
2 0  2 0.0853 

3 0  0 

Plutaaium-239R.40 (Alpha) 

4 0  1 0.0135 
3 1 1 0.0320 
4 2  1 0.0237 
4 2  0 0.0172 
4 0  3 0.0191 
3 0  1 0.0671 

16 0 0 

2 0  1 
1 0  0 

1 0  1 
2 0  0 

Potassium40 (Gamma) 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
2 
4 
4 
4 
3 
4 
4 
3 

4 
4 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
ci 
0 
0 
0 
0 
0 
0 

0 
0 
0 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
2 
4 
4 
4 
3 
4 
4 
3 

4 
4 
3 

19.30 
11-10 
16.30 
15.20 
15.20 
9.70 
3.15 
4.10 
3.37 
274 

26.20 
18.20 
19.90 
16.60 
2260 
22.80 
10.10 
658 
6.07 
7.16 

22.30 
23.40 
1950 

0.1150 
0.1310 
0.0382 
0.1530 
0.1980 

0.1 160 
0.0964 

0.0371 
0.0806 
0.0505 
0.0452 
0.0397 
0.16.50 

23.40 
1350 
19.80 
18.40 
18.40 
11-80 
3.82 
4.97 
4.09 
3.33 

34.90 
24.20 
29.80 
22.10 
30.10 
3030 
14.10 
8.75 
8.07 
9.95 

29.80 
31.20 
27.20 

0.1770 
0.1960 
0.0566 
0.21 10 
0.2720 

0.1160 
0.1010 

0.0555 
0.1320 
0.0975 
0.0707 
0.0787 
0,2760 

2850 
1630 
24-10 
22.40 
22-30 
1430 
4.64 
6.04 
4.97 
4.04 

46.40 
3220 
35.20 
29.40 
40.00 
40.20 
17.90 
11.60 
10.70 
12.70 

39.80 
41.70 
34.70 

0.1050 
0.1 150 
0.0329 
0.1190 
0.1510 

0.0946 
0.0857 

0.0205 
0.0482 
0.0408 
0.025 1 
0.0337 
0.1w 

23.20 
13.30 
19.60 
18.29 
18.20 
11-60 
3.77 
4.9 1 
4.04 
3.29 

34.29 
23.70 
23.20 
21.70 
29.50 
29-60 
1270 
8.57 
7.90 
8.95 

29.20 
30.60 
24.40 



5-45 

Table 58 (continued) 
N I  D Med~an UCB95 X95 LTB9595 Horizon Formatton- 

location 

C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
3 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 

A 
A 
A 

MrORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CWI-BV 
CHI-KZS 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-KOA 

DG-ORR 
CR-ROA 
REMAINDER 

DG-AND 
NL-ORR 
CHI-BV 

4 0  4 2520 
4 0  4 1450 
3 0  3 34.40 

2 10.90 2 0  
4 0  4 6.83 
4 0  4 5.23 
4 0  4 3.75 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
3 
4 
3 
4 

4 
4 
3 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1.820 
0.833 
0.786 
0.740 
1.080 
0.931 
0.870 
1.220 
0573 
0.911 

1.710 
0.865 
0.747 
0.880 
1.070 
0.950 
1580 
1.490 
1340 
1.120 

1.670 
0.786 
0.763 
0.970 
1.200 
1.190 
1.290 
1.610 
1.270 
1370 

strontium-40 (Beta) 

3 0  1 0.70 1 
4 1  0 0.647 

29 0 0 

Techodium-99 (Beta) 

2 1  1 3-99 
6 0  1 1.10 
6 0  2 1.26 

33.60 
1930 
48.0 
1650 
9.11 
6.98 
5-00 

2640 
1.210 
1.140 
1.080 
1.570 
1350 
1.270 
1.780 
0.834 
1330 

2250 
1.140 
1.010 
1.160 
1.410 
1.250 
2.080 
1.970 
1.760 
1.470 

2.180 
1.030 
0.995 
1.260 
1.570 
1550 
1 .w 
2110 
1.660 
1.790 

1.38 
1.25 

7.39 
1.91 
1.98 

44.80 
25.70 
61.30 
1950 
12.20 
932 
6-68 

3.84 
1.76 
1.66 
157 
2.28 
1.97 
1.84 
2.58 
1.21 
1.93 

2.97 
150 
1-30 
1.53 
1 .a6 
1.65 
274 
259 
232 
1.94 

284 
134 
130 
1.65 
2.04 
202 
219 
275 
2 17 
233 

1.56 
1.44 

953 
2.63 
3.00 

32.90 
18.90 
43.10 
12-80 
8.93 
6.84 
4.90 

2570 
l.lW 
1.110 
1 .MO 
1530 
1.320 
1.230 
1.730 
0.813 
1.290 

2.210 
1.120 
0.947 
1.140 
1.390 
1.230 
2040 
1.930 
1.730 
1.440 

2.140 
1.010 
0.977 
1.240 
1540 
1.520 
1.650 
2070 
1.630 
1.760 

0.762 
0.762 

4.67 
1.57 
1.87 

... . . . . . . . . . . . . . . . . . . . . 
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Table 5.8 (continued) 

Horizon Formation- N I  D Median UCS95 X95 L'E49595 
location 

A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 

CHI-K25 
CR-AND 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-KZS 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORK 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-= 
CHE-ORR 
CR-ORR 
CK-AND 
CR-ROA 

DG-AND 
DG-ROA 

6 0  3 1.11 
3 0  2 226 

2 3 0  0 

m u m - m  (Alpba) 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

r' 

4 
4 
4 
4 
4 
4 
4 
3 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
3 
4 
4 
4 
4 
4 
4 
4 

1 .m 
0.988 
0.7 13 
1510 
1.30 
1.130 
0.606 
0.339 
0.845 
0.615 

1.010 
0.733 
1.030 
1590 
1500 
1530 
1.070 
1.160 
1.24)O 
1 .w 

1.090 
0.712 
0.629 
1.570 
1.410 
2000 
1.190 
1 2450 
1.190 
1.250 

Tboriurn-230 (Alpha) 

4 0  4 0.912 
4 0  4 0.746 
4 0  4 0.565 
4 0  4 0.- 
4 0  4 1.060 
4 0  4 1.040 
4 0  4 0.774 
4 0  4 1.1 10 
4 0  4 1.090 
4 0  4 0.864 

4 0  4 0.958 
4 0  4 0.868 

1.67 
3.82 

1.710 
1.410 
1 .m 
2 150 
1.840 
1.610 
0.863 
0.484 
1.200 
0.877 

1.380 
1.010 
1.410 
2190 
2.060 
2 100 
1.470 
1.600 
1.640 
1.490 

1590 
1.040 
0.924 
2300 
2.060 
2.930 
1.750 
1 .&Qo 
1.740 
1.830 

1.090 
0.894 
0.677 
1.160 
1.270 
1.240 
0.977 
1330 
1310 
1.040 

1230 
1.110 

265 
5.41 

2430 
2010 
1.450 
3.060 
2620 
2290 
1 .m 
0 .W 
1.720 
1.250 

1 .m 
1.380 
1.940 
3.000 
2830 
2880 
2020 
2190 
2250 
2050 

2340 
1530 
1.350 
3.370 
3.020 
4.290 
2560 
2700 
2550 
2680 

1310 
1.070 
0.812 
1390 
1.520 
1.490 
1.110 
1.590 
1570 
1.240 

1570 
1.430 

1.66 
2% 

1.670 
1370 
0.992 
2100 
1-790 
1570 
0.842 
0.472 
1.170 
0.856 

1.360 
0.985 
1.380 
2140 
2020 
2060 
1.440 
1.570 
1.610 
1.460 

1.550 
1,020 
0.899 
2240 
2010 
2850 
1.700 
1.800 
1.700 
1.780 

1.080 
0.884 
0.669 
1.140 
1,250 
1.230 
0.916 
1310 
1300 
1 .m 

1.210 
1.090 
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Table 5s (auntinued) 

Horizon Formation- N I  D Median UCB95 X95 LTB9595 
location 

B 
B 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CM-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CH1-U 
CHE-ORR 
CR-om 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
h'L-ORR 
CHI-SV 
CHI-= 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 

CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

cm-w 

4 0  4 0.727 
4 0  4 1.OOO 
4 0  4 1.070 
4 0  3 1.060 
4 0  4 1.220 
4 0  4 1550 
4 0  4 1.510 
4 0  4 1.wo 
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0.833 
0508 
0571 
0.877 
1.080 
1.250 
1.440 
1.640 
1.620 
1380 

Thorium232 (Alp&) 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1.060 
0.945 
0.683 
1.490 
1.250 
1.100 
0.622 
0.679 
0.784 
0.544 

1.100 
1.280 
1 .m 
1.500 
1380 
1.770 
1.150 
1.220 
1 .m 
0.949 

1.070 
0.680 
0.841 
1370 
1.430 
1.640 
1.210 
1.250 
1.120 
1.240 

0.93 1 
1.290 
1370 
1.390 
1570 
1.990 
1.940 
1.350 

1.070 
0.654 
0.735 
1.130 
1.390 
1.610 
1 . S O  
2110 
2080 
1.770 

1.230 
1.100 
0.794 
1.740 
1.450 
1.280 
0.722 
0.789 
0.912 
0.632 

1.400 
1.630 
1.300 
1.900 
1.760 
2.240 
1.470 
1.550 
1.530 
1.210 

1.460 
0.930 
1.150 
1.870 
1.960 
2.250 
1.660 
1.710 
1.530 
1.700 

1.190 
1.650 
1.750 
1.740 
2010 
2550 
2480 
1.7M) 

1.380 
0.841 
0.945 
1 A50 
1.790 
2.060 
2380 
2.7 10 
2670 
2.280 

1.430 
1.280 
0.923 
2020 
1.690 
1.490 
0.840 
0.917 
1.060 
0.735 

1.780 
2.070 
1.650 
2410 
2230 
2850 
1.860 
1.970 
1.940 
1.530 

2000 
1270 
1.580 
2.560 
2690 
3.080 
2270 
2340 
2090 
2320 

0.916 
1.260 
1.350 
1310 
1540 
1.960 
19 10 
1.320 

1.050 
0.643 
0.723 
1.110 
1370 
1.580 
1 .m 
2.080 
2040 
1.740 

1.220 
1.090 
0.786 
1.720 
1.440 
1.270 
0.715 
0.781 
0.903 
0.626 

1380 
1.600 
1.280 
1.870 
1.730 
2210 
1.440 
1.530 
1500 
1.190 

1.440 
0.9 1 1 
1,130 
1.830 
1.920 
2.200 
1.630 
1.670 
1.500 
1.660 
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Table 5.8 (continued) 

Horizon Fonnation- N I  D Median 1JCB95 x95 LTB9595 
location 

ThOrium-rn(Beta) 

A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 

A 
A 
A 

B 
B 
B 

C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
cHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
N L - o m  
CHE-ORR 
CR-ORR 
CR-AND 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHE-ORR 
CR-AND 
CR-ROA 
F E W E R  

CHI-BV 
CR-ROA 
REMAINDER 

CHI-BV 
CR-ROA 
REMAINDER 

CHI-BV 
CR-RQA 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-IU.5 
CHE-ORR 
CR-ORR 
CR-AND 

4 
3 
4 
4 
2 
4 
3 
4 
6 

4 
3 
4 
4 
4 
3 
4 
8 

4 
3 
4 
4 
4 
4 
3 
8 

0 
0 
0 
0 
1 
1 
0 
1 
0 

0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 

4 
3 
4 
4 
0 
0 
2 
0 
0 

4 
3 
3 
4 
0 
2 
3 
0 

4 
3 
4 
4 
0 
1 
1 
0 

Thorium-234 (Gamma) 

1.060 
1.430 
1.630 
1.420 
0.945 
0.616 
1560 
0.703 

1 .os0 
1.290 
0.757 
1.100 
0.125 
1.640 
1 .m 

1.020 
1350 
1.160 
1.070 
0.720 
0.886 
1.050 

t o  1 
1 0  1 
2 0  0 

1 0  1 
1 0  1 
2 0  0 

1 0  1 
1 0  1 
2 0  0 

Total Uranium (Alpha) 

4 0  4 0.999 
4 0  3 0.670 
4 0  4 1310 
4 0  4 1.150 
3 0  3 1.250 
4 0  4 0.923 
3 0  3 1.920 
4 0  4 2710 
4 0  4 1.040 

1.230 
1.680 
1.880 
1.640 
1.200 
0.761 
1.840 
0.932 

1520 
1.990 
1.110 
1.600 
1.200 
2590 
2810 

1.440 
ZOO0 
1.640 
1510 
1.140 
1350 
1.630 

1.730 
1.160 
2270 
1.990 
2350 
1.600 
3.630 
4.690 
1.810 

1.410 
1.890 
2170 
1.890 
1.250 
0817 
2070 
0.933 

2220 
2130 
1 .M)o 

2330 
1.530 
3.470 
4.050 

2040 
2580 
23 10 
2120 
1.430 
1.760 
2090 

299 
20 1 
3.93 
3.44 
3.73 
277 
5.76 
8.12 
3.13 

1.200 
1580 
1.850 
1.610 
0.974 
0.657 
1.730 
0.701 

1.450 
1.690 
1.050 
1520 
0.926 
2 130 
2660 

1370 
1.110 
1550 
1.420 
0.910 
1.160 
1330 

1.660 
1.120 
2.180 
1.910 
1.910 
1.540 
2960 
4 5  10 
1.740 
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Taw 5.8 (coatinued) 

Horizon Formation- N I  D Median UCB9.5 XM LTB9595 
location 

A CR-ROA 
B DG-ROA 
B DG-OF4R 

C DG-ROA 
C DG-ORR 

A DG-ORR 
A CHI-BV 
A CR-ORR 
A REMAINDER 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
3 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

A 
A 
A 
A 

DG-AND 
DG-ROA 
DG-ORR 
NGORR 
CHI-BV 
m-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
[JR-AND 
CR-ROA 

DG-AND 
DG-RO A 
DG-ORR 
NL-ORR 

4 0  4 1.920 
1 0  1 0.450 
2 0  2 0.3 16 

1 0  1 1300 
2 0  2 0.299 

TritRun fliitiam) 

9 0  5 0-0324 
9 3  0 0.0776 
5 0  4 0.0166 

2 4 0  0 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0.925 
0.934 
0.937 
12% 
1.010 
1.220 
1.100 
1.450 
1.170 
1.230 

0.916 
0.766 
1.110 
1.050 
0893 
1.200 

1.740 
1.630 
OB97 

0.87 1 
0.67 1 
0.663 
1.120 
1 .os0 
1.160 
1.290 
1.910 
1.490 
1.180 

1.320 

umoium-235 (Alpha) 

4 1  0 0.0355 
4 1  3 0.0542 
4 1  2 0.054 1 
4 0  4 0.0548 

3320 
1.650 
0.791 

9.340 
1210 

0.0421 
0.1080 
0.023 1 

1.120 
1.130 
1.130 
1550 
1.220 
1.470 
1340 
1.750 
1.420 
1.490 

1.150 
0957 
1.390 
1.320 
1.120 
1.490 
1.650 
2 180 
2.040 
1.160 

1.040 
0.804 
0.795 
1340 
1 .m 
1390 
1.540 
2290 
1.790 
1.420 

0.0579 
0.0777 
0.0779 
0.0774 

5-75 3.190 
1.65 0345 
1.16 0.326 

9.34 0869 
2.15 03 15 

0.0653 0.0476 
0. IS60 0.1110 
0.0335 0.0226 

1.350 1.100 
1.360 1.120 
1370 1.120 
1.870 1.530 
1.480 1.210 
1.780 1.450 

2120 1.730 
1.7 10 1.400 
1.800 1.470 

1.610 1.320 

1.430 1.130 
1.200 0.943 
1.740 1370 
1.640 1300 
1390 1.100 
1.870 1.470 
2060 1.620 
2720 2.140 
2550 2010 
1.400 1.070 

1250 1 .ow 
0.964 0.795 
0.953 0.785 
1.610 1.330 
1510 1.250 
1.670 1.370 
1 .$XI 1.520 
2750 2.270 
2140 1.770 
1.700 1.400 

0.0708 0.0434 
0.1080 0.0738 
0.1080 0.0737 
0.1090 0.0753 
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Table 5.8 (oontinned) 

Horizon Formation- N I  D Median UCB% x95 LTB9595 

A 
A 
A 
A 
A 
A 

B 
B 
B 
€3 
B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

* \  

A 
A 

B 
B 
B 
B 
B 

c 
C 
C 
C 
C 
C 
C 

CHI-BV 
CHI-= 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-lK2s 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-QRR 
NL-ORR 
CHI-BV 
CHI-IQ.5 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 
1 
1 
0 
0 
1 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

4 
3 
2 
4 
4 
3 

2 
2 
2 
4 
4 
4 
3 
4 
4 
3 

2 
0 
2 
4 
4 
4 
3 
4 
3 
3 

0.0930 
0.0583 
0.0721 
0.1250 
0.0741 
0.0352 

0.0366 
0.03 1 1 
0.0643 
0.0477 
0.0860 
0.1040 
0.2920 
0.1770 
0.1550 
0.0633 

0.0348 
0.0329 
0.0337 
0.0440 
0.1210 
0.0759 
0.0728 
0.1950 
0.1110 
0.0738 

0.1310 0.1860 
0.0824 0.1160 
0.1040 0.1440 
0.1770 0.2500 
0.1050 0.1480 
0.0501 0.0702 

0.0747 0.1430 
0.0645 0.1220 
0.1330 02520 
0.0944 0.1870 
0.1700 0.3370 
0.2060 0.4080 
0.5870 1.1400 
03500 0.6920 
03070 0.6080 
0.1390 0.2480 

0.0664 0.1180 
0.0732 0.1110 
0.0644 0.1140 
0.0810 0.1490 
0.2230 0.4100 
0.1400 0.2570 
0.1360 0.2460 
03590 0.6610 
0.2070 03760 
0.1380 0.2490 

uranium-235 (Gamma) 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
REMAINDER 

DG-AND 
DG-ROA 
DG-0R.R 
NL-ORR 
REMAXNDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CR-ORR 
CR-ROA 
REMAINDER 

4 0  4 0.0606 
4 0  4 0.0768 
4 0  4 0.07X 
4 0  4 0.0713 

2 3 0  0 

4 0  4 0.0537 
4 0  4 0.0639 
3 0  3 0.0700 
4 0  4 0.04 12 

2 4 0  0 

4 0  4 0.0345 
4 0  4 0.MZ 
4 0  4 0.0433 
4 0  4 0.0473 
4 0  1 0.1620 
4 0  1 0.0918 

16 0 0 

0.0727 0.0872 
0.0922 0.1110 
0.0950 0.1140 
0.0855 0.1030 

0.0733 0.1OOO 
0.0873 0.1190 
0.1OOO 0.1310 
0.0563 0.0769 

0.0447 0.0578 
0.0810 0.1050 
0.0560 0.0725 
0.0612 0.0792 
0.2270 0.2720 
0.1320 0.1540 

0.1280 
0.0802 
0.0978 
0.1720 
0.1020 
0.0482 

0.0677 
0.0567 
0.1180 
0.08% 
0.1520 
0.1960 
0.5470 
03320 
0.2920 
0.1080 

0.05% 
0.0502 
0.0575 
0.0769 
0.21 10 
0.1320 
0.1260 
03410 
0.1940 
0.1280 

0.0706 
0.08% 
0.0923 
0.0831 

0.0696 
0.0829 
0.0870 
0.0534 

0.0430 
0.0781 
0.0540 
0.0589 
0.1950 
0.1080 
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Table 5.8 (amthued) 

N I  D Median UCB95 X95 LTf39595 Hotizon Formation- 
location 

Ulaniul.n-B6(Alpha) 

A DG-ORR 4 0  1 0.0165 0.0292 0-0325 0.0185 
A CHI-X.25 4 1  0 0.0103 0.0180 0 . W  0.0113 
A CR-ORR 4 0  1 0.0107 0.0174 0.0210 0.0126 
A REMAINDER 2 8 0  0 

B DG-ORR 4 0  1 0.0111 03290 03110 0.0156 
B REMAINDER 35 0 0 

C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
3 
B 
B 
3 
B 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CM-m 
CR-ROA 
REMAINDER 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-= 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NGORR 
CHI-BV 
CHl-X.25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

DG-AND 
DG-ROA 
DG-ORR 
NL-ORR 
CHI-BV 
CHI-K25 
CHE-ORR 
CR-ORR 
CR-AND 
CR-ROA 

4 0  1 
4 1  0 
32 0 0 

UraniUm-278IAtpba) 

4 0  4 0.890 
4 0  4 0.992 
4 0  4 1.020 
4 0  4 1.280 
4 0  4 1.060 
4 0  4 1.220 
4 0  4 1.120 
4 0  4 1.380 
4 0  4 1.360 
4 0  4 0.836 

4 0  4 0.966 
4 0  4 0.825 
4 0  4 1.120 
4 0  4 1.050 
4 0  4 1.050 
4 0  4 1 .m 
4 0  4 1540 
4 0  4 1.840 
4 0  4 1.760 
3 0  3 0.940 

0.996 1.11 
1.110 1.24 
1.150 1.28 
1.430 1.60 
1.190 133 
1360 1.52 
1.260 1.40 
1540 1.73 
1520 1.70 
0.935 1.05 

1.170 1.42 
1.m 1.21 
1350 1.64 
1.280 155 
1.280 155 
1.520 1.85 
1.870 226 
2.230 270 
2140 2.59 
1.170 1 3 8  

4 0  4 0.871 1.050 1.25 
4 0  4 0.743 0.892 1.07 
4 0  4 0-666 om 0.96 
4 0  4 1.120 1350 1.62 
4 0  4 1.040 1.250 1.50 
4 0  4 1.250 1500 1.80 
4 0  4 1.300 1.560 1.87 
4 0  4 2100 2520 3.03 
4 0  4 1.490 1.790 215 
4 0  4 1.420 1.710 2-05 

0.988 
1.100 
1.140 
1.420 
1.180 
1350 
1.250 
1530 
1.510 
0.928 

1.160 
0.987 
1340 
1.260 
1.260 
1500 
1 .w 
2200 
21 10 
1.090 

1.030 
0.881 
0.790 
1330 
1.240 
1.480 
1540 
2.490 
1.770 
1.690 

...... ................ - - - . .~ .~  .....,........ 
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Table 5.8 (continued) 

Horizon Formation- N I  D Mediin IJCB95 W.5 LTB9595 

A REMAINDER 2 4 0  0 

B REMAINDER 2 4 0  0 

C CHI-BV 4 0  1 3.42 86.4 92.2 4.9 1 
C REMAINDER 2 0 0  0 

ON = number of observations, possibly averages over replicates at si ts ;  I = number of interval censored observations 
(see text); D = number of true detects (see tat); UCB95 = 95% upper confidence bound for median; X!3S = estimate of 
95th percentile; LTB9595 = 95% lower mnfidence bound for 95th percentile; REMAINDER refers to the remaining 
observations-no detects. 

Table 5.9. Overall results of gamma meening for cesium-137 
(Values are in picacuries per square amtimeter.) 

Formation 

Chepultepec 
Chickamauga 
Chickamauga 
Copper Ridge 
Copper Ridge 
Copper Ridge 
Dismal Gap 
Dismal Gap 
Dismal Gap 
Nolichucky 

Location N Mean Std Dev Min 

ORR 
ORR-BV 
ORR-K25 
AND 
ORR 
ROA 
AND 
ORR 
ROA 
ORR 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

8.931 
11.502 
8.586 
8.952 
8.6 19 
9.105 
7.870 
8.541 
6.577 
9.128 

2.190 
4.602 
0.946 
2.722 
1.380 
2.410 
3.007 
1.525 
2.923 
1.537 

5.534 
7.631 
7.103 
5.611 
6.233 
4.956 
3.775 
6.024 
1.975 
6.760 

12.819 
22.975 
9.730 

14.516 
10.977 
13.182 
14.424 
1 1.053 
11.937 
11.842 

The very low result (<3 pCi/cm2) in the Dismal Gap Formation of Roane County is from a 
severely eroded site; the several very high results (> 14 pCi/cm2) are from sediment deposition 
sites. 
. 

All of the gamma scan cesium data are detects, and so they were analyzed using the usual 
F-tests (Proc GLM). Probably because they arise as counts, the data seem to be modeled 
more appropriately using the square-root rather than the log transformation. Therefore, the 
square-root transformation was used to statistically analyze the gamma screening data. This 
is a departure from the general lognormal approach. However, both transformations as well 
as no-transformation were investigated, and the following conclusions about differences across 
areas are not materially affected by the choice. The conclusions are also essentially the same 
if data greater than 14 pCi/cm2 or less than 3 pCicmz are discarded. 

There are some significant differences between FLs (p = 0.003): the Chickamauga- 
Bethel Valley cesium-137 levels are significantly higher than levels in the two off-site Dismal 
Gap locations. The on-site Fts have significantly higher levels than the off-site (p =c O.OOS), 
but that could result from formation differences. The significance level for the comparison 
of Copper Ridge to Dismal Gap levels is 0.02. 
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5.9 VOLATILE ORGANICS 

No statistical analyses were performed on the volatile organics data. The purpose of 
these analyses was to screen for volatile organics-ideally to confirm that, 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 S e c t  6. 

5.10 VARIANCE? COMPONENXS 

The term “variance components” refers to the contributions to an overall variance or 
standard deviation by individual sources of error. Here there are two main sources, the field 
(spatial error) and the laboratory. In this section estimates of the standard deviations for these 
separate components are given. These standard deviation estimates MA be used to compute 
tolerance bounds for composites of other than three. They can also be used in sample size 
calculations for future surveys, and to assess the advantage of compositing. These applications 
are discussed further here. 

For radionuclides (except tritium and technetium-99) 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 BSCP data, but to do this, 
estimates of laboratory and spatial standard deviations are needed. Tolerance bounds for 
composites of other than three are useful as references for new composites of that same 
order. Tolerance bounds for noncompasites may also be useful as references €or remediation. 

BSCP data inherently exhibit a component of randomness due to laboratory and sampling 
errors. The variance of each observation satisfies 

where L is the variance of laboratory error, S is the spatial variance of single (noncomposited) 
samples, and k is the level of cornpositing. S is the hypothetical variance of single samples 
measured without error. Strictly speaking, equation (5.1) applies to untransfonned data, but 
it also holds approximately €or log-transformed data. (To see this consider the equation X = 
(xl + .._ + x& * e/k, where X is the observation, e represents laboratory error, and x1 , , xk 
represent the contributions of the k individual samples to the overaIl composite. Note that 
expectation (E) satisfies E[(x, f ... f x,)/k] = E(xJs and the variance (Var) (distinct from 
V) satisfies 

From the variance approximation, Var[log(Y)] = Var(Y)/[E(Y)]*, it follows that 
Var[log(X)] .= Var[log(e)] +Var[log(x,)]/k, which is equation (5.1) for the log-transformed 
data.) We will assume that equation (5.1) holds on the log scale for the log-transformed data. 

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) 
BSCP observations using Proc Lifereg. L can be estimated from field duplicate and split 
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differences, using data from all horizons. S can then be estimated using equation (5.1) with 
k = 3. 

Tables 5.10a through 5.1Oc contain standard deviation estimates for base-ten log 
concentrations of inorganics, PAWS, 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. ?%e degrees of €reedom 
for the overall variance estimate is the number of observations, possibly averages, less the 
number of mS for which there are observations. 

As in the estimation analysis discussed above, results €or this error analysis were averaged 
over sites so that the two analyses would t#: consistent. Because there is not much replication, 
this should not substantially affect the error estimates. 

"he degrees of freedom for laboratory error in Tables 5.10a-5.1Oc is the number of 
observations that are replicates less the number of sites for which there are replicates. Here 
degrees of freedom refers to both detects and nondetects. The quantity D is the number of 
true detects among the observation averages, which were used to compute the estimates and 
confidence bounds in Tables 5.1-5.8. Both degrees of freedom show that the standard 
deviation estimates are based on data that are combined Over FLs (to increase precision). 
Standard deviations of the estimates of standard deviations are also given in the Proc Lifereg 
output. 

For a number of horizons and analyses, the spatial standard deviation is missing (.), which 
indicates that the best estimate is actually zero. In particular, this happens when there is a 
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. It 
may also be due to bias in the laboratory and spatial standard deviations, a consequence of 
imperfect replication: in addition to laboratory error, field duplicates reflect small-scale spatial 
Variability, and both duplicates and splits reflect variability due to granutarity of subsamples. 
These additional sources of variation may cause the laboratory standard deviations to be 
upwardly biased, which can in turn lead, via equation (51), to negative estimates of the spatial 
standard deviation. 

The standard deviation estimates might be improved by basing the laboratory standard 
deviations solely on field splits rather than on both splits and duplicates. Then, however, the 
statistical imprecision would increase because of smaller sample sizes (Le., df for the 
laboratory standard deviation). The standard deviation would most likely be improved with 
additional data based on standards (e.g., NIST-traceable) or replicates from homogeneous 
samples (with negligible granularity). This is also a good quality control procedure. 

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 cornposites-of-three are estimates and confidence bounds for other 
background observations, whatever the degree of compositing. 



5-56 

Table 5.1k Standard deviation estimates for inor@& 

Std dev for Std dev for Spatial 
Analysis Horizon Number areas Of N Detect composites df laboratory df std dev 

(log of mg/kg) (log of mi%&) 008 of mg/kg) 

Aluminum 
Aluminum 
Aluminum 
Antimony 
Antimony 
Antimony 
Arsenic 
Arsenic 
Arsenic 
Barium 
Barium 
Barium 
Beryllium 
Beryllium 
Beryllium 
Boron 
Boron 
Boron 
Calcium 
Calcium 
Calcium 
Chromium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Cobalt 

Copper 
copper 
Copper 
Cyanide 
Cyanide 
Cyanide 
Iron 
Iron 
Iron 
Lead 
Lead 
L a d  
Lithium 
Lithium 
Lithium 
Magnesium 
Magnesium 
Magnesium 
Manganese 
Manganese 
Manganese 
Mercury 
Mercury 
Mercury 
Molybdenum 
Molybdenum 

A 
B 
C 
A 
B 
c 
A 
B 
c 
A 
B 
C 
A 
€3 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
c 
A 
B 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

40 
40 
40 
40 
40 
40 
39 
38 
39 
40 
40 
4Q 
40 
40 
40 
34 
36 
35 
35 
34 
34 
39 
39 
40 
40 
40 
40 
40 
39 
40 
37 
38 
37 
40 
40 
40 
38 
39 
39 
36 
37 
37 
40 
40 
40 
40 
40 
40 
40 
40 
40 
37 
37 

40 
40 
40 
2 
5 
6 
39 
37 
37 
40 
40 
40 
37 
36 
37 
7 
8 
10 
35 
34 
34 
39 
39 
40 
39 
33 
33 
36 
38 
39 
6 
3 
2 
40 
40 
40 
38 
39 
39 
29 
36 
34 
40 
40 
40 
40 
40 
40 
32 
21 
24 
2 
12 

0.07200 
0.07389 
0.07602 
0.01716 
0.18080 
0.18723 
0.15001 
0.17662 
0.24104 
0.15906 
0.09891 
0.19613 
0.12431 
0.14932 
0.13762 
0.25692 
0.25oOo 
0.33537 
O . U M 9 0  
0.21585 
0.24230 
0.09722 
0.10045 
0.10780 
0.17417 
0.26813 
039403 
0.14634 
0.12134 
0.13172 
0.41034 
0.44352 
0.52389 
0.09175 
0.0742s 
0.06003 
0.19194 
0.19485 
02.5300 
0.15474 
0.15403 
0.16763 
0.1 1218 
0.09429 
0.10823 
0.19166 
033699 
0.42776 
0.09395 
0.08383 
0.10199 
0.13156 
0.18852 

30 
30 
30 
30 
30 
30 
29 
28 
29 
30 
30 
30 
30 
30 
30 
24 
26 
25 
2s 
24 
24 
29 
29 
30 
30 
30 
30 
30 
29 
30 
27 
28 
27 
30 
30 
30 
28 
29 
29 
26 
27 
27 
30 
30 
30 
30 
30 
30 
30 
30 
30 
27 
27 

0.05086 
0.05086 
0.05086 
0.00018 
0.00018 
O.Ooo18 
0.13435 
0.13435 
0.13435 
0.0747 1 
0.07471 
0.0747 1 
0.07061 
0.07061 
0.07061 
0.17883 
0.17883 
0.17883 
0.041 10 
0.041 10 
0.041 10 
0.09812 
0.09812 
0.09812 
0.14833 
0.14833 
0.14833 
0.08647 
0.08647 
0.08637 
0.65423 
0.65423 
0.65423 
0.O9009 
0.O9009 
0.O9009 
0.15899 
0.15899 
0.15899 
0.0943 1 
0.0943 1 
0.0943 1 
0.05647 
0.05647 
0.05647 
0.14480 
0.14480 
0.1448G 
0.06908 
0.06908 
0.06908 
0.07594 
0.07594 

28 
28 
28 
28 
2i; 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
27 
27 
27 
25 
25 
25 
28 
28 
28 
28 
28 
28 
28 
28 
28 
22 
22 
22 
28 
28 
28 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
28 
28 
28 
27 
27 

0.08827 
0.09283 
0.09785 
0.02972 
031315 
0.32429 
0.1 1555 
0.19856 
0.34652 
0.24323 
0.1 1228 
0.31410 
0.17720 
0.22788 
0.20458 
031949 
0.32688 
0.17483 
0.54061 
036703 
0.41360 

0.03720 
0.07731 
0.15811 
0.38687 
0.63228 
0.20448 
0.16190 
0.17209 

0.03010 

0.18625 
0.19508 
0.34088 
0.21248 
0.21093 
0.24002 
0.16789 
0.13078 
0.15992 
031748 
0.52705 
0.69717 
0.1 1029 
0.08226 
0.12996 
0.18608 
0.29887 
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Table 5.1Oa (continued) 
Std dev for Std dev for Spatial 

(log of mg/kg) oog of mg/kg) (log of m a g )  
composites df laboratory df stddcv 

Numberof Detw 
areas Analysis Horizon 

Molybdenum 
Nickel 
Nickel 
Nickel 
Potassium 
Potassium 
Potassium 
Selenium 
Selenium 
Selenium 
Silicon 
Silicon 
Silicon 
Sodium 
Sodium 
Sodium 
Strontium 
Strontium 
Strontium 
Sulfate 
Sulfate 
Sulfate 
Tballium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Vanadium 
Znc 
Zinc 
zinc 

C 
A 
B 
c 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
c 
A 
B 
C 
A 
B 
C 

30 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
7 
7 
7 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

37 
40 
40 
40 
39 
39 
39 
38 
39 
39 
32 
32 
32 
25 
25 
25 
36 
37 
37 
39 
40 
40 
38 

38 
40 
39 
40 
40 
40 
40 

38 

13 0.14134 
32 0.13026 
35 0.13349 
38 0.15103 
35 0.12090 
39 0.10031 
39 0.09202 
28 0.14337 
28 0.10935 
26 0.14860 
32 0.O6008 
32 0.07088 
32 0.08176 
23 0.03937 
24 0.04408 
24 0.05022 
34 0.19646 
34 0.23779 
31 0.27897 
39 02.0390 
40 0.20194 
36 OB151 
3 0.49763 
5 0.23344 
9 0.19571 
40 0.08288 
39 0.07638 
40 0.06723 
40 0.12926 
40 0.15942 
39 0.17288 

27 
30 
30 
30 
29 
29 
29 
28 
29 
29 
22 
22 
22 
18 
18 
18 
26 
27 
27 
29 
30 
30 
28 
28 
28 
30 
29 
30 
30 
30 
30 

0.07594 
0.07374 
0.07374 
0.07374 
0.07729 
0.07729 
0.07729 
0.16249 
0.16249 
0.16249 
0.05260 
0.05260 
0.05260 
0.02680 
0.02680 
0.02680 
0.09055 
0.09055 
0.09055 
0.15394 
0.15394 
0.15394 
0.49717 
0.49717 
0.49717 
0.08567 
0.08567 
0.08567 
0 . W 6  
0.06856 
0.06856 

27 
28 
28 
28 
2.6 
26 
2.6 
22 
22 
22 
27 
n 
27 
19 
19 
19 
27 
27 
27 
28 
28 
28 
22 
22 
22 
28 
28 
28 
28 
28 
28 

0.2Q647 
0.18598 
0.19273 
0.22828 
0.16101 
0.11074 
0.08650 

0.05029 
0.08228 
0.10841 
0.04996 
0-06061 
0.07357 
030197 
0.38084 
0.457#3 
0.23 159 
0.22638 
0.36616 
0.03688 

0.18979 
0.24928 
0.27488 

’Ail results are for base-ten log concentrations. N = n u m b  of sits having observations. me degrees OF freedom (d9 for 
“ad d m  for composits” is the number of observations, possibly a m p ,  less the number of areas for which there are 
observations. The degrees of W o r n  for “std dev for laboratory” is the number of observations that are replicates less the 
number of sites for which there are replicates. See text for descriptions of the standard deviations. 

For a general composite of k’ an estimate Gf of its variance V’ can be computed using 
Table 5.10 and equation (5.1). These estimates can be used in planning future surveys. If the 
laboratory variance L changes, new estimates can be substituted for the laboratory standard 
deviation estimates in Table 5-10. 

For example, let p denote the mean on the log scale of an analyte constituent in some 
area. OnAthe log scale, with an estimate of p, a percentile estimate can be computed as 
E + A(V‘)lR, where A is a percentile of the normal distribution (e.g., A = 1-64 for the 95th 
percentile). To obtain a tolerance bound (Le., confidence bound for the percentile), there is 
a need to estimate tbe standard error of this percentile estimate. The following two 
paragraphs present a sketch of how this can be done. Tolerance bounds can then be 
computed from the standard errors in the usual (normal theory) way. Estimates and tolerance 
bounds on the original (antilog) scale can then be obtained by taking antilogs. 
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Table. 5.1Ob. Standard deviation estimates for PAHS” 
(All results for A horizan are noncompasites) 

Acenaphrhene 10 69 20 034213 59 0.121u1 3 0.3 1995 
Acena phthylene 10 103 6 0.87895 93 0.00223 4 0.87895 
Anthracene 10 86 39 038305 76 0.24522 4 0.29428 
Benu>[u]anthracene 10 94 70 0.27652 84 0.39868 3 
Be@aJpyrene 10 106 69 0.24590 % 0.05568 4 0.23951 
Benzo[b]fluoranthene 10 94 53 0.25815 84 0.77358 4 
Benzuw@xylene 10 88 53 0.2457 78 0.08551 3 0.22987 
Benzo[k]fluoranthene 10 103 62 0.23387 93 0.21% 4 0.09688 
C h y n e  10 67 23 0.27935 57 0.00000 2 0.27935 
Dibenzo[ah]anthracene 9 67 27 034946 58 0.72932 3 
Huoranthene 9 68 58 032783 59 0.23984 2 0.22349 
Fluorene 10 77 26 0.42111 67 0.04181 3 0.41911 
Indeno[I, 2,3-c,d]pyrene 10 106 28 0.31407 % 0.31941 4 
Naphthalene 9 75 21 0.41301 66 0.00174 3 0.41301 
Phenanthrene 10 112 78 030720 102 0.17278 4 0.25401 
Pyrene 10 102 63 033395 92 0.03737 4 0.33185 

O A l l  results are for base-ten log concentrations. N = number of sites having observations. The degrees of f d o m  (df) for 
“std dev for composites” is the number of obsmations, pc -ib& averages, less the number of areas for which there are 
obsemations. ”be degrees cf freedom for “std dev for labor: xy” is the number of ohsewations that are replicates less the 
number of sites for which there are replicates. See texl for descriptions of the standard deviations. 

The variance V‘ is L+S/k’, and S = k(V - L)- Therefore V i  = (1 - U ‘ ) E  + (k/k’)V, 
and the percentile for the new composite of&’ is p 2  A[(1 - k/k‘)L f (Wk’)VIIR. V’ can be 
estimated either by substituting estimates S and L of S and L into L f S/k’ [Le., using 
equation (5.1) with k = k’], or equivalgatly, by substituting estimates of V and L into 
(1 - M‘)L + (k/k‘)V. Estimates and V of p and V and their apprcGmate variances and 
covariances can be obtained from the Proc Lifereg output. Likewise, L and its approximate 
variance can be obtained from a Lifereg analysis of replicates. 

It is well known that for uncensored lognormal data, the sample mean and variance of 
the logs are statistically independent. Because field splits and duplicates from the same site 
are usually quite homogeneous, the mean of their logs is usually quite close to the log of their 
mean. Therefore, the sample variance of the logs and the log of the mean are approximately 
independent. It can be assumed that this appromnati2n holds and that itAmntinues to hold 
even *th limited censo2ng. Thy, the covariance of L with either $ or V is approximately 
zero, and, using E ,  L, and V and their ^approximate variances and covariances, an 
approximate standard error for $ i- A(Vr)In can be obtained (with a first-order 
Taylor-expansion of p I- A[(1 - wk’)L f (Wk’)VI’’ in p, V, and L). 

Because the laboratory standard deviations are biased up and the spatial standard 
deviations iiie biased do-m, the ratio, R, of spatial-to-laboratory standard deviations is biased 
down. This ratio is of interest because, as can be shown, the degree of cornpositing k that 
minimizes the overall variance for a fixed total cost is given by R(AIF)lR, where F is the cost 



Table 5 . 1 0 ~  Standard deviation estimates for radionucli&$ 

Std dev for Std dev for Spatial std 
Analysis Horizon areaS D composites df laboratory df dev (log of 

Number of 

(log of pC@) (log! of pCi/g) PCi@ 

Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Radium226 
Radium-226 
Radium-226 
Thorium-228 
Thorium-228 
Thorium-228 
Thorium-230 
Thorium-230 
Thorium-230 
Thorium-232 
Thorium-232 
Thorium-232 
Total uranium 
Uranium-233/234 
Uranium-233f234 
Uranium-233/234 
Uranium-235 
Uranium-235 
Uranium-235 
Uranium-236 
Uranium-236 
Uranium-236 

A 8 
A 10 
A 10 
A 10 
B 10 
C 10 
A 10 
B 10 
C 10 
A 10 
B 10 
C 10 
A 10 
B 10 
C 10 
A 10 

A 10 
B 10 

C 10 
A 10 
B 10 
C 10 
A 10 
€3 10 
C 10 

29 
38 
38 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
38 
40 
39 
40 
40 
39 
40 
40 
39 
40 

Alpha 

26 
16 
10 
39 
39 
40 
39 
40 
39 
40 
39 
40 
40 
40 
40 
37 
40 
39 
40 
33 
32 
31 
3 
1 
1 

0.15728 
0.1954 
0.51850 
0.22688 
0.16870 
0.16180 
0.21591 
0.19299 
0.23313 
0.11044 
0.15119 
0.15336 
0,09172 
0.14587 
0.19136 
0.33747 
0,11548 
0.13642 
0,11070 
0.19423 
0.41693 
0.37560 
0.24580 
1.02053 
0.17440 

21 
28 
28 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
28 
30 
29 
30 
30 
29 
30 
30 
29 
30 

0.13623 
0.39234 

0.19687 
0.19687 
0.19687 
0.08428 
0.08428 
0.08428 

0.10342 
0.10342 
0.10342 
0.09469 
0.09469 
0.09469 
0.32526 
0.06742 
0.06742 
0.06742 
0.27946 
0.27946 
0.27946 
0.30884 
0.30884 
0.30884 

o.5~90 

12 
16 
15 
28 
28 
28 
28 
28 
28 
28 
28 
28 

28 
28 
28 
15 
27 
27 
27 
27 
27 
27 
27 
27 
27 

0,13612 

0.19529 

0.34430 
0.30070 

0.37647 VI 

0.06711 b 
0.19101 
0.19613 

0.19219 
0.28803 
0.15580 
0.16239 
0.2054 1 
0.15208 

0.53589 
0.43466 

1.68473 



Std dev for Std dev for Spatial std 
N D composites df laboratory df dev (log of Number of 

areas 
(log of pCi/g> (log of pWg) PCik) 

Analysis Horizon 

Uranium-238 
Uranium-238 
Uranium-238 

Strontium-90 
Technetium-99 
Thorium-234 
Thorium-234 
Thorium-234 

Cesium-137 
Cesium-137 
Cesium- 137 
Curiuni-247 
Potassium-40 
Potassium-40 
Potassium-40 
Uranium235 
Uranium-235 
Uranium-235 
Uranium-238 

Tritiumb 

A 
B 
C 

A 
A 
A 
B 
C 

A 
B 
C 
A 
A 
B 
C 
A 
B 
C 
C 

A 

10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 

8 

40 40 
39 39 
40 40 

36 2 
46 10 
34 20 
34 20 
34 18 

40 38 
39 16 
39 5 
36 2 
40 40 
36 36 
36 36 
39 16 
39 15 
40 18 
24 1 

50 15 

Beta 

Gamma 

Tritium 

0.06817 
0.11781 
0.11134 

0.12755 
0.25012 
0.09083 
0.23650 
0.21492 

0.52601 
0.83589 
1.37535 
0.08058 
0.11814 
0.17712 
0.17937 
0.11140 
0.19108 
0.15724 
1.00470 

0.32199 

30 0.M118 
0.06118 29 
0.061 18 30 

26 0.47729 
36 1.00549 
24 0.23733 
24 0.23733 
24 0.23733 

30 0.53234 
29 0.53234 
29 0.53234 
26 0.00558 
30 0.07937 
26 0.07937 
26 0.04937 
29 0.10418 
29 0.10418 

0.10418 30 
0.00096 18 

42 0.29663 

27 
27 
27 

16 
4 
25 
25 
25 

28 
28 
28 
15 
25 
25 
25 
28 
28 
28 
19 

7 

0.05208 
0.17438 
0.16113 

1.11625 
2.9 9649 
0.13924 
0.15 I56 
0.27426 
0.27862 
0.05831 
0.27744 
0.20398 
1.740 18 

0.12524 

”All results are for base-ten log concentrations. N number of sites having observations. The degrees of freedom (df) for “std dev for composites” is the number of 
observations, possibly averages, less the number of areas for which there are observations. The degrees of freedom for “std dev for laboratory” is the number of 
observations that are replicates less the number of sites For which there are replicates. See text for descriptions of the standard deviation. 

bnoncomposites 
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per field sample and A is the cost per sample sent to the laboratory. wsing Lagrange 
multipIiers, minimize (L + 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, and validation were about 
4.5 times the cost of field sampling. Because field samples were composited, this implies that 
A/F 4.5, and thus (Ab?)’” > 21. Thus, the optimal k exceeds 2.1R. From Tables 5.10a and 
5.1Oc, values of R (which are biased down) are in the vicinity of 2-3.5 for arsenic, beryllium, 
and lead, 4 €or thorium-228,0.5-4.5 for total uranium, 0.6-2.6 for uranium-235 (gamma), and 
60 for thorium. For these analytes, the optimal k is at least 1, and often greater than 4. 
Although it is difficult to quantify the cost of statistical variability, cornpositing translates to 
direct savings to the project. 

5.11 NAA DATA 

The primary purpose of analyzing BSCP samples by NAA was to investigate the 
relationship between NAA and corresponding M C P ,  alpha, beta, and gamma results. The 
NAA results serve, secondarily, as background data in their OM] right. The statistical analysis 
of the NAA data is the same as for the other methods, but, in addition, the relationship of 
NAA and corresponding results through (1) graphics, (2) correlation, and (3) regression is 
considered. 

Summary statistics for NAA data are given in Table G.l. The relationship between NAA 
and corresponding results was investigated graphically using data plots, such as Fig. 5.7 and 
Fig. 5.8. 

Correlations between NAA and corresponding other BSCP data are not straightforward, 
because there can be nondetects in either the NAA or corresponding data. For each 
relationship, a correlation statistic was computed that is a simple analog of the Kendall’s tau 
statistic (bhmann 1975, p. 316). This statistic, also called the “coefficient of concordance,” 
is computed by examining all possible pairs of ordered pairs (x,y) of data. Here x refers to an 
NAA result and y to the corresponding result from AA,ACP, alpha. A pair of pairs, (xl, yl) 
and (x3 y2) are said to be concordant if either x1 < x, and y1 < y, or else xI > x2 and y1 > 
yz. They are said to be discordant if either xi < x, and y1 > yz, or else x1 > x2 and yl sc y2- 
(Various modifications have been considered For ties-that is, when either x1 = x, or y1 = y2) 
Kendall’s tau is the ratio of “score” to ‘ ‘ p i b k , ”  where “score” is the number of concordant 
pairs less the number of discordant pairs, and “possible” is the total number of pairs 
compared. Kendall’s tau is one in the case of perfect concordance, minus one in the case of 
perfect discordance, and otherwise between minus one and one. 

Modifying Kendall’s tau to accommodate nondetects is straightforward: for certain pairs, 
because of either censoring or ties, concordancy or discordancy is indeterminate. Those pairs 
are excluded from the total possible considered and the correlation statistic is computed on 
the basis of determinate pairs only. These correlation statistics are given in Tables 5.11a and 
5.11b. 

Unfortunately, computing significance levels for these correlations is not straightforward, 
and that task is not pursued further. 
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Table S . l la  Correlation statistics for radionuclides“ 
(NAA with alpha or gamma) 

Analysis N Score Possible Corr 
~~ 

Potassium40 89 2% 1 3901 0.76 
Thorium-232 102 2564 5 100 0.50 
Uranjum-235 100 1494 4462 0.33 
Uranium-238 97 2142 4608 0.46 

‘See text for definitions of “score” and “possible.” 

Table 5.11b. Correlation slatistics for metaIs” 
(NAA with AA/IcP) 

Analysis N Score Possible Corr 

Aluminum 101 3 180 5018 0.63 
Antimony 99 -362 554 -0.65 

Arsenic 95 2524 4436 057 

Barium 

Chromium 

Cobalt 

102 1890 5 138 0.37 
100 2608 4934 0.53 
102 3643 4817 0.76 

Iron 102 3792 5 136 0.74 

Magnesium 101 2933 4977 0.59 

Manganese 

Potassium 

Sodium 

Vanadium 

Zinc 

102 3877 5 139 0.75 

95 3461 4425 0.78 
78 1174 2946 0.40 

100 2457 4937 0.50 

71 1769 2417 0.73 

O s e e  text for definitions of ‘‘score’’ and “possible.” 

Ideally, the most straightforward way to compare NAA and corresponding results would 
be by regression of the corresponding results on the NAA. Again, this process is complicated 
by the nondetects: The lognormal-model SAS Lifereg procedure can accommodate censoring 
in dependent variables but not in independent variables. Fortunately, most of the NAA 
analytes having corresponding results for AA/ICP have either no censoring or very little. In 
those cases, regressions are appropriate. Regression results are summarized in Tables 5.12a 
and 5.12b. 

For example, the intercept and slope for the uranium-235 regression of the log alpha 
results on the log NAA results has intercept 1.03 2 0.48 and slope 1.75 & 0.39. Tn theory 
these values should be 0 and 1. By contrast, the intercept and slope for the uranium-238 
regression are -0.15 _+ 0.06 and 1.10 & 0.31, much closer to the ideal. 
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Fig. 5.7. €%ample plot for potassium for comparing NAA with AA/ICP results- 
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Comparison of NAA and Gamma Radionuclide Results 
Analysis=POTASSIUM-40 

* 

* * * ** 
* *** 
* * 

* * *  
* 

** *** 
* 

* 

-- - I - - - - I  - - ~ --- - 1 -- - - .' 7 

70 
F 
0 10 20 30 40 50 60 

Gamma result (pdg)  
codes: * * * bothdetects R R R gamma-nondeted 

N N N NAA-nondetect -+ + bothnondetects 

* 

* 

Fig. 5.8. Example comparison of NAA and gamma results for potasSium4. 
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Tabie 5.l2a. Regression statistics for radionulidep 
(NAA with alpha or &amma) 

Analysis Intercept Std Err Slope Std Err 

Potassium40 0.387 0.057 0.662 0.061 
Thorium-232 -0.004 0.016 0.711 0.100 
Uranium-235 1.031 0.479 1,754 0.391 

Uranium-238 -0.152 0.057 1.108 0312 

"Intercepts and their standard errors are in picouuies per gram. 
Slopes and their standard errors are unitless. 

Table 5.lZb. Regression statistics for m e w  
(NAA with M C P )  

Analysis Intercept Std Err Slope Std Err 

Aluminum 

Antimony 
Arsenic 
Barium 

Chromium 

Cobalt 

Iron 

Magnesium 

Manganese 
Potassium 

Sodium 

Vanadium 

zinc 

3.G5 0.146 0.214 
-1.459 0.435 4.928 
0.216 0.07s o m  
1.372 0.100 0.153 
0.226 0.123 0.701 
-0.390 0.072 1.275 
0.673 0213 0.848 
1310 0.222 0.486 
1.399 0.154 0.480 

-0.353 0.219 0.866 
2383 0.034 0.071 
1.454 0.056 0.109 

0.041 0.108 0.880 

0.03 1 
0.634 
0.068 
0.038 
0.070 
0.067 
0.047 
0.062 
0.060 
0.055 

0.013 
0.030 
0.053 

"Intercepts and their standard mors are in picocuries per gram. 
Slopes and their standard errors are unitless. 

5.12 ICPIMS DATA 

Analysis of the ICPMS data parallels the NAA analysis, except that it is for metals only. 
Summary statistics of ICPMS data are presented in Table G.2. Correlation statistics of 
ICP/MS with AA/ICP appear in Table 5.13 and regression statistics in Table 5.14. 

5.13 ADD3TIONAL REMARKS 

Many of the results need further consideration, particularly the large discrepancies 
between some field duplicate and original results for some of the inorganics, and a few 
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severely high detection Iimits for some of the radionuclides. In contrast to the inorganics, the 
duplicate and original results for the organics are very close. Perhaps the designation “U” for 
nondetect has been applied too conservatively for the organics. In this background study, the 
use of unnecessarily high detection limits is not conservative because it tends to obscure how 
low background values actually may be. 

Statistics presented in this section may be biased upwards (too high) because of the 
assignment of validation codes on the basis of detect-nondetect status. Again, because this is 
a background study, upward bias is nonconservative. 

Because many analytes do differ significantly by FI, and by horizon, many that do not 
probably would if sample sizes were larger or statistical variability were smaller. 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). 

Field duplicates can be analyzed to assess small-scale spatial variability. This was not 
considered in the BSCP Plan, and has not been pursued here. Some of the BSCP data are 
field splits. The splits cannot be used to assess small-scale variability, but they provide a much 
better assesSment of laboratory error than field duplicates, for the very reason that splits do 
not differ because of small-scale spatial differences. As indicated in Sects. 5.2 and 5.10, the 
estimation of laboratory variability is crucial here. In providing an assessment of laboratory 
error, field splits also offer a method of validation that depends only on the simple statistical 
comparisons of results and not on expensive and time-consuming reviews of paperwork. 

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 problem might be approached by pooling results, 
for example over formations within groups (as in Table G,l), if such pooling can be justified. 
The noise might also be mitigated by some method of statistical analysis 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 viable ~ a y  
to reduce the noise, which is an unavoidable consequence of the survey’s limited sample sizes, 
may be to obtain additional data. 
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... 

Table 5.13. cornelation statistics for metalp 
(Imm with AAIICP) 

A n a l p  N Score Possible COK 

Aluminum 99 3307 48 13 0.69 

Arsenic 95 2932 4412 0.66 
Barium 99 3928 4840 0.81 
Beryllium 

Chromium 

Cobalt . 
Copper 
Lead 
Manganese 

99 2871 4011 0.72 
97 2890 4634 0.62 
99 3522 4514 0.78 
99 3672 4676 0.79 
96 3014 4536 O.& 
99 3892 4840 0.80 

Nickel 99 3666 4516 0.8 1 
Selenium 36 79 311 0.25 
Thallium 

Zinc 
90 135 417 0.32 
99 3765 4759 0.79 

~ - - 

SeU. 5.11 for delinitsons of “score” and “parsible.” 

Table 5.14. Regression statistics for me& 
( I a i M s  with AA/IcP) 

AnaIysii Intercept Std Err Slope Std EK 

Aluminum 

Antimony 
Arsenic 

Barium 

Beryllium 

Cadmium 
Chromium 

cobalt 

Copper 
Lead 

Manganese 
Nickel 

Selenium 

Thallium 

Zinc 

0.908 
0.179 
0.295 
0.307 
0.028 
-0.422 
0.1 19 
-0.074 
0.011 
0.040 
0.232 
0.142 
-0.217 
-0.114 
0.294 

0.179 
1.260 
0.058 
0.053 
0.013 
0591 
0.083 
0.052 
0.042 
0.0% 
0.096 
0.047 
0.068 
0.250 
0.05 1 

0.792 
2.946 
0.859 
0.842 
0.656 
0.4% 
0.911 
1.029 
0.974 
0.945 
0.920 
0.901 
0340 
0.891 

0.880 

0.042 
2.024 

0.057 
0.030 
0.038 
0.91 1 
0.056 
0.049 

0.034 
0.072 
0.037 
0.040 
0.205 
0.45 1 
0.030 

‘Intercepts and their standard errors are in milligrams per kilogram. Slopes and 
their standard errors are unitless. 
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6. DATA INTERPRFTATJON 

6.1 SUMMARY 

This section fulfills the need for technical evaluation of the project data so as to 
miurimize usefulness for other Environmental Restoration projects and field investigations. 

Chemical compounds, minerals, elements, and radionuclides in soils can have several 
sourw. Current U.S. Environmental Protection Agency (EPA) extraction procedures remove 
differing amounts of various soil constituents. The location of the soil in the landscape can 
also affect the data. Interpretation of these data, then, must be done very carefully. Please 
review the user guidelines in Sect. 2.4 for precautions regarding data usage. 

Screening of sites on the Oak Ridge Reservation (ORR) by a hand-held radiation 
detector, plus gamma screening and analysis of volatile organic compounds (VOCs) for all 
sites, did not reveal any gross contamination. Most of the ORR sites, along with Roane 
County and Anderson County sites, had some detects for other organic Contaminants, 
particularly polynuclear aromatic hydrocarbons (PAHs). Sampling of A horizons of soils with 
analysis by current volatile organic analysis (VOA) and organics analytical techniques can be 
used elsewhere on the ORR without restriction as to site properties or soil conditions. The 
screening data indicate that any VOC detects in suspected contaminated sites should be taken 
as a sign of contarnination. Some VOCs (at very low levels) may be due to soil microbial 
respiration, but most VOCs reported in this study are suspected to be due to instrument 
contamination in the laboratory. 

Inorganic compounds in soils present a much more complex situation regarding 
interpretation. Some inorganics are definitely inherited from the underlying geologic 
formations. Others have both an anthropogenic source from either global fallout or from local 
and regional sources and a geologic source. For example, lead and arsenic can have both 
geologic and anthropogenic sources, while nearly all mercury can be considered a surface 
anthropogenic contaminant because of elevated levels in the A horizon. Several metallic 
elements, including Cd, Os, and Ag, were not detected in any BSCP soil samples. The 
presence of any of these in the A horizon at higher levels than in the B or C horizon beneath 
could be considered an indicator of possible contamination. Some small amounts of these 
elements may be inherited from the rock beneath. 

Higher concentrations of inorganic compounds or metals in the A horizon than the B or 
C horizons or in the on-site than off-site locations are an indicator of anthropogenic 
contamination of the ORR soils and false background levels. An exception to this statement 
may be biocycled elements that are used by plants and become concentrated in the A horizon. 
In general, anthropogenic metals (heavy metals) were not detected in the A horizon, or their 
levels were not significantly different than in off-site areas, or their levels were not 
significantly higher than in B and C horizons. See Table 6.1a for valid inorganic data to use 
for comparison purposes. 

Selected metals were analyzed by the current EPA-mandated atomic absorption (AA) 
spectroscopy method and inductively coupled plasma (ICP) method and compared with 
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ICP/mass spectroscopy (ICP/MS j. The XCP/MS analytical method exhibited lower instrumental 
detection limits than the AA and ICP sweep (AA/ICP). Correlations between ICPIh.IS and 
AAACP were fairly consistent for all metals, except for thallium and selenium, suggesting that 
analytical methods did not bias the results as long as the soil sample was extracted by the 
same procedure. 

The neutron activation analysis (NAA) method is a whole soil analytical technique in 
contrast to the AA/ICP and ICP/MS analytical techniques, where an acid extract of the soil 
is analyzed. The levels measured by W C P  methods were not different from those from 
NAA when the compounds were very acid soluble or were on soil clay or organic matter 
exchange sites. NAA levels were higher than M C P  when the elements are part of the soil 
mineral or were more resistant to dissolution. 

Many radionuclides have two primary sources: the underlying geology plus both global 
and regional anthropogenic sources. However, a third possible source of certain radionuclides 
(247Cm, 3H, q c ,  137Cs, and ?Sr j  on the ORR cannot be ignored, although part of the tritium 
may be from naturally occurring sources. The presence on the ORR of these isotopes above 
background can be interpreted as a sign of local contamination. Uranium isotopes can have 
a local source as well as a geologic source. Some important radionuclides, such as thorium 
isotopes and %, have a total geologic source. Concentrations of these local source 
radionuclides above background levels should be taken as indications of potential 
contamination from local sources. See Table 6.lb for valid radionuclide data to use for 
comparisons. 

Several trace and rare earth elements that were analyzed are not important in risk 
assessment, but they can be important in geochemistry investigations and in tracing sediments 
to their source geologic formation. Cerium, europium, and terbium had higher concentrations 
in the Chickamauga Group than in the Conasauga or b o x  Group. Several trace elements 
were highly depleted in the Knox Group. These included Hf, La, Lu, and Sc. Titanium and 
ytterbium were fairly evenly distributed across all geologic groups. 

Some PAHs were generally uniformly distributed across most sites or else were randomly 
distributed throughout a11 the sampling sites. The presence of PAHs, then, is considered as 
background for purposes of data comparison with contaminated sites. Values of PAHs can 
be obtained from Sect. 5 for geologic formations of interest. In addition, see Table 6.k for 
valid PAH data to use for comparisons. Some PAHs may have a soil origin, but with the 
presence of the Rockwood Coking operation and two TVA coal-fired steam generating power 
plants, most PAHs probably are from these sources. 

In summary, none of the ORR sites exhibited any indication of disturbance in the past - 50 years. For this reason, the data presented in this report can be considered “background” 
level and used as a basis of comparison with similar areas on the ORR where contamination 
is known or suspected. A qualitative assessment of each sampling site is presented in 
Sects. 3.9,3.10, and 3.11 for the ORR, Roane County, and Anderson County sampling areas, 
respectively. 
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. ... - 

Table dla Sammary statistics for inorganics on the ORR by group 
(Estimates and cpnfidence bounds are in milligrams per kilugram-) 

Horizon Group N I D Median UCB95 X!X LTl39595 

A 
A 
A 
B 
B 
B 
C 
C 
C 

A 
A 
B 
B 
C 
C 
C 

B 
C 
C 
C 

Conasauga 
Chickameuga 
Knox 
Conasauga 
Chi ckamuga 
Knox 
Conasauga 
Chi ckanreuga 
Knox 

Conasauga 
REMAINOER 
Conasauga 
REMINDER 
Conasauga 
Chickamauga 
REMAINDER 

Conasauga 
Ch i ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 
Conasauga 
Chi ckarneuga 
Knox 

Conasauga 
UI i ckamauga 
Knox 
Conasauga 
Chickwrauga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
Ghickarnauga 
Knox 

Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
KnOX 

C O M s 8 U W  

a 
a 
a 

a 

8 

8 
8 

8 
8 

8 
16 
8 
16 

8 
8 

a 

7 
8 
8 
7 
8 
7 
8 
8 
7 

a 
8 
8 
8 
a 
a 
8 
8 
8 

8 

8 

8 
8 
8 
8 
8 

a 
a 

0 8 21400 
0 8 16500 
0 8  9430 
0 8 32900 
0 8 32100 
0 8 17700 
0 8 38500 
0 8 33800 
0 8 17700 

Antimony 

0 1 0.0816 
0 0 .  
0 4 0.2750 
0 0  
0 4 0:3000 
0 1 0.1490 
0 0 .  

Arsenic 

0 7  6.21 
0 8  6.90 
0 8 16.50 

0 8  7.23 

0 7  9.08 
0 8  6.51 
0 7 45.00 

0 7  7. ia 
o 7 28-60 

Barium 

0 8  86.4 
o a  78.1 
0 8  62.0 
0 8 . 91.3 
0 8 100.0 
0 8  37.6 
0 8  93.8 
0 8 107.0 
o s  17.5 

aeryuiUaS 

0 8 0.783 
0 8 0.966 
0 5 0.637 

0 8 1.440 
0 5 0.528 
0 8 1.090 
0 8 1.640 
0 5 0.662 

o a 0 . 8 ~ 4  

23500 
18100 
10300 
36000 
35200 
19400 
41500 
36500 
19200 

0.684 

0.582 

0:541 
0.421 

8.03 
8.78 
20.90 
9.20 
9.11 
36.60 
13.30 
9.50 
67.50 

104.0 
93.8 
74.5 
102.0 
113.0 
62.2 

129.0 
147.0 
24.0 

0.911 
1.120 
0.521 
1.010 
1.700 
0.644 
1.270 
1.910 
0.792 

27800 24800 
21400 19200 
12200 lop00 
42700 38200 
41fOO 37300 
23000 20600 
47800 43600 
42000 38300 
22000 20100 

0.486 0.158 

1:550 01535 

11210 01545 
0.M1 0.265 

12.3 9.03 
13.6 10.20 
32.5 24.30 
13.8 10.30 
13.9 10.50 
55.1 40.90 
26.5 16.70 
19.0 11.90 
131.0 80.90 

145.0 116.0 
131.0 105.0 

126.0 110.0 
139.0 121.0 
52.1 45.4 
231.0 157.0 
264.0 180.0 
43.0 29.3 

104.0 83.5 

1.200 0.997 
1.480 1.230 
0.670 0.550 
1.370 1.120 
2.310 1.880 
0.847 0.679 
1.670 1.390 
2.520 2.100 
1.020 0.832 

.... 
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Table 61a (continued) 

Horizon Group N I D Median UCB95 X9.5 LTB9595 

A 
A 
A 
6 
B 
B 
C 
C 
C 

A 
B 
C 

A 
A 
A 
B 
6 
B 
C 
C 
C 

A 
A 
A 
6 
B 
B 
C 
c 
C 

A 
A 
A 
B 
B 
6 
C 
C 
C 

Conasauga 
Knox 
R E M I N D E R  
Conasauga 
K n o x  
R E M I N D E R  
Conasauga 
K n o x  
R E W I N D E R  

REMAINDER 
REMAINDER 
REMA I NDER 

Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
K n o x  
Conasauga 
Chickamauga 
K n o x  

Conasauga 
Ch i ckamauga 
K n o x  
Conasauga 
Chi c kamauga 
K n o x  
Conasauga 
Chi ckamauga 
K n o K  

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chickamauga 
Knox 
Conasauga 
Chi ckamauga 
K n o x  

7 
8 
6 
8 
8 
6 
8 
8 
6 

24 
24 
24 

5 
8 
8 
5 
a 
8 
6 
8 
7 

7 
8 
8 
7 
8 
8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

a 

Boroo 

1 1  8.26 12.90 17.90 11.30 
1 0  2.12 4.27 4.58 2.45 
0 0  
1 3 10110 19130 45:70 19140 
0 1  1.80 5.35 8.10 3.45 
0 0  
0 4 12:20 21170 49120 U:lO 
1 1  2.57 5.64 10.40 4.96 
0 0  

0 0  
0 0  
0 0  

Calcium 

0 5  
0 8  
0 8  
0 5  
0 8  
0 8  
0 6  
0 8  
0 7  

983 
1590 
473 
813 
1620 
388 
599 
2360 
214 

1330 
2020 
60 1 
1180 
2180 
522 
1560 
3470 
322 

Q v o m i U o l  

0 7 26.0 30.2 
0 8 33.2 38.2 
1 7 15.0 17.3 
0 7 37.3 41.3 
0 8 34.2 37.6 
0 8 29.5 32.5 
0 8 50.0 56.3 
0 8 31.1 35.0 
0 8 27.9 31.4 

cobslt 

0 8 14.50 17.30 
0 8 19.00 22.70 
0 8  9.45 11.30 
0 8 10.90 14.90 
0 8 13.10 17.80 
1 2  2.03 3.01 
0 8 13.20 22.80 
0 8 18.10 31.30 
0 4  3.38 6.17 

1930 1370 
3130 2330 
930 693 
1880 1220 
3750 2600 
8% 623 
2960 1760 
6990 4360 
633 386 

38.7 
49.5 
22.3 
48.9 
44.7 
38.6 
69.8 
43.5 
39.0 

32.3 
41.6 
18.8 
43.3 
39.9 
34.4 
60.6 
37.7 
33.8 

24.10 19.4 
31 -60 25.4 
15.70 12.6 
26.20 17.7 
31.20 21 -2  

4.85 3.2 
62.10 31.2 
85.30 42.8 
15.90 8.2 
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Table 61a fmntinoea) 

Horizon Group N I D Median UCB95 X95 LTB9595 

C 
C 

C 
C 
C 

B 
C 
C 
C 

Conasauge 
Chi ckaarauga 
KnOX 
Conasauga 
Chickameuga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
REMAINDER 
Conasauga 
RmAINDER 
Cowsauga 
REXAIWER 

Conasauga 
Chi ckainauga 
KnOX 
Conaswga 
Chi ckamauga 
K~IoX 
Conasauga 
Chi ckamauga 
Knox 

Conasauga 
Chi ckaneuge 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Ch ickamauga 
Knox 
Conasauga 
Chickanrauga 
Knox 

coppa 
8 0 8 13.7 
8 0 8 13.6 
8 1 4  5.0 
7 0 7 19.8 
8 0 8 20.6 
8 0 8 17.7 
8 0 8 26.7 
8 0 8 23.5 
8 0 7 26.1 

CLaniat 
7 0 1 0.0123 

8 0 2 0.0519 
1 4 0 0 .  

1 4 0 0 .  
8 0 2 0.0462 

1 3 0 0 .  

Iron 

8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  

28700 
33400 
13000 
39800 
51900 
33100 
42300 
53200 
3ROO 

7 0 7 19.1 
7 0 7 33.3 
8 0 8 26.2 
7 0 7 11.8 
8 0 8 18.3 
8 0 8 13.6 

8 0 8 25.9 
8 0 8 26.6 

8 o a '113.7 

Lithium 

7 0 7  
6 0 6  
8 1 3  
8 0 8  
6 0 6  
8 0 7  

6 0 6  
8 1 5  

8 0 8  

12.90 
12.80 
3.10 
22 - 90 
31 -30 
7.94 
25.60 
36-40 
6.26 

16.20 
16.00 
6.04 
22.70 
23.30 
20. 00 
30.80 
27.10 
30.20 

1 -020 

0.356 

0.410 

32300 
376DO 
14700 
42800 
55900 
35600 
45400 
57100 
40400 

25.6 
U . 6  
34.5 
15.2 
23.2 
17.3 
25.4 
35.2 
36.2 

16.30 
16.40 
3-96 
27.60 
38.80 
9 -65 
32.60 
48.50 
8.20 

21.80 
21.60 
7.95 
28.40 
29.40 
25.30 
39.90 
35.10 
39.00 

0.440 

0 I836 

1 -080 

40200 
46800 
18300 
49100 
64100 
40800 
51500 
64800 
45900 

41.5 
72.4 
57.0 
23.0 
35.6 
26.6 
44.8 
62.0 
63.7 

23-80 
23.60 
5.71 
38.60 
52.70 
13.40 
51.40 
TJ.50 
12.60 

17.80 
17.70 
6.42 
24.10 
25.20 
21 -70 
33.60 
29.60 
32.80 

0.0395 

0.1270 

0:1270 

34800 
40500 

44900 
58600 
37300 
47400 
59600 
42200 

i5aoo 

29.2 
50.9 
40.8 
17.0 
26.8 
20.0 
30.9 
42.7 
43.9 

17. ao 
17.40 
4.36 
30.80 
41.10 
10.60 
37.70 
52.20 
9.14 
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Table 61a (continued) 
.-__ ~ 

Horizon Group N I D Median UCB95 X95 LTB9595 

A 
A 
A 
B 
B 
B 
C 
C 
C 

A 
A 
A 
B 
8 
B 
C 
C 
C 

A 
A 
A 
B 
B 
B 
C 
C 
C 

A 
A 
B 
B 
B 
C 
C 

A 
A 
A 
B 
B 
B 
C 
C 
c 

A 
B 
C 

Conasauga 
Ch i ckamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chickamauga 
Knox 
Conasauga 
Ch i ckamauga 
Knox 

Knox 
REMA I NDER 
Conasauga 
Chi ckamauga 
Knox 
Knox 
REMAINDER 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Ch i c kamauga 
Knox 
Conasauga 
Chickamauga 
KnoX 

REMAINDER 
REMAINDER 
REMAINDER 

8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 

8 
8 
8 
8 
8 
8 

a 

8 
14 
8 
6 
8 
8 

14 

8 
8 
3 
8 
8 
8 
8 
8 
8 

2 
3 
3 

Magnesium 

0 8 2390 
0 8 1220 
0 8  413 
0 8 2990 
0 8 2320 
0 8  680 
0 8 3840 
0 8 2720 
0 8  576 

-IF== 

0 8  807 
0 8 1330 
0 8  992 
0 8  272 
0 8  352 
0 8  126 
0 8  332 
0 8  500 
0 8  138 

Me-JY 

0 8 0.2420 
0 8 0.2810 
1 6 0.1360 
0 2 0.1140 

0 7 0.1050 
0 1 0.0573 
0 6 0.1140 
0 8 0.2000 

o 3 0.0982 

Mo!yWeaum 

0 1 1.33 
0 0  
0 1 1:u 
0 2 2.10 
0 4 2.50 
1 5 2.93 
0 0  

Nickel 

0 8 20.10 
0 8 15.20 
1 3  6.71 
0 8 21.80 
0 8 22.10 
0 5 11.20 

0 8 27.00 
0 7 17.70 

o a 26.40 

OSmiUlD 

0 0  
0 0  
0 0  

2780 
1430 
48 1 

3400 
2640 
775 

4510 
3200 
677 

1020 
1680 
1250 
377 
488 
174 
572 
BbO 
237 

0.3120 
0.3620 
0.1770 
0.1370 
0.1160 
0.1210 
0.0869 
0.1360 
0.2360 

1.96 

2:02 
3.09 
3.34 
5.75 

23.60 
17.90 
8.11 

25.00 
25.40 
13.00 
31 -70 
32.40 
21.20 

3670 
1880 
635 

4320 
3350 
983 

6070 
4300 
910 

1560 
2570 
1920 
685 
888 
31 7 

1540 
2320 
641 

0.4960 
0.5770 
0.2800 
0.1680 
0.1450 
0.1550 
0.0925 
0.1850 
0.3220 

2.00 

2: 47 
4.21 
5.03 
5.55 

31.7 
23.9 
10.6 
32.1 
32.5 
16.5 
44.1 
45.1 
29.5 

3060 
1570 
529 

3690 
2860 
840 

4990 
3540 
749 

1180 
1940 
1450 
462 
599 
214 
802 

1210 
333 

0.3630 
0.4220 
0.2060 
0.1390 
0.1210 
0.1280 
0.0607 
0.1490 
o s  2580 

1.38 

1:53 
2.83 
3.50 
3.87 

25.90 
19.60 
8.57 

27.10 
27.50 
14.00 
35.40 
36.20 
23.70 
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Table &la (continued) 

Horizon Group N I D Median UCB95 X95 LTB9595 

Potassium 

Canaseuga 
Chi ckamauga 
KnOX 
Conasauga 
Chi ckmauga 
Knox 
Conasauga 
Chickamauga 
KWIX 

8 0 8  
8 0 8  

8 0 8  
8 0 8  
6 0 8  
8 0 8  

a 0 4  

8 0 1 3  
a 0 8  

2600 
1620 
30 1 
3090 
3050 
81 1 

3960 
3060 
983 

3040 
,1690 

358 
3670 
3620 

%3 
4650 
3600 
1150 

6030 
2500 
465 

5030 
4960 
1320 
6230 
4820 
1550 

3320 
2060 
385 

4090 
4030 
1070 
5140 
3970 
1270 

selenium 

Conasauga 
Chi ckamauga 
Knox 
Conasaitga 
Chickamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

8 0 3  
8 0 8  
6 1 5  
8 0 3  

7 0 6  
8 0 3  
8 0 5  
7 0 6  

a 0 7  

0.491 
0.751 
0.571 
0.498 

0.587 
0.865 
0.675 
0 -635 
0.913 
0.797 
0.653 
0.760 
1.030 

0.733 0.604 
1.120 0.932 
0.853 0.698 
0.863 0.664 
1.290 1.000 
1.120 0.861 
1.190 0.728 
1.450 0.894 
1.970 1.170 

0.747 
0.645 
0.416 
0.508 
0.689 

Conasauga 
Ch ickarnauga 
KnOX 
Conasauga 
Ch i ckamauga 
K I X U  
Conesauga 
Ch i ckanauga 
KnOX 

8 0 8  
6 0 6  
5 0 5  
8 0 8  
6 0 6  
5 0 5  

6 0 6  
5 0 5  

a 0 8  

352 413 555 
591 71 2 933 
558 685 881 
349 41 1 556 
701 849 1120 
612 755 977 
380 449 61 0 
653 793 1050 
595 736 956 

454 
747 
6?5 
452 
891 
766 
4% 
833 
747 

A 
B 
C 

REMAI UDER 
REMAINDER 
REMINDER 

24 0 0 
24 0 0 
26 0 0 

Sodium 

Chi ckamauga 
KnOX 
Ch ickenvluga 
Kno% 
Ch i ckamauga 
Knox 

8 0 8  409 
8 0 7  338 
8 0 8  435 
8 0 8  337 

8 0 8  u 4  
8 0 8  428 

428 466 439 
355 386 363 
456 495 467 
353 384 362 
451 496 664 
362 398 372 

Strontium 

Conasauga 
Chi c kanrauga 
Knox 
Conasauga 
Chi ckarnauga 
Knox 
Conaseuga 
Chi ckameuga 
Knox 

7 0 7  
6 0 6  
8 0 6  
8 0 8  
6 0 6  
8 0 5  
8 0 8  
6 0 6  
8 0 2  

5.780 
9.090 
2.840 
6.440 

11.300 
2.190 
6.830 

12.900 
0.331 

7.960 
12.900 
3.880 
9.240 

17.100 
3.230 

10.500 
21.200 
0,577 

13.50 
21 -20 
6.64 

17.90 
31.20 

6.06 
22.80 
43.20 

1.11 

9.090 
14.000 
4.590 

11.300 
19.000 

13.000 
23.400 
0.639 

3.890 
C 
C ... 
C 

. . . . . . . , . . . , . . . . . . . . . . 
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Table &la (aontinud) 

Horizon Grow N I D Median UCB95 X95 LTB9595 

A 
A 
A 
B 
B 
B 
C 
C 
C 

A 
A 
B 
B 
0 
C 
C 
C 

A 
A 
A 
6 
B 
8 
c 
C 
C 

A 
A 
A 
B 
B 
B 
C 
c 
C 

Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 

Conasauga 

Conasauga 
Knox 
REMAINDER 
Conasauga 
Knox 
REMAINDER 

REMAINDER 

Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

Conasauga 
Ch ickamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Comsauga 
Chickamauga 
Knox 

sulfate 

7 0 7  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 1 4  

M u m  

36.0 
130.0 
68.3 
90.1 

104.0 
45 -5 
70.3 
40.1 
10.9 

53.2 
187.0 
98.2 

121 .o 
140.0 
61.1 

106.0 
60.7 
17.1 

8 0 1  
14 0 0 
8 0 3  
6 0 1  
8 0 0  
8 0 6  
6 1 0  
8 0 0  

0.0642 1.350 

0.3350 0.480 
0.2500 0.441 

0:4580 0:563 
0.2650 0.610 

101.0 
363.0 
191 .O 
207.0 
240.0 
105.0 
227.0 
130.0 
35.2 

0.748 

01701 
0.523 

0:804 
0.466 

8 0 8 33.3 37.0 45.1 
8 0 8 36.6 40.7 49.6 
0 0 8  
7 0 7  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  

8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  

28.1 
43.1 
48.2 
62.5 
43.9 
43.9 
67.3 

43.8 
45.5 
37.1 
47.9 
64.7 
94.5 
52.4 
73.6 

31.3 
47.8 
53.1 
68.9 
48.6 
48.5 
74.4 

51.9 

43.9 
57.4 
77.6 

113.0 
63.8 
89.7 

53.8 

38.1 
56.7 
63.4 
82.2 
58.3 
58.3 
89.3 

70.4 
n . 3  

80.1 
108.0 
158.0 
91.4 

129.0 

59.8 

63.5 
233.0 
123.0 
145.0 
169.0 
73.4 
136.0 
77.6 
21.2 

0.158 

0:461 
0.324 

0:594 
0.308 

39.4 
43.6 
33.5 
50.2 
56.4 
73.1 
51 -7 
51.7 
79.2 

57.6 
59.8 
48.8 
44.3 
86.9 

127.0 
72.0 

101 .D 
8 0 7 149.0 182.0 261.0 20’5.0 

PN = number of obsetvations, possibly averages over replicates at sites; I = number of interval 
censored observations (see text); D = number of true detects (see text); UCB9S = 95% upper 
confidence bound for median; X95 = estimate of 95th percentile; LTB9595 = 95% lower confidence 
bound for 95th percentile; REMAINDER refers to the remaining observations-no detects. 
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Table dlb. Summary statistics for sekued 
radionuclides on the ORR by group 

@timates and CQW bounds are in picocories per gma) 

Horizon Group N I D Median UcB95 X95 LTB9595 

A 
A 
A 
B 
B 
B 
C 
C 

A 
A 
B 
C 

A 
A 
A 
B 

A 
A 
A 
8 
C 

A 
A 
A 
B 
C 

A 
A 
A 
6 
B 
6 
C 
t 
C 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Knox 
REMAINDER 
Conasauga 
REMAINDER 

Conasauga 
REMAINDER 
REMAINDER 
R E M  I NDER 

Conesauga 
Chickamauga 
Knox 
REMAINDER 

Conasauga 
Ch ickamauga 
KnOX 
Cdnasauga 
REMAINDER 

Conasauga 
Ch i ckamauga 
Knox 
Conasauga 
REMAINDER 

Conasauga 
Chickanauga 
Knox 
Conasauga 
ChickaRleuga 
Knox 
Conasausa 

Mumu7 (Gamma) 

8 0 8 0.56100 0.6500 
7 0 7 1.12000 1.3100 
8 0 8 0.91700 1.0600 
7 0 5 0.01520 0.0448 
8 0 1 O.OOM4 0,0239 
7 0 0  
7 0 2 0:000?8 010907 

1 5 0 0 .  

curium-247 (Gamma) 

8 0 2 .00552 -00649 
1 5 0 0 .  
3 0 0 .  
3 0 0 .  

Neptunium-237 (Alpba) 

2 0 2 0.1330 0.1870 
7 1 6 0.0931 0.1120 
8 1 6 0.0761 0.0911 
1 0 0 .  

Plutoaium-z38 (Alpha) 

8 1 0 0.0138 0.0587 
7 4 2 0.0288 0.1020 
8 2 G 0.0201 0.0591 
2 0 2 0.0853 0.0991 
2 0 0 .  

Plutfmbm-239LZ40 (Alpha) 

8 0 1 0.0138 0.0231 
7 3 2 0.0288 0.0402 

2 0 1 .  
2 0 0 .  

a 2 3 0.0201 0.0280 

Potassium4 (Gamma) 

8 0 8 15.80 18.10 
8 0 8 12.10 14.00 
8 0 8  3.59 4.13 
6 0 6 17.70 20.30 
8 0 8 22.70 25-60 
7 0 7  7.91 8.98 
7 0 7 22.60 31.20 

0.8480 
1.6900 
1.3900 
0.2250 
0.0537 

0:8030 

.00716 

0.216 
0.151 
0.123 

0.07f3 
0.1690 
0.0979 
0.1050 

0.0298 
0.0620 
0.0432 

23.50 
18.00 
5 -35 

26.70 
31 -70 
11-10 
53 -20 

0.7110 
1 .4100 
1.1600 
0.0170 
0.0111 

0:oon  

-00579 

0.1490 
0.1200 
0.0989 

0.0426 
0.1120 
0.0651 
0.0838 

0.0182 
0.0408 
0.0286 

19.80 
15.20 
4.51 

21 .oo 
27.40 
9.50 

35.90 
ChickGuga 7 0 7 21.00 29.00 49.50 33-40 
Ynox 6 0 6  7.99 11.30 18.90 12.40 

'.. 
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Table 6 lb  (continued) 

Horizon Grouo N I D Median UCB95 x9.5 LTB9595 

A 
A 
A 
B 
B 
6 
c 
C 
C 

A 
A 

A 
A 
A 

A 
A 
A 
B 
B 
B 
C 
C 
C 

A 
A 
A 
B 
8 
B 
C 
C 
C 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Conasauga 
Ch i c k m u g a  
Knox 
Cmasauga 
Chickamauga 
Knox 
Conasauga 
Ch ickamauga 
Knox 

Conasauga 
REHA I NDER 

Conasauga 
Chi ckamauga 
REMAIYDER 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chickamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chickamauga 
Knox 
Conasauga 
Chickamuga 
Knox 

Conasauga 
Chickamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

8 0 8  
8 0 8  
8 1 7  
8 0 7  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
a 0 8  

0.763 
1 .ooo 
1 -030 
0.814 
1.010 
1 -530 
0.860 
1.190 
1.440 

StrontiuIn-90 (Bera) 

7 0 1 0.391 
15 0 0 

T&UU%~UILI-~~ (&&I) 

12 0 1 0.961 
12 0 5 1.180 
11 0 0 

Tborium-228 (Alpha) 

a o 8 1.210 
8 0 8 1.040 

8 0 7 0.450 
8 0 8 1.280 
8 0 8 1.510 
8 0 8 1.120 
8 0 7 0.987 
8 0 8 1.680 
8 0 8 1.220 

M u m - 2 3 0  (Alpha) 

8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 7  
8 0 8  
8 0 8  
8 0 8  
8 0 8  

0.739 
1.050 
0.926 
0.854 
1.060 
1 -380 
0.708 
1.160 
1.540 

'Iborium-232 (Alpha) 

8 0 8  
8 0 8  

8 0 8  

8 0 8  
8 0 8  
8 0 8  
8 0 8  

8 0 8  

8 0 8  

1.010 
1.170 
0.649 
1 -240 
1.560 
1.190 
1.070 
1 -540 
1.230 

0.905 
1.190 
1.220 
1.020 
1.250 
1.900 
1 -060 
1 -470 
1 .no 

1-36 

1.74 
1-64 

1.48 
1.71 
0.64 
1.55 
1.83 
1.35 
1.44 
2.44 
1.78 

0.862 
1 -220 

1.030 
1.290 
1.670 
0.855 
1 -400 
1.860 

1 .oao 

1.210 
1.400 
0.775 
1.520 
1.920 
1.460 
1.600 
2.000 
1.600 

1.24 
1.62 
1.67 
1.50 
1.86 
2.83 
1.53 
2.13 
2.57 

1.12 

2.25 
2.77 
- .  

2.81 
3.27 
1.22 
2.19 
2.59 
1.91 
2.85 
4.84 
3.53 

1.14 
1.62 
1.43 
1.47 
1.82 
2 -37 
1.21 
1.98 
2.63 

1.66 
1.93 
1.07 
2.21 
2.80 
2.13 
2.27 
3.25 
2.61 

1.01 
1.32 
1.36 
1.15 
1.43 
2.18 
1.20 
1.67 
2.01 

0.548 

1.46 
1.84 

1.830 
2.120 
0.796 
1 -740 
2.060 
1.520 
1.810 
3.060 
2 240 

0.949 
1.350 
1.190 
1.160 
1.440 
1.880 
0.962 
1 -580 
2.090 

1.350 
1.560 
0 -865 
1 .no 
2.180 
1.660 
1.650 
2.35g 
1 -890 
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Table 4Ib (mntinuea) 

.I. 

Horizon Group N I D Median UCB95 X95 LTB9595 

A 
B 
C 

A 
A 
A 

cOnasaUga 
C h i  ckamauga 
Knox 
Conasauga 
Knox 
REMINDER 
Conaseuga 
Knox 
REMIMDER 

Chi ckatmuga 
Chickamauga 
Chi ckamauga 

Conasauga 
Ch i ckamauga 
Knox 
Conasauga 
Conasauga 

Conasauga 
Chickamauga 
Knox 

Conasauga 
Chickamauge 
Knox 
Conasauga 
Chi ckamuga 
Knox 
C O n a s W p  
Chi c k m u g a  
Knox 

Coogsauga 
Chickamuga 
Knox 
Conasauga 
Chi ckamauga 
KnoK 
Conasauga 
Ch i ckamauga 
Knox 

Tbahtm-234 CBeta) 

8 0 8 1.520 1-90 2.86 
5 1 0 0.702 1.08 1.31 
7 1 2 0.915 1.21 1.71 
8 0 7 0.905 1.30 2.48 
7 1 2 0.993 1-57 2.72 
5 0 0  
8 0 8 1 : l l O  1:20 1139 
7 1 0 0.892 1.03 1.12 
5 0 0  

'Izlorium-234(Gamma) 

3 0 I 0.909 1.68 1.76 
3 0 1 0.739 1.20 1.24 
3 0 1 1.010 2.27 2.49 

Total Uranium (Alpba) 

8 0 8 1.230 1.710 3-12 
7 0 7 1.050 1.490 2.67 
7 0 7 2.340 3.330 5.96 
2 0 2 0.316 0.972 1.55 
2 0 2 0.299 1.650 3.35 

Tritium (Tritium) 

9 0 5 0.0318 0.0427 0.0697 
15 3 0 0.0556 0.0779 0.1220 
9 0 4 0.0165 0.0238 0.0361 

8 0 8  
8 0 8  
a 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  
8 0 8  

1.100 1.24 1.54 
1.110 1.25 1.56 
1.270 1.43 1-77 
1.080 1.30 1.83 
1.030 1.24 1.74 
1.520 1.82 2.56 
0.862 1.02 1.38 
1.100 1.30 1.76 
1.570 1.85 2.50 

Ur;miUm-235 (Alpha) 

1 1 6  

8 1 6  
8 1 6  
8 0 8  
8 0 7  
8 1 6  
8 0 8  
8 0 7  

a i 7  
0.05&0 
0.07% 
0.0955 
0.0540 
0.0946 
0.2220 
0.0392 
0.0959 
0.1220 

0.0727 
0.0983 
0.1280 
0.0979 
0.1690 
0.4000 
0.0574 
0.1390 
0.1770 

0.122 
0.167 
0.216 
0.277 

1.140 
0.112 
0.274 
0.348 

0.485 

2.080 
0.870 
1.260 
I .670 
1.640 

1.230 
0.964 

o .a93 
0.728 
0.989 

2.090 
1.750 
3.900 
0.276 
0.244 

0.0487 
0.0884 
0.0232 

1.33 
1.35 
1.54 
1.46 
1.40 
2.05 
1.13 
1.44 
2.05 

0.0860 
0.1170 
0.1520 
0.1360 
0 - 2390 
0.5660 
0.0711 
0.1740 
0.2220 
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Table 6.lb (continued) 

Horizon Group N I D Median UCB95 X95 LTB9595 

A 
A 
B 
B 
C 
C 
C 

A 
A 
A 
B 
B 
C 
C 

A 
A 
A 
e 
e 
B 
C 
C 
C 

A 
8 
C 
C 

Conasauga 
REMAINDER 
Conasauga 
REMINDER 
Conasauga 
Knox 
REMAINDER 

Conasauga 
Chi ckamauga 
Knox 
Conasauga 
REMAINDER 
Chickamauga 
REMAINDER 

Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chi ckamauga 
Knox 
Conasauga 
Chickamauga 
Knox 

REMAINDER 
REMAINDER 
Chi ckamawa 

8 
15 
7 

16 
8 
8 
8 

a 
8 
8 
8 

16 

16 
a 

uranium-235 (Gamma) 

0 8 0.0751 0.0895 0.1230 
0 0 .  ’ .  
0 7 0.0517 0:0699 0.1150 
0 0 .  
0 8 0.0452 0:0567 0:08S% 
0 1 0.1100 0.1620 0.2090 
0 0 .  

Uranium-236 (Alpba) 

0 1 -009810 0.0197 0.0240 
1 0 .006310 0.0126 0.0154 
0 1 .009260 0.0182 0.0225 
0 1 -000586 0.6130 0.1430 
0 0 .  
0 1 .  
0 0 .  

Uranium-238 (Alpha) 

8 0 8 1.150 
8 0 8 1.140 
8 0 8 1.250. 
8 0 8 1.080 
8 0 8 1.150 
8 0 8 1.680 

8 0 8 1.140 
8 0 8 1.650 

a o 8 0.864 

uranium-238 (Gamma) 

8 0 1  019 

16 0 0 
16 0 0 

1.27 
1.26 
1.38 
1.26 
1.34 
1.95 
1.03 
1.37 
1.98 

100 

1.52 
1.51 
1.65 
1-66 
1.76 
2.57 
1.44 
1.90 
2.75 

4314 

0.0942 

0.0723 

0.0608 
0.1490 

0.01340 
0.00882 
0.01240 
0.00445 

1.35 
1.34 
1.47 
1.38 
1.47 
2.14 
1.16 
1.53 
2.21 

3:7 
REMAINDER- a o o  

“N = number of observations, possibly averages over replicates at sites; I = number of interval 
censored observations (see text); D = number of true detects (see text); UCB95 = 95% upper 
confidence bound for median; X95 = estimate of 95th percentile; LTB9595 = 95% lower confidence 
bound for 951h percentile; REMAINDER refers to the remaining observations-no detects. 

6.2 BASIC IDEAS AND CONCEPTS OF INTERPREIWG SOILS DP A 

The original intent of the BSCP data interpretation was to partition the soil analysis data 
according to three sources: (1) the inherited geologic source, (2) the worldwide cx regional 
atmospheric depositional source, and (3) that introduced by local sources. This has been done 
where there was sufficient reason to do so. The following discussion covers the difficulties of 
trying to partition soils data into these three components. 
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Table 6 . 1 ~  Swuaarg statistics by group for PAHs on the QRRe 
(A horizun, noncomposited samples Phase I Cbasanga sites have been deleted. 

Estimates and confidence bounds are in migograms per kilogram. M a y  be 
inappropriate when areas bave diltrerent median a.nalyte concentrations.) 

Analysis Group N I D Median UCB95 x95 LTB9.595 

Acenaphthene 
Acenaphthene 

Acenephthylene 
Acenaphthylene 

Anthracene 
Anthracene 

Benzo le3 anthracene 
Benzolal anthracene 

Benzo Ea1 pyrene 
Benzo fa1 p y r m  

Bento tbl f luoranthene 
Benzo Cbl f Looranthene 

BenroIg,h,ilperylene 
Benzo Cg , h , i 3 pery lene 

Benro Ckl f Lwranthene 
Benro[Q f luoranthene 

Chrysene 
Chrysene 

0 ibenzo [a, hl anthracene 
D i benzo la,  hl anthracene 

F luoranthene 
Fluorenthem 

F 1uorei-e 
Fluorene 

Indenoft ,2,3-c,dlpyrene 
IndenoCl,2,3-c,dlpyrene 

Naphtha 1 ene 
Naphthalene 

Phenanthrene 
Phenen th r e m  

Pyr- 

Ch ickamauga 
KnoX 

Chickamauga 
Knox 

Chickamauga 
Knox 

Chi ckamauga 
KnOX 

Chi ckamauga 
KnOX 

Chickamauga 
Knox 

Chi ckamauga 
Knox 

Chickamauga 
Knox 

Ch i ckamauga 
Knox 

Ch ickamauga 
YnOX 

Chi ckarnauga 
Knox 

Ch ickamauga 
Knox 

Chi ckamauga 
Knox 

Chickamauga 
KnOX 

Chi ckatnauga 
Knox 

Ch i ckaraauga 

4 
10 

24 
17 

15 
12 

18 
19 

24 
15 

20 
12 

17 
15 

24 
16 

11 
12 

6 
13 

19 
19 

9 
12 

23 
19 

13 
11 

24 
19 

18 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

4 
4 

0 
4 

1s 
10 

18 
19 

24 
15 

20 
10 

17 
15 

24 
16 

8 
9 

5 
11 

19 
19 

9 
5 

15 
1 

13 
6 

24 
19 

18 
19 

1.700 
1.210 

11 -300 

0.986 
0.746 

5,160 
1 .a90 

4.430 
2.850 

4.530 
2.350 

4.350 
2.730 

2.570 
1.450 

5.030 
3.400 

0.693 
1.030 

5.960 
4.670 

1 .a0 
0.555 

10.200 
5.650 

3.570 
8.200 

6.890 
3.680 

9.800 

2.560 3.87 
1.800 2.76 

103.000 

1 -400 
1.150 

6.710 
2.440 

5.430 
3.680 

5.800 
3.300 

5 -600 
3.580 

3.140 
1.850 

7.260 
4.880 

1.190 

8.080 
6.330 

2.500 
0.943 

13.400 
11 -000 

5.710 
15.000 

8.300 
4.550 

13.100 

1.480 

1oM1.00 

3.87 
2.93 

15.7 

12.0 

13.7 

5.76 

7.70 

7.15 

7.75 

6.84 
3.86 

12.3 

16.2 
11 .o 
2.32 
3.45 

22.4 
17.5 

5 -96 
2.05 

31.7 
17.5 

19.4 
64.5 

17.2 
9.21 

33 -5 

2.30 
1.70 

154.00 

2.41 
1.73 

11.20 
4.13 

9.09 
5.61 

9 . n  
4.79 

8.85 
5.50 

5.23 
2.85 

10.10 
6.89 

1.23 
2.11 

15.10 
11.80 

3.32 
1.12 

22.00 
9.86 

10.20 
22.60 

13.40 
1.06 

- _  _ -  23.10 
Pyrene Knox 19 0 4.370 5.790 15.0 10.40 

‘N = number of observations, possibly averages over replicates at sites; I = number of inmval censored observations 
(see tea); D = number of true detects (see tat); UCB95 = !35% upper confidence bound for median; X95 = estimate of 95th 
percentile; LTB9595 = 9595 lower oonfidence bound for 95th percentile, REMAINDER refers to the remaining 
observations-no deteur 

6.21 Soil E.9traction Factors Tbat Can Affect the Measured C h e d  Content of Soils 

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 refers to differing methods for extracting soil 
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components. This report also contains a discussion of a whole soil analysis technique ( N U )  
with the results from the current EPA extraction and analytical methods for metals. 

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 and potentially hazardous. Methyl mercury 
is a prime example. Biotic compounds of arsenic and lead behave similarly. Therefore, the 
interpretation oE results must be based on a knowledge of what goes on at various depths 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 gamma screening samples. Gamma screening was done primarily to 
determine the atmospheric input of 137Cs, so the upper 30 cm of the soil profile was sampled 
in 5-cm increments. 

6 2 2  Landscape Factors That May Mix3 the Chemical Content of Soils 

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 downslope. 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 colluvium or old alluvium, and 
some were located in older loblolly pine plantations or in old-field successional mixed pine 
and hardwood forests. The background levels of contaminants in colluvial or floodplain soils 
or more recently disturbed soils can either be higher or lower than the background levels 
measured in this project but still may be considered to be background for those specific sites. 
The data presented in this report represent part of the entire ORR. There are many soils and 
several geologic formations that have not yet been sampled. 

62.3 Factors That Can Meet the Chemical Contents of A, B, and C Sod Horizlons 

Samples were obtained from (1) the A horizon of the soil, (2) the B horizon of the soil, 
and (3) the “C” horizon (including either the lower B horizon, a transitional BC or CB 
horizon, the C horizon or the upper part of a paralithic Cr horizon.) The A horizon contains 
the most organic carbon and also the highest biotic 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 this 
surface mineral horizon of the soil. 

rhe B horizon of most soils, commonly known as the upper subsoil, is the soil zone in 
whic; there is a net accumulation of soil 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 form to an inorganic form. Respiration in this part of 
the soil tends to be aerobic on ped surface.. and along root channels and anaerobic within 
peds. Dissolved organic carbon moves into and through this soil horizon. Whether it is 
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degraded and releases any metal ions depends on its 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 mme 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 highly variable depth in the soil. It begins at the upper zone, 
where saprolite or  saprolitic material with its geologic strike and dip can be recognized or 
where pedogenic soil structure becomes minor. Here, soil processes are minimal, but there 
is often some biotic component, especially the soil fauna associated with roots and dissolved 
organic carbon that move downward along ped surfaces and along fracture and joint surfaces. 
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 Nolichucky soils, there is a much 
higher organic component than in the "C" horizon of the ORR Copper Ridge and 
Chepultepec soils that were sampled below a depth of 140 to 160 cm. The C horizon mne 
of the soil tends to be the location where there is deposition of ions translocated through the 
horizons above. Here, manganese and other ions with similar chemistry are often found in 
higber zones of concentration although the total manganese content is lower than in the A 
horizon above. In this part of the soil, water movement becomes increasingly channelized into 
well-defined flow zona. Flow mnes 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 mobiIity. The same happens with iron oxides that are 
transformed from ferric to ferrous forms and acquire a layer of oriented hydration water or 
hydroxyl groups. Other ions having similar geochemical properties can also become mobile 
in this zone. 

6 3  BASIC DATA COMPARISONS 

63.1 Site and Soil Faders That Must Be Considered in the Initial Comparison of Results 

When making a comparison with a new site, the best interpretation of results involves 
having a set of data from the A, B, and C horizons of a particular site under similar 
vegetation to observe trends of those ions in question. For example, contamination via surface 
deposition on a grassy slope should be confined to the surface if ions are immobile because 
of the shallow rooting of 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 variability is normal in a forested 
soiL The data from an A horizon at one site should not be compared with the 3 or G horizon 
data from another site. In principle, inorganic and natural radionuclide data from the soils of 
one formation should not be used as background data for soils of another formation because 
soils from different geologic formations can have different levels of inherited metals and 
natural radionuclides unless the statistical interpretation would indicate otherwise. Inorganic 
data from residual so& should not be compared with data from alluvial or colluvial so% 
without making sure that the same standard operating procedures were adhered to and 
whether the statistical analysis would indicate that such comparisons would be valid. 
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632 Comparisons Between Methods of €%traction and Analysis 

63-21 Comparison betweeu M C P  and ICP/MS analysis 

Sixteen metals were analyzed by using AA/ICP and ICP/MS methods, and the results 
were compared. The metals in which the measured concentration was the same between both 
methods were AI, Ba, Be, Cr, CO, Cu, Pb, Mn, and Ni (9 out of 16). Antimony concentrations 
were below detection limits for both methods, but more detects were observed with AA/ICP. 
Cadmium concentrations were equally below detation limits for both methods. Arsenic, 
beryllium, and zinc concentrations determined by AA/ICP were larger than those determined 
with ICPMS. Selenium results were scattered, and no difference between the methods can 
be observed. These results did not show an advantage in using ICP/MS over M C P .  

63.222 Comparison between AA/ICP and NAA analysis 

Fifteen metals were analyzed by using AA/ICP and NAA methods, and the results were 
compared. The metals in which the measured concentration was the same between the 
methods were: As, Co, Fe, and Mn. The metals for which measured concentrations with NAA 
were higher than with AA/ICP were AI, Cr, Mg, K, V, and Zn. Antimony, barium, and silver 
were only detected using the NAA method. Mercury was detected using M C P  but not the 
NAA method. Sodium concentration did not show a relationship between the methods. The 
limiting factor in the determination of metal concentrations in soil is not the instrument but 
the extraction procedure. The acid extraction procedure for metal determination represents 
only a part of the total amount of the metal in the soil structure. Metal concentrations 
measured by NAA represents the total element concentration in soils. 

6 3 2 3  Comparison between electrostatic discharge gamma d g  and contract laboratory 
results for radionuclides 

The electrostatic discharge gamma scanning technique uses a much larger sample (4-00 
to 900 g) compared to the contract laboratory sample size oE 1 g. Problems in comparison are 
mainly related to analytical techniques and the time of counting. The contract laboratory uses 
a more sensitive analytical technique and detection instruments and a longer counting time. 
The electrostatic discharge analytical technique uses a less sensitive analytical instrument and 
a shorter counting time for soil samples between depths of 0 and 25 em. The 25- to 30-cm 
depth section uses a longer counting time, and the results from this increment are probably 
more accurate than those from the contract laboratory. The primary problem with any 
comparisons of data is that the sampIe sizes are so different and the depths are not 
comparable. The electrostatic discharge gamma scanning technique via the methodology in 
the BSCP Plan (Energy Systems 1992, Volume 3) can be used anywhere and for all conditions 
for samplelsite screening purposes based on 137Cs activity levels. This procedure requires that 
a standard cross-sectional area be sampled. Obtaining a series of samples to a depth of at 
least 30 cm ensures that all 137Cs has been found for upland residual soils. However, cesium 
levels for alluvial and colluvial soils can be much different. Colluvial soils usually have higher 
levels of 137Cs 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 
modem deposition of sediments has O C C U K ~ ~ ,  because the products of airborne deposition 
can be buried below a depth of 30 cm. The other possibility is that the 137Cs and other 
associated contaminants may have been removed from the site by surface erosion. 
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The gamma scanning error term must be considered in attaching significance to any data. 
The error term for some elements is very low (<lo%), whereas the error term for other 
elements, namely 23sU and *U, tend to be large (>50%). Uranium screening data are 
reported but should not be used for risk assessment because the contract laboratory and 
Neutron Activation Laboratory used more sensitive analytical methods. The tolerance bounds 
or confidence limits for alI elements and compounds that were analyzed in this project must 
be recognized and incorporated into any kind of data comparison and interpretation. 

6.4 VAIJD DATA COPvLPARISONS 

6.4.1 Volatile Organic Compounds 

VOC analysis can 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. The data, 
presented elsewhere, are only from the A horizon of the soil. 

6-42 Pesticides, Herbiades, and Polychlorinated Biphenyls 

The analysis for these compounds is done on field moist soil samples. The surface leaf 
fitter in a forest soil is removed, and a sample is immediately collected. For bare or 
grass-covered soil, a sample is collected from the upper 5 to 10 crn 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 sampies can be coliected 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 cornpounds have a very long half-life, whereas others 
are readily decomposed by the indigenous soil fauna. Most of the compounds that were 
analyzed for BSCP have a very long half-life, or the daughter products still have undesirable 
biochemical properties. Therefore, it is helpful in interpretation if the time when the 
suspected contamination occurred is known. 

6.43 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 ped surfaces in the subsoil 
(B horizon) or fracture faces in the C horizon. 

Many cations of metals, such as aiuminum and iron, are dominant components of all 
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 sampling depths or increases with 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 contarnination can be distinguished from geologically inherited inorganics. 
Some metals can be introduced by the use of sampling equipment. A comparison of ORR 
source water with the ORR inorganics field rinse water showed that the rinse water contained 
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higher amounts of AI, Fe, Mn, Si, Sr, and Cu. The scratches and wear on the sampling 
stainless steel equipment are a tikely source of the added components in the rinse water. 
Geoiogic inherited inorganics must be determined from the particular geologic 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 eonfined to the same geologic 
formation or section of that formation. However, the data tend to indicate that the results 
from the Dismal Gap and Nolichucky in the Bear Creek Conasauga section should be 
applicable to the Melton Creek section of the Conasauga. Likewise, most of the data between 
the Bethel Valley section of the Chickamauga and the East Fork (designated at K-25) section 
of the Chickamauga are quite similar, but with some departures. Where the statistical analysis 
indicates that there are no significant differences, most of the trace metals between soils in 
a geologic group would suggest that the applicable BSCP data could be applied as background 
values for other similar formations within the group (see Sect. 2). 

6.4.4 Radionuclides 

The presence of Certam nuclides, such as 137Cs, V c ,  247Cm, z9m0Pu, and 3H, is nearly 
always the result of airborne deposition, whereas other nuclides could be inherited from the 
underlying rock. LJranium isotopes (235U and present special problems in interpretation 
because part of t 3e isotopes are inherited from the underlying rock and part are the result 
of airborne dust deposition. Therefore, a critical source evaluation is essential before any 
comparisons are made. For example, wher is the radionuclide located in scij and core 
samples, and what is the isotopic ratio of =%J to If most of the uraniun is in the A 
horizon and the values are much higher than in the B and C horizons, then the higher 
amounts in the A horizon are most likely due to airborne dust deposition, while the values 
in the C horizon are most likely that part inherited from the geology. If the isotopic ratio is 
off, then there is both a geologic source and an airborne source. 

6.5 INTERPRETATIQN OF DATA BY INDIVIDUAL EL.EMENT OR COMPOUND 

Detailed analytical results of the soil chemical analyses for organics, inorganics, 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). Additional analytical results were obtained from ICP/MS analysis for selected metals 
(Appendix I) and from NAA (Appendix H) for most inorganic soil components. The 
interpretation and comparison of results €or A, B, and C soil horizons, individual geologic 
formations, geologic groups, and locations (Roane County, Anderson County, and the ORR) 
were made, with a few exceptions. from Contract Laboratory Program (CLP) data. The two 
non-CLP analyses (ICPMS and NAA) were conducted in order to compare analytical 
techniques. The ICP/MS method of analysis was expected to have a lower instrumental 
detection limit for most metals. The NAA method is a nondestructive total elemental analysis 
method rather than the EPA acid extractable inorganic elemental analysis method (CLP-AA). 
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The NAA method provides additional data for analytes such as rare earth elements and 
actinides. The actinides include B%, 235U, and 

In this section, analytical results are compared and discussed, including differences among 
(1) sampling areas, (2) geologic rock groups, (3) individual geologic formations within a group, 
(4) sites within formations, and (5) A horizons vs B horizons vs C horizons of soils within 
formations. A summary of statistically treated data is presented in Appendix G. There are 
three sampling areas-the O M ,  Roane County, and Anderson County. However, in part of 
the statistical treatment, only two sampling areas are mentioned: on-site (ORR) and off-site 
(Anderson and Roane). There are three geologic rock groups: Conasauga, Knox, and 
Chickamauga. The ORR has samples from all three rock groups, but Roane and Anderson 
have samples only from the Conasauga and Knox There are six geologic formations: Dismal 
Gap and Nolichucky from the Conasauga Group; Copper Ridge and Chepultepec from the 
&ox Group; and two different sections, Bethel Valley and K-25 (which includes several 
formations), from the Chickamauga Group. The ORR is represented by samples from all six 
formations, but both Roane and Anderson are represented only by samples from the Dismal 
Gap Formation of the Conasauga Group and the Copper Ridge Formation of the Knox 
Group. Twelve sites in each sampling area were sampled from each formation. Several 
samples were collected from all A horizons for different analytical procedures, but only B and 
C horizons were sampled for the analysis of inorganics and radionuclides. The following is a 
summary of the designations used for soil samples from sampling areas, groups, and 
formations. 

Numbers Numbers 
Sample Origin Designations on-site of€-site 

Sampling area 1 2 
Geologic rock groups 3 2 
Geologic formations 6 2 
Individual sites 72 43 
Soil horizons 216 144 

65.1 Organic Compounds 

Screening analysis for VOCs was negative except for the following sites. Site ROA-8 in 
Roane County contained I,l,l-tricbloroethane. Site ORR-31 on the Reservation had 
trichlorofluoromethane, but the field duplicate for this site did not contain any contaminants. 
Both of these may be due to instrument contamination in the laboratory. The presence of 
detectable VOCs for any potentially contaminated ORR site can be taken as a sign of 
probable contamination. Some VOCs, in very small amounts, may be due to microbial 
respiration. 

The analyses of pesticides, herbicides, and PAHs were performed only on surface A 
horizon soil samples. There were a very limited number of estimated detects for pesticides. 
Two sites had alpha-chlordane (ORR-121 and MD-41), one site had aldrin (AND-33), and 
one site had Aroclor 1260 (ROA-43). However, the primary sample did not contain this 
compound, but the field duplicate did. One site bad Aroclor 1242 (ROA-14), two sites had 
Endosulfan I (AND41 and ORR-83), and two sites had 4,4'-DDT (ROA-8 and ROA-33). 
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One site (OM-66) had an estimated detect for 2,4-D. However, this is a remote site. The 
estimated result is highly suspect. The culprit is most likely instrument contamination. 

In the early part of the project (Dismal Gap and Nolichucky sites), PAHs were nearly 
all below detection limits, with only a few that were slightly above detection limits with a “J” 
qualifier. Later, a change in laboratory procedure or analytical instrument resulted in many 
detects as well as many “J” estimates for the Copper Ridge, Chepultepec, and Chickamauga 
sites. This later analysis indicated that PAHs were ubiquitous at all sites. Phenanthrene, 
pyrene, benzo[a]anthraeene, fluoranthene, and benzo[k]anthracene were detected at all of 
the Copper Ridge, Chepultepec, and Chickamauga sites and can be presumed to be at all 
Dismal Gap and Nolichucky sites as well. Some PAHi were more common in the A horizons 
of some soils than in others, and some soils had lower amounts. The ORR Chepultepec sites 
had significantly iuwer amounts of fluorine, benzo[u]anthrene, and phenanthrene than all 
other sites. In contrast, the Chickamauga sites at the K-25 Site had significantly higher 
amounts of phenanthrene, pyrene, and benzo[a]pyrene than all other sites, Tbe Roane 
Copper Ridge. sites had significantly lower amounts of benzokhfjperylene, 
benzo[k]fluoranthene, and benzo[b]fluoranthene than all other sites. 

The presence of organic compounds can be taken as a sign of probable contamination 
on the ORR. However, some organic compounds were detected more often off-site than 
on-site, suggesting that the presence of the organic compounds on the ORlR is not related 
to Department of Energy (DOE) activity. Because of the widespread occurrence of PAHs 
both on the ORR and in Anderson and Roane counties, the values given in Appendix C 
should be considered as background. On the ORR the distribution of acenapthene, 
acenapthylene, benzo[a]anthracene, benzo(a]pyrene, benzo[b]fluoranthene, 
benzo[k]fluoranthene, fluorene, indeno[ 1,2,3cd]pyrene, phenanthrene, and pyrene i s  
sipificantly related to individual geologic groups. Individual background values from tables 
in Sect. 5 for each geologic formation should be used in any comparison. The presence of the 
Rockwood coking ovens plus two TVA coal-fired steam generating power plants would most 
likely represent major local sources of PAHs near the ORR. 

For certain users of this data, grand median values by horizon across all Geologic Groups 
have been computed. These are in Table (3.8. However, the data must be used with great 
caution. Following is a list of organics where there are no significant differences among 
groups: anthracene, chrysene, dibenzo[ah]anthracene, and indeno[Z,2,3-cd]pyrene. The 
following list of organics is significantly different between the 1% to 10% level: acenaphthene, 
benzo[a]pyrene, benzo[b]fluoranthene, benzokhi]perylene, fluoranthene, and naphthalene. 
All the other organics are significantly different and the data for these in Table G.8 should 
not be used, but the data in Sect. 5 should be used instead. 

652  Inorganic Compounds and Me& 

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 N U  data, to 
total analysis data, or to cation-anion exchangeable data. Some of the data distribution by soil 
horizon reflects 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 Cd, Os, and Ag. The 
following discussion uses median values determined from statistical analysis. 

The primary sources of the following information are Rankama and Sahama (1950); 

Aluminum. Aluminum is a natural constituent of ail inorganic soh. During the 
weathering of parent material, aluminum hydroxides of variable charge and composition are 
formed; and they become part of the clay's structure. The total aluminum content of soil is 
inherited from the parent material, and only a fraction of the aluminum will be easily mobile 
and exchangeable. Acid extraction removes large quantities of aluminum from soils. 

Page, Miller, and Keeney (1982); and Kabata-Pendias and Pendias (1984). 

Aluminum levels from on- and off-site sampling areas were significantly different in all 
horizons of the Dismal Gap and only for the A horizon of Copper Ridge soils. The aluminum 
levels between geological groups were significantly different, but they were not significantly 
different within groups. Aluminum levels of ORR formations were significantly lower in the 
A horizon because the clay content is lower than in the higher clay-enriched subsoil B 
horizons and in C horizons. The aluminum content was not significantly different between B 
and C horizons with the exception of the ORR Dismal Gap Formation. 

Antimony. The abundance of antimony is very low in rocks. Antimony may be highly 
mobile in the environment and is associated with iron hydroxides. The total antimony 
concentration in U.S. surface soils ranges between 0.25 and 0.6 mgkg (Kabata-Pendias and 
Pendias 1984). Antimony is likely to be a pollutant in an industrial environment. 

Antimony was detected in less than 15% of the collected samples. Antimony was detected 
(A horizon) in one sample of the Anderson County (AM>) Dismal Gap Formation and ORR 
Nolichucky Formation. Antimony concentration was higher in AND than ORR locations Not 
enough data were collected to do a statistical analysis for comparisons between sampling areas 
and geological groups. 

Arsenic. Arsenic is distributed uniformly in major types of rocks. Some arsenic minerals 
and compounds are very soluble in certain weathering environments. Arsenic can occur in the 
soil in the following valance states: -3, 0, +3, and +5, and 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. Arsenic mobility is often reduced because it has a very 
high aanity for clays, hydroxides, and organic matter. The range in U.S. surface soils of total 
arsenic is between ~0.1 to 69 mgkg, with a grand mean of 6.7. Anthropogenic sources oE 
arsenic are related to industrial activities, such as metal processing or coal-fired power plants, 
and as fungicides in agriculture ( h i t  trees). 

Arsenic levels between on- and off-site sampling areas were significantly different only 
for the Dismal Gap C horizons and Copper Ridge A and B horizons. Arsenic levels in ORR 
soils were significantly different between geological groups but not within groups (except A 
and B horizons from the Knox Group). Arsenic levels were not significantly different between 
A and B horizons with the exception of ORR Chepultepec and Copper Ridge. The arsenic 
content was not significantly different between B and C horizons with the exception of the 
ORR Chepultepec Formation. 
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Arsenic levels on the ORR are not considered ta be a contaminant because no difference 
was found between A and B horizons nor were levels different between on- and off-site 
sampling areas. 

Barium Barium commonly occurs in igneous rock In geochemical processes, barium is 
associated with alkali feldspars and biotite. During weathering, barium is easily precipitated 
with sulfates and carbonates. It is strongly sorbed by clays, and in a soil environment is 
concentrated in manganese and phosphate Goncretions and minerals. Tbe mean total barium 
concentration in U.S. surface soils ranges from 265 to 835 mg/kg. The source of most barium 
in soils is from geologic origin. 

Barium levels between on- and off-site sampling areas were not significantly different. 
Barium levels for the ORR were significantly different between geological groups but not 
within groups. Barium levels within ORR formations were not significantly different between 
A and B horizons with the exception of ORR Chickamauga (Bethel Valley). The barium 
eontent of ORR formations was not sigmficantly different between B and C horizons with the 
exception of ORR Chickamauga-Bethel Valley and Copper Ridge. 

Beryllium Beryllium is widely distributed and is likely to be concentrated in acid igneous 
rock, argillaceous sediments, and shales. Beryllium is present in soils primarily in oxide-bonded 
forms. Beryllium is closely associated with aluminum, where it can be substituted for 
aluminum in the lattice structures of clay minerals. Beryllium is easily bound to organic matter 
and accumulates in organic soil horizons and coals. The total beryllium concentration in US. 
topsoil ranges from < 1 to 15 mgkg. Anthropogenic sources of beryllium are related to rocket 
fuels and coal combustion. 

Beryllium levels between on- and off-site sampling areas were not significantly different. 
Beryllium levels for the ORR were significantly different between geological groups but not 
within groups. Beryllium levels in ORR formations were significantly lower in the A horizon 
of soils than in the B horizon with the exception of ORR Dismal Gap, Chepultepec, and 
Copper Ridge formations. Beryllium content was not significantly different between B and 
C horizons, with the exception of the ORR Dismal Gap and Chickamauga-Bethel Valley 
formations. 

Beryllium levels on the ORR are not considered to be a contaminant because no 
difference was found between on- and off-site sampling areas and because the levels were 
lower in the A than B horizon. 

Boron. Boron is not uniformly distributed, and it is concentrated in acidic igneous rocks 
and in the clay fraction of some sedimentary rocks. Its geochemistry is characterized by an 
abnormally large variation in the boron eontent of rocks. Boron is likely to be retained by 
illitic clays, sesquioxides, and organic matter. Some boron, from volcanic eruptions, is 
deposited on the soil surface and then subjected to biologic uptake or to downward 
translocation. Boron is very mobile in soil. The mean total boron level in U.S. surface soils 
ranges from 20 to 55 mg/kg. 

Boron was detected in only 32% of the collected soil samples. Boron was only detected 
in some Dismal Gap and Chepultepec soils. Boron was detected in three sites (A horizon 
only) in ROA Dismal Gap Formation and one site in ORR Dismal Gap Formation. The 
boron concentrations were higher at Roane County sites compared with ORR locations. Not 
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enough data were collected to do a statistical analysis for comparisons between sampling areas 
and geologic groups. 

cadmium, There was no detectable cadmium at any BSCP site. 

calcium. One must keep in mind that an acid extraction for determination of calcium is 
of questionable validity. Calcium levels between the on- and off-site sampling areas were not 
significantly different in the Dismal Gap and Copper Ridge soils. Caicium levels from the 
ORR were significantly different between geological groups but not within groups (except in 
the C horizon of both Chickamauga). The calcium levels in ORR formations wre not 
significantly different between A and B horizons. Calcium levels were not significantly 
different between B and C horizons with exception of the ORR Chickamauga-Bethel Valley. 

chromium. Chromium is associated with ultramafic and mafic rocks, and upon oxidation 
and weathering forms complexes with anions and cations. Chromium (3+) resembles iron and 
aluminum in ionic size and geochemical properties. After weathering, most of the chromium 
is associated with mineral lattice structures or else is sorbed by clays and hydrous oxides. The 
grand mean for total chromium content is 54 mgkg for U.S. topsoils. Anthropogenic sources 
of chromium are industrial waste and municipal sewage sludge. Another source of chromium 
in soils is a flyash contaminant from coal-powered electric generating plants. 

Chromium levels between on- and off-site sampling areas were not significaatIy different. 
Chromium levels on the ORR were significantly different between groups but not within 
groups. Chromium levels were significantly lower in A horizons than B horizons for ORR 
formations, except for the ORR Chickamauga (Bethel Valley and K-25). Chromium content 
was not significantly different between B and C horizons, with the exception of the ORR 
Nolichucky Formation. 

Chromium levek on the ORR are ndconsidefed to be a contaminant because no 
dif€- was found between on- and offsite sampling areas and because the levels were 
k in the A than B horizon. Chickamauga may be an exceptio& 

Cobalt A high concentration of cobalt occurs in ultramafic rocks. The concentration in 
sedimentary rocks is lower and is associated with clay minerals and organic matter. Cobalt 
geochemical behavior is similar to that of iron and manganese. During weathering, cobalt is 
immobilized by iron and manganese oxides and by clay minerals- The cobalt concentration in 
soils depends on the parent material. The grand mean for total cobalt is 8.2 m a g  in U.S. 
topsoil. Cobalt occurs as a contaminant fiom the flyash of coat-powered electric generating 
plants. Roadside soils are often contaminated by cobalt. 

Cobalt levels between on- and off-site sampling areas in the Dismal Gap Formation were 
not significantly different but were significantly different for the Copper Ridge Formation. 
Cobalt levels on the ORR were significantly different between geological groups but not 
within groups (except between formations of the Knox Group). Cobalt Ievels were not 
significantly different between A and B horizons for ORR soils. Cobalt content was not 
significantly different between B and C horizons, with the exception of the ORR Chepultepec 
Formation. 

Copper. Copper is abundant in mafic and intermediate igneous rocks and deficient in 
carbonate rocks. During weathering, copper reacts with clay minerals and organic matter; and 
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it may also be precipitated as a sulfide, carbonate, or hydroxide. Copper occurs in soils in 
Cu+* and C U " ~  compounds with varying solubilities and dissociation constants. Copper can be 
biologically translocated in the soil as well as being translocated downward attached to clay 
minerals. Capper is rather immobile in soil, and it is not accumulated in the soil profile. The 
mean levels in the U.S. topsoils €or total eopper ranged from 6 to 60 mg/kg, depending on 
the parent material. Anthropogenic sources of copper in soils are from fertilizers, pesticides, 
municipal waste, and industrial emissions. 

Copper levels between on- and off-site sampling areas were not significantly different for 
the Dismal Gap Formation but were significantly different (B and C horizons) in the Copper 
Ridge Formation. Cobalt levels on the ORR were significantly different between groups but 
not different within  group^ (except between formations of the Knox Group). Copper levels 
were significantly lower in A than €3 horizons for ORR formations with the exception of the 
ORR Dismal Gap Formation. Copper wntent was not significantly different between B and 
C horizons of ORR formations, with the exception of the ORR Copper Ridge Formation. 

Some of the copper reported in this study may have come from the stainless steel 
sampling equipment, as it became abraded and worn during sampling of the Copper Ridge 
and Chepultepec C horizons. A comparison of the ORR rinse water with the source water 
indicated that rinsate copper levels were higher than in the source water. 

Cyanide. Cyanide was detected in less than 11% of the sites. Cyanide was detected in a 
few A horizons in the Dismal Gap Formation. Cyanide concentration (close to analytical 
detection limits) was higher at ROA than at AND or ORR locations. Not enough data were 
collected to performed a statistical analysis for comparisons between sampling areas and 
geological groups. 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 
amwnts are readily extracted by an acid extraction procedure. Extractable iron levels are 
usually associated with the clay content. Reduced iron (Fe"2) is quite soluble, moving both 
laterally and downward with soil water, while Fe+3 is immobile. 

Iron levels between on- and off-site sampling areas were not significantly different for 
the Dismal Gap Formation, but iron levc in B horizons were significantly different for the 
Copper Ridge Formation. Iron levels on the ORR were significantly different between 
geological groups but not within groups. Iron levels were significantly lower in A than B 
horizons for ORR formations. Iron content was not significantly different between B and C 
horizons of all ORR formations with the exception of the ORR Copper Ridge Formation. 

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 I3 
horizons. Acid-extractable iron cannot be considered diagnostic of any soil contamination- 

Lmad Lead is concentrated in the igneous rocks and in argillaceous sediments. During 
weathering, lead forms carbonates and is sorbed by clay minerals, iron oxides, manganese 
oxides. and organic matter. Lead replaces K, Ba, Sr, and Ca from sorption sites. The total 
mean .id content in the surface of U S  soils is 20 mgkg. Anthropogenic sources of lead in 
soils arc mining, metal processing industry, sludges, and automobile exhaust. 
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Lead levels between on- and off-site sampling areas were not significantly different. Lead 
levels between and within groups on the ORR were not significantly different. Lead levels 
were not significantly different between A and 3 horizons with the exception of the ORR 
Copper Ridge Formation. Lead content were significantly lower in B than in C horizons with 
the exception of ORR Dismal Gap and Chickamauga K-25. 

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. In contrast, 
all other ORR Nolichucky A and B horizons have detectable levels of lead. The lack of data 
€or the A and B horizon results in median values being much lower. 

Lithium, Lithium is widely distributed, but it is concentrated in acidic igneous rocks and 
sedimentary aluminosilicates. Lithium distribution in soils is controlled more by soil formation 
factors than by parent materials. Lithium competes for clay mineral sorption sites with calcium 
and magnesium. The grand mean for total lithium concentration is 23 mgkg for U.S. topsoils. 

Lithium leveb between on- and off-site sampling areas were not significantly different 
for the Dismal Gap Formation but were significantly different in only the A and C horizons 
of the Copper Ridge Formation. Lithium levels on the ORR were not significantly different 
between geological groups or within groups (except with formations of the Knox Group). 
Lithium levels were significantly lower in A than in B horizons for ORR formations with the 
exception of ORR Dismal Gap and Copper Ridge. Lithiurn content was not significantly 
different between B and C horizons with the exception of the ORR Chickamauga Bethel 
Valley. 

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- Sources of magnesium include agricultural lime plus that inherited from 
underlying rock. Very high concentrations in A horizons would indicate that a site had been 
limed in the past. 

Magnesium levels between on- and off-site sampling areas were significantly different for 
A and B horizons of the Dismal Gap Formation and for all horizons of the Copper Ridge 
Formation. Magnesium levels on the ORR were significantly different between and within 
geological groups. Magnesium levels were significantly lower in A than in B horizons for 
ORR formations with the exception of the ORR Dismal Gap, Chepultepec, and Copper 
Ridge formations. Magnesium content was significantly lower in B than in C horizons with 
the exception of the ORR Chickamauga K-25, Chepultepec, and Copper Ridge formations. 

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 Manganese in soils has several valance states, with some compounds having 
quite high solubiiity and others being quite insoluble. Most soil manganese compounds have 
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a valance of +2, +3, and i-4. Most soil manganese occurs in the oxide form (f4), 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 plant usable manganese. Manganese is of interest in soils because of its association with 
other trace and potentially toxic metals. 

Manganese levels between on- and off-site sampling areas were significantly different for 
the A horizons of the Dismal Gap Formation and the B horizon of the Copper Ridge 
Formation. Manganese levels on the ORR were not significantly different between and within 
geological groups. Manganese content was signiEicantIy lower in B than in A horizons with 
the exception of the ORR Nolichucky Formation. 

Manganese levels on the ORR are not considered to be a contaminant because no 
dflerence was found between on- and off-site sampling areas. 

Mercury- Mercury war detected at some BSCP sites. Mercury was detected in on- and 
off-site sampling areas in the A horizon of the Dismal Gap and Copper Ridge formations. 
Significantly higher mercury concentrations in the A horizon than in the B and C horizons 
were observed for the ORR Dismal Gap Formation and the ORR Chickamauga K-25 sites. 
Some of these sites may have been contaminated with mercury. 

The presence of mercury in the A horizon of soils can be taken as an indicator of 
airborne deposition, especially if none is detected in the B and C horizons. Some mercury, 
however, may be inherited from the underlying rock. 

Molybdenum Molybdenum was detected at only 3% of the sites and only in the A 
horizon. Molybdenum was detected (A horizon) in one site at the ORR Copper Ridge 
Formation, but the concentration was at the analytical detection limit, which makes the data 
questionable. Not enough data were collected to perform a statistical analysis for comparisons 
between locations and geological groups. 

The presence of molybdenum in A horizon samples in greater amounts than in B and 
C horizons above detection can probably be taken as a sign that there is probably surface 
contamination, 

NickeL Nickel contents are highest in ultramafic rocks..Sedimentary rocks contain nickel, 
with the highest range being for argillamus rocks and the lowest for sandstone. Nickel 
occurs primarily in sulfides and arsenides, and mo - of it iS in ferromagnesian minerals, 
replacing iron. Nickel is also associated with carbonates, phosphates, and silicates. Nickel is  
easily mobilized during weathering and then is coprecipitated mainly with iron and manganese 
oxides. In surface soil horizons, nickel appears to occur mainly in organically bound farms. 
Nickel distribution in soil profiles is related either to organic matter or to amorphous oxides 
and clay fractions, depending on soil conditions. Nickel status in soils is highly dependent on 
the nickel content of the parent material and on soil-forming processes. Total nickel content 
in US. topsoils ranges from <5 to 200 mg/kg. The highest nickel contents are always in clayey 
and loamy soils, in soils over basic and volcanic rocks, and in organic-rich soils. Nickel is 
released into the environment from metal processing operations and from the increasing 
combustion of coal and oil (automobile exhaust or from oil-burning power plants). The 
application of sludges and certain phosphate fertilizers may be an important source of nickel. 
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Nickel levels between on- and off-site sampling areas were not significantly different. 
Nickel levels on the ORR were significantly different between groups (except C horizons) but 
not within groups. Nickel levels were significantly lower in A than in B horizons only for the 
ORR Chickamauga Bethel Vailey. Nickel content was significantly lower in 3 than in C 
horizons with the exception of the ORR Nolichucky, Chickamauga K-25, and Copper Ridge 
formations. 

The level of nickel is the lowest in the soil surface and highest in the C horizon, 
indicating a dominant geologic source. If nickel is highest in the surface borizon, it would be 
considered to be associated with contamination. 

Osmium. Osmium was not detected at any site. Its presence, in greater amounts in A 
than in B or C horizons, could be taken as a sign of contamination. 

Potassium. Potassium is an important element in ai1 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. 

Potassium levels between on- and off-site sampling areas were significantly different for 
the Dismal Gap Formation, but only the B and C horizons were significantly different in the 
Copper Ridge. Potassium levels were significantly different both between and within groups 
on the ORR. Potassium levels were significantly lower in A than in I3 horizons for ORR 
formations with the exception of the Dismal Gap and Copper Ridge formations. Potassium 
content was not significantly different between €3 and C horizons with the exception of the 
ORR Dismal Gap and Nolichucky formations. 

The use of potassium fertilizer in this study cannot be ruled out, but potassium 
distributions by soil horizon and by location indicate that very little potassium Fertilizer was 
ever appIied to the sampled sites. 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 occurs in nearly all materials of the earth’s crust. In sedimentary 
rocks, selenium is associated with the clay fraction, and thus the smallest quantities of 
selenium are in sandstone and limestone. Selenite ions (SeO?-) resulting from oxidation 
processes are stable and able to migrate until they are adsorbed on mineral or organic 
particfa. The solubility of selenium in most soils is rather low. Soils heavily amended with 
sewage sludge or flyasb will have a higher selenium content. The grand mean of total 
selenium in topsoils is 0.4 mgkg. A considerable input of selenium to the soil surface takes 
place through precipitation from volcanic exhalation and industrial emissions, in particular, 
the combustion of coals. 

Selenium levels between on- and off-site sampling areas were significantly different only 
for the A horizon of the Copper Ridge Formation and were not detected in the ORR Dismal 
Gap Formation. Selenium levels of ORR A and B horizons were significantly different 
between groups but were not significantly different within groups. Selenium data are doubtful, 
based on the low number of detects. 

The presence of selenium in greater amounts in A than in B or C horizons above 
detection can probably be taken as an indication of probable surface contamination. 
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Silicon. Silica is a dominant component of all inorganic soils. However, since the 
acidextractable silica does not represent total silica content, it does not reflect the actual 
amount of silica in the soil. 

Silicon levels between on- and off-site sampling areas were significantly different for the 
Dismal Gap Formation but not for the Copper Ridge Formation. Silicon levels on the ORR 
were significantly different between geological groups. Silicon levels were significantly 
different for formations within the Chickamauga and the Conasauga Group. Silicon levels 
within the Knox Group were not significantly different. Silicon levels were not significantly 
different between A and B horizons of ORR formations with the exception of the ORR 
Chickamauga K-25. Silicon levels were not significantly different between B and C horizons. 

Silver- Silver was not detected at any site. Its presence in greater amounts in A horizon 
than in B or C horizons above detection can be considered a probable sign of potential 
surface contamination. 

Sodium. Sodium was not analyzed in the Dismal Gap and Nolichucky formations. Sodium 
levels between the on- and off-site sampling areas for the Copper Ridge Formation were not 
significantly different. Sodium levels for the ORR were significantly different between 
geological groups but not within the groups. Sodium levels were not significantly different 
between A and 3 horizons or between B and C horizons for O M  formations. 

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. Strontium is likely to be concentrated in intermediate igneous rocks and in 
carbonate sediments. Strontium is very often associated with calcium because of its similar 
geochemical and biochemical characteristics. Strontium is easily mobilized during weathering, 
and it is incorporated in clay minerals and strongly fmed by organic matter- Strontium content 
in soil is highly controlled by parent material and climate. Mean contents of strontium for 
US. topsoils range from 110 to 445 mg/kg. Strontium distribution in soils follows the general 
trends of soil biocycling. Anthropogenic sources of strontium are most likely from coal flyash 
deposition. 

Strontium levels between on- and off-site sampling areas were not significantly different 
for A and B horizons of the Dismal Gap and Copper Ridge formations. Strontium was not 
detected in the C horizon of the ORR Copper Ridge Formation. Strontium levels on the 
ORR were significantly different between and within groups. Strontium levels were not 
significantly different between A and B horizons of ORR formations with the exception of 
the ORR Chickamauga K-25. Strontium levels were not significantly different between B and 
C horizons with the exception of the ORR Chickamauga K-25 and Bethel Valley formations. 

Sulfate. Sulfate levels between on- and off-site sampling areas were significantly different 
for the Dismal Gap Formation, but sulfate levels for A and B horizons were not significantly 
different for the Copper Ridge Formation. Sulfate levels on the ORR were significantly 
different between groups but not within groups with the exception of the Conasauga Group. 

Sulfate levels were not significantly different between A and B horizons for ORR 
formations with the exception of the ORR Nolichucky Formation. Sulfate levels were not 
significantly different between B and C horizons with the exception of the ORR Chickamauga 
K-25 sites. 
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The most likely source of sulfate anions found in the surface horizons of soils is 
deposition from 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 ieast 
on the O m ,  is known to contain pyritic materials. 

flhallium. Thallium concentration seems to increase with the increasing acidity of igneous 
rocks and with the increasing clay content of sedimentary rocks. The cation ’I%+ is highly 
associated with potassium and boron and also with several other cations and is incorporated 
into various minerals, mainly sulfides. During weathering, thallium is readily mobilized and 
transported together with alkaline metals. Thallium is most often fixed in situ by clays and by 
manganese and iron oxides. Thallium concentration in U.S. surface soils ranges Erom 0.02 to 
2.9 mgkg. The largest anthropogenic sources of thallium are related to coal combustion, but 
also heavy metal smelting and refining processes may release some amounts of thallium into 
the environment. 

Thallium was detected in only 13% of the collected samples- Thallium was detected (A 
horizon) at one site of the ROA Dismal Gap Formation and ORR Dismal Gap Formation, 
both with similar concentrations and below the analytical detection limit. No significant 
differences were observed between on- and off-site sampling areas, groups, and formations. 

Vanadium. This metal is concentrated mainly in mafic rocks and in shales within the 
common range of 100 to 250 mg’kg. It usually does not form its own mineral but rather 
replaces other metals (Fe, Pt, Al) in crystal structures. Vanadium tends to be associated with 
organic matter. Much of the soil vanadium, mainly the vanadyl cation, is mobilized as 
complexes with humic acids. In general, vanadium is distributed in soil profiles rather 
uniformly, and the variation in vanadium content of the soil is inherited from parent materials. 
The average vanadium content of soils is 84 m&g for US. soils. The industrial processing 
of certain mineral ores and burning of coals and oils will increase the deposition of vanadium 
in soils. Combustion of fuel oil is an aspecialy serious source of vanadium in soils. 

Overall, vanadium levels in A horizons were not significantly different between on- and 
off-site sampling areas. Vanadium levels for A, B, and C horizons from on- and off-site 
Dismal Gap soils were not significantly different. Vanadium levels €or the A horizon of the 
Copper Ridge Formation were significantly different in on- versus off-site areas. Vanadium 
levels on the ORR were significantly different between groups but not within groups with the 
exception of the Knox Group. Vanadium levels were significantly lower in A than in B 
horizons for ORR formations with the exception of the ORR Dismal Gap and Chickamauga 
Bethel Valley. Vanadium levels were not significantly different between B and C horizons 
with the exception of the ORR Copper Ridge Formation. 

Vanadium levels on the ORR are not considered to be a contaminant because no 
difference was found between on- and off-site sampling areas and because vanadium levels 
were lower in the A than in the B horizon. 

Zinc. Zinc occurs chiefly as a sulfide (ZnS) but is also known to substitute for magnesium 
in silicates. The solubility of zinc minerals during weatbering produces Zn+2, especially in 
acidic, oxidizing environments. Also, zinc is easiiy adsorbed by minerals and organic 
components, and thus, in most soil types, i ts  accumulation in the surface horizon is observed. 
Mean total zinc content in surface soils of different countries and the US. ranges from 17 
to 125 m a g .  The atmospheric input of this metal exceeds its output because of both leaching 
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and the production of biomass. The anthropogenic sources of zinc are related, first of all, to 
the nonferric metal industry and then to agriculture practices. 

Overall, zinc levels in the A horizon were significantly different between on- and off-site 
sampling areas. Zinc levels in A, B, and C horizons of on- and off-site Dismal Gap formations 
were not significantly different. Zinc levels between on- and off-site sampling areas were 
significantly different only in the G horizon of Copper Ridge Formation soils. Zinc levels in 
B and C horizons on the ORR were significantly different between groups. Zinc levels were 
not significantly different between A and B horizons for ORR formations with the exception 
of ORR Chepultepec and Copper Ridge, Zinc levels were not significantly different between 
B and C horizons with the exception of the ORR Chickamauga Bethel Valley, Chepultepec, 
and Copper Ridge formations. 

653 Summary of Jhorganics 

For certain users of this data, grand median values by horizon acr s all geologic groups 
have been computed. These are in Table G.8. However, the data must be used with great 
caution. Following is a list of inorganics where there are no significant differences among 
groups: barium, A horizon; chromium, B horizon; copper, B horizon; molybdenum, A and B 
horizon; thallium, A and B horizon; and zinc, A horizon. The following list of inorganics is 
significantly different between the 1% to 10% level: cobalt, A horizon; copper, C horizon; 
lead, A, B, and C horizon; manganese, A, B, and C horizon; nickel, C horizon; selenium, A 
horizon; sodium, C horizon; thallium, C horizon; vanadium, A horizon. All the other 
inorganics are significantly different and the data for these in Table G.8 should not be used. 

653.1 Comparisons by horizons 

Atmospheric deposition of contaminants will be detected by a significantly higher 
concentration in the A horizon compared with the underlying B and C horizons. Another 
reason for the accumulation of metals in the A horizon is biocycling (e.g., nutrients deposited 
by plants). 

The concentration of the following inorganic compounds or metals were significantly 
higher in the A than in B horizons: mercury and manganese. Manganese is a plant nutrient 
that accumulates in the A horizon. Mercury may be a contaminant in this area. The A horizon 
concentration of all other elements was lower than or similar to the B horizon. 

6532 Comparisons by geologic groups 

In general, significant differences in metal concentrations were obselved among geologic 
groups and not within the groups. The data for those elements can be obtained from 
Table 6.la. 

The median concentration of most of the inorganic compounds and metals were not 
significantly differxt between Chickamauga Bethel Valley and K-25 with the exception of: 
calcium in the C horizon, mercury in the A horizon, potassium in both B and C horizons, and 
silicon in both B and C horizons. The data for these elements can be obtained from Sect. 5. 

The median concentrations of most of the inorganic compounds and metals in the Dismal 
Gap and NoIichucky formations can be used as background data for other Canasauga Group 
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soils with the exception of mercury in the A horizon; potassium in the C horizon; selenium 
in both 3 and C horizons; silicon in the A, B, and C horizons; and sulfate in both the A and 
C horizons. The data for these elements can be obtained from Sect. 5. 

The median concentrations of most of the inorganic compounds and metals in the 
Copper Ridge and Chepultepec formations can be used as background data for other sods 
in the Knox Group, with the exception of arsenic in the A horizon, barium in the C horizon, 
lead in the A horizon, lithium in the C horizon, magnesium in the C horizon, potassium in 
both the A and B horizons, selenium in the A horizon, strontium in the C horizon, and 
vanadium in the C horizon. The data for these elements can be obtained from Sect. 5. 

6533 Interpretation by sampling areas 

Two formatiom were used to compare the background levels on the ORR against 
surrounding counties. Anderson and Roane counties were sampled following the same 
procedures as at the ORR. The Dismal Gap (Conasauga Group) and Copper Ridge ( b o x  
Group) formations were sampled. 

Inorganic compounds and metals that had concentrations very close to the AA/ICP 
detection limits were not compared statistically (Sb, Cd, Os, Ag, and cyanide). Other 
extraction methods will be needed to compare those elements. Twenty-four inorganic 
compounds and metals were used to compare between on- and off-site sampling areas. 

The following metal concentrations were significantly higher in the ORR Dismal Gap 
Formation than the off-site sampling areas: arsenic in the C horizon, mercury in the A 
horizon, silicon in the C horizon, and sulfate in the C horizon. The following metal 
concentrations were significantly higher in the ORR Copper Ridge than the off-site sampling 
areas: arsenic in both A and B horizons and zinc in the C horizon. 

65.4 Radionuclides 

Radionuclides in soils originate from three major sources: (1) those naturally occurring 
in soils and bedrock; (2) those resulting from global fallout after atmospheric bomb tests and 
nuclear reactor accidents in the former Soviet Union; and (3) those originating from uranium 
enrichment, isotope production, reactor operation, and reprocessing activities. This project 
tried to include all radionuclides that have been or could be detected on 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). The following radionuclides, 
including 238Pu, 2 3 9 9 u ,  237Np, %r, q c ,  243, 26(, 247Cm, and tritium, were analyzed in all A 
horizon soil samples but were not analyzed in all B and C horizon soils. This decision was 
made based on the observed absence of gamma-producing radionuclides, such as 137Cs and 
241Am from nonnatural sources in B and C horizons. 

A total of 34 isotopes was analyzed. In most cases, the majority of radionuclides was not 
detected above the reported detection 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 detection limit is approximate and may or may not 
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represent the actual limit of quantiGcation necessary to 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, analytical results having data validation qualifier "R" are not reported 
because the presence or absence of the analyte cannot be verified. Summary statistics for 
radionuclides with fewer than 20% detects are presented in Table 5.7 after combining over 
sampling areas. The cmntrar: laboratory for radionuclide analyses reported lssEu values as a 
detect by gamma spectroscopy, but the data interpretation team rejected the data because of 
possible interference with thc gamma spectra of other naturally occurring radionuclides in 
soils. Therefore, statistics for lssEu were not included in Table 5.7. Summary statistics of lssEu 
expect to be similar to "%u or l'Eu, because the europium isotopes were in a similar gamma 
energy range and were all determined to be nondetects by gamma spectroscopy. 

Radionuclides detected (see Table 5.8) are 137Cs; "7Cm; 237Np; doK; =Pu and 239R40Pu; 
Za6Ra; 9, %, "%, ar;d 234Th; and 233R34U, 23sU, and Uranium235 and 
uranium-238 along with thor ..i1-232 were also determined by the NAA method and have 
been substituted for the ICP extraction method. In the following discussion, interpretations 
are limited to those radionuclides that were positively identified in most soil samples. 
Additional information is presented in Sect. 5 for other radionuclides that were produced 
during nuclear material testing, reactor spent fuel reprocessing, and isotope production. Most 
of these particular radionuclides were below detection limits. Only those radionuclides with 
several detects are discussed below. 

Cesium-137. The major source of this radionuclide is global fallout. Analytical results 
showed that both Dismal Gap and Nolichucky Formation A horizon soils on the ORR have 
a higher concentration than Dismal Gap Formation soils in Anderson and Roane counties. 
This is most likely the result of greater off-site soil erosion. In addition to the global fallout 
of 137Cs, there is an additional local source contribution to some of the Bethel Valley 
Chickamauga soils. This was first noticed from the electrostatic discharge gamma scanning of 
the upper 30 em of individual sites (see Sect. 3). The amount of the radionuclide decreased 
rapidly with depth in B and C horizons at all sites and sampling areas. The presence of 
elevated 137Cs levels in some of the Chickamauga-Bethel Valley section soils is the only 
location on the ORR where past operations of Oak Ridge X-10 facilities may be a 
contributing factor for the higher levels of 137Cs in these Bethel Valley soils. Recent 
additional work, however, immediately east of the HFIR facility located in Melton Valley 
tends to indicate another localized source. Any background risk assessment on the ORR for 
137Cs should, therefore, use ORR values by geologic formation rather than any overall median 
value. 

Curium-247. Curium-247 is produced at Oak Ridge National Laboratory (ORNL) as a 
part of isotope production activities. Therefore, some of sediments/soils and wastes contain 
curium isotopes. The analyte was positively identified in only two soil samples from 
Nolichucky ORR. The concentrations were below the detection limits for all other soil 
samples. The location of the two samples with detects are too far away from possible sources. 
Therefore, the detection limit should be used as a possible maximum background level. 

Neptunium-237. Neptunium-237 is a global fallout and/or decay product of other 
actinides. A considerable number of A horizon soil samples had detectable amounts of 237Np. 
On-site soils appear to have higher amounts than off-site soils, The Copper Ridge soils in 
Roane County had much lower amounts. Nolichucky soils on the ORR appear to have 
higher amounts of 237Np than other soils. However, the overall differences are relatively too 
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small to differentiate local input from global fallout. Soif samples from subsurface horizons 
were not analyzed. Statistical analyses show no significant differences among the formations 
and sampling areas. For their data comparison and assessment, data users should use 
appropriate values from Table 6.lb. 

Plutonium-238 and -239M.  Plutonium isotopes orighate from global fallout and/or 
reactor fuel processing. Both isotopes were positively identified in less than 25% of A horizon 
samples. The presence of these radionuclides at both on-site and off-site sampling areas and 
without any noticeable distribution trend suggests that there is no additional ORR source 
contribution to the global fallout source. However, if the global source is the sole source of 
the plutonium isotopes, the activity ratio of =Pu to 2 3 9 9 u  should be similar to the known 
ratio, about 0.04, €or the northern hemisphere (Perkins and Thomas 1980). The observed 
values are at least ten times higher than the known ratio. Furthermore, the frequency of 
detects (J qualifier) of =Pu were about a factor of 2 higher than that of 238/wopu- Considering 
the low frequency of detects, low activities, and the high 238 to 239/240 activity ratios, any 
generalization of the available data is difficult to assess. 

Although the statistical analyses indicate that the differences among the formations are 
significant, data users should be careful in using this plutonium data for their applications. 
The 239/L38Pu data could be used as an upper concentration levei of background plutonium 
concentration for the study area but should not be used as a tool for source determination. 
For a better understanding and to answer the source term questions, additional plutonium 
data should be acquired. 

PotaSsium-40. Potassium-40 is the most abundant naturally occurring isotope in soils. In 
most cases, variability of "OK is related to amounts of micaceous minerals and organic matter 
in the soils. Dismal Gap and Nolichucly soils have a higher 49;( concentration than Copper 
Ridge and Chepultepec soils regardless of location. The results reflect the mineralogical 
composition of these soils. Potassium-bearing clay minerals are abundant in the Conasauga 
Group, but potassium-free kaolinite is the major clay mineral in Knox Group soils. 
Chickamauga soils had similar '% levels as Dismal Gap soils. In general, A honion soil 
samples had lower 40K values than B and C horizon samples. The degree of soil weathering 
also influences both total and radioactive potassium contents in soils. Therefore, data users 
should compare their data with equivalent geologic groups and soil horizons. For independent 
evaluation of analytical methods, the %K activities of the soik were calculated from the total 
nonradioactive potassium (%) values (NAA results) using the natural abundance of @'K to 
total potassium (0.01167%). The scatter diagram indicated that the gamma spectroscopy 
method has a reasonably good correlation with the NAA method (Table 6.2). 

The above generalizations are also supported by statistical analyses. The % contents in 
A horizons of Nolichucky, Chickamauga K-25, and Dismal Gap at Roane County were 
significantly different from B and C horizons. The Chickamauga B horizons also have 
significantly different '% concentrations than C horizons. Furthermore, aU formations are 
different for 4oK Therefore, data users should try to match equivalent geologic Eormations 
before using this data base (see Sect. 5 for data by formation-location and soil horizon). 
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Table 6.2 €tat& of radionuclide wn0entrationP 

Description N Mea33 Stddev Minimum Maximum 

K-40 NAA/ K-40 Gamma 122 0.938 0.518 0.038 5.826 

Th-228 AIphaAh-232 Alpha 148 1.024 0.180 0.121 2.000 

Th-232 Mk4/rh-232 Alpha 136 1.214 0.746 0.321 7.400 

Pu-238 Alpha/Pu-239,240 Alpha 8 1.891 1.104 0.677 3.464 

U-235 AlphaIU-238 Alpha 

U-235 NAA/U-238 N M  

U-238 N M - 2 3 8  Alpha 

107 0.143 0.526 0.025 5.437 

139 0.047 0.010 0.018 0.102 

120 1.140 0.334 0.352 2136 

U-233,234 Alpham-238 Alpha 136 0.984 0.368 0.753 5.039 

Th-234 Alpham-238 Alpha 60 1.418 0.459 0.833 2754 

Total UjSum U-234,235,238 55 0.695 0.456 0.0333 2.133 
-- ~- ~ ~ 

Wondetects not included, except for Sum U-234,735,238, for which one-half of the U-235 detection limit is used 
€or U-235 nondetects. (Contribution of U-235 to the sum is negligible, however.) 

Radium-226. Radium-226 is a naturally occurring radionuclide in soils and one of the 
decay products of Analytical results show that A horizons Gom AND Dismal Gap have 
significantly higher amounts of =Ra than in B and C horizons, but this trend did not hold 
for other soils for all other locations. Dismal Gap soils from Anderson County were relatively 
higher in =Ra levels than other soils, including the ROA Dismal Gap and ORR soils. On 
the other hand, ORR Copper Ridge soils had higher =Ra levels than the AND and ROA 
Copper Ridge soils. The median value of the A horizon from AND Copper Ridge soils was 
lower than that of other soils because of the presence of one nondetect value in the data set. 

Statistical analyses do not show noticeable trends or differences in the distribution of 
mRa between horizons except in the Chepultepec on the ORR and the Copper Ridge in 
Roane County. There are some significant differences among geologic groups at ORR and 
Dismal Gap soils at different locations. Therefore, the average values for each geologic group 
should be applied for environmental risk and contaminated site assessments. See Table 6.lb. 

Strontium-90. Strontium-90, like 137Cs, is a man-made fission product, Global and local 
fallout would be the major sources in soils. The analytical results showed one detect from the 
ORR Dismal Gap and one detect from Copper Ridge soils in Anderson County. The location 
of the detect soils and low frequency of the detects suggests that the overall detection limit 
should be applied as background level of ?3r. 

Technetium-99. Technetium-99 is one of the fission products that is introduced to the 
environment by the reprocessing of spent fuel, by the uranium enrichment process, or from 
global fallout. Technetium99 is present in the contaminated areas of the three plant sites. 
However, repeated sampling and analyses did not show any noticeable elevated background 
at the ORR. Technetium49 was detected from a few on-site samples as well as from off-site 
soil samples. The Dismal Gap and Capper Ridge soils from Anderson County have a higher 
level of y c  than on-site soil samples. 
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There were no significant differences of "Tc concentrations among formations on the 
ORR. The results suggest that there was no significant contribution of q c  from local 
sources. Therefore, the background level of q c  should be estimated from detect values of 
both on- and off-sites. See Table 6.lb for appropriate values. 

Thonum-22& -230, -232, and -234- Thorium isotopes occur naturally in soils and are 
important for health risk assessment if elevated levels occur in soils. Thorium-232 is a primary 
isotope of the thorium series, and the others are products of uranium or thorium decay. 
Thorium-228 is a decay product of thorium-232. In the Am, Dismal Gap soils, the level of 
228Th was relatively higher than in the same Dismal Gap soils of Roane County and the ORR. 
The A horizon of soils from the Copper Ridge had fairly low levels compared to ail other 
horizans sampled in this project. The B and C horizons of Copper Ridge soils were not 
significantly different from other soils. The median value from the A horizon in the K-25 
Chickamauga was significantly higher than other A horizons. Nolichucky soils also had a 
higher 22817R level than other sites. Thorium-232 had a distribution pattern similar to that of 
thorium-228, and their overall concentration ratio was close to 1 (1.024). Thorium-230 and 
-234 are decay products of uranium-238. Uranium-238 decays to thorium-234 and then to 
uranium-234. Uranium-234 decays to thorium-230. Therefore, the 23oTh and 9 distributions 
should relate to uranium distribution in soils. Copper Ridge soils had relatively higher % 
levels than Dismal Gap soils for both oo- and off-site locations. In general, 23oTh levels of 
Copper Ridge soils increased with depth. There was no observable trend between on-site and 
off-site locations. Thorium-234 data have some inconsistency; that is, a considerable number 
of samples were nondetects. Therefore, the results were not interpreted because the results 
should have the same trend as and psV. Thorium-232 in soils was also analyzed by the 
NAA method, and the results were compared with the alpha spectroscopy results. A scatter 
plot of the results showed a reasonably good correlation between the two methods 
(Tabie 6.2). 

Overall, statistical analysis of and 232Th show that A horizons of all ORR soils from 
each formation were significantly different from all others; and all of the geologic groups at 
the ORR location were significantly different from all others. Other horizons did not show 
such diEerenw. For 9 in C horizons, each formation and geological group at the 0P.R 
was significantly different from other formations and groups at the ORR. Data for 
comparisons must be obtained by horizon and formation in Sect. 5. 

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. Natural rain water contains 100 to 
300 pCi/L (EPA 1991). Tritium was detected in sods of these formations on the ORR, 
including Chickamauga-Bethel Valley, Copper Ridge, and Dismal Gap. Chickamauga-Bethel 
Valley soils had significantly higher levels, indicating a local source area near O W  
Building 4500. Cesium-137 was also higher in the Chickamauga-Bethel Valley soils, but levels 
of other radionuclides and inorganic components were not elevated. Off-site soils did not have 
detectable levels of tritium. The cesium and tritium results indicate that some ORR soils were 
contaminated by local sources, Therefore, data users should be careful about using 
Chickamauga-Bethel Valley tritium and 137Cs data. For example, if the user wants the 
background level of tritium, the user should use the maximum detection level calculated from 
nondetects. 
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Uranium-2331234, -235, and -238 Uranium was quantified by three different isotopic 
analysis methods: alpha spectroscopy €or all isotopes, NAA, and gamma Spectroscopy for 235U 
and Uranium-233 is not a naturally occurring isotope, and uranium-234 is a decay 
product of =U. However, alpha spectroscopic analysis could not distinguish the two isotopes, 
233U and Therefore, this report designated these two isotopes as 233mU, even though 
all activity was contributed by 
and ?ll~ at equilibrium. Actual ratios of observations were reasonably close (Table 6.2). If 
235U was not enriched nor depleted, the natural activity ratio of 235U to *U should be 0.046. 
Alpha spectroscopy results had a ratio of 0.143, and the NAA result had a ratio of 0.047. The 
scatter plot of NAA vs alpha spectroscopy results showed excellent agreement with the 
isotopic ratio 1.214 (Table 6.2). The results suggest that (1) soils had natural isotopic ratios 
for uranium, (2) 235U results analyzed by alpha method were not as good as the results 
analyzed by the NAA, and (3) interpretation of uranium isotope distribution can be dona as 
a group instead of on an individual isotope basis. 

In theory, activity ratios should be unity among 

Most of the uranium isotope series occurs 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. Urailium data show that A horizon soils have relatively lower levels 
than do the B and C horizons. Dismal Gap soils have relatively lower values than soils of 
other formations regardless of location. Copper Ridge soils, except the Rome  County area, 
have higher uranium values than other formation soils. Therefore, the “epth of soil, geologic 
formation, and location are all important hctors for uranium di\-nbution. For ORR 
Nolichucky soils, uranium data analyzed by arpha spectroscopy were not usable and were 
replaced with NAA data. 

General statistical analyses also indicated that 233mU and levels in C horizon soils 
were significantly different among the formations and groups at the ORR. Data users should 
follow the general data user guideIines in Sect. 2 and use appropriate values for horizons and 
formation-locations in Sect. 5. 

Total Uranium. Total uranium concentration was determined by pulsed laser 
phosphorimetry. The mass-based anaIytica1 results (mgkg) were converted to activity units 
(pCi/g> using natural isotopic ratios of uranium (see Sect. 4.5.3.8). To evaluate the total 
uranium data, regression analysis of laser phosphorimetry results with alpha spectroscopy 
results v’2s conducted. Total uranium activities of the alpha spectroscopy were calculated by 
summint -he individual isotope (23mU, and =U) activities. Linear regression analysis 
shows 2.U2 for the intercept, 1.17 for the slope, and 0.16 for the correlation coefficient in a 
scatter plot of the sum of the isotopes vs total uranium. These results suggest that the total 
uranium data, as determined by the laser phosphorimetry method, may not be as accurate as 
determined by the alpha spectroscopy method. With the exception of some of the data, 
the alpha spectroscopy isotopic analysis seaults showed excellent agreement with NAA results. 
Furtherrxe,  the activity ratio of 233,‘ ;J vs analyzed by alpha spectroscopy was in 
agreeme with the theoretical value. Therefore, even though total uranium data are 
presente,. in the data tables, these data are not recommended to be used as background data. 
Waste management and environmental restoration projects including risk assessment activities 
need to use isotopic uranium data rather than total uranium data. 

Note: Uranium-236 was detected in three soil samples: one from K-25 Chickamauga soils 
and two from Dismal Gap soils on the ORR. The source of this contamination is not known. 
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summary of statistical AMiysis 

,.. . 

For certain users of this data, grand median values by honion across all geologic groups 
have been computed. These are in Table G.9. However, the data must be used with great 
caution. Following is a list of radionuclides where there are no significant differences among 
groups: 35U gamma, A, B, and C horizon; p7Np, A horizon; 226Ra, A horizon; % alpha, 
B horizon; total U alpha, A, B, and C horizon; and 233mU alpha, A horizon. The following 
list of radionuclides is significantly different between 1% to 10% level; alpha, A, B, and 
C horizon; alpha, A horizon; and 2uM4U, B horizon. All 
the other radionuclides are significantly different and the data for these in Table G.9 should 
not be used. 

alpha, A and B horizon; 

6 6  TRACE ANALYZEX) BY NAA 

The following trace elements were analyzed by the NAA method: Ce, Eu, Ga, Au, Hf, 
La, Lu, Rb, Sc, Tb, Ti, and Yb. Because these elements occur in small quantities, 
conventional analytical methods are not sensitive enough to detect them. The NAA method 
can detect small amounts. Most of these elements are not considered to be important in any 
risk analysis, but they can be important in tracing sediments to their source geologic 
formation. 

Gold, gallium, hafnium, rubidium, scandium, and titanium are not part of either the 
actinide or lanthanide Series of elements; but they do occur in trace amounts. Elements in the 
actinide series have differing geochemistry than those rare earth elements in the lanthanum 
series. Ail of the actinide series have radioactive isotopes. In this project they include Np, Th, 
U, Pu, Am, Cm, and Pa All of these, except cerium, were analyzed; and the results, if there 
were any detects, are discussed in Sect. 6.4.3. The analysis for lanthanides included Ce, Eu, 
La, Lu, Tb, and Yb. 

The lanthanides have a geochemical behavior that makes them well qualified for 
geochemical studies (Brookins 1989). Most lanthanides are large cations with a valance of +3. 
The only exceptions are cerium with a valance of +4 and europium with a valance of +2. The 
large ionic radius tends to segregate them from other metal ions. Many lanthanides form 
complexes as fluorides, phosphates, and carbonates. Cerium, for example, tends to form 
complexes with manganese compounds as oxides. Many lanthanides become more 
concentrated in shales. Many lanthanides also tend to move quite readily in aqueous solutions 
and become more concentrated in carbonates. 

Cerium. Cerium is found in significantly lower levels in soils of the Knox Group than in 
all other groups and in all horizons. Cerium is found in higher levels in soils of the 
Chickamauga Group. 

Europium, Levels of europium are nearly the same for all A horizons that were sampled, 
but europium ievels in the B and C horizons of the Knox Group soils were much lower than 
for all other groups. Chickarnauga B and C horizons had higher levels than all other groups. 
Europium tends to become concentrated in shales. 

Gallium, Gallium has a fairly uniform distribution across all geologic groups. 
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Gold Gold was detected only in some of the ORR and Roaae Copper Ridge soils and 
in some OFtR Chepultepec soils (5 of 12 detects). 

Hatiilium Hafnium was detected in nearly all samples. Hafnium and titanium are closely 
related and should have a similar distribution in soils. The C horizons of b o x  Group soils 
at all locations had lower levels than all other groups. 

Lanthanum Lanthanum was detected in all but one sample. Lanthanum levels were 
similar in all A horizons and all B and C horizons except those of the Knox Group soils, 
which were significantly different. 

Lutetium Lutetium was detected in nearly all samples. Levels in all A, B, and C horizon 
samples were all nearly the same. 

Rubidium. Rubidium was detected in only three samples. Two of the three were confined 
to the Bethel Valley section of the Chickamauga Group. Rubidium and cesium are nearly 
always associated with potassium minerals. Rubidium is more abundant than cesium, but 
cesium was detected in all samples. In the absence of potassium, both cesium and rubidium 
are toxic to animals. 

Scandium. Scandium was detected in all samples. Scandium has many similarities to other 
lanthanides, except for its smaller ionic radius. Scandium occurs only in very small amounts 
in carbonate rocks. All Knox Group soils had lower levels of this element in A, B, and C 
horizons than all other soils, which bears this out. The Roane Copper Ridge had the lowest 
levels among soils of the Copper Ridge Formation. The Conasauga and Chickamauga groups 
had very similar levels. 

Terbium- Terbium was detected in nearly all soils except for the C horizons of Copper 
Ridge soils. Chickamauga A, €3, and C horizons had higher levels than all other soils. 
Conasauga and b o x  soils had similar levels. 

Titanium. Titanium is a very common element in soils and geornedia and commonly 
associated with iron minerals. This element was detected in all soils and was nearly evenly 
distributed among the A, B, and C horizons. 

Ytterbium. Ytterbium was detected in nearly all samples. The lowest levels were in the 
Copper Ridge C horizons for off-site locations in Roane and Anderson Counties. 

Cerium, europium, and terbium were higher in the A, B, and C horizons of the 
Chickamauga Group than in ail other formations. Cerium, europium, and gallium were lower 
in the C horizon of Knox Group soils. Hafnium, lanthanum, lutetium, and scandium were 
lower in the Knox Group than in all other groups. Titanium and ytterbium were quite evenly 
distributed throughout all horizons of all formations. 
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7. BACKGROUND RISK EVALUATION 

. ._. 

7.1 SI.lMMARY 

The background soil data, collected from A horizon soils of the Dismal Gap (DG), 
Nolichucky (NOL), Copper Ridge (CR), Chepultepec (CHE), and Chickamauga (CHI) 
formations on the Oak Ridge Reservation (ORR) and from Anderson (AND) and Roane 
(ROA) 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 €or determining confarnzknalats of porential 
concern (GOPC) for that site. 

Three primary pathways of exposure were evaluated, for inorganic, organic and 
radionuclide analytes, which include (1) direct ingestion of soil, (2) dermal contact with soil, 
and (3) external exposure to radionuctides in the soil. Background risks for individual analytes, 
total pathway risk estimates (i.e., the sum of the background risks of all analytes within a 
pathway), and cumulative risk estimates @e., the sum of the total pathway risks) were 
determined. 

The constituents detected in the uncontaminated background soil samples were evahated 
within the context of EPA-appmd guideEiaes for contaminated soils in which there are 
three regions of carcinogenic risk (risk <I.Oe-W, no concern; risk between 1.k-06 and 
1.k-04, range of concern; and risk 1.k-04, unacceptable) and two areas of systemic toxicity 
(hazard index < 1.0, no concern; and hazard index > 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, 

In summary, with a few exceptions, the carcinogenic-risk and noncarcinogenic-hazard 
indices determined for individual analytes (found in the A horizon of the Dismal Gap and 
Copper Ridge formations) were similar for the three sampling areas (ORR, Anderson and 
Roane counties). The cumulative pathway background risks (Le., risks from ingestion of soil 
plus risks from dermal contact with soil plus risks from external exposure to radionuclides in 
the soil) for the Dismal Gap Formation are 6.445-04, 9.k-04, and 5%-04, for ORR, AND, 
and ROA, respectivdy; the cumulative risks for Copper Ridge are 7.k-04, 6.4e-04, and 
6.k-04, respectively. The main contributors to the risk for the both the ingestion and dermal 
contact pathways are beryllium and all nine detected polynuclear aromatic hydrocarbons. 
Cesium-137, potassium-40, radium-226, and thorium-228 are the main contributors to risk for 
the external exposure pathway. 

The total pathway hazard indices for ingestion of soil in the Dismal Gap Formation are 
0.69, 0.55, and 0.76 for ORR, AND and ROA counties, respectively; the pathway hazard 
indices for dermal exposure to Dismal Gap soil are O.lO,O.W, and 0.12, respectively. For the 
Copper Ridge Formation, the total pathway hazard indices for ingestion of soil are 1.7, 1.2, 
and 0.77 for ORR, AND, and ROA, respectively; the total pathway hazard indices for dermal 
exposure to Copper Ridge soil are 0.10, 0.15, and 0.07, respectively. Arsenic and manganese 
are the major contributors to the hazard indices for the ingestion pathway, and the main 
contributors for the dermal exposure pathway are manganese and vanadium. 
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These background risk estimates should be considered only in the context of comparison 
with site-related risk. The EPA action level for remediation, of 1.k-04, refers to risks related 
to hazardous waste sires. The background risk results themselves are not indicative of c o n c e r n  
or actions that would be identified with similar potential risks from a contaminated site, and 
care should be taken not to misinterpret these results as pertaining directly to remediation 
decisions. 

72 INTRODUcIloN 

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 human health risk 
assessment) to differentiate contamination from naturally occurring constituents. The overall 
objective of this section is to evaluate the BSCP data relative to risk. The human health risk 
assessment methodology in this study is based on the RikkAssessment Guidance forSupe@nd 
(RAGS) (EPA 1989c), so that these risk results for exposure to background soil constituents 
will be comparable to future site-related risk evaluations. A quantitative analysis of the 
inorganic (metals), organic [polynuclear aromatic hydrocarbons (PAHs)], and radionuclide 
analytes found in undisturbed soil will characterize the unavoidable 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, (2) 
support the selection of COPC in future site-related risk assessments, and (3) provide a 
comparison based on background risk between the soils collected at the three sampling areas 
(Anderson and Roane counties and the ORR). Because remedial investigation (RI) activities 
will use soil data specific to the ORR to meet background needs, this evaluation focuses 
primarily on background risks associated with ORR soils. Accordingly, the results of each step 
of the background risk evaluation are presented in full for the QRR soils. In addition, the 
same background risk evaluation process has been applied to the Dismal Gap Formation and 
Copper Ridge Formation soil data from Anderson and Roane counties; however, only the 
total risk and hazard indices are presented for these locations as part of the comparison of 
background risks associated with the three sampling areas. 

A human health risk evaluation of background soils samples from the DG, NOL, CR, 
CHE, and CHI formations is presented in this report. The Erst step involves evaluating the 
data from a risk assessment perspective and identifying those soil constituents that will be 
considered in the assessment. This process parallels the selection of COPC at a contaminated 
site. Next is an assessment of the exposure potential and the identification of exposure 
pathways. Subsequently, exposure is estimated, 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 
among the three sampling areas (ORR, AND and ROA counties) 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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73 DATA EVALUATiON 

73-1 Data Usability 

Many natural soil constituents also occur as site related contaminants; therefore, the 
major use oE background soil characterization information is to support the selection of 
COPC at contaminated ORR sites. The COPC are identiEied early in the risk assessment 
process as those contaminants related to site operations for which adverse health effects will 
be evaluated. An accurate assessment of the potential risk to human health posed by 
contaminants found at higher concentrations than naturaUy occurring background 
concentrations is the basis for risk management decisions. Data collected during the site 
investigation of specific hazardous waste sites should be compared to the background data in 
this report in order to identify COPC. In most cases, it is assumed that an analyte found to 
be at a greater concentration than the concentration for that constituent in background soil 
is related to site activities and is therefore a COPC. Guidance from the EPA suggests that 
a concentration of two orders of magnitude above the background concentration is indicative 
of a COPC (EPA/540/G-W/008, October 1990). The Risk Assessment Council is producing 
guidance on the selection of COPC. This guidance will include specific details on the 
application of this background soil infomation to the COPC selection process. 

Of secondary importance, is the application and comparison of the background risk 
estimates included in this report to contaminated site risk estimates. Future site-specific 
investigations of risk to human health posed by soil contamination at the ORR, can be 
compared to the background risk associated with each anaiyte in this section of the BCP. 
In addition, the total soil background risk reported here can be used to discuss site-related 
risk in the context of background risk. 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 typicatty used to assess the 
potential risks resulting from exposure to contaminated soil. Similarly, the results of this 
background risk evaiuation have been discussed within the context of the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) framework; CERCLA 
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  warrant remedial actions. Care should be taken not 
to misinterpret these results to pertain to remediation decisions. 

732 G e d  Sitespecific Data Co)lection Cbnsidmtions 

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 €or soil sampling is 
also included in the EPA publication Preparation of Soil Sampling A.otocol, Technhpes and 
Strategies (EPA 1983). Standard procedures were also folIowed €or the collection of samples 
(Kimbrough et al. 1988) and the Engineering Suppm Branch Standard Operation fiocedures 
and Quality Assurance Manual (EPA 1991a). Sample site selection and data collection are 
discussed in Sects. 3.2 and 3.4 of this report. 
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733 General Site-Specifie Data Evaluation Considerations 

The validated data included in this study consist of organic, inorganic, and radionuclide 
analyses of soils from five formations (Dismal Gap, Nolichucky, Copper Ridge, Chepultepec, 
and Chickamauga), three horizons (A, B, and C), and three sampling areas (Roane County, 
Anderson County, and the ORR. Note: (i) for the Chepultepec and Nolichucky formations, 
soil samples were taken from the ORR only; (ii) for the Copper Ridge and Dismal Gap 
formations, soil samples were taken from Anderson County, Roane County and the ORFQ 
and (iii) for the Chickamauga Formation, soil samples were taken from two separate places 
on the ORR. For complete statistical analysis of the data, refer to Sect. 5. In this risk 
evaluation, both background cancer risk and background s:atemic [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 the A horizon. Comparisons of total risk (child f adult) 
and total HI (child + adult) for the three sampling areas (Roane and Anderson counties and 
the ORR) for the Dismal Gap and Copper Ridge formations will be made. 

The analytes detected in horizon A for the URR, AND and ROA sampling areas will 
be divided into six horizon A data sets (Le., DG, NOL, CR, CHE, CHI-BV, and CHI-K25); 
most tables throughout this text (Sect. 7) will be separated into parts a through f to 
correspond with these five formations (and the two ORR-Chickamauga sampling locations, 
is., CHI-825 and CHI-BV). ORFt soil data are reported as (i) DG-OM, (ii) NQL-ORR, 
(iii) CR-ORR, (iv) CHE-QRR, (v) CHI-BV, and (vi) CHI-K25; the-efore, although both 
CHI-K35 and CHI-BV s ~ i l  data are associated with the Oak Ridge RE ation soil, they will 
be lis i and evaluated separately i0 this section (Sect. '7) 

Ln this BSCP study, soil samples taken from undisturbed locations on the ORR (from the 
A horizon of the  DG, NQL, CR, CHE, and CHI formatiom) best represent the background 
constituents found on the reservation and, therefore, best represent the background risk 
associated with these analytes. 

73.4 Identification of Constituents Included in the Background Risk Evaluation 

The identification of specific inorganic, organic and radionuclide soil constituents 
included in the assessment of background soil risk is based on methodology from Sect. 5 of 
RAGS (EPA 1989~). The number of constituents that can be quantitatively evaluated in the 
risk evaluation is limited by the availability of chemical-specific EPA-approved dotielresponse 
information. In addition, analytes which were not found above detection limits (undetected) 
were not included in the risk evaluation. The detected constituents considered in the 
quantitative assessment of risk and noncarcinogenic effects from background soil are listed in 
Table 7.1. Note: (i) beryllium is the only inorgnnic analyte found in the background soil 
samples for which an EPA-approved slope factor is available; (2) for the Nolichucky 
Formation, problems were found in the alpha spectrometry data for uranium-233/234 and 
uranium-238, hence, these data have been replaced with neutron activation analysis ( N U )  
d (refer to Sects. 4 and 5); (iii) the technetium-99, tritium, and all organic analyte data are 
b d on noncomposited samples (refer to Sects. 3 and 4); and (iv) no organic constituents 
\r, +* detected above the analytical detection limits in the Phase I sampling of the DG and 
N dL formations, hence, no organic data are reported for these lithologies (refer to Sect. 4.4). 
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Table 7.la Oak Ridge Reservation backp,roond soil analytes evaluated qnantitativejl 
m m a l  Gap 

Lower 95% Upper 95% 
Frequency Minimum Maximum mnfideocx confidence 

of detected detected bound om Mtdian bound on 
h t y l e  detection mneentrstioa m-tntion median mncenbabon medun 

ArstniC 

Barium 

Beryllium 

BoroD 

C h n i u m  M 

Cyanide 

Manganese 

Mmury 

Mm~ctlry (salts) 

NicM 

Nickel (sal&) 

Sttontium 

Vanadium 

Zinc 

Cesium137 

Plu(onium-?39L?40 

Potasinm-40 

Radium-226 

Saontium-90 

Thorium-228 

Tkorium-230 

Tborium-232 

Mum-234 

Tritium' 

Unninm-P3/Z34 

Unnium-P5 

Uraniurn-236 

Uranium-238 

414 

4/4 

414 

I/3 

414 

1B 

414 

414 

414 

4l4 

416 

313 

414 

44 

4t4 

14 

414 

4t4 

ll3 

414 

414 

44 

414 

519 

4f4 

414 

1 14 

414 

Imxganics(ww 
5.30E+M) ?.3OE+OO 

7.72E+01 212E+02 

5.5oEol 220E+00 

1.64E+Oi 211E+01 

1.94E+01 321E+01 

4.40501 4.40E-01 

7.68E t 02 222E+03 

230E-01 4.00M1 

2ME-01 4.00E-01 

1.9SE+01 5.6TE+01 

l.%E+OI 5.67F5+01 

6.10E+OO 1.68E+O1 

279Ei01 5.40E+OI 

4.23E+01 1.08E+02 

Radioauciides @tils) 
2 1 0 m  9.00Ml 

2wm2 290E-02 

1.40E+01 220E+Ol 

8.60M1 7.00Mi 

l.lOE+OO l.lOE+OO 

5.OOEoI 9.40M1 

3.10501 8ME-01 

4.1OE-01 9.70E-01 

1.50E+00 1.90E+M) 

3.60E-02 6.203502 

6.10M1 l.dOE+OO 

3.69E-02 1.ZOM1 

200E-02 200E.02 

7.50E-01 1.70E+OO 

4.88E+OO 

7.63E+01 

6.37E41 

829E+oo 

208E+01 

6.01E-02 

7.2sE+02 

270E-01 

270E-01 

1.89E+O1 

1.89E+01 

551E+W 

298E+O1 

4.10E+01 

253Eo1 

5.wm3 

1.35E+01 

5.41M1 

ISSE-01 

S.OIEO1 

4.72E-01 

5.88E-01 

1.42E+OO 

200Eo2 

7.76-1 

6.60Eo2 

9.L?4E-o3 

9.16Eo1 

6.24E+OO 

9.91E+01 

7.81M1 

137E+01 

247E+01 

1.3OE-01 

9.97E+02 

3.16Eo1 

3.16E-01 

23SE+O1 

235E+Q1 

7.93E+M, 

3.42E+01 

5.06E+Ol 

5.98E-01 

1 .4W2 

1.63E+01 

7.87J.Z-01 

7.01E-01 

7.13Ml 

5.65E-01 

6.83-1 

1.63E+OO 

298E-02 

9.37E-01 

7.92E-02 

1.6SEo2 

1.02E+Oo 

7.97s+oo 

1.29E+02 

9575-01 

ZzTE+OI 

292E+Ol 

282M1 

137E+03 

3.70E-01 

3.70Ei-01 

291E+01 

291E+01 

1.14E+Ol 

3.91E+01 

6.26E+01 

1.41E+Oa 

3.66M2 

1.98E+01 

1.14E+OO 

138E+OO 

1.u2Etoo 

6.77E-01 

7.94E-01 

1.88Et00 

4.43E-02 

1.13E+M) 

9.5QE-02 

292E-02 

1.15E+00 

"Data are based on noncomposited sampltx. 
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Table 7.lb. Oak Ridge Resemtion background soil evaluated quantitatively 
Nokhucky 

Lower 95% Upper 95% 
F q u e n q  Minimum Maximum confidence confidenee 

of detected detected bound ou Median bound on 
f-w detectiou concentration wncentntion median mn.centration median 

Antimony 

Arsenic 

BariUIU 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Cesium-137 

Curium-247 

Neptunium-237 

Potassium40 

Radium-226 

Technetium-& 

Tborium-22.8 

Thorium-230 

Thorium-T32 

Thorium-2-4 

~ n n i n m - ~ 3 ~ ~ ~ ~  

Uranium-235 

114 

313 

414 

414 

3B 

414 

414 

414 

414 

414 

314 

414 

414 

414 

4 4  

2/4 

m 
414 

414 

116 

414 

414 

44 

414 

414 

414 

Imrganics (m&) 
4.90E-01 4.90E-01 

5.80E+00 6.40E+00 

5.97E+o1 1.06E+02 

7.30E-01 8SOE-01 

264E+01 299E+01 

4.0SE+02 9.3SE+02 

1.8oEo1 1.9om1 

1.8oE-01 1.9oM1 

1.52E+01 200E+01 

1.52E+o1 200E+01 

5.60M1 7.40-1 

3.20?5+00 6.10E+OO 

294E+01 352E+o1 

3.398 + 01 4.07E+01 

Radiaoudides @cilg) 
3.80EJOl 7.10E-01 

5.30W3 7.00E.43 

7.70E-02 230E-01 

l.JoE+Ol 1.70E+01 

3.90M1 1.40E+00 

279E+00 279E+0O 

1 ?JJE+OO 220E+00 

850E-01 1.20E+00 

1.2OE+00 200E+00 

1.30E+00 l.!XE+00 

1.04E+00 151E+00 

4.32Mt 9.69S-02 

1.04E900 1.51E+00 

4.43E-01 

4.64B+00 

5.81E+01 

6.41E-01 

230E+01 

4.77E+02 

1S8M1 

1.58E-01 

1.39E+01 

1.39E+01 

4.45MI 

3.32E+OO 

283E+01 

3.07E+01 

223E-01 

4.70J5-03 

9.32M2 

1.2SE+01 

s.wE-01 

6.30E-01 

1.06E+00 

8.06E-01 

1.29E+00 

1.24E+00 

X.ME+00 

5.94E-02 

l.lSE+00 

4.63E-01 

6.16E4-00 

7.54E+01 

7.86E-01 

280E+01 

6.53E+02 

l.8SFA1 

1.8SE-01 

1.73E+O1 

1.73E+01 

5.65E.41 

4.5SE+00 

3.24E+01 

3.79E t 01 

s.27E-01 

5.50E-03 

1.33E-01 

1.52E+o1 

7.QOE-01 

l.lOE+Oo 

1.51E+00 

9.67E-01 

1.49E+00 

1.42E+00 

1.28E+00 

7.13E-02 

1.28E+OO 

4.8SEdl 

8.18E+00 

9.78?5+01 

9.64F.41 

3.40E+01 

8.95E+02 

2 1 m 1  

217-1 

214E+01 

214E+01 

7.18W1 

6.258+00 

3.71E+01 

4.688E+01 

l.%E+00 

6.50E-03 

1.90E-01 

1.84E+OI 

i.@E+00 

1.91E+00 

215E+00 

1.16E+00 

X.74E+00 

1.64E+00 

1.55E+00 

8.55E-02 

1.43E+00 

nData are based on iioncomposited samples. 
'Data are born Neutron Activation Analysis VAA). 
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Table 7.1~. Oak Ridge Reservation background soil amtytes evalnated quantitatively 
Copper Ridge 

Lower 95% upper 95% 
F ~ u m c y  Minimnm Muimum confideace mnfidence 

Of detected detofced bound on Median bound on 
haw detection concentsation mncenmtioa median conccatntian median 

A M n i C  

Barium 

Beryllium 

Chnomium M 

MIOganCSC 

Mercuy 

Mercury (salts) 

Molybdenum 

Nickel 

Nickel (salts) 

Seleninm 

Stnmtium 

Vanadium 

z inc 

Cesium-137 

Neptunium-237 

4 4  

4t4 

3 4  

4% 

414 

414 

414 

1l4 

314 

314 

44 

414 

414 

a4 

3b 

aB 

12/12 

lOfl0 

8/8 

919 

iini 

919 

SB 

1m2 

36 

3n 

12/12 

12212 

414 

414 

-*@4Yw 
1.13E+01 6.71E+01 1.88E+O1 

6.29E+Ol 7.99E+Ol 5.53E+01 

5.10Eo1 5.70J2-01 4.12E-01 

l.SE+Ol 239E+01 13OE+O1 

9.#E+02 153E+03 7.80E+02 

1.4OMl 1.soM1 1.34E-01 

l.boE-01 1.8OE-01 134Eo1 

l.8OE+W l.SOE+DD 1.14E+00 

7.40E+00 8.1OE+00 6.03E+OO 

7.4OE+OO 8.10E+00 6.03E+00 

5.6oE-01 7.OoMl S.aSEo1 

270E+00 4.10E+00 256E+OO 

217J3+01 

292E+o1 4.13E+Ol 

3.lIE+01 231E+01 

283E+01 

*ganics(mgR&r 

aoomi 240E+00 I.OSE+Oo 

4.00M1 1.46E+01 5.43E-01 

4.00E-01 73E+00 1.52E+00 

&IxIE-o1 1.13E+01 1.99E+OO 

4.00E-01 9.1oE+00 1.55E+00 

4.00E-01 1.01E+01 212E+oo 

4.00E-01 6,oQE+OO 1.08E+00 

1.20E+00 l.BE+Ol 284E+00 

4.ODE-01 3.SOE+OO 467Ml 

15OE+00 289E+01 435E+00 

4.00E-01 22OE+00 4.80EQl 

7JOE+OO 203E+01 3.93E+Oo 

1.MEcOO 1.91E+01 3.06E+Oo 

4.00E-01 263E+01 3.61E+00 

RaCkmudides@4/g) 

6.59M1 l.lOE+OO 357E-01 

6.72E-02 I.llE41 6.54E-02 

241E+01 

7.1SE+01 

S.l lMl 

l.S4E+O1 

1.07E+03 

1.57E-01 

1.57E-01 

1.41E+00 

7.658+00 

7.65E+00 

6.37-1 

351E+00 

264E+01 

3.49E+OI 

1.42E+OO 

880E-4 1 

201E+00 

266E+00 

219E+OO 

285E+OO 

l.lOE+OO 

3.93E+OO 

1.03E+00 

S.9SE+OO 

8.73-1 

S.OSE+W 

4.06E+00 

5.04E+OO 

8.4ZE-01 

8.41Eo2 
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Table 7.lc (continued) 
~ 

upper 95% Lower 95% 
Frequency Minimum Maximum mnfidence wnfidence 

of detected detected bound on Median bound on 
haw detection concentration concmtntion median concentntion median 

Plutonium-238 314 1 6 8 w  298E-02 1.41Eo2 232M2 3.82E-02 

PI u tonium-239/240 3R 2 1 0 m  3.97Eo2 1.30E-02 279E-02 5.98E-02 

Potassium40 414 3.74E +O 4.29E+M 338E t 00 4.10E+OO 4.97F,+00 

Radium-226 

Thorium-228 

414 1.12E+OO 137E+OO 8.40M1 1.22E+OO 1.78EtOO 

314 6.09E-01 7.86W1 237E-01 3.39E-01 4.84E-01 

Tborium-270 4 4  9.11E-01 1.47E+OO 9.24M1 l.llE+M 1.33E+00 

Thorium -232 414 6.25E-01 7.73E01 5.84M1 6.79-1 7.89E-01 

Thorium-234 25 1.86E+O 218E+00 132E+oD 1ME+OO 1.84E+00 

Tritium" 41s 1.20E-02 240E-02 9.70E-03 1.60M2 264502 

Unnium-233E34 4t4 1.17E+oo 1.86E+00 1.20E+M) 1.45E+00 1.75E+00 

Uranium-23s 414 5.62E-02 1.93E-01 8.86M2 1.25E-01 1 . m 1  

Uranium-236 1 I4 218Eo2 218M2 6.60E-03 1.07E-02 1.74E-02 

Uranium-238 4t4 l.lOE+OO 157E+00 1.23E+OO 1.38E+00 154E+00 

"Data are based on noncomposited samples. 

Table 7-16 Oak Ridge Raervation background soil analytes dusted quantitatively 
ChevulteDec 

Upper 95% 
Frequency Minimum Masimum confidence confidence 

h a w  Of detected detected bound on Median bound on 
detection concentration wnantration median wncenhation median 

Larwr 95% 

Anenic 

Imrppnics (m&) 
414 4.40E+00 3.12E+01 8.82E+OO 1.13E+01 1.44E+01 

Barium 414 3.16E+01 151E+02 4.13E-t-01 53E+01 6.95E t 01 

Beryllium z4 280M1 5.5oE-01 266E-01 3.MMI 4.60E-01 

Chromium VI 314 X.l7E+01 3.38E+Ol 1.23E+01 1.46E+ 01 1.74E+01 

1.26E+03 Manganese 414 3.868+02 243E+03 6.72E+02 

Mercury 214 1.00E-01 200E-01 1.a9E-01 1.29E-01 1.53E-01 

Merculy (salts) 2J4 1.00M1 200E-01 l . W M 1  X.29E-01 1.53E-01 

6.25s-01 Selenium 1 /2 5.00E-01 5.6oE-01 3.09-1 4.40E-01 

9.21E+02 

Strontium a4 290E+00 4.SOE+OO 1.68E+00 236E+00 333E+OO 

Vanadium 414 1.88E+Q1 6.12E+01 262E+01 3.00E+01 3.43E+01 

Z i O C  414 214E+Q1 9.92E+O1 3.18E+01 3.938+01 4.86ECO1 
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TaMe 7.ld (continued) 

lawer 95% Upper 95% 
Frequency Minimum M r r i m U E l  COlhtideUCt confidence 

of detacced dcttclal bound on Median bound on haw 
detection mnccohtion cooctn~tiioa median eoaeentratio8l mcdian 

Aceaaphthene 

htbncene 

Benzo(a)anthraccoe 

Benzo(a)pyrene 

Benzo@)OuoantBene 

Benzo(khi)perylene 

Eknzo(k)fluomlhene 

Diknz(a.h)aothracme 

Fluonntheoe 

F l U O r n C  

ledcno(1Ztul)pyrroe 

N l p b l h L c r C  

Pbeuathrcm 

%- 

Caiur-137 

Ncpnnimi - 0 7  

Pluroairm-238 

Potass ium4 

R a d i u m - 2 6  

Thorium-228 

TIwrium-23Q 

Thorium-232 

Uranium-2331234 

Uranium-23S 

Uranium-238 

1 I4 

3 4  

7r7 

5l5 

w 
6h5 

515 

31s 

1/1 

2m 

I f l  

3f4 

7rl 

7fl 

414 

2!4 

1 14 

414 

314 

414 

414 

414 

4f4 

24 

414 

- ( W W  
&OOM1 8OOM1 

4.00M1 4.00E-01 

4.00Ml 4.ME+00 

260E+00 5.3OE+OO 

3.40E+00 4sOE+00 

1.6OE+OO 3.8OE+OO 

l.lOE+W 25OE+oO 

4.005-01 3.70E+OO 

4.00E01 8,9OE+OO 

200M1 8.00501 

1.64E+01 1.64E+01 

4.70E+00 4.84E+01 

1JOE+00 53OE+00 

1.2OE+OO 8.00E+OO 

Ratficarudides@ci/g) 

8.ME-01 l.2OE+00 

3.21E-02 8.63M2 

5.13EAJ2 1.84501 

205E+00 434E+00 

8.40E-01 1SE+00 

4.07E-01 8.99E-01 

6.67J5-01 1.09E+OO 

4.87E-01 131E+00 

868E-01 1.23E+OO 

5.74F.m 21m1 

4.70E-01 

1.53Eo1 

1.17E+00 

218E+00 

1.67?2+00 

1.79E+00 

1.07E+OO 

5.18M1 

205E+00 

1.84Ml 

3.87E+00 

4.20E+00 

215E+00 

221E+00 

4.23501 

5.07E02 

4.93E-02 

259Ef00 

5.99M1 

4.25E-01 

6.46E-01 

5 3 5 M 1  

9.14E-01 

4.99E-02 

8.OOM1 

3.98Edl 

1.70E+00 

3.28E+00 

297E+oo 

257B+00 

1JfE+OO 

1.03E+OO 

3.09E+00 

3.65M1 

7.85B+OO 

9.50E+OO 

3.12E+OO 

3.42E+OO 

9.99-1 

6.72E-02 

8.oLE-02 

3.15E+00 

8.71E-01 

6.06501 

7.74Eo1 

6.22E-01 

l.lOE+OO 

7.21842 

1.36E+00 

1.04E+OO 

246E+00 

4.93E+00 

5.28E+00 

168E+oO 

229E+oO 

203E+OO 

4.64E+W 

7.26E-01 

159E+01 

215E+01 

4JtE+OO 

5.2SE+00 

236E+00 

8.91E-02 

1.31501 

3.8=+00 

1.27E+00 

8.63E-01 

9 . m 1  

7 m 1  

1.34E+OO 

1.ObEol 

9.39E-01 135E+OO l.OQE+W 1.12E+00 l.%E+00 

a Data are based on noncomposited samples. 
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Table 7.1~ Dak Ridge Rmervation background soil analyta evaluated quantitatively 
Chickarnauga (Bethel V d q )  

Frequency M i u m  Mrdmum 
of detected detected 

detection cancentration concentration 

_ _  ~- 

lawer 95% 
confidence 
bound on 

median 

~- 

Upper 95% 
confidence 

Median bound on 
concentration median 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

zjnc 

Acenaphtbeae 

Anthracene 

Benzo(a)antbraeene 

Benm(a)pyrene 

Benzo@)fluonnthene 

Benzo(k~i)perylene 

Benzo(k)fluonnthcne 

Chrywne 

Dibenz(a,b)anthracene 

Fluoranthem 

Fluorene 

ladeno( l , Z 3 - c d ) ~ n e  

Napbtbalene 

Pbeaanrhrene 

me 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

2/2 

414 

414 

l/l 

5 6  

615 

1m2 

SI8 

5/5 

1242 

46 

?J3 

8is 

2R 

SA I 

7/7 

1m2 

6/6 

5.70E+OO 

7.06E+01 

7.8OE-01 

234E+OX 

7.408+02 

1.MMI 

130E-01 

1.00E+01 

1.00E+01 

5.50E-01 

5.30E+00 

286E+01 

3.77E+01 

3.50E+OO 

4.00W1 

2500E+00 

9.00MI 

210E-b00 

210E+00 

9.00E-01 

3.40E+00 

4.00501 

X3OE+OO 

130E+00 

5.30E+OO 

8.00M1 

3.50E+00 

4.70E+00 

-- (m*) 
7.00E+00 4.89E+00 

1.03Ei02 4.13E+01 

l.ME+OO 830E-01 

4.47E+01 287E+01 

1.51E+03 7.696+02 

210M1 137E-01 

210E-01 1.37M1 

1.85E+01 1.08E+01 

1.8SE+01 1.08E+01 

1.00E+00 5.86E.01 

5,60E+00 3.53E+00 

4.80ET01 3.19E+01 

5.23E+Oi 3.63E+01 

orrPi= (m&F 
3.5OE+00 20SE+00 

1.3OE+OO 3.38E-01 

7.50E+00 288E+00 

75OE+00 291E+00 

7.10E+00 3.14E 4 00 

4.70E+OO 233E+00 

4.40E+00 1.78E+00 

8.60E+OO 3.17E+00 

9.00M1 2 5 2 M 1  

1.25E+O1 3.38Et00 

5.2OE400 l.ZE+OO 

5.666+01 7.77E+00 

250E+01 3.52E+00 

208E+01 4.99Et00 

l.lOE+O1 4.90E+W 

6.25E+00 

7.%E+Ol 

1.02E+00 

3.40E+01 

1.0SE+03 

1.6oE-01 

1.6oE-01 

1.3SE+01 

1.35E+Oi 

739E-01 

5.52E+00 

3.65E+01 

4.49B+Ol 

3.50E+00 

6.23E-01 

4.3OEC00 

3.788+00 

4.45B+OO 

3.46E+00 

227E+00 

4.98E+OO 

5.97E.Ql 

4.95E+00 

260E+00 

1.12E+o1 

6.2iEt00 

6.638+00 

7.84E+OO 

7.9!35+00 

1.03E+M 

1.25E+OO 

4.02E+01 

1.44B-4-03 

1.88E-01 

1.88E-01 

1.67Et01 

1.67E+01 

9.31Eo1 

864E+00 

4.19E+01 

55SE+OI 
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... 

Table 7.le (continued) 

Upper 95% 
Frcquenq Minimum Maximum oonfidctrce confidence 

of deleeted daeacd bound on Medirn bound OIL 

L a w  95% 

b t y t e  detection macentration meaotrntion median concentration m d i n  -- W g l  
Cesium-137 4i4 8.98E-01 209E+M) 572E-01 1.35E+Do 3.19E+00 

Neptunium-237 313 6.72EO2 1.41F.41 6.98E-02 9.34E-02 1.2SMl 

Plutonium-238 In 1.03E-01 1.33FA1 4.24E-02 7.39E-02 1.29Eo1 

PlutOllium-279R40 lI3 289EM 7.65E-W 137E-02 3.25JZ-02 7.72E.m 

Potassium40 4t4 1.02E+Ol 239E+Ol 1.2SE+Ol l.S2E+OI I.&dE+Ol 

Radium226 414 7.47E-01 1.98E+00 7.41MI l.OSE+OO 157E+OO 

Technetium-& 245 203E+00 256E+00 7.9.5M1 13X+OO l.%E+Oo 

Thorium-228 414 1.14E+00 1.58E+OO 9.04E-01 1.29E+W 1.84E+OO 

Thorium-230 414 9.98E-01 1.19E+00 8.8zE.01 1.06E+OO l.TE+OO 

Thorium-232 414 1.04E+OO 1.56EMO 1.07E+OD 1.2SE+00 1.4SE+00 

Triti.OO 3/72 1.2OE-01 8.50E-01 7.89s-02 1.13Eo1 1.62E-01 

Umnium-Z3UZZ1 414 9.17E-01 1.14E+00 8.38E-01 1.01E+00 1.22E+OO 

Uranium-235 414 3 3 8 m  1.43E-01 6.58Eo2 9.30502 1.32E-01 

Uranium-238 414 9.51E-01 1.19E+O 9.5iE.01 1.06ECOQI 1.19E+OO 

OData are based on noncomposited samples. 

Table 7.X Oak Ridge ResenratMn background soil amlytes evaluated quantitativefg 
Chicknmauga (K-25) 

Lower 95% Upper 95% 
Freqwncy Medium h k i m u m  confidence mnfidene 

or detected detected bound on Median bound on 
haw detection cawenhlboa coliccatlation median mncenmtion median 

Inarkanics (mgrtg) 
Arscnie 414 5.40E+M) 9.8OE+OO 5.%E+00 7.61E+00 9.73E+00 

G u m  4/4 S.lOE+Ol 9.97E,+01 5.91E+01 7.67E+01 9.%E+Ol 

Buyll ium 414 65OMl 1.4OE+OO 7.44E-01 9.13E-01 1.12E+00 

Cbromium VI 4J4 1.88E+01 4.46E+01 274E+01 3.25E+OI 3.8SEt01 

Manganese 414 1.19E+03 235E4-03 1.22E+03 1.671;)+03 2298+03 

Mercury 414 3.00E-01 8.ooEo1 4.21Ml 494Eo1 5 79m1 

Mercury (salts) 414 3.00M1 S.OOE-01 4.21E-01 4.94F.41 5.79M1 

Nickel 414 1.02E+01 261E+OI 1.39E+01 1.72E+OI 213E+01 

Nickel (salts) 4/4 1.02E+Ol 261E+01 1.39E+01 1.72E+01 213E+01 

Selenium 414 5.70E-01 l.lOE+OO 6.05Eo1 7.63E-01 9.62E-01 
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Table 7.lf (continued) 

LDIver 95% Upper 95% 
Frequency Medium Maximum confidence mafidence 

Of detected deteacd bund  on Median bound on 
h a w  detection concentration mncentmtion median concentration median 

Strontium 

Vanadium 

zinc 

Acenapbtbene 

Anthracene 

Benzo(a)anthncene 

Bcnm(a)pyrene 

Benzo@)fluorantbene 

Benzo(&,i)perylcoe 

Benzo(k)fluonn&enc 

Chrysene 

Dikaz(a,h)anrhnmc 

Fluorantbene 

Fluorene 

bdeno(l,~32d)pyrcmc 

Napbrbalene 

Phenantb;rae 

b e n e  

Cesium-137 

Neptunium-237 

Plutonium-238 

Plutonium-2391240 

Potwium-40 

Radium-225 

Technetium-# 

Thorilam-ZS 

Thorium-230 

Tborium-232 

Uranium-2331W 

Uranium-735 

Uranium-238 

414 

414 

414 

3B 

ion0 

12/12 

12212 

12/12 

12/12 

12/12 

4 b  

3r3 

i in i  

7n  

7/12 

6'6 

1202 

12/12 

414 

314 

1 14 

1 14 

414 

414 

3/6 

414 

414 

414 

414 

314 

414 

4.50E+M) 

232E+01 

3.35E+01 

9.00E-01 

4.00E-01 

1.2OE+OO 

1.90E+00 

1.70E +M) 

21OE+OO 

1.00E+00 

4.70E+00 

7.00E-01 

3.ME+00 

4.00EO1 

4.4QEiOO 

7.00M1 

290E+00 

3.90E+00 

5.78EA1 

7.21 EX2 

5.98M2 

3 . x m  

6.72E+00 

7.42E-01 

1.39E +00 

6.OSE-01 

8.18M1 

5.86E-01 

8.38E-01 

4.38-5Q2 

8.U)E+00 

3.20ECO1 

3.73E+01 

9.81E41 

806E-01 

4.26E+00 

3.99E+OO 

3.4SE+00 

3.71E+OO 

227E+00 

3.52E+OO 

3.76E01 

4.92E+W 

9.41M1 

L63E+00 

1.02E+00 

5.39E+00 

7.85E+00 

RadiOnudides @cli/g) 

1.72E+00 4.60E-01 

1.47E-01. 7.18Eo2 

203M1 4.57M2 

4 . 0 6 m  1.18EM 

138E+Q1 7.99E+00 

9.92M1 6.40E-01 

1.93E+OO 736E-01 

1.72E+OO 7.92J3-01 

1.26E+M) 8.66501 

1.49E+00 9.50E-01 

1.49E+00 1.01EtW 

1.78E-01 4 . 1 W 2  

8.67E-01 1.43E+ 00 l.WE+W 

x.17c+ol1 

3.66EtQ1 

4.60E t 01 

133E+00 

1.24E+QO 

5.65E+00 

5.19E+00 

4.58Et00 

4.78E+00 

291E+00 

S31E+00 

7.6SE-01 

6.82E+oo 

1.41E+00 

9.48E+00 

1.88E+00 

7.16E+00 

1.09E+O1 

1.09E+Oo 

9.28E-02 

7.25EJJ2 

24QE-02 

9.?0E+00 

9.31E-01 

l.llE+00 

1.13E+00 

1.04Et00 

l.lOE+00 

1.22E+OO 

5.83542. 

1.22E+OO 

1.60E+01 

4.20E+01 

5.69E+Ol 

1.8uE+OO 

1.91E+00 

7.51E+00 

6.?SE+00 

6.09E+00 

6.16E+00 

3.72E+OO 

8.01E400 

1.$6E+00 

9.45E4-00 

211E+00 

1.36E+01 

3.46E+00 

9.50E+00 

1 J3E+ 01 

256E+00 

1.20MR 

1.15Eo1 

4.87E42 

1.18E+01 

1.3SE+00 

1.67E+00 

1.61E+OO 

1.24E900 

1.28E+00 

1.47E+OO 

8.9E-02 

l.%E+OO 

'?Data are based on noncompasited samples. 
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The risk from exposure to some constituents detected in soil can not be quantified 
because there are no current EPA-approved slope factors (SF) or reference doses (RfDs) 
available. Therefore, exposure to these constituents can only be evaluated qualitatively 
(Table 7.2); a quantitative assessment of these soil constituents is not performed as part of 
this risk evaluation. 

Table 72a. Oak Ridge Reservation background soil adytes evaluated qualitativezy 
D&ml Gap 

Lower 95% Upper 95% 
Frequency Minimum Maximum contidence confidence 

of detected detected bound on Median bound on 
Analyte detection concentration concentration median concentration median 

Aluminum 

Calcium 

Chromium 

Cobalt 

copper 
Iron 

Lead 

Lithium 

Magnesium 

Potassium 

Silicon 

Sulfate 

Thallium 

4J4 

3/3 

4J4 

414 

414 

4J4 

414 

3/3 

414 

414 

414 

3B 

114 

1.69E + 04 
9.9 1 E + 02 

1.94E+O 1 

1.13E+01 

1,24E+ 01 

238E+O4 

1.46E+Ol 

1 2 7 E + O l  

2WE+03 

1.89E+O3 

4.6 1 E +02 

28OE+O1 

7.90E-0 1 

InorgaoicF (mg/kg) 
4.43B304 

1.868+03 

3.21E+01 

3.67E+01 

3.01E+01 

4.9OE+aQ 

3J4E +O 1 

270E +01 

7.43E+03 

539E+03 

6.97E+02 

1.63E+02 

7.90E-01 

1.84E+04 

8.60E+02 

208E+01 

l.WE+Ol 

1 m + o 1  

253E+04 

1.49E+01 

1.22E+o1 

23'E+03 

1.89E+03 

4 . 6 0 ~  + a2 

5.91E+01 

4.90E432 

Radionudides W g )  

Total Uranium 414 2.30E-01 65OE+Oo 758E-01 

2.07E+O4 

1.2533+03 

2.47E-t-01 

1.45Ef01 

1.61Ef01 

2.94E+04 

203E+01 

1.62E+01 

285E+03 

230E+03 

5BtiE+m 

8.67E+01 

1.6SE-01 

131E+00 

232E+O4 

1.81E+03 

2!32E+01 

1.93E + 0 1 

205E+O1 

3.42E+04 

2.7=+01. 

214E+01 

3.42E+03 

280E+03 

5.56E+02 

1 m + 0 2  

556E-01 

227E+00 
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Table 73. Oak Ridge Reservation background soil analytes evaluated qualitatively 
Nolichucky 

- ~ 

b w e r  95% Upper 95% 
Frequency Mmimum Maximum confidence confidence 

of detected deteeted bound on Median bound on 
h a l v e  deteaion concentration concentration median concentration median 

Aluminum 

calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Potassium 

Silicon 

Sulfate 

414 

u;! 

3P 

414 

414 

414 

3P 

4r4 

414 

414 

414 

414 

208E+04 

4.98E+02 

264E+01 

l.llE+01 

1.10E+01 

230E + 04 
153E+01 

7.60E+OO 

1.73E+ 03 

264B+03 

1.85E + 02 

1.41E+01 

251E+04 

952E+02 

299E+01 

1.75E+01 

1.27E+Ol 

3.21E+04 

204E+01 

155E+01 

241E+03 

3.238+03 

3.28E+02 

254E+01 

1.97E+04 

43?E+o2 

230E+01 

1.09E+ 0 1 

9.2 1E +OO 

240E+04 

1.22E+01 

855E4-00 

1.S7E + 03 

242E+03 

223E+02 

134E+01 

Radionuclides W g )  

Total Uranium 4f4 750E-01 150E+00 6.63E-01 

222E+04 

6.89E +02 

280E+O1 

1.44E+01 

1.17E+01 

279E + 04 
1.75E+01 

1.09E+01 

20  IE +03 

29§E+03 

245E4-02 

1.87Et01 

1.15E+00 

250E+04 

1.08E +03 

3.40E + 0 1 

1.92E+o1 

1.49E+01 

3.248+04 

251E+01 

1.40E + 01 

241E+03 

359E + 03 

269E+02 

260E+01 

1.99E+00 
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Table 7 . 2 ~  Oak Ridge Rcservam * n background soil anahrtes, evaluated qnaliratkiy 
Copper Ridge 

Lower 95% Upper 95% 
Frequency Minimum Maximum mnfidenoe confidence 

of detected detected bound on Median boundon 
Analyte deteaion eoncentration concentration medii concentration median 

Inor@= ( m m )  
Aluminum 

Calcium 

Chromium 

Cobalt 

copper 
Iron 

Lead 

Lithium 

Magnesium 

Potassium 

Silicon 

Sodium 

Sulfate 

Acenaphthylene" 

Total Uranium 

414 9.78E + 03 

414 3.98E+02 

414 1.05E + 01 

414 5AOE+OO 

3J4 5.4OE+OO 

414 9.70E+03 

414 1.82E+ 01 

2f4 280E+00 

414 4.1 1E+02 

414 274E-kO2 

1/1 6.33E+02 

3r4 352E+02 

414 4.42E+ 01 

1.16E+o4 

5.94E+02 

239E+01 

1.91E+01 

7.8OE+OO 

139E.tO4 

1.658+02 

3.10E+00 

5.17E+o2 

4.16E +02 

633E+02 

3.79E+02 

132E+02 

(mglkg) 

4/10 284E+01 4.29E+03 

935Ei03 

3.66E +02 

1.3OE+Ol 

5.85E+OO 

4.76E+Oo 

1.03E +04 

279E+01 

194E+OO 

3.858 +02 

3.04E+02 

5.24E+02 

3.34Ei02 

453E +O 1 

139E+01 

Radionuclides (pCi/g) 

414 ?..%E+OO 3.30E+OO 157E+00 

1.05E+M 

5.05B+02 

154E+O 1 

7.76E+00 

6.25E+00 

1.2OE+O4 

3.82~+ai 

2.60E +OO 

4.63E-402 

3.70E+02 

6.33E+02 

357E+02 

632E+ 01 

5.76E+01 

271E+Oo 

1.18E+O4 

6.%E+02 

1.83E+01 

1.03E+01 

8.19E+00 

1.39E + 04 
5.22E+O 1 

3.48E4-00 

5.57E + 02 

4.51E+ 02 

7.64E+02 

3.81 E + 02 
8.82E+01 

240E+02 

4.69Ef00 

'Data based on noncomposited samples. 

. -. . .  
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Table 72d. Oak Ridge Reservation background soil analytes evaluated qualitatively 
Cheputepec 

Lower 95% Upper 95% 
Frequency Minimum Maximum confidence confidence 

of detected detected bound on Median bound on 
Analyte detection concentration concentration mdmn concentration median 

Aluminum 

Calcium 

chromium 

Cobalt 

copper 

Iron 

Lead 

Lithium 

Magnesium 

Silicon 

Sodium 

Sulfate 

k r f P j =  

7.45E+03 1.03E+04 75 1E + 03 

3.38E+02 6.80E+02 321.4124 443. 

1.17E+01 3.38E+01 l.BE+O 1 

750E+00 1.69E+01 8.67E900 

4.10E+00 7.80E+00 292E+00 

8.50E+03 3.00E+04 1.22E+OQ 

1.06E+01 298E+01 132E+ 0 I 

4.4OE+00 1.21E+01 2%E+00 

2.80E + 02 5.13E+02 3.07E+02 

4.83E+02 6.49E+02 4.92E+02 

2.86E+02 357E+02 3.03E+02 

6.05E .t 01 9.14E4-01 5.28E+01 

Radionudides @Gi/g) 

8.45E+03 

3078 611. 

1.46E+01 

1.15E+01 

3.92Ei-00 

1.42E .+ 04 

1 .WE 901 

3.85E+00 

3.69E+02 

5.418+02 

3.23E + 02 

7.37B +01 

9.518+03 

4.32E+03 

1.74E .f 01 

1.53E+01 

5.26E+00 

1.65E+04 

246E+O1 

4.99E+00 

4.43Et.02 

5.9.5E+02 

3.44E + 02 

1.03E+02 

X63E + 00 Total Uranium 313 9.04E-01 556E+OO 1.02E+Oo 1.92E+00 
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Table 7% Oak Ridge Reservation background soil amlytes evaluated qualitatively 
Chickamauga (Bethd Valley) 

Lower 95% Upper 95% 
Fquency Minimum Maximum confidence confideace 

of detected dcteded bound on Median bound on 
-we detection conmuation concentration median conccnuation median 

Aluminum 

calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Potassium 

Silicon 

Sodium 

Sulfate 

Total Uranium 

154E+04 18oE+04 1.47E+04 

1 .OOE+03 350E+03 134B+03 

234E+01 4.478+01 287E+01 

1.52E+01 221E+01 1.39E+O1 

l.llE+Ol 2.17E+01 1.2SEi01 

3.10E+M 430E+04 3.09E+04 

3.24E+Ol 4.20E+01 2.49E+O1 

1.02E+01 1.26E +01 7.99E+OO 

1.12E+03 2.u)E+03 l.lSE+03 

1.14Ei-03 222E+03 1.27E+03 

4.718+02 S.45E+02 4.46E+02 

3.77E+02 4.14J3+02 3.68E+02 

6.40E+01 1.81B+02 6.79E+Ol - wf9 
269E-01 202E+OO 6.61E-01 

1.65E co4 

1.86Ei-03 

240E+01 

1.85E+01 

1.62Ei-01 

3.60E+04 

3.57E+01 

1.13E-l-01 

1.38E+03 

1.558+03 

5.10E+02 

3.92E +02 

9.47Ei01 

1.25E+00 

1.86E+O4 

256B+03 

4.02E+01 

24SE+01 

206E +01 

4.18E+O4 

5.11E+OL 

1.6OE+O1 

1.66E+03 

1.89E+03 

5.83E+02 

4.17E+02 

132E+02 
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Tabk 7 Z  Oak Ridge Resenration background soil analyks evaluated qualitatively 
C h i c h a p a  (K-25) 

- ~ ~ ~ 

Lower 95% Upper F% 
Frequency Minimum Maximum confidence Mcdian wnfidmce 

of detected detecled bound on concentration bound on 
Analyte detection concentration concentration median median 

Aluminum 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Psfasiurn 

Silicon 

Sodium 

Sulfate 

Total Uranium 

4t4 

414 

414 

414 

4t4 

414 

414 

414 

414 

414 

414 

4t4 

414 

414 1.6oe-01 

(mg/lrg) 
224E+04 1.47E +04 

354E+03 9.8=+02 

4.46B+01 274E+01 

236E+01 1.47E+01 

1.97E+01 8.99Et.00 

4.23E+04 266E+04 

3.94B+01 2.31E+01 

211E+01 1 *om +01 
1.39E4-03 9.03E+02 

232E+03 139E+03 

732ECO2 5.79E+02 

S.O2E+O2 4.00E+02 

3.95E+02 1.27E+02 

RadicQudkks 

222E+00 533e-01 

1.6SE+04 

136E+03 

3.25E+01 

1.95E-i-01 

1.14E+01 

3.10E+o4 

3.16E4-01 

137E +- 01 

l.OSE+03 

1.69E+03 

6.36E+02 

4.26E+02 

1.78E +02 

9.23e-01 

1.86Ef04 

1.88E+03 

3.85E+01 

259E+01 

1.4SEi-01 

3.608+04 

432Et01 

1.74E+01 

1.30E+03 

2.06Ei-03 

6.99Ei-02 

4.54E+02 

2.48Et.02 

1.60E+OO 
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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 eqosure to siteantaminants by: 

characterizing the exposure setting, 
identifjing exposure pathways, and 
quantifying exposures. 

7.4.1 Characterization of Exposure Setting 

Characterization of the exposure setting involves identifying the general physical 
characteristics of the site (e.g., climate and vegetation) and the characteristics of the 
populations on or near the site. This characterization ensures that all potential constituent 
migration pathways and potential receptors are evaluated in the risk assessment. Details of 
the physical and environmental characteristics of the ORR and Anderson and Roane counties 
have already been discussed in Sect.  4 of the Project Plan for the BSCP (Energy Systems 
1992). 

To estimate human health risk for background soil, the soil sampling areas were selected 
fiorn areas with minimal soil erosion and deposition, minimal groundwater discharge, and 
minimal influence of past and present DOE activities (on-site) and agricultural practices 
(off-site). A hypothetica1 on-site resident scenario will be used to determine human health 
risk associated with background soils; this scenario uses conservatively based calculations, as 
an accepted default scenario by EPA, and is unlikely to underestimate the exposure to 
background constituents for individuals residing on or in the vicinity of the ORR. 

7-42 Identification of Expure Pathways 

The identification of exposure pathways of conern is determined by evaluating all 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 the 
A horizon surface soil in Roane and Anderson counties and from the ORR. Because soil 
samples taken on the ORR are the most representative of the background concentrations 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 patential pathways 
related to the on-site resident scenario resulting from exposure to constituents in the soil. 
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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 ftom the 
exposure to contamination on the O W .  If we assume that concentrations 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 external 
exposure to radionuclides. Because of the uncertainty of modeling the air pathway, only direct 
exposure pathways (ingestion, dermal, and external exposure to radionuclides) are addressed 
here. 

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 
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. 

7.43.1 Derivation of representative exposure concentra~oas 

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 Q result of the statiritical data 
evaluation process described in Sect. 5, the set of background soil concentration data used in 
this background tisk assessment were 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, the lower 95% confidence bound (LCB95), 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, dose, risk and hazard index. 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. 
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7,432 l%psure to 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) o€ 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 €or 
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 dtyear for 30 years. All 
pathways were divided into two parts. First, a &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 mg/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 doses, for radionucIide external exposure, 
for the background soil samples are listed in Tables 7.4 and 7.5; these tables are separated 
(Le, tables a through f )  by formation. Listed in Table 7.4 are the CDIs (and doses) for 
constituents for which a background risk and/or KI could be calculated (Le-, if a SF and/or 
RfD were available). This information can be used to re-calculate the background risks for 
constituents, if (i) the SF and/or RfD changes in the future, and if (ii) background risk 
information is desired using other exposure parameters, i.e., other land use assumptions. In 
the cases where toxicity information (SF and/or RfD) is currently not available (Table 7.5), 
CDIs (and doses) are given so that when SFs and RfTh become available in the future, a 
background risk or €€I can be calculated for the constituents present in this BSCP study. 

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, 75.2, and 7.5.3 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 noncarcinogenic health effects are considered. Data used in this section are from human 
and laboratory animal research and from occupational studies to characterize likely health 
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Table 73. Onsite resident expure  s~nario 

Variable Value used Explanatiodsource 

Residential ingestion scenario 

Chronic daily intake (m@g per day) = CS x IR x Fl x EF x ED 
BW x AT 

Intake (pCi) = CS x CF x IR x EF X ED 

CS = Concentration in 
soil 

LR = Ingestion rate 

CF = Conversion factor 

FI = Fraction ingested 

EF = Exposure frequency 

ED = Exposure duration 

BW = Body weight 

AT = Averaging time 

Chemical-specific (rngkg; 
P C W  

0.0002 kg/day 

0.0001 kg/day 

1 (unitless) 

350 dtyear 

6 years 

24 years 

1 - ag 

70 kg 

365 d x ED 

365 dbear x 70 years 

Concentration is obtained 
from the data in Tables 7.1 
and 7.2 

Child rate (Sect. 6, RAGS, 
EPA 1989~) 

Adult rate (Sect. 6, RAGS, 
EPA 1989c) 

Necessary to convert to 
appropriate units. 

Maximum value used; 
equivalent to 100% 

OSWER Directive 
3Z35.6-03 (EPA 1991e) 

Two-part (child and adult) 
residential exposure for a 
30-year duration (OSWER 
Directive, EPA 1991e) 

Child (OSWER Directive, 
EPA 1991e) 

Adult (Sect. 6, RAGS, EPA 
1989c) 

Averaging time 
for noncarcinogens 

Averaging time 
for carcinogens 
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Table 73 (continued) 

Variable Value used Fkplanation/source 

Resida~tial dermal contact smario 

Chronic daily intake (mg/kg-day) = CS x CF x SA x AF x ABS x EF x ED 

BW x AT 

CS = Concentration in 
soil 

CF = Conversion factors 

SA = Available surface 
area 

AF = Adherence factor 

ABS = Absorption factor 

EF = Exposure frequency 

ED = Exposure duration 

BW = Body weight 

AT = Averaging time 

Chemical-specific (m@g) 

lod kg/mg and 104 cm2/m2 

0.18 m2/event 

053 m2/event 

1-00 mg/cm2 

0.001 (unitless) 
0.01 (unitless) 

350 eventstyear 

6 Yeam 

24 years 

15 kg 

70 kg 

365 dtyear x ED 

345 dtyear x 70 years 

Concentration is obtained 
from data in Tables 7.1 and 
7.2 

Necessary to convert 
to appropriate units 

50th Percentile surface area 
for head, hands, forearms, 
and lower legs; for a child 

and for an adult, 
respectively (Dermal 
Exposure Assessment, EPA 
1992b). 

Adherence factor for soil, 
(EPA Region IV Interim 
Guidance) 

Equivalent to 0.1% 
for inorganics and 1.0% for 
organics (EPA New Interim, 
Region IV, Guidance 

OSWER Directive (EPA 
1991e) 

Two-part (child and adult) 
residential exposure 
for a 30-year duration 
(OSWER Directive, EPA 
1991e) 

Child (OSWER Directive, 
EPA 1991e) 

Adult (Sect. 6, RAGS, EPA 

Averaging time 
for noncarcinogens 

Averaging time 
for carcinogens 

2/11/92) 

198%) 
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Table 73 (continued) 

Variable Value used Eixplanatiardsource 

Residential eStxnal eq106ure scenafio 

Dose (pCi-yr/g) = CS x ED x (1-Se) x Te 

CS = Concentration Chemical-specific (pCi/g) 
in sail 

ED = Exposure duration 6 years 

24 years 

Se = Gamma shielding 0.2 

Te = Gamma exposure 1 .o 
factor (unitless) 

time factor (unitless) 

Concentration is obtained 
from the data in Tables 7.1 
and 7.2 

Tbo-part (child and adult) 
residential exposure 
for a 3Q-year duration 
( O S W R  Directive, EPA 

RAGS-part €3, EPA 1991; 
sect. 4.1.2 (default value) 

RAGS-part B, EPA 1991; 
sect. 4.1.2 (default value, 
24N24h) 

1991e) 
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Table 7 . k  Chronic daily intake of ORR background soil by the on-site mident--DiSmal Gap 
(for constituents for which a risk and/or hazard index could be dculated) 

Carcinogenic effects Noncarcinogenic effects 

Arsenic 

Barium 

Beryllium 

Boron 

Chromium VI 

-de 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Strontium 

Vanadium 

Z i a C  

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

4.5E-07 
1.OE-06 

24E-08 
9.5509 

l.lE-05 
1.OE-04 

1.8E-W 
1.6E-03 

13E-06 
1.2E-05 

3.1E-05 
29E-04 

4.0E-05 
3.7E-04 

3.9847 
3.6E06 

19E-03 
1.7E-02 

5.1E-07 
4.7E-06 

5.1E-07 
4.7E-06 

4.0E-05 
3.7E-M 

4.OE-05 
3.7E-04 

1.6E-05 
15E-04 

5.4E-05 
5.OE-04 

8.6E-05 
8.0E-04 

5.8E-07 
9.3E-07 

9.3E-06 
15E-05 

6.9E-08 
l.lE5-07 

1.6E-06 
26E-06 

2.1E-06 
3.4E-06 

20E-08 
3.3E-08 

9.9E-05 
1.6E-04 

27E-08 
43E-08 

2m-08 
43E-08 

21E-06 
3.4s- 

21E-06 
3.4E-06 

83E-07 
1.3E-06 

2.8E-06 
4.6E-06 

4.5E-06 
7.3E-06 
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Table 7 . k  (continued) 

Carcinogenic effects Noncarcinogenic effects 

Cesium-137 Adult 
Child 

Plutonium-239/240 Adult 
Child 

Potassium4 Adult 
Child 

Radium-226 Adult 
Child 

Strontium-90 Adult 
Child 

Thorium-228 Adult 
Child 

Thorium-230 Adult 
Child 

Thorium-232 Adult 
Child 

Thorium-234 Adult 
Child 

Tritium Adult 
Child 

Uranium-2331234 Adult 
Child 

Uranium-235 Adult 
Child 

Uranium-236 Adult 
Child 

Uranium-238 Aduit 
Child 

1.2E-t-03 
5.9E+02 

3.1E+01 
15E-t-01 

1.7E+O4 
83E+03 

9.6B-t-02 
4.8E+02 

1.2E+03 
5.8E + 02 

85E+02 
43E+02 

5.7E+02 
28E+02 

6.7B+02 
33E+02 

1.6Et03 
7-9E + 02 
3.7E+01 
1.9E +O 1 

9.5E+02 
4.8E+02 

8.0E+01 
4.OE+01 

2.4E +01 
1.2E+ 01 

9.6E + 02 
4.8E+02 

RadiOOUdidtJ 
27E+01 
6.8E+00 

7.OE-O 1 
1.8E-01 

3.8E+02 
95E+01 

22E+01 
5.5E+00 

2.7E+Ol 
6.6E+00 

2.OE+O 1 
4.9E + 00 

13E+01 
33Ei00 

l.SE+Ol 
3.8E+00 

3.6E+01 
9.OE + 00 
85E-01 
21E-01 

22Ec01 
S.4E+00 

1.8E+00 
4.6E-01 

5.6E-01 
1.4E-01 

22E+01 
5.5E+00 

‘The upper 95% confidence bound on the median is used as the repmntative concentration in all calculations. 
bFor carcinogenic effectsiingestion pathwaF units are m%kg-day for inorganics and pCi for radionuclides. 
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Tabk 7.4b. chronic daity mtak of ORR background soil by the on-site resident-NoWtckf 
(for constituents for which a risk and,br hazard indar couki be caJa&W) 

Carcinogenic effects Noncardoogenic effects 

Antimony 

Arsenic 

Barium 

Berylhum 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Z l n C  

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

4.5E-07 
l.lE-06 

2.4E-08 
9.6E-09 

6.6Eo7 
6.2E-06 

l.lE-05 
1.OE-04 

13E-04 
1.3E-03 

13E-06 
1.2E-05 

4.7E-05 
43E-M 

122-03 
l.lE-02 

3.0E-07 
28E-06 

3.0E-07 
28E-06 

29E-05 
27E-04 

2.932-05 
2-78-04 

9.8E47 
9.2E-06 

8.6E-06 
S.OE-05 

5.1E-05 
4.7E-04 

6.4E-05 
6.0E-04 

3 2 - 0 8  
5.6E-08 

5.9EM 
9SE-07 

7.1E-06 
l.lE-05 

7.OE-08 
l.lE-07 

25E-06 
4.OE-06 

6.5E-05 
1.OE-04 

1-6E08 
25E-08 

1.6E-08 
25E-08 

1.6E-06 
25E-06 

1.6E-06 
25E-06 

S.2l3-08 
83E-08 

45E-07 
7.3E-07 

27E-06 
43E-M 

3.4E-06 
5.48-06 

. . ., ... 



7-28 

Table 7.4b (continued) 

Carcinogenic effects Noncarcinogenic effects 

Cesium-137 

curium-247 

Neptunium-237 

Potassium40 

Radium-226 

Technetium-99 

Thorium-228 

Thori~m-UQ 

Thorium-232 

Thorium-234 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Uranium-233/234 Adult 
Child 

Uranium-235 Adult 
Child 

Uranium-238 Adult 
Child 

l.OE+O3 
5.2E+02 

S.SE+OQ 
27Fi+00 

1.6E + 02 
8.0E+ 0 1 

1.5E+04 
7.7E+Q3 

9.OE+Q2 
4.5B-i-02 

1.6E+-03 
8"OE+02 

1.8E+Q3 
9.OE+Q2 

9.7E+02 
4.9E+02 

1.5E + 03 
7.3E+02 

1.4E + 03 
6.9E-t-02 

1.3E+03 
6.5E-i-02 

7.2E+01 
3.6E-t-01 

1.2E + 03 
6.OE+02 

€wicxI& 

24Eb01 
6.OE + 00 

1.2E-01 
3.1E-02 

3.6E+00 
9.1E-01 

3JE+02 
8.9E+ 01 

21E+01 
5.2E+OO 

3.7E +O 1 
9.2E+00 

4.1E-i-01 
1 .OE + 0 1 

t2E+O1 
j.6E+00 

33E+01 
83E+00 

3.1E+01 
1.9E+00 

3.QE+01 
7.4E+00 

1.6E-i-BO 
4.1E-01 

28E+01 
6.9E+00 

%e upper 95% confidence bound on the median is uscd as the representative concentration in all calculations. 
'For carcinogenic effectshngestion pathway: units are rngkgday for inorganics and pCi for radionuclides. 
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Table 7 . k  chronic daity intake of backgroaed soil by the onsite resident--copPer Ridge” 
(for mnstitnenls for which a risk amWr bazanl indear mnld be dcnlated) 

Carcinogenic effects Noncarcinogenic effects 

Arsenic 

Barium 

Bemum 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Molybdenum 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

zinc 

Adult 
#id 

Adult 
Child 

Adult 3.OE-07 
Child 6.9E-07 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Imrganics 

1.6E-08 
6.3E3-09 

4.2E.05 
3.9E44 

13E-04 
1.2E-03 

8.7E-57 
8.1E-06 

25E-05 
WE04 

20-3 
1.9E-02 

25E-07 
2.4E-06 

25E-07 
2.4E-06 

24E-06 
m - 0 5  

13E-05 
1.2E-04 

13Eo5 
1.2E-04 

l.lE-06 
1 BE45 

6.6E-M 
6.2E-05 

4.1E-05 
3.9E-04 

5.9845 
5SE-04 

z.zE-06 
3.6E-06 

6.88-06 
l.lE-05 

4.6E-08 
7.4E-08 

1.3E-06 
2.1E-06 

l.lE-04 
1.7E-011 

1.3E-OS 
21E-08 

1.3E-08 
2.1E-08 

1.3E-07 
20E-07 

7.1E-07 
l.lE-06 

7.1E-07 
1.1E-06 

5.8E-08 
93E-08 

3.5E-07 
5.6E-07 

2.2E-w 
3.5E-06 

3.1E-06 
5.OE-06 
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Table 7.4~ (continued) 

Carcinogenic effects Noncarcinogenic effects 

Acenaphthene Adult 
Child 

Anthracene Adult 
Child 

Benzo(a)anthracene Adult 13E-06 6.7E-07 
Child 29E-06 27E-07 

Benzo(a)pyrene Adult 1.7E-06 8.8E-07 
Child 3.9E-06 3.5E-07 

Benzo(b)fluoranthene Adult 15E-06 7.7E-07 
Child 3.4E-06 3.1E-07 

Benzo(g,h,i)perylene Adult 1.8E-06 95E-07 
Child 4.2B-06 3.88-07 

Benzo(k)fluoranthene Adult 85E-07 4.58-07 
Child 20E-06 1.8E-07 

C-ne Adult 2-6E-06 1.4E-M 
Child 6.0E-06 5.4E-07 

Dibenz(a,h)anthracene Adult 75E-07 4.0E-07 
Child 1.7E-06 1.6E-07 

Fluoranthene Adult 
Child 

Fluorene Adult 
Child 

Naphthalene Adult 
Child 

Phenanthrene Adult 25E-06 1 3 E a  
Child 5.9E-06 5.4E-07 

Pyrene Adult 
Child 

26E-06 1 -4E-06 
25E-05 22E-06 

2.OE-06 1.OE-06 
1.8E-05 1.7E-Q6 

l.lE-05 
1 .OE-Q4 

22E-06 
2.0E-05 

23E-05 
21E-04 

9.6E-06 
9.QE-05 

5.9E-06 
95B-06 

1 -2E-06 
1.8506 

1.2E-05 
1.9E-05 

5.1E-06 
8.2E-06 



7-3 I 

Table 7.4~ (mtinuea) 
Carcinogenic effects Noncarcinogenic effects 

Cesium-137 

Neptunium237 

Plutonium-238 

Plutonium-239#40 

Potassium4 

Radium-226 

Thorium-228 

Thorium-230 

Thorium232 

Thorium-234 

Tritium 

Uranium-233/234 

Uranium235 

Uranium-236 

Uranium-238 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
chid 

Adult 
Child 

Adult 
c h i i  

Adult 
child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
c h i i  

Adult 
Child 

Adult 
Child 

Adult 
Child 
Adult 
Child 

1.7E+03 
8.4E + 02 

9.1E+01 
45E+01 

3.2E+01 
1.6E+01 

5.0E +O 1 
25E+01 

4.2E+03 
21E+03 

15E+03 
7.58+02 

4.1E+02 
2OE+O2 

l.lE+03 
5.6E+02 

6.6E+02 
33E+02 

1.5E + 03 
7.7E+02 

2-.2E+O1 
l.lE+Ol 

15E+03 
7.48+02 

15E+02 
7.4E+01 

15E+01 
73E+OO 
13E+03 
6SE+02 

Radimucwes 

3SE+01 
95E+00 

21E+00 
5.2E-01 

73E-01 
1.8E-01 

l.lE+OO 
29E-01 

9.5E+01 
24E+01 

3.4E+01 
85E+OO 

93E+00 
23E+00 

25E+01 
6.4Ei-00 

1SE+ 01 
3.8E+OO 

35E+01 
8.8E+00 

5.1E-01 
13E-01 

3.4E+01 
8.4E+OO 

3.4E-f.00 
8.5E-01 

3.3E-01 
83E-02 
3.0E+01 
7.4E+OO 

"The upper 95% confidence bound on the median is used as the mprescntative concentration in all calculations 
*For carcinogenic effWingestion pathway: units are m&&y for inorganics and organics, and pCi for radionuclides 
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Table 7 . M  Chronic daily intake of ORR background soil by the on-site resident-Ckpdtep? 
(for mnstituents for which a risk and/or hazard index muld be calculated) 

Carcinogenic effects Noncareinogenic effects 

Analyte 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Acenaphthene Adult 
Child 

Anthracene Adult 
Child 

2.2E-07 l.lE-08 
5.0E-07 4.6E-09 

2.0E-05 
1.8E-04 

9.5E-05 
8.9EOQ 

63E-07 
5.9E-06 

24E-05 
22E-04 

1.7E-03 
1.6E-02 

21E-07 
20E-06 

21E-07 
2.0E-06 

8.6E.07 
8.OE-06 

4.6E-06 
43E-05 

4.7E-05 
4.4B-04 

6.7E-05 
6.2E-04 

1.OE-06 
1.7E-06 

5OE& 
8.1E-06 

33E-08 
53E-08 

1.3E-06 
2.0E-06 

9.2E-05 
1.5E-0.Q 

l.lE-08 
1.8E-08 

l.lE-08 
1.8E-08 

45E-08 
73E-08 

24E-07 
3.9E-07 

25E-06 
4.0E-06 

3.5B-06 
5.7E-06 

1.9E-M 9.9E-07 
1.7E-05 1.6E-05 

1.4E-06 7.5E-07 
1.3E-05 1.2E-06 

Benzo(a)anthracenc Adult 1.2E-06 6.1E-07 
Child 2'7E-06 25E-07 
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Table 7.M (continued) 

Carcinogenic effects Noncarcinogenic effects 

Benza(a)pyrene Adult 238-06 1.2E-06 
Child 5.4E-06 4.9E-07 

Benzo(b)€luoraothene Adult 
Child 

25E-06 
5.8E-06 

13E-06 
S3E-07 

Benzo(g,h,i)perylene Adult 
Child 

1 .Ea 
4.0E-06 

9.2E-07 
3.7E-07 

Benzo(k)fluoranthene Adult 
Child 

l.lE-06 
25E-0(i 

5.7E-07 
23E-07 

Dibenz(a,b)anthracene Adult 
Child 

9.5E-07 
22E-06 

S.lE-07 
20E-07 

Fluoranthcne Adult 
Child 

6.4E-06 3.4506 
5.9E-05 5.4E-06 

Fluorene Adult 
Child 

9.9E-07 5.3E-07 
9.3313-06 8.4E-07 

Indeno( 1.2J-cd)pyrene Adult 
Child 

75E-06 
1.7E-05 

4-OE-06 
1.6E-06 

Naphthalene Adult 
Child 

29E.05 1.6E-05 
27E-04 25E-05 

Phenanthrene Adult 
Child 

21E-06 
4.9E-06 

l.lE-06 
45E-07 

Pyrene Adult 
Child 

7.2E-06 3.8E-06 
6.8E-05 6.1E-06 

Cesium-137 Adult 20E+03 
Child 9.98+02 

45E+01 
l.lE+Ol 

Neptunium-237 Adult 75E+01 
Child 3.7E+01 

1.7E+OO 
43E-01 

Plutonium-238 Adult l.lE+02 
Child 55E+01 

2.5E+00 
63E-01 

.... 



7-34 

Table 7.M (continued) 

Carcinogenic effects Noncarcinogenic effects 

Analyte 

Potassium40 

Radium-% 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-233l234 

Uranium235 

Uranium-238 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Radionudi&§ (caotinued) 
c 

3.2E+03 73E+01 
1.6E+ 03 1.8E+O 1 

l.lE+03 24E+01 
53E +02 6.1E+00 

7.2E+02 1.7E +O 1 
3.6E+02 4.1E+00 

7.8E3+02 1.8E +01 
3.9E+02 45E+00 

6.1E+02 1.4E + 0 1 
3.0E+O2 35E-t-00 

1.1 E +63 2.6E +O 1 
5.6B+02 6.4E + 00 
8.8E+Of 20E+00 
4.4E+01 5.OE-01 

l.lE+03 24E+01 
53E+Q2 6.OE+OO 

%e upper 95% confidence bound on the median is used as the representative eoncentration in all calculations. 
bFor carcinogenic effectdingstion pathway: units are mgkgday for inorganics and organics, and pCi for radionuclides. 
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Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Adult 
Child 

Adult 
Child 

Adult 
child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

5.9E-07 3.1E-08 
1.4E-06 1.2E-08 

l.lE-05 
1.0E.04 

1.4E-04 
13E-03 

1.7E-06 
1.6E-05 

5.5E-05 
5.1E-04 

20E-03 
1.8E-02 

26E-07 
24E-06 

26E-07 
24E-06 

2.3E-05 
21E-04 

238-05 
2.1E-04 

1.3E-06 
1.2E-05 

1.2E-05 
l.lE-04 

5.7B45 
5-48-04 

7.68-05 
7.1E-04 

5SE-07 
93E-07 

7sE-06 
1.2E-05 

9.1E-08 
15E-07 

2.9E-06 
4-7E-06 

l.OE-04 
1 .TE-o4 

1.4E-W 
2.2E-08 

1.4E-08 
22E-08 

1.2EW 
1.9E-06 

1.2E-06 
19E-04 

6.8E-08 
l.lE-07 

6.3E-07 
1 .QE* 

3.0E-06 
4.9E-06 

4.OE-06 
65E-06 
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Table 7 . k  (continued) 

Carcinogenic effects Noncarcinogenic effects 

organics 
Acenaphthene Adult 

Child 

Anthracene Adult 
Child 

Bem(a)anthracene Adult 3.0E-06 1.6E-06 
Child 7.OE-06 6.4E-07 

Benzo(a)pyrene Adult 23E-06 1.2E-06 
Child 5.4E-06 4.9E-07 

Benzo(b)fluoranthene Adult 3.0E-06 1.6E-06 
Child 6.9E-06 6.38-07 

Benzo(g,hj)perylene Adult 2.4E-06 1.3E-06 
Child 5.6E-06 5.1E-07 

Benzo(k)fluoranthene Adult 1.4E-06 7.2E-07 
Child 3.2E-06 29E-07 

Chrysene Adult 3.7E-06 1.9E-06 
Child 8.6E '6 7.8E-07 

Dibenz(a,h)anthracene Adult 6.7E-07 3JE-07 
Child 1.6E-06 1.4E-07 

Fluorantbene Adult 
Child 

Fluorene Adult 
Child 

Indeno(l,2,3cd)pyrene Adult 7.6E-06 4.OE-06 
Child 1.8E-05 1.6E-06 

Naphthalene Adult 
Child 

Phenanthrene Adult 4.1E-06 2.2E-06 
Child 9.6E-06 8.8B-07 

Pyrene Adult 
Child 

8.2E-06 43E-06 
7.6E-05 6.9EAX 

1.6E-06 83B-07 
15E-05 13E-06 

9.9E-06 53E-06 
93E-OS 8.4E-06 

7.6E-06 4.0E-06 
7.1E-05 6.4E-06 

15E-05 7.9E-06 
1.4E-04 13E-05 

1.7E-05 9.1E-06 
1.6E-04 1 5 5 0 5  



7-37 

Table 7.k (owtinued) 

Carcinogenic effects Noncarcioogenic effects 

Cesium-337 

Neptunium-237 

Plutonium-238 

Plu toniurn-239/240 

Potassium4 

Radium-226 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Tritium 

Uranium-233/234 

Uranium-235 

Uranium-238 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Chid 

Adult 
Child 

Adult 
Child 

27E+03 
1.3E+03 

1 .OE + 02 
52E+o1 

1.1E+02 
5.4E+01 

65E+Ot 
3.2E + 0 1 

15E+04 
7.7E+03 

13E+03 
6.6E+02 

1.7E+03 
8.3E+02 

15E+03 
7.7E+02 

l.lE+03 
5,3E+02 

1.2E+03 
6.1E+02 

1.4E+02 
5.8E+01 

1.OE+03 
5.1E+02 

l.lE+02 
55E+01 

1.OE +03 
5.OE + 02 

6.1E+01 
1.5E+ 0 1 

24E+00 
6.0E-0 1 

25E+00 
6.2E-O 1 

1.5E+00 
3.7E-01 

35E+02 
8.8E+ 0 1 

3.OE+01 
7.5E+00 

9.5E+00 

3.5E+01 
8SE+00 

3.8E+01 

24E+01 
6.1E+00 

28E+01 
7.OE+00 

3.1E+00 
7.8E-O 1 

23E+01 
5.9E+00 

25E-f-00 
6.3E-01 

2.3E+ 0 1 
S.7E+00 

9'he upper 95% confidencz bound on the mcdian is used as the representative concentration in ail calculations. 
'For carcinogenic effwfngstion pathway units are mgny-day For inorganics and organics, and pCi for radionuclides. 
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Table 7.M Chronic daily intake of ORR background soil by the 
on-site resident-CXicbmanga QG5)'' 

(for mnstituents for wbich a risk and/or hazard inda  could be dculated) 

Carcinogenic effects Noncarcinogenic effects 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Adult 
Child 

Adult 
Child 

Adult 53E-07 28E-08 
Child 1.2E-06 1.1E-08 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

1.3E-05 
1.2E-04 

1.4E-04 
13E-03 

1.5E-06 
1.4E-05 

5.3E-05 
4.9E-04 

3.1E-03 
2.9E-02 

7.9E-01 
7.4E3-06 

7.9F.47 
7.4E06 

2.9E-05 
2lE-04 

2.98-05 
2.7E-04 

1.3E-06 
1.2E-05 

22E-05 
20E-04 

5.7E-05 
5.4E-04 

7.8E-05 
7.3E-04 

7.1E-07 
l.lE-06 

7.2E-06 
1.2E-05 

8.1E-08 
3.3E-01 

28E-06 
4.5E-06 

1.7E-04 
2.7E-M 

4.2E-08 
6.lE-08 

4.2E-08 
6.7E-08 

15E-06 
2.5E-06 

1.5E-06 
25E-M 

7.0E.08 
1.1E-07 

1.2E-06 
1.9E-06 

3.OE-06 
4.9E-06 

4.1E-06 
6.6E-06 
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Table 7.4f (continued) 

carcinogenic effects Noncarcinogenic effeds 

Acenaphthene Adult 
Child 

Anthcene Adult 
Child 

Benzo(a)anthracene Adult 
Child 

Bemo(b)fluoranthene Adult 
Child 

Benzo(g,h,i)perylene Adult 
Child 

Berm( klfluorant hene Adult 
Child 

Ctqsene Adult 
Child 

Dibenz(a,h)anthmcene Aduit 
Child 

Fiuoranthene Adult 
ChM 

Fluorene Adult 
Child 

Indeno( 1,2,3-cd)pyrene Adult 
Child 

Naphthalene Adult 
Child 

Phenanthrene Adult 
child 

35E-06 
82E-06 

3.2E-06 
7.4E-06 

29E-06 
6.7E-06 

29E-06 
6.8E-06 

1.7E-06 
4.1E-06 

3.8E-06 
8.8E-06 

7.3E-07 
1.7E-06 

6.4E-06 
15E-05 

45E-06 
1.OE-05 

ow-mi= 

25E-06 13E-06 
23E-05 21E-06 

2.6E-06 1.4E-06 
24E-05 22E-06 

1 -9E-06 
7.SE-07 

1.7E-06 
6.7E-07 

15EQ6 
6.1 E47 

15E-06 
6.1E-07 

93E-07 
3.7E-07 

20E-06 
8.OFi-07 

3.9E-07 
1.6E-07 

1.3E-05 6.9E-06 
1.2E-04 l.lE-05 

29E& 15E-06 
27E85 258-06 

3.4E-06 
1.4E-06 

4.7E-06 25E-M 
4.4E-05 4.0E-06 

2.4E-06 
95E-07 

Adult 
Child 

21E-U.5 1.1E-05 
20E-M 1.8E-05 
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Table 7.4f (oontind) 

Carcinogenic effects Noncarcinogenic effects 

Cmium-137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Potassium-40 

Radium226 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Uraniurn-233/234 

Uranium-235 

Uranium-238 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Chid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Chiid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

22E+03 
l.lE+03 

1.OE+02 
5.0E+01 

9.7E.tO1 
4.8E+ 01 

4.1E+01 
20E+01 

9.9E + 03 
4.9E+03 

1.1E +03 
5.7E+02 

1.4E+03 
7.OE+02 

1.4E +03 
6.88+02 

1.OE+03 
5.2E+02 

1. E+03 
5.4E+02 

1.2E+ 03 
6.2E+02 

6.9E+01 
3.5E+01 

l.lE+03 
5.7E+02 

Radionudides 

4.9E+01 
1.2E+O 1 

2.3E+00 
5.8E-01 

22E+00 
55E-01 

9.3E-01 
2.3E-01 

2.3E+02 
5.6E+Ol 

2.6E+01 
65E+00 

3.2E + 01 
8.OE+00 

3.1E+01 
7.7E+00 

24E+01 
6.0E+00 

25E+01 
6.2E+ 00 

28Ei-01 
7.1Ei-00 

1.6Ei-00 
4.0E-01 

26E+01. 
65E+OO 

The upper 95% confidence bound on the median is  used as the representative eoncentration in all calculations. 
bFor carcinogenic effectshgestion pathway: units arc mg/kgday for inorganics and organics, and pCi for radionuclides. 
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Table 75a Chronic daiIy intake of ORR background soil by the on-site rsidenf-Dismal Gap 
(For constitnents for which a risk and/or bazani index could mt be calculated) 

Carcinogenic effects Noncarcinogenic effects 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Chromium 

Chromium VI 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

l.lE-02 
25E-02 

3.7E-06 
8.7E-06 

6.QE-05 
1.4E-04 

l.lE-05 
25E-05 

85E-04 
20E-03 

1.4E-05 
3.2E-05 

1.4E-05 
3.2E-05 

9.1 E-06 
2.1E-05 

9.6E-06 
22E-05 

1.3E-07 
3.1E-07 

1.6E-02 
3.7E52 

1.3E-05 
3.0E45 

1.OE-05 
2.4E-05 

1.6E-03 
3-7E-03 

6.4E-04 
15E-03 

J=- 

5-88-04 
23E-04 

20E-07 
7.9E-08 

3.2E-06 
1.3E-06 

5.6E-07 
23E-07 

45E-05 
1.8E-05 

73E-07 
29E-07 

7.3E-07 
2.9E-07 

4.8E-07 
1.9E-07 

5.1E-07 
20E-07 

7.0E-09 
2.8E-W 

8.5E-04 
3.4E-04 

6.9E-07 
28E-07 

53E-07 
21E-07 

8.5E-05 
3.4E-05 

3.4E-05 
1.4E-05 

3.2E-02 1.7E-03 
3.OE-0 1 27E-03 

25E-03 13E-04 
23E-02 21E-04 

4.0E-05 2.1E-06 
3.7E-04 3.4E-06 

2.6E-05 1.4E-06 
2.5E-04 22E-06 

288-05 15E-06 
2.6E-04 24E-06 

4.7E-02 
4.4E-01 

3.8E-05 
35E-M 

29EM 
27B-04 

4.7E-03 
4.4E-02 

2.5E-03 
4.OE-03 

20E-06 
3.2E-06 

1.6E-06 
2-58-06 

2.5E-04 
4.0E-04 
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Table 75a (mntinued) 
Carcinogenic effects Noncarcinogenic effects 

Analyte 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Potassium 

Silicon 

Strontium 

Sulfate 

Thallium 

Vanadium 

Zinc 

Total Uranium 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

1.7E-07 
4.1E-07 

1.7E-07 
4.1E-07 

1.4E-05 
3.2E-05 

1.4E-05 
3.2E-05 

1.3E-03 
3.1E-03 

26E-04 
6.1E-04 

5.4E-06 
13E-05 

6.OE-05 
1.4E-04 

26E-07 
6.1E-07 

1.8E-05 
43E-05 

29E-05 
6.9E-05 

1.9E f 03 
95E+02 

9.2E-09 
3.7E-09 

9.2E-09 
3.7E-09 

7.28-07 
29E-07 

7.2E-07 
2.9E-07 

7.0E-05 
28E-05 

1.4E-05 
55E-06 

28E-07 
l.lE-07 

3.2E-06 
13E-06 

1.4E-08 
5.5B-09 

9.7E-07 
3.9E-07 

1.6E-06 
6.2E-07 

4.4E+ 0 1 
1.1El-01 

3.8E-03 2OE-04 
3.6E-02 33E-04 

7.6E-04 4.0E-05 
7.1E-03 6.5E-05 

1.7E-04 9.2E-06 
1.6E-03 1.5E-05 

7.6E-07 4.0E-08 
7.1E-06 65E-08 

"The upper 95% confidence bound on the median is used as the representative concentration in ail calculations. 
'For carcinogenic effectshngertion pathway: units are mg/kgday for inorganics and pCi for radionuclides. 
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Tabk 7 3 .  CJuonic daily intake of ORR backgtonnd soil by the on-site msident-Nolidau&f 
(ior mnstituents for which a risk and/or hazard i n k  auld  _not be calculated) 

Carcinogenic effects Noncarcinogenic effects 

Aluminum 

Antimony 

Arsenic 

M u m  

Calcium 

Chromium 

Chromium VI 

cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

1.2E-02 
27E-02 

2.3E-07 
5-38-07 

3.8E-06 
9.0E-06 

4.6E-05 
1.lE-04 

5.1E-04 
1.22-03 

1.6E-05 
3.7E-05 

1.6E-05 
3.7E-05 

9.0E-06 
2.1E-05 

7.0E-06 
1.6E-05 

15E-02 
3.6E-02 

1.2E-05 
28E-05 

6-6E-06 
15E-05 

3.1E-03 
26E43 

4.2E-04 
9.8E-04 

1.OE-07 
24E-07 

-- 
6.2E-04 
25E-04 

1.2E.os 
4.8E-09 

20E-07 
8.2E-08 

24E-06 
9.8E-07 

2.7E-05 
l.lE-05 

85E-07 
3.4EM 

8.53247 
3.4E-07 

4.8E-07 
1.9E-W 

3.E-07 
15E-07 

8.1E-04 
3.z-04 

6.2B-07 
2SE-07 

35E-07 
1 -4E-07 

6.0E-05 
2.4E-05 

22E-05 
8.9E-06 

5.4E-09 
22ED9 

3.4E02 1.8E-03 
3-2E-01 29E-03 

1.5E-03 7.9E-05 
1.4W2 13E-04 

4.7B-05 2.5E-06 
43E-04 4.0E-06 

26E-05 
25E-04 

2.0E-05 
1.9E-04 

4.4E-02 
4.1E-01 

3.4E-05 
3.233-04 

19E-05 
1.8E-04 

3.3E-03 
3.1E-02 

1.4E-06 
22E-06 

1.1E-06 
1.7E-06 

24E-03 
3.8E-03 

1.8E-06 
2 . 9 m  

l.OE-06 
1.6E-06 

1.8E-04 
28E-04 
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Table 7 3  (aontinued) 

Carcinogenic effects Noncarcinogenic effects 

Mercury (salts) 

Nickel 

Nickel (salts) 

Potassium 

Selenium 

Silicon 

Strontium 

Sulfate 

Vanadium 

z i n c  

Total Uranium 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 

1.OE-0.7 
24E-07 

1.OE-05 
2.3E-05 

1.OE-05 
2.38-05 

1.7E-03 
3.9E-03 

3.4E-01 
79E-07 

1.3E-04 
2.9E-04 

29E-06 
6.8E-06 

1.2E-05 
298-05 

1.7E-05 
4.1E-05 

22E-05 
5.1E-05 

1.7E+03 

5.4E-09 
22E-09 

53E-07 
21E-07 

53E-07 
2 1E-07 

8.9E-05 
3.6E-05 

1.8E48 
7.2E-09 

6.7E86 
27E-06 

1.6E-07 
6.2E-08 

6.SE-07 
2.6E-07 

9.2E-07 
3.7E-07 

1.2E-06 
4.7E-07 

R a d i o o U d i d e s  

4.9E-03 26E-04 
4.6E-02 4.2E-04 

3.7E-04 20E-05 
3.4E-03 3.1E-05 

3-68-05 1.9E-06 
33E-04 3.OE-N 

3.8E+01 
Child . 8.3E+02 9.SE+00 

OThe upper 95% confidence bound on the median is used as the representative concentration in all calculations. 
bFor carcinogenic effectshngestion pathway. units are mgPIcgday for inorganics and pCi for radionuclides. 
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Table 7% Chronic daily intake of ORR b;rdrgroowl soil by tbe onsite resident4pper Ridge‘ 
(for amstitnemts for which a risk andlor hazani i d e s  could not be cakdated) 

Carcinogenic effects Noncarcinogenic effects 

Aluminum 

Arsenic 

Barium 

Calcium 

Chromium 

Chrmnium VI 

cobalt 

-PPr 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Mercury (salts) 

Adult 5.6E-03 
Child 13E-02 

Adult 1.4E-05 
Child 3.4E-05 

Adult 4.4E-05 
Child 1.OE-04 

Adult 33E-04 
Child 7.6E-04 

Adult 8.6E-06 
Child 2.OE-05 

Adult 8.6E-06 
Child ZOE.05 

Adult 4.8E-06 
Child 1.1E-05 

Adult 3.8E-06 
Chid 9.0E-06 

Adult 65E-03 
Child 1.5E-02 

Adult 24E-05 
Child 5.78-05 

Adult 1.6E-06 
Child 3.8E-06 

Adult 26E-04 
Child 6.1E-04 

Adult 6.9E-04 
Child 1.6E-03 

Adult 8.6E-08 
Child 20E-07 

Adult 8.6E-08 
Child 20E-07 

9.5E-04 5.1E-05 
8.9E-03 8.1E-05 

25E-05 1.3E-06 
23E-04 2 1E-06 

Imrltdaig 

2.9E-04 1.6E-02 8.6E-04 
1.2E-04 1.SEol 1.4E-03 

7.TE-07 
3.1E-07 

23E-06 
9.3E-07 

1.7E-05 
6.9E-06 

45E-07 
1.8E-07 

45E-07 
1.8E-07 

26E-07 
1 .OE47 

20E-07 
82E-08 

35E-04 
1.4E-04 

13E-06 
5.2E-07 

8.7E-08 
35E-08 

1.4E-05 
5.6E-06 

3.6E-05 
15E-05 

4.6E69 
1.8E-09 

4.6E-09 
1 -8E-09 

1.4E-05 
13E-04 

l.lE-05 
1.OE-W 

1.9E-02 
1BE-01 

7.1E-05 
6.7E-04 

4.8E-06 
4.4E-05 

7.6E-04 
7.1E-03 

75E-07 
1.2E-06 

5-98-07 
95E-07 

1.0E-03 
1.6E-03 

3.8E-06 
6.1E-06 

25E-07 
4.0E-07 

4.0E-05 
6-58-05 

.. . j  .............. 
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Table 75e (mnltinuai) 

Carcinogenic effects Noncarcinogenic effects 

Anawe 

Molybdenum 

Nickel 

Nickel (salts) 

Potassium 

Selenium 

Silicon 

Sodium 

Strontium 

Sulfate 

Vanadium 

zinc 

Acenaph t hene 

Acenaphthylene 

Anthracene 

Adult 8.2E-07 
Child 1.9E-06 

Adult 4.6B-06 
Child l.lE-05 

Adult 4.6E-56 
Child l.lE-04 

Adult 2.1E-0.1 
Child 4.9E-04 

Adult 3.8E-07 
Child 8-8E-07 

Adult 3.6E-04 
Child 8.4E-04 

Adult 1.8E-04 
Child 4.2E-04 

Adult 2.3E-06 
Child 53E-06 

Adult 4.1E-05 
Child 9.7555 

Adult 1.4E-05 
Child 33E-05 

Adult 20E-05 
Child 4-75-05 

Adult 9.1E-07 
Child 2.1E-06 

Adult l.lE-04 
Chid 26E-04 

Adult 6.7E-07 
Child l.6E-06 

4.4E-08 
1.7E-08 

24E-07 
9.7E-08 

24E-07 
9.E-08 

l.lE-05 
45E-06 

20E-08 
8.OE-09 

1.9E-05 
7.6E-06 

9.5E-06 
3.8E-06 

1.2E-07 
4.8E-08 

22E-06 
8.88-07 

75E-07 
3.0E-07 

1.1E-06 
43E-07 

organics 

4.8E-07 
19E-07 

6.OE-05 
2.4E-05 

35E-07 
1.4E-07 

6.2E-04 3.3E-05 
5.8E-03 5.2E-05 

1.0E-03 5.6E-05 
9.8E-03 8.98-05 

5.2E-04 288-05 
4.9E-03 4.4E-05 

1.2E-04 6.4E-06 
l.lE-03 1.OE-05 

33E304 1.7E-04 
3.1E53 2.8E-04 
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Table 7% (continued) 

Carcinogenic effects Noncarcinogenic effects 

Benzo(a)anthracene 

Bnzo(a)pyrene 

Benzo(b)fluoranthene 

Benza(g&,i)petylene 

Benzo( k) fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Naphthalene 

Phenanthrene 

Pyrene 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 3.8E-06 
Child 8.9E-06 

Adult 7JE-07 
Child 1.7E-06 

Adult 7.7E-06 
Child 1.8E-05 

Adult 
Child 

Adult 33E-06 
Child 7.7E-06 

3.7E-06 
3.4E-05 

4.9E-06 
45E-05 

4.3E-06 
4.0E0.5 

5.2E-06 
4.9E-05 

25E-06 
UE-05 

75E-06 
7.0E-05 

22E-06 
20E-05 

1.9E-06 
3.1E-06 

26E-06 
4.1- 

2.3E-06 
3.6E-06 

2.8E-06 
4.4E-06 

13E-06 
2 lE-06 

4.0E-06 
63E-06 

1.33-06 
1.9E-06 

20E-06 
8.1 E-07 

4.OE.07 
1.6E-07 

4.1E-06 
1.6E-06 

1.7E-06 
7.0E-07 

Total Uranium Adult 3.9E+03 
Child 20E+03 

7.4E-06 3.9E-06 
6.9EM 6.3E46 

"The upper 9S% confidence bund on the median is used as the representative cancentration in all calculations. 
bFor carcinogenic eEfects/mgestion pathway: units are mgikg-day €or inorganics and organics, and pCi for radionuclides. 
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Table 75d. Chronic daily intake of ORR background soil by the on-site resident-Ckpnlteped 
(for constituents for which a risk and/or hazard indm could g@ be calculated) 

Analyte 

Carcinogenic effects Noncarcinogenic effects 

Aluminum 

Arsenic 

Barium 

Calcium 

Chromium 

Chromium M 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Mercury (salts) 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

4.58-03 
1.OE-Q2 

6.8E-06 
1.6E-05 

33E-05 
7.6E-05 

2.9E-04 
6.7E-04 

8.2E-06 
1.9E-05 

8.28-06 
1.9E-05 

7.E-06 
1.7E-05 

25E-06 
5.88-06 

i.aE-03 
1.8E-02 

1.2E-05 
2.7B-05 

23s-06 
5.58-06 

21E-04 
4.9E-04 

5.9E-04 
1.4E-03 

7.2848 
1.7E-07 

7.2E-W 
1.7E-07 

Imganirr, 

24E-04 
9.5B-05 

3.6E-07 
1.4E-07 

1.7E-06 
6.9E-07 

15E-05 
6.1 E-06 

4.3E-07 
1.7E-07 

438-07 
1.7E-07 

3.8E-07 
15E-07 

13E-07 
5.2E-08 

4.1E-04 
1.6E-04 

6.1E-07 
25E-07 

1.2E-07 
5.OE-08 

l.lE-05 
4.48-06 

3.1E-05 
1.3E-05 

3-88-09 
15E-09 

3.8E-09 
15E-09 

6.9B-04 1.3E-02 
1.2E-8 1 l.lE-03 

8.4E-W 4.4E-05 
7.8E-03 7.1 E45 

24E-05 13E-06 
2.28-04 20E-06 

21E-05 
20E-04 

7.2E-06 
6.7B-05 

2.3E-02 
2.1E-01 

3.4E-05 
3.1E-04 

6.8E-06 
6.4E-05 

6.1E-04 
5.7B-03 

l.lE-06 
1.8E-06 

3.8E-07 
6.1 E-07 

1 2E-03 
1.9E-03 

1.8E-06 
29E-06 

3.6E-07 
5.8E-07 

3.2E-05 
5.2E-05 
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Table 7% (continued) 

Carcinogenic effeds Noncarcinogenic effeds 

Selenium 

Silicon 

Sodium 

Strontium 

Sulfate 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Benz~)(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,hj)peryIene 

Benzo(k)fluorantbene 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Cbild 

Adult 
Child 

Adult 
Child 

Adult 
chid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
child 

29E-07 
6.9E-07 

28E-04 
65E-04 

1.6- 
3.8E-04 

1 . W  
3.6E-06 

4.8E-05 
l.lE-04 

1.6E-05 
3SE-05 

23E-05 
53E-05 

6.4E-07 
1sE-06 

4.9B-07 
1.1E-06 

1.6E-08 
6.2E-09 

15E-05 
5.9E-06 

8.6EXJM 
3.4E06 

838-08 
338-08 

265-06 
1 .OE-06 

85E-07 
3.4E-07 

1.2E-06 
4.8E-07 

organias 

3.4E-07 
1.4E-07 

2S-07 
1.OE-07 

alE-04 43E-05 
7.6E-03 6.9E-05 

4.7E-w 25E-05 
4.4E-03 4-OE-05 

1.4E-M 7.5E-06 
13E-03 1 .E45 

3.4E-06 
3.1E-05 

6.8E06 
6.3E-05 

7.2E-06 
6.7E-05 

5.OE-06 
4.7B-05 

3.1E-06 
29E.05 

1.8E-06 
29E-06 

3.6E-06 
5.7E-06 

3.8E-06 
6.1E-06 

2.7E-06 
43E-06 

1.7E-06 
27E-06 
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Table 7 3  (continued) 

Carcinogenic effects Noncarcinogenic effects 

Dibenz(a,h)anthracene 

Fluorantbene 

Fluorene 

Xndeno( 1,2,3cd)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

Total Uranium 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

A It 
c :  

Adult 
Child 

22E-06 
5.1E-06 

3.4E-07 
8.0E-07 

1.OE-05 
24E-05 

25E-06 
5.8E-06 

1.2E-436 
4.6E-07 

1.8E-07 
7.2E-m 

5.3E-06 
21E-06 

13E-06 
53E-07 

3.OE + 03 
15E+03 

28E-06 1SE-06 
26E-05 24E-06 

22E-05 1.2E-05 
20E-04 1.9E-05 

6.2E-06 3.3E-06 
5.88-05 5.3E-06 

7.OE + 01 
1.7E4-01 

“The upper 95% confidencr: bound on the median is used as the representative concentration in all calculations. 
’For carcinogenic effects/ngestion patbway units are mg/kg-day for inorgania and organics, and pCi for radionuclides. 



7-51 

Table 75e. chronic daily intalre of ORR background soil by the 
on-site resident-* (Betbel Vafiegr 

(for coartitoeats for which a risk W o r  hauard inda a u l d  not be calcnlatd) 

Carcinogenic effects Noncarcinogenic effects 

Aluminum 

Arsenic 

Barium 

Calcium 

Chromium 

Chromium VI 

cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Mercury (salts) 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

8.7E-03 
2.0E-02 

3.8E-06 
8.8E-06 

4.9E-05 
l.lE-04 

1.2EM 
28E-03 

1.9E-05 
4.4E-05 

1.9E3-05 
4.4EM 

1.2EaS 
27E-05 

9.m-w 
23E-M 

20E-02 
4-65-02 

24E-05 
5.6E-05 

75E-06 
1.7E-05 

7-88-04 
1.8E-03 

6.8E-04 
1-6E-03 

8.8E-08 
2.1E-07 

8.8E-08 
2.1E-07 

- 
4.6E-04 25E-02 1.4E-03 
1 . 9 W  24E-01 22E-03 

20E-07 
8.OE-08 

26E-06 
1 . o m  

6.4E-05 
26E-05 

1.OE-06 
4.0E-07 

1.OE-06 
4.0E-07 

6.1E-07 
248-07 

5.1E-07 
21E-07 

1 .OE-O3 
4.2E-04 

1.3E-06 
5.1E-07 

4.0E-07 
1.6E-07 

4.1 E45 
1.7E-05 

3.6E3-05 
1.4E-05 

4.7B-09 
19E-09 

4.7E-09 
1.9E-09 

3.5E-03 1.9E-04 
33E-02 3.0E-04 

5.5E-05 2.9E-06 
5.1E-04 4.7E-06 

3.4E-05 1.8E-06 
3.1E-04 29E-06 

28E-05 15E-06 
26E-04 2.4E-06 

5.7E-02 3.0E-03 
53E-01 4.9E-03 

7.oE-05 3.m-06 
65E-04 5.9E-06 

22E-05 1.2E-06 
20E-04 1.9E-06 

2.3E-03 1.2E-04 
21E-02 19E-04 
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Table 7% (continued) 

Carcinogenic effects Noncarcinogenic effects 

Nickel 

Nickel (salts) 

Potassium 

Selenium 

Silicon 

Sodium 

Strontium 

Sulfate 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Benzo( a)anthracene 

Benzo(a)pyrene 

Adult 
Child 

Adult 
Child 

Adult 
Chid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Cbild 

Adult 
Child 

7.8E-06 
1.8E-05 

7.8E-06 
1.8E-05 

8.9E-04 
21E-03 

4.4E-07 
1.OE-06 

27B-04 
6.4E-04 

2.OE-04 
4.6B-04 

4.1E-06 
9JE-06 

6.2E-05 
1.4E-04 

20E-05 
4.6E-05 

26E-05 
6.1E-05 

28E-06 
65E-06 

5.4E-07 
13E-06 

42E-07 
1.7E-07 

4.2E-07 
1.7E-07 

4 . m s  
1.9E-05 

23E-08 
93E-W 

15E-05 
5.8E-06 

1 .OE-05 
4.2E-06 

2.2E-07 
8.6E-08 

33E-06 
1.3E-06 

26E-G 1.4E-04 
24E-02 22E-04 

8.0E-04 4 x 4 5  
75E-03 6.8E-05 

5.7E.04 3.0E-05 
53B-03 4.9E-05 

1.8E-04 9.6E-06 
1.7E-03 15E-05 

1.OE-06 
4.2E-07 

1.4E-06 
SJE-07 

15E-06 
5.9E-07 

29E-07 
l.lE-07 

8.8E-06 4.7E-06 
8.2E-05 75E-06 

6.7E-06 3.6E-06 
63B-05 5.7E-06 
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Table 7% (continued) 

Carcinogenic effects Noncarcinogenic effects 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Bemo(k)fluoranthene 

Chrysene 

Dibenz[a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(l,2,3-cd)pyrem 

Naphthalene 

Phenanthrene 

Pyrene 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
chiid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

3.4E-06 
8.0E-06 

268-06 
6.1E-06 

5.1 E-06 
1.2E-05 

5.9E-06 
1.4E-05 

Total Uranium Adult 2.OE+03 
Child 9.9Ei-02 

1.8E-06 
7 .2EM 

1.4E-06 
5.5E-07 

2z-06 
l.lE-06 

3.1E-06 
13E-06 

45E+01 
l.lE+01 

8.6E-56 4.6E46 
8-1E-05 73E-06 

7.OE-06 3.7E-06 
6.6E-05 6.0E-06 

4.0E-06 21E.06 
3.7E-05 3.4E-06 

l.lE-05 5.7E-06 
I.OE-04 9.1E-06 

1.9E-06 l.OE-06 
2-88-05 1.63346 

22E-05 12E-05 
2.1E-04 1.9E-05 

12E-05 6.4E-06 
l.lE-04 1.0E-05 

she upper 95% confidence bound on the median is used as the reprtseatatin concentration in ail calculations. 
bFor carcinogenic effectsfmgestion pathway units are mgkgday for inorganics and organics, and pCi for radionuclides. 
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Table 75f Chronic daily intake of ORR background soil by the 

(for Oonstituents for which a risk and/or bazard hdtx muld flOt be Qlculaxed) 
on-site resident-a' lpir 00 

Aluminum 

Arsenic 

Barium 

Calcium 

Chromium 

Chromium VI 

Cobalt 

copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Mercury (salts) 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Chiid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

8.7E-03 
20E-02 

4.6E-06 
l.lE-05 

4.7B-05 
l.lE-04 

8.8E-m 
2 1E-03 

1 -8E-W 
4.2E-05 

1.8E-05 
4.2E-05 

1.2E-05 
288-05 

6.8E-06 
1.6E-05 

1.7E-02 
3.9E-02 

20E-05 
4.7E-05 

8.2E-06 
1.9E-05 

6.1E-04 
1.4E-03 

l.lE-03 
25E-03 

27E-09 
6.3E3-07 

2.7E-07 
6.3E-07 

Imrganics 

4-68-04 
19E-04 

24E-07 
9.7E-08 

25E-4M-i 
9.9E-07 

4.7E-05 
1.9E-0.5 

9.6E-09 
3.8E-07 

9.6E-07 
3-88-07 

6.5E-07 
2.6E-07 

3.6B-07 
1.4E-07 

9.OE-04 
3.6E-04 

l.lE-06 
43E-07 

4.3B-07 
1.7E-07 

3.2E-05 
13E-05 

5.7E-05 
23E-05 

1.4E-08 
5.8E-439 

1.4E-08 
5.8E-09 

W-E42 1.4E-03 
24E-01 22E-03 

2.6E-03 1.4E-04 
2.4E-02 22E-04 

53E-05 2.8E-06 
4.9E-04 45E-06 

3.6E-05 1.9E-06 
33E-04 3.0E-06 

20E-05 l.lE-06 
1.9E-W 1.7E-06 

4.9E-02 2.6E-03 
4.6E-01 4.2E-03 

5.9E-05 3.1E-06 
5.5E-W 5.OE-06 

24E-05 13E-06 
22E-04 2OE-06 

1.8E-03 95E-05 
1.7E-02 1.5E-04 
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Table 75f (contind) 

Carcinogenic effects Nonwmgenic effects 

Nickel 

Nickel (salts) 

Potassium 

Selenium 

Silicon 

Sodium 

Strontium 

Sulfate 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Adult 
a m  

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Chiid 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
w 

Adult 
Child 

1.0E-05 
23E-05 

1.0E-05 
2.3E-05 

9.7E-04 
23E-03 

4.5E-07 
1.1E-Oli 

338-04 
7.7E-04 

2.1E-04 
5.0E04 

75E& 
1.8E-05 

1.2E-04 
2.7E-04 

2.0E-05 
4.6E-05 

2X-05 
62E-05 

85B-07 
2.OE-06 

9.OE-07 
2.1E-W 

53E-07 
21E-07 

53E-07 
21E-07 

5.1E-05 
21E-05 

24E-08 
9.6E-09 

1.7E-05 
7.0E-06 

l.lE-05 
4.58-06 

4.0E-07 
1 -6E-07 

6.2E-06 
25E-06 

1 -0E-06 
4.2E-07 

1.4E-06 
5.7E-07 

organics 

4.sE-07 
1.8E-07 

4.8E-07 
1.9E-07 

2.8E-03 1.5E-04 
26E-02 248-04 

9.6Eo4 5.1E-05 
89E-03 8.1E-05 

6.2E-04 33805 
5.8E-03 53E-05 

3.4E.04 1.8E-05 
32E-03 2.9E-05 

1.0E-05 55E-06 
9.6E-05 8.7E-06 

9.2E-06 4.9E-06 
8.6E-05 7.9E-06 
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Table 75f (continued) 

Carcinogenic effects Noncarcinogenic effects 

Benzo(b)fluoranthene Adult 
Chiid 

Benzo(g,h,i)perylene Adult 
Child 

Bemo(k)Uuoranthene Adult 
Child 

Chrysene Adult 
Child 

Dibenz(a,h)anthracene Adult 
Child 

Fluoranthene Adult 4.4E-06 2.4B46 
Child 1.OE-05 9.4E-07 

Fluorene Adult 9.9E-07 53E-07 
Child 23E-06 21E-07 

Indeno(l,Z,3-cd)pyrene Adult 
Child 

Naphthalene Adult 1.6E-06 8.6E-07 
Child 3.8E-M 3.4847 

Phenanthrene Adult 
Child 

8.3E-06 4.4E-06 
7.8E-05 7.1E-06 

8.4E-06 458-06 
79E-05 7.2E-06 

5.1E-06 2.7E-06 
4.88-05 43E-06 

l.lE-05 5.8E-06 
1.0E-M 93E-06 

21E-06 l.lE-06 
20E-05 1.8E-06 

1.9E-05 9.9E-06 
1.7E44 1.6E-05 

13E-05 6.98-06 
1.2E-04 l.lE-05 

Pyrene Adult 7.2E-06 3.88-06 
Child 1.7E-05 1SE- 

Total Uranium Adult 1.3E+03 3.1Ed-01 
Child 6.7E+02 7.7E+Oo 

"The upper 95% confidence bound on the median is used as the eepresentative concentration in all calculations. 
bFor carcinogenic effecWingestion pathway units are rng/kg-day for inorgania and organics, and pCi for radionuclides. 
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...\ . 

effects resulting from exposure to the constituents of potential concern. Refer to the 
OML/mSRDIBELQS Toxicity fiofiles report for further information regarding specific 
constituents. Tables 7.6 through 7.9 summarize toxicity information for the constituents. The 
health effects descri'bed in this section are conservative and may not necessarily represent the 
actual health effects incurred by exposure to canstituent levels presented in this background 
soil evaluation. 

75-1-1 Antimony 

Antimony is a naturally o~curring metal that is used in metallurgical processes, paints and 
enamels, various textiles, rubber, and fire retardants (antimony trioxide). Antimony is a 
common urban air pollutant, occurring at an average concentration of0.001 pg/m3. Exposure 
to the element may occur via inhalation and ingestion of contaminated foods. In addition, 
some antimonials, such as potassium antimony tartrate, have been wed medicinaliy as 
parasiticides (BEUS 1993). 

Antimony is only slowly absorbed from the gastrointestinal tract. Based on animal data, 
gastrointestinal absorption of antimony was estimated to be 2 to 7%. Antimony has been 
detected in the blood of occupationally exposed individuals; however, it is uncertain whether 
this was caused by pulmonary absorption or ingestion following mumciliary transport from the 
upper respiratory tract. Urinary excretion of antimony has been documented for workers 
exposed to antimony fumes. Acute poisoning has O C C U I T ~  as a result of accidental or suicidal 
ingestion of antimonials with death ensuing within several hours. Symptoms of severe 
antimony poisoning include vomiting, diarrhea, collapse, irregular respiration, and 
hypothermia. Oral exposure data are inconclusive concerning subchronic and chronic toxicity 
of antimony. Occupational inhalation exposure to antimonials may result in respiratory effects, 
including pneumoconiosis and chronic bronchitis. Dermal exposure to antimony may cause 
dermatitis, although no acute or chronic toxicity information is available. In addition, no 
information is available regarding the carcinogenicity of antimony in humans, and no evidence 
shows increased cancer incidence as a result of inhalation exposure (BEIAS 1993). 

75.12 Arsenic 

Arsenic is a metallic, steel-gray, crystalline, brittle, trivalent and pentavalent, solid, 
poisonous element. It is commonly used in pesticides. Trivalent compounds are generally more 
toxic and more likely to have systemic effects than the less soluble compounds which are more 
likely to cause chronic pulmonary effects if inhaled. 

Water soluble inorganic arsenic compounds are absorbed through the gastrointestinal 
tract and lungs. Symptoms of acute inorganic arsenic poisoning in humans are nausea, 
anorexia, vomiting, epigastric and abdominal pain, and diarrhea. In addition, dermatitis, muscle 
cramps, cardiac abnormalities, hepatoxicity, bone marrow suppression and hematologic 
abnormalities, vascular lesions, and peripheral neuropathy have also been reported. Severe 
exposures can result in acute encephalopathy, congestive heart failure, stupor, convulsions, 
paralysis, coma, and death. Occupational exposure studies show a clear correlation between 
exposure to arsenic and lung cancer mortality (BEIAS 1993). 
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75.13 Barium 

Barium is a divalent alkaline-earth metal found only in combination with other elements 
in nature. The most important of these combinations are the peroxide, chloride, sulfate, 
carbonate, nitrate, and chlorate. The most likely source of barium in the atmosphere is from 
industrial emissions. Because of the element's tendency to form salts with limited solubility 
in soil and water, it is expected to have a residence time of hundreds of years and is not 
expected to be very mobile. Trace amounts of barium have been found in more than 99% of 
surface waters and finished drinking water samples (average values of 43 pg/L and 28.6 ggjL, 
respectively) across the United States (BEIAS 1993). 

"be soluble salts of barium are toxic to mammalian systems. They are absorbed rapidly 
from the gastrointestinal tract and are deposited in the muscles, lungs, and bone. At low 
doses, barium acts as a muscle stimulant and at higher doses affects the nervous system 
eventually leading to paralysis. Subchronic and chronic oral or inhalation exposure primarily 
affects the cardiovascular system resulting in elevated blood pressure. Subchronic and chronic 
inhalation exposure of human populations to barium-containing dust can result in a benign 
pneumoconiosis called baritosis, which is a condition often accompanied by an elevated blood 
pressure but does not usually result in a pulmonary function change. Although the effects of 
barium on laboratory rats have been documented and include elevated blood pressure, 
decreased body weight, birth defects, and increased infant mortality, these effects have not 
been substantiated in humans. In addition. barium has not been evaluated by the United 
States Environmental Protection Agency (EPA) for evidence of human carcinogenicity 
(BEIAS 1993). 

75.1-4 Beryllium 

Pure beryllium is a hard, grayish metal. Beryllium compounds are 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 €or airplanes, for neutron monochromatization, as window 
material for x-ray tubes, and in radiation detectors. Additionally, beryllium eornpounds 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 poten:ial 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 s f  exposure. Short-term exposure to beryllium may 
cause noncarcinogenic health effects, such as acute pneumonitis berylliosis, while long-term 
exposure may cause lung cancer (BEXAS 1993). 
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75.15 CXrmnium and <=luomium VI 

Elemental chromium does not occur in nature but is present in ores-primarily chromite. 
Chromium exhibits several oxidation states, but the most prominent of these is Chromium VI 
and Chromium III. Chromium VI in the environment is maumade as a result of industrial 
emissions; in solution, Chromium VI exists as hydrochromate, chromate, and dichromate ionic 
species and reacts over t h e  to form Chromium UI. Chromium VI is much more mobile and 
toxic than is Chromium III. Chromium is useful in glucose and cholesterol metabolism and 
therefore is an essential element to humans and animals. Nonoccupational exposure to the 
metal occurs via the ingestion of chromium-containing food and water, whereas occupationai 
exposure occurs via inhalation. Workers are exposed to chromium during its use in the 
production of dichromate; the chemical, stainless steel, refractory, and chromium-plating 
industries; and the production and use of aUoys (ATSDR 1988; BEIGS 1993). 

Chromium enters the body through the lungs, gastrointestinal tract, and, to a lesser 
extent, the skin. Inhalation is the most important route for occupational exposure. Workers 
exposed to chromium have developed nasal irritation, nasal ulcers, perforation of the nasal 
septum, and hypersensitivity reactions and “chrome holes” of the skin. Among the general 
population, contact dermatitis has been associated with the use of bleaches and detergents. 
Inhalation of chromium compounds has been associated with the develspment of cancer in 
workers in the chromate industry. Evidence also suggests an increased risk in developing 
nasal. pharyngeal, and gastrointestinal carcinomas. Based on sufficient evidence reporting that 
humans and animals are at risk of developing cancer, Chromium VI has been assigned an 
EPA weight-of-evidence classification of A, human carcinogen (BELAS 1993). 

75-16 Manganese 

Manganese makes up about 0.10% of the earth’s crust and is the 12th most abundant 
element It can &t in oxidation states born -3 to +7, the most common being -1-4 in the 
chemical €om of manganese dioxide. The oxides and peroxides are used in industry as 
oxidizers, and the metal is used for manufacturing metal alloys to increase hardness and 
corrosion resistance. Manganese is an essential trace element in humans, which can elicit a 
variety of serious toxic responses upon prolonged e x p u r e  to elevated concentrations either 
orally or by inhalation. The central nervous system is the primary target (BEIAs 1993). 

Initial symptoms of manganese exposure are insomnia, disorientation, anxiety, lethargy, 
and memory loss. These symptoms wiil progress with prolonged exposure and will eventually 
include motor disturbances, tremors, and walking difficulties similar to Parkinsonism. EEects 
on reproduction (decreased fertility, impotence) have been observed in humans with 
inhalation exposure and in animals with oral exposure at the same or similar doses that 
initiate the central nervous system effects. Data on possible carcinogenesis following injections 
in mice are inconclusive; however, the EPA weight-of-evidence classification is D, not 
classifiable as to human carcinogenicity based on no evidence in humans and inconclusive 
evidence in animals (BEIAS 1993). 

75.1.7 Mercury and Mercury Salts 

Mercury is a naturally occurring element that may exist in elemental, inorganic, or 
organic forms and in various oxidation states. Mercury is used in a wide variety of products 
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and processes, including pressure sensitive devices (thermometers, barometers), electrical 
apparatus (wiring, switches, batteries), paints, pharmaceuticals, and in the production of 
various chemicals. The oxidation state and chemical form of mercury are important in 
determining its toxicity, with mercurous salts being less toxic than mercuric salts. Organic 
materials such as methyl mercury are highly toxic. In the envirorrraent, mercury may undergo 
transformations among the various oxidation states and chemical forms. b t h  environmental 
and occupational exposure are relevant to mercury and its compounds, although 
environmental exposure is unimportant for mercury vapor. Mercury intake from occupational 
exposure is of greater signiflcance than that from environmental exposure. Environmental 
exposure to mercury may involve dietary intake (Le., from fish) and possibly from dental 
amalgams, the latter being controversial and under dispute (BEIAS 1993). 

Ingestion of mercury metal is usually without effect, while ingestion of inorganic salts may 
cause severe gastrointestinal irritation, renal failure, and death. Mercury is also known to 
induce hypersensitivity reactions such as contact dermatitis and acrodynia (pink disease). 
Inhalation of mercury vapor may cause irritation of the respiratory tract, central nervous 
system effects characterized by neurobehavioral changes, peripheral nervous system toxicity, 
renal toxicity, and death. Toxicity resulting from subchronic and chronic exposure to mercury 
and mercury salts usually involves the kidneys and/or the nervous system. No data are 
available regarding the carcinogenicity of mercury in humans or animals. The EPA has placed 
inorganic mercury in weight-of-evidence classification D, not classifiable as to human 
carcinogenicity (BEIAS 1993). 

75-16 Molybdenum 

Molybdenum is considered an essential trace element that occurs naturally in various 
ores, the most important being molybdenite, which is converted to molybdenum trioxide for 
use in ferro- and manganese alloys, chemicals, catalysts, ceramics, and pigments. Metallic 
molybdenum is used in electronic parts, induction heating elements, and electrodes ( B E N  
1993). 

Data documenting molybdenum toxicity in humans are limited. Mild cases of 
molybdenosis may be clinically identifiable only by biochemical changes such as increased uric 
acid levels. ]Excessive intake of molybdenum causes a physiological copper deficiency, and 
conversely, in cases of inadequate dietary intake of copper, molybdenum toxkity may occur 
at lower exposure levels. Oral toxicity data and inhalation toxicity data for molybdenum 
exposure on humans are unavailable, as is information on the oral or inhalation 
carcinogenicity of molybdenum compounds in humans ( B E N  1 9 3 ) .  

75.1.9 Nickel and Nickel Salts 

Nickel is a naturally occurring metal existing in various mineral forms. Nickel may be 
found throughout the environment including rivers, lakes, oceans, soil, air, drinking water, 
plants, and animals. Soil and sediment are the primary receptac' 35 for nickel but mobilization 
may occur depending on physico-chemical characteristics of the soil. Nickel is used in a wide 
variety of metallurgical processes such as electroplating and alloy production, as well as in 
nickel-cadmium batteries. Some evidence suggests that nickel may be an essential trace 
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element for mammais. As for mast metals, the toxicity of nickel is dependent on the route of 
exposure and the solubility of the nickel compound (BEIAS 1993). 

Pulmonary absorption is the major route of concern for nickel-indud toxicity. Toxic 
effects of oral exposure to nickel usually involve the kidneys with some evidence from animal 
studies showing a possible developmeat/reproductive toxicity effect. Inhalation exposure to 
some nickel compounds will cause toxic effects in the respiratory tract and immune system. 
Asthmatic conditions have also been documented for inhalation exposure to nickel. In 
addition, sensitivity reactions to nickel are well documented and usually involve contact 
dermatitis reactions resulting from contact with items such as cooking utensils, jewelry, coins, 
etc., containing nickel. Epidemiologic studies have shown that occupational inhalation 
exposure to nickel dust (primarily nickel subsulfide) at refineries has resulted in increased 
incidences of pulmonary and nasal cancer (BELAS 1993). 

75.1.10 Selenium 

Selenium is an essential trace element important in many biochemical and physiological 
processes including the biosynthesis of coenzyme Q (a component of mitochondrial electron 
transport systems), regulation of ion fluxes across membranes, maintenance of the integrity 
of keratins, stimulation of antibody synthesis, and activation of glutathione peroxidase (an 
enzyme involved in preventing oxidative damage to Ceus). Animal studies indicate that 
deficiencies in selenium can result in damage to the liver, heart, kidneys, skeletal muscie, and 
testes. The primary dietary sources of selenium are seafoods, kidney and h e r  meats, and 
grains and cereals. 

In humans, acute oral exposures can result in excessive salivation, garlic odor to the 
breath, shallow breathing, diarrhea, pulmonary edema, and death. General signs of chronic 
selenosis in humans include loss of hair and nails, clubbing of the fingers, skin lesions, tooth 
decay, and nervous system abnormalities attributed to polyneuritis. Human inhalation of 
selenium or selenium compounds primarily affects the respiratory system. Dusts of elemental 
selenium and selenium dioxide can cause irritation of the skin and mucous membranes of the 
nose and throat, coughing, nosebleed, loss of sense of smell, dyspnea, bronchial spasms, 
bronchitis, and chemicai pneumonia. Pertinent data regarding the potential carcinogenicity 
of selenium by the inhalation route in humans or animals are not available (BEIAS 1993). 

75.1.11 Vanadium 

Vanadium is a metallic element that occurs in six oxidation states and numerous inorganic 
compounds. The element is used primarily as an alloying agent in steels and nonferrous metals 
such as copper, aluminum, and titanium. Vanadium compounds are also used as catalysts and 
in chemical, ceramic, or specialty applications. It may also have applications as an intermetallic 
compound for superconductor applications. Minor uses include applications as color modifies 
in mercury-vapor lamps, as driers in paints and varnish, and as corrosion inhibitors in flue-gas 
scrubbers (BEIAS 1993). 

Vanadium compounds are poorly absorbed through the gastrointestina1 system but slightly 
more readily absorbed through the lungs. Absorbed vanadium is widely distributed in the 
body, but short-term localization occurs primarily in bone, the kidneys, and the liver. In the 
body, vanadium can undergo changes in oxidation state and vanadate and can also bind with 
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blood protein (transferrin). The toxicity of vanadium depends on its physico-chemical 
state-particularly on its valence state and solubility. In humans, intestinal cramps and 
diarrhea may occur following subchronic oral exposures, thereby suggesting that, for 
subchronic and chronic oral exposures, the primary targets are the digestive system, kidneys, 
and blood. Inhalation exposures to vanadium and vanadium compounds result primarily in 
adverse effects to the respiratory system. In studies on workers occupationally exposed to 
vanadium, the most common reported symptoms were irritation of the respiratory tract, 
conjunctivitis, dermatitis, cough, bronchospasm, pulmonary congestion, and bronchitis. Little 
evidence suggests that vanadium or vanadium compounds are carcinogenic; however, few 
studies have been conducted on the carcinogenicity of vanadium (BEIAS 1993). 

Zinc is an esse: ial element and is used primarily in galvanized metals and metal alloys. 
In addition, various inorganic zinc salts have numerous commercial uses. Zinc oxide is used 
in the rubber industry as a vulcanization activator and accelerator and to slow down oxidation, 
and also as a reinforcing agent, heat conductor, pigment, W stabilizer, supplement in animal 
feeds and fertilizer- catalyst, chemical intermediate, and mildew inhibitor. Zinc sulfate is used 
in rayon manufacture, agriculture, zinc ,-ilating, and as a chemical intermediate and mordant. 
Zinc chloride is used in smoke bombs, a cements for metak n wood preservatives, in flux 
for soldering; in manufacture of parchment paper, artificial SUK, and glues; as a mordant in 
printing and dye textiles; and as a deodorant, antiseptic, and astringent. Zinc chromate is used 
as a pigment in paints, varnishes, and oil colors. In addition, zinc phosphide is used as a 
rodenticide, and zinc cyanide is used in electroplating. The toxicity of the latter two 
compouids is caused primarily by their anion component (BEIAS 1993). 

Gastrointestinal absorption of zinc is variable (20-80%) and depends on the chemical 
compound as well as on zinc levels in the body and dietary concentrations of other nutrients. 
Zinc is present in all tissues with the highest concentrations in the prostate, kidney, Liver, 
heart, and pancreas. In humans, acutely toxic oral doses of zinc cause nausea, vomiting, 
diarrhea, and abdominal cramps and in some cases gastric bleeding. Gastrointestinal upset has 
also been reported in individuals taking dietary zinc supplements for up to 6 weeks. Limited 
evidence suggests that the human immune system may be impaired by subchronic exposures. 
Chronic oral exposures to zinc have resulted in hypochromic microcytic anemia associated 
with hypoceruloplasminemia, hypocupremia, and neutropenia in some individuals. Under 
occupational exposure conditions, inhalation of zinc compounds (mainly zinc oxide fumes) can 
result in a condition identified as “metal fume fever,” which is characterized by nasal passage 
irritation, cough, rales, headache, altered taste, fever, weakness, hyperpnea, sweating, pains 
in the legs and chest, leukocytosis, reduced lung volume, and decreased diffusing capacity of 
carbon monoxide. “Metal fume fever” is an acute and reversible effect that is unlikely to 
occur under chronic exposure conditions when zir.% air concentrations are less that 
8-12 mg/m3. No case studies or epidem alogic evidence has been presented to suggest that 
zinc is carcinogenic in humans by the oral or inhalation route (BELAS 1993). 

7 5 2  Radionuclides 

Radionuclides are unstable atoms of elements that will emit charged particles to achieve 
a more stable state. These charged particles are termed “alpha and beta radiation” and 
“neutral gamma rays.” Interaction of these charged particles (and gamma rays) with matter 
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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 
(ICW 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 
taxins or otherwise disrupt the 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 major categories: particulate (electrons, alpha particles, beta 
particles, and protons) or electromagnetic radiation (gamma and x-rays) (MTDR 1989d). 
Therefore, all 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 caners induced by high doses of radiation. Alpha 
particles are emitted at a characteristic energy level for differing radionuclides. The alpha 
particle has a charge of +2 and a comparably iarge 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 to pass through a piece of paper or human skin. However, alphaemitting 
radionucIides are of mncern 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)], resuiting 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 mmmon 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), resuiting 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 heaith 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 
hereditaq defects. 

Gamma emissions are 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 orbiting 
electron structure. Radionuclides that emit gamma radiation can induce internal and external 
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effects. Gamma rays have high penetrating ability in living tissue and are capable of reachimg 
all 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 rays are characterized as low-LET radiation, 
as is beta radiation; however, the behavior of beta radiation differs from that of g a m a  
radiation in that beta particles deposit most of their energy in the medium through which they 
pass, while gamma rays often escape the medium because of higher energies, thereby creating 
difficulties in determining actual internal exposure. For this reason, direct wbole-body 
measurements are necessary to detect gamma radiation, while urine/fecal analyses are usually 
effective in detecting beta radiation (Hammonds and Hoffman 1992). 

People receive gamma radiation continuously from naturally occumng 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 b not measurable more than a few centimeters 
from the ground surface. The majority of 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 1989). 

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 
(Killough and Eckerman 1983). 

Radiation can damage cells in different ways. It 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 rapidly dividing cells that line the intestines and 
stomach and the blood ceUs 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 10 to 500 rads (0.1 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 1989). 

When the radiation-damaged cek are reproductive celis, genetic damage a n  occur in 
the offspring of the person exposed. The developing fetus is especially sensitive to radiation. 
The type of malformation that may occur 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 1989). 



7-65 

. -- 

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 75.2.4. 

7.521 Cksium-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 faIlout 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 because 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 a b  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). 

75.2.2 Potassium4 

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. Potassium40 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 pCVg) 
and shale (22 pCVg), respectively. Potassium40 has a half-life of 1.3 billion years and is used 
in radioactive dating of rocks. In addition, potassium4 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 potassium4 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 potassium4 
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(along with other data) can be used to determine the relative proportions of lean and fatty 
tissue in the body (Glasstone 1967). The lifetime total cancer risk SF is greater when 
potassium40 is ingested than when it is inhaled. The external exposure is only half as great 
as the internal risk of ingestion. 

7523 Radium-2% 

Radium is a naturally occurring radioactive 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 radium does 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 instrument dials. 
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 radium in industrial regions in soil is about 8.1 pGi/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. 

7524  Thorim-m 

Thorium is a naturally occurring radioactive 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 furtures, and nuclear weapons. Thorium is also 
introduced into the environment from the use of phosphate fertilizers. 

Natural thorium is primarily thorium-2-32, which has a slow decay process. 'The decay 
series €or thorium-232 proceeds through radium-228 to thorium-228, ending in lead-208, a 
stable isotope. Thorium-228, as do all thorium isotopes, emits alpha, beta, and/or g a m a  
radiation on decay. However, the major radiation energies of concern from thorium-228 are 
alpha and gamma emissions. 

7 5 3  Polynuclear Aromatic Hydrocarbons 

PAHs share a remarkable stability and, because of this stability, they have been found 
to be quite useful in industry (solvents, lubricants, dyes, etc). Combustion produces a wide 
variety of aromatic compounds. Ideally, when hydrocarbon (fossil) fuels are burned, carbon 
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dioxide and water are the resulting combustion products. However, complete combustion is 
rare, hence, combustion results in the production of soot and smoke. Soot and smoke contain 
a number of polycyclic aromatic hydrocarbons (PAHs), some of which are highly toxic and 
most of which are toxic in large enough doses. Soot from the exhaust of diesel engines 
contains small PAHs such as benzene, naphthalene, and phenanthrene and larger PAHs such 
as coronene and ovalene. Soot is believed to be an aggregate of large molecules that have 
many benzene rings, PAHs included (Aihara 1992). 

The degree of carcinogenicity in humans exposed to PAHs, directly corresponds to the 
size of the PAH molecule. Data prove that many PAHs are carcinogenic, as in the case of 
benzo(a)pyrene, which is a component in coal tar, soot, and tobacco. Researchers have 
proven the damage cigarette smoking can cause to the lungs over prolonged periods, and 
tumors have beeu discovered in occupational workers such as those who fuel coal-fired 
funraces and chimney sweeps (Aihara 1992). However, the acute, chronic and subchronic 
effects of PAHs on humans is not well documented, and complete data are unavailable. One 
reason for the lack of valuable information regarding the toxic effects of PA& is the 
difficulty in determining the source of such illnesses as lung cancer, liver cancer, skin cancer, 
and various other ailments. Studies of aromatic compounds show that aromatic compounds 
also exist naturally in space; carbonamus chondrite meteorites, for example, are known to 
contain many kinds of aromatic compounds (Aihara 1973). Therefore, the source of such 
ailments as lung or liver cancer is difficult to determine because researchers are unsure how 
large an amount of exposure to aromatics an average person will acquire in a lifetime. 
However, general ailments such as headaches, dizziness, nausea, and malaise have been 
attributed to automobile exhaust inhalation (Aihara 1992). 

The purpose of the risk characterization is to integrate and summarize the infomation 
presented in the toxicity and exposure assessments. Potential carcinogenic effects are 
characterized by estimating the probability that an individual will deveIop 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 (Le., RfDs). The SFs and RfDs used in 
this BSCP study are listed in Tables 7.6 through 7.9. The results of this background risk 
analysis for the hypothetical on-site residential exposure scenario (discussed in Sect. 7.4) are 
summarized in this section. 

Note that the inorganic anatytes listed in the tables in this Sect. 7 include chromium VI, 
mercury salts, and nickel salts. The analytical laboratov reported detected concentrations for 
the toral chromium, mercury, and nickel found. Because (i> the concentrations were reported 
in this form (Le., no distinction between valences and speciation); (ii) the percent 
gastrointestinal (%GI) absorption toxicity values are known for chromium VI, mercury salts, 
and nickel salts; and (iii) the REDS are known for mercury and nickel, it was necessary to 
assess all types of these analytes, which included the most toxic form of the metals. The RfDs 
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 €or each pair 
(Le., chromium and chromium VI, mercury and mercury salts, and nickel and nickel salts); the 
most conservative HI values were included in the total pathway HI (ie-, HI €or chromium VI, 
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mercury salts, and nickel salts were included in the pathway totals) to ensure that exposure 
is not underestimated. 

Also note that the CDIs, background risks, and background hazard indices listed in the 
tables in Sect. 7 are shown with two significant figures. In many cases, SFs, RfDs and/or 
intake 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 calculard values) in this section of the BSCP, two significant figures are 
given. 

For carcinogens, risks are estir Rted as the incremental probability of an individu 
developing cancer over a lifetime as a result of exposure to the carcinogen (Le., the ter 
“incremental” refers to excess individual lifetime cancer rid Cancer risk from exposure : 
contamination is expressed as excess cancer risk, that is, .inter incurred in addition i 

normally expected rates of cancer de\.-lopment. An excess cancer risk of 1.k-06 indicatc 
one person in one million is predictLU to incur cancer from exposure to this contamination 
level, over a 70 year lifetime. Excess cancer risks falling between 1.k-06 and 1.k-04 are 
within the range of concern, and cancer risks above 1.k-04 are considered unacceptable by 
the EPA (1989~). 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 SFs 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 risk will be higher than the estimate presented, and the actual risk 
may well be less than the estimate. 

Slope factors used in the evaluation of risk Erom exposure to constituents in ORR 
backpound soils are listed in Tables 7.6,7.7 and 7.8. Slope factors are not currently available 
for all 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. These constituents may contribute to carcinogenic effects from exposure to the 
soil, but their effect cannot be quantified at the present time. 

7-62! EPA GuidanceNonmrcinogens 

Noncarcinogenic effects are evaluated by comparing an exposure experienced over a 
specified time period (e.g., 30 years) with an RfD derived for a similar exposure period. The 
REh available for the constituents present in the background soil are given in Tables 7.7 
and 7.9. To evaluate the noncarcinogenic effects of exposure to soil, the hazard quotient (the 
ratio of the exposure dose to the RfD) is calcutated for each constituent. This 
noncarcinogenic hazard index (HI) assumes that, below a given level of exposure (Le., the 
RfD), even sensitive populations are unlikely to experience adverse health effects. If the 
exposure level (intake) exceeds this threshold [i.e., if intakeRfD exceeds one (l.O)], there 
may be concern for potential systemic health effects; the level of concern does not necessarily 
increase linearly as the hazard index approaches or exceeds unity. In other words, the HI is 
not a percentage or probability. 
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Table 7.6 Toxicity information for carcinogenic potential analytes of concern 
on the W R i d g e  Reservation 

oral slope EPA ICRP lung Type of Slope factor basis/ 
Chemical hctof & dass" cancer slope factor solured 

Antimony 
Arseoic 
Barium 
Beryllium 

Boron 
Chromium 
Chromium (VI) 
Cyanide 
Manganese (diet) 
Mercury 
Mercury (salts) 
Molybdenum 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

Cesium-137 
Curium-247 
Neptunium-237 
Plutonium-Z38 
~ l u t o n i u m - 2 3 9 M  
Potassium40 
Radium-226 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-233R3Y: 
Uranium-235 
Uranium-236 
Uranium-238 

ND 
ND 
ND 
43E+ood 
8.6E+Ole 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

28E-11 
22E-10 
2.2E-10 
2 s - 1 0  
23E-10 
LlE-11 
1.2510 
3.6E-11 
1.3E-12 
55E-11 
1.3511 
12%-11 
4.OE-12 
5.4E-14 
1.6E-11 
1.6E-11 
15E-11 
2%-11 

ND 
ND 
A 
D 
D 
D 
ND 
ND 
ND 
ND 
D 
ND 
ND 
D 

R a d i o n u c w c s ~ - '  

A D 
A W 
A W 
A Y 
A Y 
A D 
A W 
A D 
A W 
A Y 
A Y 
A Y 
A Y 
A G 
A Y 
A Y 
A Y 
A Y 

ND 
Skin 
ND 
Tumors 

ND 
ND 
Tumors 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Various 
ND 
ND 
ND 
ND 
Various 
Various 
ND 
ND 
Various 
Various 
Various 
VariOUS 
ND 
Various 
various 
ND 
Various 

IRlSkEAST 
WaterARIS/HEAST 
IRlSMEAST 
lntratracheaURIS/ 
HEAST 
IRIS/HEAST 
ND 
IRISMUST 
IRISMEAST 
RISEEAST 
IRlSNEAST 
ND 
IRISNEAST 
IRISNEAST 
ND 
IRISMEAST 
IRISM5AST 
IRISMEAST 
RISMEAST 

HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
HEAST 
WEAST 
HEAST 
HEAST 
HEAST 
HERST 
HEAST 

ND = No data avaitable or I t a  incondusive. 
T h e  radionuclide oral slope facctors include cantributions from daughter products. 
%PA Weight of Evidence Clurifution System for Carcinogenicity-used to chancterue the extent to which nnilabie data 

indiute that an agent is a human ePrdnqen: A p- human carcinogen; B1 or 82 = p d a b k  carcinogen (B1 indieotes that limited 
data o n  humans are available and B2 indicates suff~idcat evidenee in animals aad inadequate or no d e n c e  in humans); 
C = possible human eircinogen; D = not classifiable as to human carcimgcnki~, E = evidence of aonclreinogeuidty for humans 

Zung clearance dasfication recommended by the International Commission on Radiologiul Protection: Y = year, W = 
week; D = dal, G = &IS. 

on Integrated Risk Information System (IRlS) (EPA 19931) or Health Weds Assersment Summay Tabla 
(Radionuclides - EPA 1%; Inorganics - EPA 19936); oral (igestim) slope facron. Tbe oral SF for beryllitnm ean be found in 
IRIS (EPA 199%). 

The absorbed dope factor (8.6E+01) is used for the dermal wnua pathway calculations: the absorbed SF = (SF/%GI); the % 
gastrointestinal absorption ( IGI)  is 5% for beryllium (owe0 1990). 
k most ara~mtive ora1 stope betor vu-239 vmus ~u-240) was us~d for the Pu-2391240 resu~ts prcscll~d in BSCP 

most canscmtive oral dope factor (U-233 versus u-234) was used for tbe U-233,234 resulk presented in the BSCP study. 
mdy. 
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Table 7.7. Toxicity inf0nmation fOr polycyclic aromatic hydrocarbon analytes 
of potential concern 0n the Oak Ridge Reservation 

Oral slope Chronic Subchronic 
factof oral RfD oral m 

Organic Chemical (mgfltg-d) -' EPA clad (mg/kgd) (mg/kgd) 

Acenaphthene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo( b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Fluoran thene 

Fluorene 

Indene( I,2,3ui)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

ND 

ND 

73E41 

7.3E+OOC 

73E-01 

7.3E+00 

7.3E-Q 1 

73E-02 
9.2E-OY 

73E+00 

ND 

ND 

7.3E-0 1 

ND 

73E+00 

ND 

ND 

D 

ND 

€32 

ND 

ND 

ND 

ND 

ND 

D 

D 

ND 

D 

ND 

D 

6.QE-02 

3.OE4.l' 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

4.OE-02C 

4.OEm 

ND 

4.0E-02d 

ND 

3.0E-02c 

6.OE-01' 

3.0E+ood 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

4.OE-0Id 

4.0E-01d 

ND 

4.OE-02d 

ND 

3.0E-01' 

ND = N o  data available or data inconclusive. 
%e oral slope factors (SFs) for these chemicals are derived by multiplying the benzo(a) pyrene oral SF (7.3E+00)' by 

the chemical specific toxicity equivalency factor (EPA New Interim Region N Guidance, Feb. 1992). The TEF for 
benzo(a)pyrene, benzo(g,h,i)pery!ene, dibenz(a,h)anthracene, and phenanthrene is 1.0; the TEF for chrysene is 0.01; the 
TEF for benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranlhene, and indeno(l,Z,M)pyrene is 0.1. 

bEPA Weight of Evidence Classification System €or Carcinogenicity is used to characterize the extent to which available 
data indicate that an agent is a human carcinogen: A = human carcinogen; B1 or B2 = probable carcinogen (B1 indicates 
that limited data on humans are available and B2 indicates sufficient evidence in animals and inadequate or no evidence in 
humans); C = possible human carcinogen; D = not classifiable as to human carcinogenicixy; E = evidence of 
nonearcinogenicity €or humans. 

FBased on Integrated Risk Information System (IRIS) @PA 199%). 
dBased on Health Effects Assessment Summary Tables (HEAST) (EPA 1993b). 
The  absorbed SF (9.2E-02) is used for the dermal contact pathway calculations; the absorbed SF = (SFBGI); the % 

gastrointestinal absorption (%GI) is 79% for chrysene @PA 1982). 
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Table 7.8. Taxicily information for arternal exposure to potential radionuclides 
of amcem on the Oak Ride Reservation 

External exposure ICRP Type 
lung of Chemical 

slope factofb 
ClassC cancer 

--wPwo 
Cesium-137 20E-06 D Various 

Curium-247 9.2E-07 W ND 

Neptunium-237 4.3E3-07 W m 

Plutonium-238 28E-11 Y ND 

Potassium4 5.4E-07 D Various 

Radium226 6.0E-06 W various 

Strontium-90 O.OE+OO D N D  

Technetium-99 6.OE-13 W m 

Various Thorium-228 5.6E-06 Y 

Various Thorium-230 5.4E-11 Y 

Thorium-232 2.6E-11 Y Various 

Thorium-234 3.5E-09 Y Various 

Tritium O.OE+OO G ND 

Uranium-Z33/t34c 4.2E-11 Y various 

Uranium-235 24E-07 Y Various 

Uranium-236 2.4E-11 Y ND 

Uranium-238 3.6E-08 Y Various 
ND = No data available or data mcondusive. 
’Based on H a s t  Efftcis Assessment Summary Tables (HEAST) (EPA 1992a). 
%e radionuclide external exposure slope factors include contributions from daughter products. 
Tung clearance dsssification recommended by the International Commission on Radiological Protection 

dThe most conservative external aposure slope €actor (Pu-239 nrsus Pu-240) was used for the 

The mast consewative external arposure slope factor (U-233 v e n u  U-234) was used far the U-233/234 

(ICRP).Y =year; W = week; D = day;G = gas. 

Pu-239rtQo results presented in this BSCP study. 

results presented in this BSCP study. 



Table 7.9. Toxicity information for inorganic noncarcinogenic potential anafytes of mnwm Lhe Oak Ridge Reservation 

Uncertain fact.; Subchronic Confidence %GI oral R ~ D  oral R ~ D  basis Critical effect Modifying fact. 
oral RfDo9b level absorp. source absorbed absorbed (vehicle) 

Chronicd SubchroniP RfD Chronic 
Chemical oral 

RfDarb 

Antimony 4.0E-04a 

Arsenic 3.OE-OC 

Barium 7.OE-02' 

Beryllium 5.OE-03' 

Boron 9.OE-02'' 

Chromium VI 5.0E-03a 

Cyanide 2.0 E - 0 2" 

Manganese ¶.4E-01a 
(diet) 

Mercury 3.0E-04' 

Mercury 3.OE-04' 
(salts) 

4.OE-04' 

3.OE-04' 

7.0E-02b 

5.0E-03b 

9.OE-026 

2.OE-02' 

2.OE-02' 

1.4E-01' 

3.OE-04' 

3.OE-04' 

LOW 

High 

ND 

LOW 

ND 

LOW 

Medium 

Medium 

ND 

ND 

2 15 

>90 

10 

5 

ND 

10.6 

40 

5 

ND 

e 15 

Friberg 
et a1 1986 

ATSDR 

Owen 1990 

ND 

_ _  
ATSDR 

ATSDR 

ATSDR 

- 

Amdur 
et al 1991 

6.OE-05 

3.OE-04 

7.OE-03 

2.58-04 

9.OE-02 

5.3E-04 

8.OE-03 

7.OE-03 

3.OE-04 

4.5E-05 

6.OE-05 

3.OE-04 

7.OE-03 

2.5E-04 

9.OE-02 

2.OE-03 

8.OE-03 

9.OE-03 

3.OE-04 

4.5E-05 

oral 

oral 

oral 
(water) 

intra- 
tracheal 

oral 

oral 
(water) 

oral 

oral 
(water) 

oral 

oral 

dehydration, death 

keratosis, 
hyperpigmentation, 
tumors 

increased blood 
pressure, 
fetotoxicity 

tumors 

testicular lesions, 
bronchitis 

hepatotoxicity, 
nephrotoxicity, 
dermatitis, tumors 

decreased weight, 
thyroid effects, 
myelin degeneration 

neural tissue 
damage 

kidney effects, 
neurotoxicity 

kidney effects, 
neurotoxicity 

UF= 1000; 
MF= 1' 

UF= 100; 
MF= 1 

UF=3; MF=1 

UF= 100; 
MF= 1 

WF= 100; 
MF= 1 

UF=500; 
MF= 1 

UF= LOOO, 
MF= 1 

UF=4; MF=¶ 

UF=1000, 
MF= 1 

UF= looo, 
MF=1 



Table 7.9 (continued) , 

Chronic! Subchronic! RfD 
Chemical oral ora1 R ~ D  oral R ~ D  basis Critical effect Uncertain Modifying fact.; fact. Chronic Subchronic Confidence %GI 

RfD"' absorbed absorbed (vehicle) 
oral RfD"' level absorp. source 

Molybdenum 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

5.0E-03a 

2.OE-02? 

2.OE-02' 

5.OE-03" 

6.E-01" 

7.0E-03' 

3.OE-01" 

5.0E-03' 

2.OE-026 

2.OE-02' 

5.0E-03b 

6.OE-01' 

7.0E-03b 

3.0E-01b 

Medium 

ND 

ND 

ND 

Medium 

LOW 

Medium 

rwrsanicS(WQy) 
ND - 5.OE-03 5.E-03 

ND - 20E-02 2.OE-02 

5 Owen 1990 1.OE-03 1.OE-03 

60 Owen 1990 3.OE-03 3.OE-03 

ND - 6.OE-01 6.OE-01 

2.6 EPA 1987~ 1.8E-04 1.8E-04 

50 Owen 1990 1.5E-01 1.SE-01 

oral 

oral 

oral 

oral 

oral 
(water) 

oral 
(water) 

oral 

swelling, gout-like 
symptoms 

reduced weight 

reduced weight 

selenosis (clinical) 

argyfia, rachitic 
changes 

ND 

hyperactivity, 
decreased body 
weight, death at 
hiQh doses 

UF=3; MP=O 

UF= 100; 
MF= 1 

UF= 100; 
MF= 1 
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7.63 Background Risk and Hazard Index Comparisons Between the ORR and Anderson and 
Roane Counties 

Background soil samples were collected from soils of the Dismal Gap and Copper Ridge 
formations in Anderson and Roane counties and on the ORR. In addition, soil samples were 
collected from the Chickamauga Formation at two different ORR locations only (Bethel 
Valley and at the K-25 Plant). For detected analytes for which a SF and/or a R€D are 
available, background risk and/or a HI were calculated for each analyte for each of the 
sampling area$. The results of these calculations are summarized in Tables 7.10 and 7.11. A 
comparison can be made between the calculated human health risk (and/or HI) for each 
analyte at the three sampling areas (ORR, AND and ROA). This comparison can be used 
to quantitatively and qualitatively assess 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 background cancer risk and HI are 
used [the risk to a child + the risk to an adult (Table 7.10), and the chronic HI for an 
adult + the subchronic HI for a child (Table 7.1 l)]. Adult- or child-specific risks would vary 
in a similar manner. 

7-6-3.1 Background risk comparisons between the ORR and Anderson and Roane counties 

From the values shown in Table 7.10, the similarities and differences can be seen 
between calculated background risk values for Roane County, Anderson County and the 
ORR, for the Dismal Gap Formation (Table 7.10a) and the Copper Ridge Formation 
(Table 7.10b). The values shown in Table 7 . 1 0 ~  are for comparison of the risk from 
background constituents at the two ORR sampling locations (ORR-BV and ORR-K25) of 
the Chickarnauga Formation. 

From Table 7.10a (Dismal Gap Formation), cesium-137, radium-226, thorium-228, and 
thorium-234 show slight differences in risks between QRR, AND and ROA Differences in 
risk of at least an order of magnitude for the ingestion of soil exposure pathway can be seen 
for these four analytes; take cesium-137 for example, since 3.9e-08 > 2.k-08 (where 5.k-08 
minus l.le-08 = 3.9e-08), 3.9e-08 is greater than two-tenths of 10.k-08. Beryllium is 
evaluated for the dermal exposure to soil pathway (Table 7.10a), and no significant 
differences in risks (between ORR, AND and ROA) are seen. For the external exposure to 
radionuclides pathway, risks for cesium-137, radium-226, thorium-230 and thorium-232 are 
slightly different between ORR, AND and ROA The cumulative background risk, Le-, the 
sum of the risk from all analytes for all pathways are 6.4e-04,9.4e-04 and 5.&-04 for ORR, 
AND and ROA, respectively. The cumulative risks for ORR and ROA are very similar, while 
the r~ & _  for AND is approximately 1.5 times greater than those for QRR and ROA The risks 
frorr e external exposure to radionuclides pathway are driving the cumulative background 
riskj be greater than 1.k-04 (see Sect. 7.6.1 for EPA guidance summaq). 

From Table 7.10b (Copper Ridge Formation), beryllium, benm(a)pyrene, chrysene, 
cesium-137, plutonium-238, plutonium-239/240, potassium-40, thorium-228, thorium-232, 
uranium-235, and uranium-238 show slight differences in risks between ORR, AND and 
ROA, for the ingestion of soil pathway. Benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, chrysene, and dibenz(a,h)anthracene also show 
slight differences in risks between ORR, AND and ROA, for the dermal exposure to soil 
pathway (Table 7.10b). The total pathway risks are, however, quite similar between ORR, 
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. .  

AND and ROA For the external exposure to radionuclides pathway, slight differences in risk 
can be seen between ORR, AND and ROA for cesium-137, neptunium-237, plutonium-238, 
plutonium-239/240, potassium-40, thorium-228, uranium-235, and uranium-238. The total 
pathway risks between ORR, AND and ROA are very similar. 

Despite the differences listed above, the cumulative background risks (Le., the sum of 
the risk from all analytes for all pathways) are very similar (7.Oe-04,6.4e-04 and 6.k-04, for 
ORR, AND and ROA, respectively). Risks from the ingestion of PAHs in soil and the 
external exposure to radionuclides pathways are driving the cumulative backgtound risks to 
be greater than 1.k-04. 

From Table 7.10~ (Chickamauga Formation), slight differences in risks between ORR-BV 
and ORR-K25), can be seen for uranium-235 for the external exposure to radionuclides 
pathway. The risks for both the ingestion of soil pathway (with the exception of 
benzo(a)pyrene) and the dermal exposure to soil pathway (with the exception of 
benzo(k)fluoranthene) are very similar for all of the constituents. The cumulative background 
risks @e., the sum of the risk from all analytes for all pathways) are 1.2e-03 and 1.1-03 for 
ORR-BV and ORR-K25, respectively. The risks from the ingestion of PAHs in soil and 
external exposure to radionuclides are driving the cumulative background risks to be greater 
than 1-Oe-04. 

The information in Table 7.10 is illustrated graphically in Figure 7.1. The risk values 
reported in Table 7.10 were determined using the UCB95 analyte concentrations and are 
represented in the figure by the top line of each point. The total cumulative background risk 
(using the UCB95) for the Nolichucky and Chepultepec formations on the ORR are 7.e-04 
and 72-04, respectively, and are also shown in Fig. 7.1. 

These background risk estimates should be considered only in the context of comparison 
with site-related risk. The EPA action level of 1.Oe-04 refers to M c s  related IO hazardous 
waste sites. Therefore, the background risk results are not indicative of concern or remedial 
actions that would be identified with similar potential risks from a contaminated site. 

7-63.1.1 Background risk comparisons using cesium-137 gamma screening data 

Because of the variation between the cesium-137 concentrations on the ORR and those 
in Anderson and Roane counties, some uncertainty exists concerning the background risk 
results for the cesium-137 data in the risk analysis discussed previously (see Sect. 5 for 
statistical analyses). 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 mncern stated previously, the cesium-137 gamma screening datu (0 to 5 cm depth) were 
evaluated in terms of background risk and will be discussed below; these screening data were 
addressed statistically in Sect. 5.8 and qualitatively in Sect. 63. 

The residential ingestion of soil pathway for the Dismal Gap Formation on the ORR and 
in Anderson and Roane counties gives background risks (from the cesium-137 gamma 
screening data) of 6.k-03, 4.6e-08, and 3.8e-08, respectively (compare these values with 
those in Table 7.10a, where cesium-137 gamma spectroscopy data for the A horizon was 
used); these risks are below the EPA range of concern. The background risks (from the 
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cesium-137 gamma screening data) from the residential external exposure pathway for the 
ORR, Anderson County, and Roane County are 8.2e-05,6.3e-05, and 5%-05, respectively 
(compare with values in Table 7.10a); these risks are within the EPA range of C O Q C ~ E ~  

(Le., 1.Oe-06 through 1.k-04). For both exposure pathways (ingestion and external exposure), 
the risks from cesium-137 (based on gamma screening data) on the ORR are approximately 
1.4 times greater than those for h d e r s o n  and Roane counties. 

If the cesium-137 risk estimates listed above (ie., using gamma screening data) were used 
in the calculation of total cumulative background cancer risks (Le., in Table 7.10a), instead 
of the cesium-137 gamma spectroscopy data for horizon A, the background cancer risks €or 
the ORR, Anderson County, and Roane County would be 6Se-04, 9.9e-04, and 6.k-04, 
respectively. The cumulative risk estimates associated with using the gamma screening data 
are very similar to those listed in Table 7.10a, which were determined using the cesium-137 
gamma spectroscopy data from the A horizon. 

The residential ingestion of soil pathway for the Copper Ridge Formation on the QRR 
and in Anderson and Roane counties gives background risks (from the cesium-137 gamma 
screening data) of 4.3e-08, 3.le-08, and 4.le-OS, respectively (compare these values with 
those in Table 7.10b, where cesium-137 gamma spectroscopy data for horizon A was used); 
these risks are below the EPA range of concern. The background risks (from the cesium-137 
gamma screening data) from the residential external exposure pathway for the ORR, 
Anderson County, and Roane County are 5.9e-05, 4.3e-05, and 5.k-05, respectively 
(cornpare with values in Table 7.10b); these risks are within the EPA range of concern 
( i s . ,  1.k-06 through 1.k-04). For both exposure pathways (ingestion and external exposure), 
the risk from cesium-137 (based on gamma screening data) on the ORR is approximately the 
same as that seen in Roam County and approximately 1.4 times greater than that seen in 
Anderson County. 

If the cesium-137 risk estimates listed above (Le. using the gamma screening data) were 
used in the calculation of total cumulative background cancer risks @e-, in Table 7.lOb) 
ii, dead of the cesium-137 gamma spectroscopy data €or the A horizon, the background cancer 
risks for the ORR, Anderson County, and Roane County would be 4.5e-04, 3%-04, and 
4.243-04, respectively. The cumulative risk estimates associated with using the gamma 
screening data are slightly lower than those listed in Table 7.10b, which were determined 
using the cesium-137 gamma spectroscopy data from the A horizan. 

The residential ingestion of soil pathway for the Chickamauga Formation on the DRR, 
at the Bethel Valley and K-25 Plant sampling locations, gives background risks (using the 
cesium-137 gamma screening data) of 7.le-08 and 6.3e-08, respectively (compare these values 
with those in Table 7.10~~ where cesium-137 gamma spectroscopy data €or the A horizon was 
used). The background risks (estimated using the cesium-137 gamma screening data) from the 
residential external exposure pathway for the CHI-BV and CHI-K25 sampling locations, are 
9.7e-05 and 8.6e-05, respectively (compare with Table 7.10~). 
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Table 7.1Oa Comparative bakground risk estimates (using UCB95 as concentration)e from 
exposure to soil constituents from the Oak Ridge Reservation, Anderson County, and 

Analyte Oak Ridge Anderson Roane 
Reservation County County 

R ~ a n e  CO~ty-Dismal Gapb 

Momre pathway: residential ingestion of soil 

Beryllium 

Cesium-137 

Neptunium237 

Plutonium-238 

Piutonium-239/240 

Potassium40 

Radium-226 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-2331234 

Uranium-235 

Uranium-236 

Uranium-238 

Total pathway risk 

Beryllium 

Total pathway risk 

Inorganics 

6.4E-M 

Radionudides 

5.0E-08 

- 
l.lE-08 

27E-07 

1.7E-07 

6.3E-OS 

- 
7.0E-08 

l.lE-08 

1.2E-08 

9.5E-09 

3.0E- 12 

2.3E-08 

1.9E-09 

5.5E-10 

4.OE-08 

7.2E-06 

6.9E-06 

1.1E-08 

3.1E-08 

- 

1.4E-OS 

3.2E-07 

4.0E-07 

- 

1.2E-OS 

1.2E-07 

1.8E-08 

1.9E-08 

6.2E-09 

- 

23E-08 

1.5E-09 

- 
3.5E-08 

7.9E-06 

Exposure pathway: residential dermal aposure to soil 

Inorganics 

29E-06 3.1E-06 

2.9E-06 3.1E-06 

53E-06 

25E-08 

- 
4.6E-08 

- 
1.9E-07 

1,8E-07 

- 
I 

9.8E-08 

1.5E-08 

1.m-08 

8.SE-09 

- 
2.3E-08 

1.9E-09 

- 
3.9E-08 

6.OE-06 

2.4E-06 

2.4E-06 
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TabIe 7.1Oa (continued) 

Oak Ridge Anderson Roane 
Analyte Reservation County County 

Cesium-137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Potassium4 

Radium226 

Strontium-90 

Technetium49 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-2331234 

Uranium-235 

Uranium-236 

Uranium-278 

Exposure pathway: residential external erposure to radiation 

Radionuclides 

6.8E-05 

- 

2.4E-11 

2.6E-04 

1.6E-04 

O.OE+OO 

- 

1.4E-04 

8.SE-10 

5.OE-10 

1.6E-07 

O.OE+OO 

l.lE-09 

SSE-07 

1.7E-11 

9.9E-07 

1.SE-OS 

1.2E-06 

- 

3.1E-11 

3.OE-04 

3.8E-04 

- 

l.lE-10 

2.3E-04 

1.4E-09 

7.7E-10 

1.OE-07 

- 

l.lE-09 

4.2.E-07 

I 

S.6E-07 

3.4E-05 

- 
l.lE-10 

- 
1.7E-04 

1.7E-04 

I 

1.9E-04 

1.2E-09 

6.9E-10 

1.4E-07 

- 

l.lE-09 

5.3E-07 

- 

9.6s-07 

Total pathway risk 63E-04 9.3E-04 5.7E-04 

Total Cumulative RisY 6.4E-04 9.4E-04 5.8E-04 
'WCB95 = Upper 95% confidence bound on the median, used as the representative analyte concentration. 
bTotal cancer risk (risk to an adult plus risk to a child). 
%e sum of the risk from all analytes for all pathways. 
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Table 7.1Ob. Comparative background risk estimates (using UCB95 as mncentrationy h m  
earposure to soil 00nstirUents from the Oak RidgE Reservation, Awlerson Chnry, and 

~ o a n e  Conntp-Copper Ridg$ 

Analyte Oak Ridge Anderson Roane 
Reservation County County 

Beryllium 

Benza(a)anthracene 
Benzo(a)pyrene 
Benzo(b)ff uoranthene 
Benzo(g,h,i)perylene 
Benzo( k) fluoran t hene 
Chrysene 
Dibenz(a,h)anthracene 
Indene( 1,2,34)pyrene 
Phenanthrene 

Exposure pathway: residential ingestiun of soil 

Cesium- 137 
Neptunium237 
Plu toni um-238 
PIutonium-239/240 
Potassium4 
Radium-226 
Technetium-% 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-2331234 
Uranium-235 
Uranium-236 
Uranium-238 

Total pathway risk 

Inorganics 
4.3E-06 

organics 
3.1E-06 

3.6E-06 
4.4E-05 
2.1E-06 

1.8E-05 

6.2E-05 

4.1E-05 

6.2E-07 

- 

Radionuclides 
7.OE-08 
3.OE-08 
l.lE-08 
1.7E-08 
&9E-08 
2.7E-07 

3.48-08 
22E-08 
1.2E-08 

- 

9.3E-09 
1.8E-12 
3.5E-08 
3.6E-09 
3.3E-10 
5.4E-08 

1.8E-04 

6.lE-06 

3.3E-06 
2.6E-05 
4.3s-06 
3.5E-3-05 
2.1E-06 
1.3E-06 
3-68-05 
1.5E-05 
5.5E-05 

S.3E-08 
2.z-08 
4.2E-08 
- 

5.7E-08 
1.3E-07 
6.3E-09 
8.3E-08 
21E-08 
1.4E-08 
- 
- 

2.9E-08 
2.1E-09 
- 

5.4E-08 

1.8E-04 

3.8E-06 

4.9E-06 
1.8E-OS 
28E-06 
2.9E-05 
1.4E-06 
3SE-07 
1.6E-05 
2.3E-05 
4.8E-05 

7.9E-08 
1.9E-OS 
- 

4.6E-08 
4.6E-08 
2OE-07 
- 

6.1E-08 
1.7E-OS 
9.6E-09 
I 

- 
3.0E-08 
1.OE-09 
- 

3.3E-08 

1SE-04 



7-80 

Table 7.lOb (continued) 

Analyte Oak Ridge Anderson Roane 
Reservation CaUflty County 

Exposure pathway: residential dennal exposure to soil 

Beryllium 

Benzo(a)anthracene 
B e r n  (a) py-rene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
B e r n (  k) fluoran thene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno (1,2,3-cd)pyrene 
Phenanthrene 

Inorganics 
1.9E-06 2.7E-06 

organics 

6.8E-07 7.3E-07 
9.OE-06 5.8E-06 
7.9E-07 9.6E-07 
9.7E-06 7.8E-06 
4.6E-07 4.6E-07 
1.7E-07 3.7E-07 
4.lE-06 8.OE-06 

9 3.2E-06 
1.4E-OS 1.2E-05 

Total pathway risk 4.1 E-OS 4.2E-05 

Qosure pathway: residential external exposure to radiation 

Cesium-137 
Neptunium-237 
Plu tonium-238 
Plutonium-239/240 
Potassium40 
Radium-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium -233/w4 
Uranium-235 
Uranium-236 
Uranium-238 

Total pathway risk 
Total Cumululative Rislr' 

Radionudides 

9.5E-05 
l.lE-06 
2.6E- 1 1 
3.9E-11 
6.4E-05 
26E-04 

6.5E-05 
1.7E-09. 
4.9E-10 
1.5E-07 

O.OE+OO 
1.8E-09 
1.OE-06 
1.OE-11 
1.3E-06 

7.2E-05 
8.2E-07 
1 .OE-10 
- 

5.3E-05 
1.2E-04 
5.5E-11 
1.6E-04 
1.7E-09 
5.7E-10 
- 

1.4E-09 
6.OE-07 
- 

1.3E-06 

4.8E-04 4.1 E-04 
7.OE-04 6.4E-04 

1.E-06 

l.lE-06 
4.OE-06 
6.2E-07 
6.4E-06 
3.1E-07 
9.9E-08 
3.7E-06 
5.2E-06 
1.1 E-05 

3.4E-05 

l.lE-04 
7.OE-07 
- 

1.OE-10 
4.3E-05 
1.9E-04 

1.2E-04 
1.3E-09 
3.9E-10 
- 

- 5E-09 
- 9E-07 
I 

8.1E-07 

4.6E-04 
6.4E-04 

aUCB9S = Upper 95% confidence bound on the median, used as the represenlative analyte concentration. 
bTotal cancer risk (risk to an adult plus risk to a child). 
The sum of the risk from all anakytes for aU pathways. 
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Tabk 7.1k Comparative background risk estimates (using UcB95 
as concentration)'' from eaposure to soil constitu~ts from the 

Oak Ridge Reservakn (l3ethel Valiey and 

K-25 
Bethel 
Vallev 

Analyte 

Beryllium 

Exposure pathway: residential ingestion of soil 

Benzo(a)antbcene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
Benzo (k) fluoran thene 
Ghrysene 
Dibenz( a,h)anthracene 
Indeno( lJ,34)pyrene 
Phenanthrene 

Cesium-137 
Nep tunium-237 
Plutonium-238 
Plutonium-239/240 
Potassium40 
Radi urn-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Tritium 
Uranium-2331234 
Uranium-235 
Uranium-238 

Total pathway risk 

8.4E-06 

7.3E-06 

7.2J5-06 
S.6E-OS 

5.9E-05 
3.3E-06 
8.9E-07 
1.6E-05 
1.9E-05 
1.OE-04 

1.1E-07 
3.58-08 
3dE-08 
2.2E-08 
2JE-07 
2.4E-07 
3.3E-09 
1.3E-07 
2.1E-08 
2.2E-08 
LlE-11 
2.SE-08 
2.7E-09 
4.2E-08 

2.8E-04 

7.5E-06 

8.6E-06 
7.E-OS 
7.0E-06 
7.OE-OS 
4.3E-06 
9.2E-07 
i .a~-05 
1.6E-05 
1.1E-04 

9.OE-08 
3.3848 
3.2E-08 
1.4E-08 
1.6E-07 
2.OE-87 
2m-09 
l.lE-07 
2.0E-OS 
1.9E-08 
- 

3.OE-08 
1.7E-09 
4.8E-08 

3.2E-04 
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Table 7.10~ (mntinued) 

Analyte 
Bethel 
Valley 

K-25 

Beryllium 

Exposure pathway: residential dermal exposure to soil 

Benzo(a)anthracene 
Benzo (a) pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
Benzo( k)fluorant henc 
Chrysene 
Dibenz(a,h)anthracene 
Indene( 1,2,3-cd)pyrene 
Phenanthrene 

Inorganics 
3.7E-06 3.4E-06 

organics 

1.6E-06 
1.3E-05 
1.6E-06 
1.3E-05 
7.4E-07 
2.5B-07 
3.6E-06 
4.1 E-& 
2.2E-05 

1.9E-06 
1.7E-OS 
1.5E-06 
1.6E-OS 
9.E-07 
2.6E-07 
4.0E-06 
3.5E-06 
2.4E-05 

Total pathway risk 6.4E-05 7.2E-05 

Exposure pathway: residential memal exposure to radiation 

Cesium-137 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Potassium-40 
Radium-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Ttltium 
Uranium-233f234 
Uranium-235 
Uranium-238 

Radionuslides 
1.5E-04 
1.3E-06 
8.X-11 
5.OE-11 
24E-04 
2.3E-04 
2.9E-11 
2SE-04 
1.6E-09 

O.OE+OO 
9.1E-10 

1.2E-09 
7.6E-07 
1 .OE-06 

1.2E-04 
1.2E-06 
7.E-11 
3.2E-11 
1 SE-04 
1.9E-04 
2.4E-11 
2.2E-04 
1.6E-09 
8.OE-10 
- 

1SE-09 
4.7E-07 
1.2E-06 

Total pathway risk 8.7E-04 6.9E-04 

Total Cumulative Rislr' 1.2E-03 l.lE-03 

'UCB95 = Upper 95% confidence bound on the median, used as the representative 

bola1 cancer risk (risk to an adult plus risk to a child). 
'%e sum of the risk from all analytes for all pathways. 

analyle concentration. 



Lifetime Risk of Cancer Incidence 
from Background Radiation, for US. EPA Range of Concern 
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DG DG DG CR CR CR CHI CHI NL CHE 
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Fig. 7.1. (;omparis05 of total background ciMler rbhs calculated &om soil samples from the Dismar Gap Formation in Anderson h n t y ,  Dizmaf Gap in 
R o a ~ e  CMlaty, Dipmal Gap an the ORR, and the Nolicbucky Formation on the ORR. 

Background Informadon Docitment for the Environmental Impact Slatemerit for NESNciPS Radionitclides (EPA 1989f). 
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If the cesium-137 risk estimates listed above (Le. using the gamma screening data) were 
used in the calculation of total cumulative background cancer risks (Le*, in Table 7.10~) 
instead of the cesium-137 gamma spectroscopy data for the A horizon, the background cancer 
risks for the CHI-BV and CHI-K25 would be 8.3e-04 and 6.7e-04, respectively. The 
cumulative risk estimates associated with using the gamma screening data are lower than those 
listed in Table 7.10b, which were determined using the cesium-137 gamma spectroscopy data 
from horizon k 

7.632 Background hazard index romparisons between the ORR and Anderson 
and Roane counties 

Shown in Table 7.11, are the HIs estimated for the background constituents found in 
Roane and Anderson counties and on the O m ,  for the Dismal Gap Formation (Table 7.11a) 
and the Copper Ridge Formation (Table 7.11b). The HI estimates shown h Table 7.11~ are 
for the background constituents found at the two ORR sampling locations (ORR-BV and 
Om-K25) of the Chickamauga Formation. Because the systemic effects are only of concern 
if the hazard index exceeds a threshold of 1.0 and because the level of concern does not 
necessarily increase linearly as the hazard index approaches or exceeds unity (Le., the HI is 
not a percentage or probability), a direct comparison of the €€Is between the sampling areas 
is not applicable. 

The information listed in Table 7.11a (Dismal Gap Formation) illustrates that the HIS 
for all background constituents are less than 1.0 for ORR, AND, and ROA From 
Table 7.11b (Copper Ridge Formation), the HI for arsenic on the ORR (soil ingestion 
pathway) exceeds 1.0; all other background constituent €€Is are less than unity for QRR, 
AND and ROA The information listed in Table 7 .11~  (Chickamauga Formation), illustrates 
that the HIS for aU background constituents are less than 1.0 for ORR-BV and ORR-K25. 

In summary, for the Dismal Gap and Chickamauga formations, systemic effects resulting 
from ingestion of soil are not a concern for the background constituents concentrations. For 
the Copper Ridge Formation, systemic effects resulting for ingestion of background soil 
containing arsenic is a concern. For the Dismal Gap, Chickamauga, and Copper Ridge 
lithologies, systemic effects resulting from dermal contact with the soil are not a concern to 
human health, for the background constituents concentrations; even sensitive populations are 
unlikely to experience adverse systemic health effects when exposed to soil constituents at 
these background concentrations. 

In Sects. 7.6.3 through 7.6.3.2, comparisons were made between the calculated risks or 
HI values (using the UCB95 as the analyte concentration) from background constituents in 
soils from the Dismal Gap, Copper Ridge and Chickamauga formations from three sampling 
areas (ORR, Roane County, and Anderson County). In summary, with some exceptions noted 
above, (i) the background risks (Tables 7.10) determined for individual analytes are quite 
similar for the three sampling areas, and (ii) all background HIs (Table 7.11), with the 
exception of the ORR-CR arsenic HI, are less than the systemic effect threshold of 1.0. In 
Sect. 7.6.4, carcinogenic and systemic effects will be evaluated quantitatively for soil samples 
that best represent the background analytes found on the ORR only @e-, the A horizon soil 
samples taken from the ORR in the DG, NOL, CR, CHE, and CHI formations). 
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Table 7.11~~ Comparative background hazard indea. estimates (using UcB95 as concentrati0n)O 
fkom expare  to soil mnstituents from the Oak Ridge Reservation, 

Anderson County, and Roane County-Dismal Gapb 

Oak Ridge Anderson Roane 
Reservation County County 

Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Chromium VI 

Cyanide 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Exposwe pathway: residential ingestion of soif 

Inorganics 

- 
3.8E-01 

26E-02 

2-7E-03 

3.6E-03 

2.7E-02 

2.OE-04 

1.4E-01 

1.7E-02 

1.7E-02 

2. iE-02 

2.1E-02 

- 

2E-04 

7.9E-02 

3.0E-03 

3.3E-02 

2.tiE-01 

2.1E-02 

2.9E-03 
I 

3.0E-02 

1.8E-04 

9.8E-02 

5.6E-03 

5.6E-03 

1.8E-02 

1.8E-02 

2.7E-03 

2OE-04 

7.0E-02 

2.9E-03 

Total pathway hazard index' 6.9E-01 5.5E-01 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Chromium VI 

Exposure pathway.. residentiaI dermal q o s u r e  to soil 

Ioorganics 

- 29E-03 

5.0E-03 3.5E-03 

3.5E-03 2.8E-03 

7.2E-04 7.7E-04 
4.8E-05 - 
5.7E-03 6.5E-03 

- 
3.SE-01 

23E-02 

2.2E-03 

6.0E-03 

2.9E-02 

4.1E-04 

24E-01 

&?E-03 

8.Z-03 

1.5Eo2 

1.5E-02 

2.8E-03 

1.6E-04 

7.SE-02 

2.4E-03 

7.6E-01 

- 
4.7E-03 

3.1E-03 

ti.OE-04 

8.OE-OS 

63E-03 
... 
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Table 7.11a (continued) 

Analyte 
Oak Ridge Anderson Roane 

Reservation County County 

Exposure pathway: residential dermal exposure to soil (continued) 

Inorganics (amtinued) 

Cyanide 6.6E-06 6.OE-06 1.4E-05 

Manganese 3.E-02 2.6E-02 6.4502 

Mercury 2.3E-04 7.4s-05 1.2E-04 

Mercury (salts) 

Nickel 

1.6E-03 5.OE-04 7.7E-04 

2.8E-04 2.4E-04 2.OE-04 

Nickel (salts) 5.5E-03 4.9B-03 3.9E-03 

Selenium - 5.9E-OS 6.3B-05 

Strontium 3.6E-06 2E-06 21E-06 

Vanadium 

Zinc 

4.1E-02 3.6E-02 3.9E-02 

7.91s-05 7.7E-05 6.3E-05 

1.2E-01 
Total pathwav hazard ind& 1.OE-01 8.5E-02 

‘WCB95 = Upper 95% confidence bound on the median, used as the representative analyte concentration. 
?oral hazard i n d a  (HI) (HI chronic for an adult plus HI subchronic for a child). 
%e total pathway HI does not include HI values for mercury and nickel metals. 
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Table 7.11b. Comparative background hazard index estimates (using UCB95 as concentration)” 
from exposure to soil constituents from the Oak Ridge Reservation, 

Andexson County, and Roane County-Copper Rid@ 

Oak Ridge Anderson Roane 
Reservation County County 

Analyte 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury {salts) 

Molybdenum 

Nickel 

Nickel {salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Ruoranthene 

Fluorene 

Naphthalene 

Pyrene 

Total DathWV hazard index“ 

Exposue pathway: residential ingestion of soil 

Inorganics 

1.5E+00 

1.9E-02 

1.8E-03 

1.7E-02 

1.5E-01 

8.m-03 

8.7E-03 

5.0E-03 

6.9E-03 

6.9E-03 

2.3E-03 

l.lE-04 

6.1 E-02 

2.OE-03 

8SE-05 

1.3E-05 

5.4E-04 

l.lE-04 

5.8E-03 

6.28-04 

1.7E+00 

7.3E-01 

3.0E-02 

2.6E-03 

2.2E-02 

3.1E-01 

6.1E-03 

6.1E-03 

- 
7.6E-03 

7.6E-03 

3.7E-03 

1.8E-04 

8.OE-02 

26E-03 

7.7E-05 

20E-05 

2.9E-04 

2.7E-04 

I 

3.9E-04 

1.2E+W 

1.6E-0 1 

1.6E-02 

1.6E-03 

1.4E-02 

1.2E-01 

6.6E-03 

6.6E-03 

- 
- 

1.8E-03 

1.2E-04 

53E-02 

2.3E-03 

6.OE-05 

2.0E-05 

4.0E-04 

l.lE-04 

1 

2.6E-04 

7.7E-01 
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Table 7.11b (continued) 

Oak Ridge Anderson Roane 
Reservation County County Analyte 

Arsenic 

Barium 

Beryllium 

Chromium VI 

, Manganese 

Mercury 

Mercury (salts) 

Molybdenum 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Fluoranthene 

Fluorene 

Naphthalene 

Pyrene 

Exposure pathway.. residential demial &rposure to soil 

Inorganicr 

1.9E-02 

25E-03 

4.8E-04 

3.6E-03 

3.9E-02 

1.2E-04 

7.E-04 

6.6E-05 

9.2E-05 

1.8E-03 

5. I. E-OS 

1.5E-06 

3.2E-02 

5.4E-05 

organics 

27E-05 

4.OE-06 

1.7E-04 

3.3B-05 

7.8E-04 

2.OE-04 

Total pathway hazard index' 1.OE-01 

9.E-03 

4.1E-03 

6.9504 

4.7E43 

8.3E-02 

8.2E-05 

5.4E-04 

- 

1.OE-04 

2.OE-03 

8.2E-05 

2.4E-06 

4.1E-02 

6.9E-05 

2.4E-05 

6.3E-06 

9.3E-05 

8.4E-05 

- 

1.2E-04 

1SE-01 

7.4E-03 

2.1E-03 

4.2E-04 

2.9E-03 

3.2E-02 

8.8E-OS 

5.8E-04 

- 
- 

- 
3.9E-05 

1.6E-06 

2.8E-02 

6.1E-05 

1.9E-OS 

6.5E-06 

1.3E-04 

3SE-05 

I 

8.38-05 

7.3B-02 

OUCB9S = U p F r  95% confidence bound on the median, used as the representative anawe concentration. 
bT0tal hazard index (HI) (HI chronic for an adult plus HI subchronic for a child). 
Tbe total pathway HI does not include HI values far mercury and nickel metals. 
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Table 7.11~ Cornparalive background hazard index estimates (using UCB95 as conomm.iony 
from exposum to soil constituents from the Oak Ridge Reservation 

(Ekthel Vafley and K-2!5+Chickamaugab 

Analyte Bethel 
Vallev K-25 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Fluoranthene 

Fluorene 

Naphthalene 

Pyrene 

Erposure path way: resdential ingestion of soii 

Inorganb 

Total pathway hazard index' 

3.8E-01 

2.1 E-02 

3.5E-03 

3.7E-02 

1SE-01 

8.8E-03 

88E-03 

1.2E-02 

1.2E-02 

26E-03 

20E-04 

8.58-02 

26E-03 

organics 

26E-04 

1.OE-05 

4.8E-04 

3.7E-04 

3.9E-03 

l.lE-03 

7.0E-01 

4.6E-01 

20E-02 

3.2E-03 

3SE-02 

2.3E-01 

2.E-02 

27E-02 

1.5E-02 

1.5E-02 

2.E-03 

3.8E-04 

8.5E-02 

2.7E-03 

8.OE-05 

1.7E-05 

6.3E-04 

1.4E-04 

1.2E-03 

1.3E-03 

89E-01 
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Table 7.11~ (continued) 

Bethel K-25 
Valley Analyte 

Exposure pathway: residential d m l  apomre to soil 

Inorganics 

Arsenic 

Barium 

Beryllium 

Chromium VI 

Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (salts) 

Selenium 

Strontium 

Vanadium 

Zinc 

Acenaphthene 

Anthracene 

Fluorantbene 

Fluorene 

Naphthalene 

Pyrene 

5.OE-03 

2.8E-03 

9.4E-04 

7.9E-03 

3.9E-02 

1.2E-04 

7.9E-04 

1.6E-04 

3.2E-03 

5.9E-05 

2m-06 

4.4E-02 

7.OE-05 

organics 

8.4E-05 

3.2E-06 

1.5E-04 

1.2E-04 

5.2E-04 

3.5E-04 

6.1E-03 

2.E-03 

8.5E-04 

7.5E-03 

6.2E-02 

3.6E-04 

2.4E-03 

2.OE-04 

4.OE-03 

6.1E-05 

5.OE-06 

4.4E-02 

4.2E-05 

2.5E-05 

5.4s-06 

2.OE-04 

4.5E-05 

1.6E-04 

4.3E-04 

Total pathway hazard index' 1.OE-01 1.3E-01 

'UCB95 = Upper 95% confidence bound on the median, used as the representative analyte concentration. 
90tal hazard index (Hr) (HI chronic for an adult plus HI subchronic for a child). 
%e total pathway HI does not include HI values for mercury and nickel metals. 
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7,633 Background risk and WI mm-m using the LCB95, median, and 
ucB95 anaiyte 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 variability of 
constituent concentrations in soils of the DG, NL, CR, CHE and CHI formations. Tables 7.12 
through 7.15 assess the variability in the risk and HI estimates for the five sampling areas 
(ORR, AND, ROA, ORR-K25 and ORR-BV) with respect to the analyte concentrations 
used in this background evaluation. These tables inciude risk (Tables 7.12 and 7.13) and 
hazard indices (Tables 7.14 and 7.15) for three analyte concentrations [i.e., the lower 95% 
confidence bound on the median concentration (LCB95), the median concentration, and the 
upper 95% confidence bound on the median concentration (UCB95)j. AU other tables in 
Sect. 7 (excluding Tables 7.12 through 7.15) use the UCB95 as the representative analyte 
concentrations. 

The differences between the UCB95 and LCB95 total cumulative (the sum of the risks 
of all analytes in all pathways) background risk estimates for the ORR, Anderson County, and 
Roane County for the Dismal Gap Formation (Table 7.12a) are 3 . 0 4 ,  4.3e-04, and 
2.7e-04, respectively. Similar information for the Copper Ridge Formation can be found in 
Table 7.12b. Furthermore, soit data were collected from the Chickamauga, Nolichucky and 
Chepultepec formations of the ORR only (AND and ROA county soil sarnpies were not 
collected for these two formations); therefore, the LCB95, median and UCB95 risk values, 
for Om-CHI, ORR-NL and ORR-CHE soils only, are illustrated in Table 7.12 and 
Table 7.13. 

This information (Tables 7.12 and 7.13) 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 middle line, 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 estimates (within each sampling area) is relatively small 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 Tables 7.14 and 7.15 show the variability in the hazard indices 
for each sampling area using the three analyte concentrations. Again, the differences @e., 
vanabiiity between sampling locations) in the HI values are quite 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 La95 
is more appropriate in terms of human health (refer to Sect. 23.4, Data User Guidelines). 
The Risk Assessment Council is producing guidance which will include specific details 
concerning the application of this background soil information to site-specific data. 
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Table 7.m Comparative backgronnd risk estimates mrn expmure to soil Goustiments 
from the Oak Ridge Resexvation, Anderson County, and Roane County-Dismal Gag" 

Oak Ridge Resenation risk Anderson County risk Roaoe County risk -. Analyte 
LCB95' Median UCB95' CCS9Sb Median UCB95" LCB95' Median UCR95'" 

Beryllium 

Cesium-137 

Neptunium-237 

Plutonium-238 

Plutonium-239DIO 

Potass ium4 

Radium-226 

Strontium-90 

Technetium49 

Thorium-22g 

Thorium-230 

Tborium-232 

T b O r i U E - 2 3 4  

Tritium 

Umnium-233/U4 

Uranium-B5 

Uranium236 

Uranium-238 

Total pathway risk 

Beryllium 

Total pathway risk 

,!Zrpomre path way: resialential ingestion of soil - 
43E-06 5.3E3-06 6.4E-06 4.6E-06 5.6E56 6.96-06 

8.9E-09 

- 
I 

1.6E-09 

1.9E-07 

8.2E-08 

1.6E-08 

- 
3.SE-08 

7.7E-09 

8.9E-09 

7.2E-09 

1.4E-12 

1.6E-08 

13E-09 

1.8E-10 

3.2E-08 

2lE-08 

- 
- 

4.1E-09 

23E57 

1.2E-07 

3.2E-08 

- 
4.9E-08 

93E-09 

1.OE-08 

8.2E-09 

2.OE-12 

1.9E-08 

1.6E-09 

3.1E-10 

3.6E-08 

5.OE58 

- 
- 

l.lE-08 

2.7E-07 

1.7E-07 

63E-08 

- 
7.0E-08 

l.lE48 

1.2E-08 

95E-09 

3.OE-12 

2.3E-08 

1.9E-09 

55E-10 

4.OE-08 

4.7E-06 5.88-06 7.2E-06 

1.9E-09 45E-09 l.lE-08 

1.9E-08 24E-08 3.1E-08 

- - - 
5.1E-IO 27E-09 1.4E-08 

22E-07 27E-07 3.2E-07 

1.9E-07 2.7857 4.0E-07 

- - - 
35E-09 6.5849 1.2E-08 

5.8E-08 83E-08 1.2E-07 

1.2E-08 15E-08 1.8E-08 

1.4E-08 1.6E-08 1.9E-08 

4.lE-09 5.4E-09 6.25-09 

- I_ 

15E-08 1 4 8  2.3E-08 

1.OE-09 1.2E49 15E-09 

- - - 

28E-08 3.1E-08 3.5B-08 

5.1E-06 6.4B-06 7.9E-06 

Erposure parhway: residential dermal expornre to soil 

rwrbanics 

3.6E-06 4.4E.06 53E-06 

4.4E-09 

- 
1.8E-08 

- 
13E-07 

8.X-08 

- 
- 

4.8E-08 

1.OE-08 

1.2E-08 

6.1E-09 

I 

1.6E-08 

13E-09 

- 
3.1E-08 

1.0E-08 

- 

2.98-08 

- 
3558-07 

13E-07 

- 
- 

6.8E-08 

1.2E-08 

1.4E-08 

7.2B-09 

- 
1.9E-08 

15E-09 

- 
35E-08 

2.58-08 

- 
4.6E-08 

- 
1.9E-07 

1.BE-07 

- 
- 

9.8E-08 

l.SE-08 

1.7E-08 

8.5E-09 

- 
23E58 

1.9E-09 

- 
3.9E-08 

3.9E-06 4.8E-06 6.0E-06 

1.9E-06 23E.06 2.9E-06 2 0 E a  25E56 3.1E-06 1.6E-06 1.9E-06 2.4E-06 
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Cesium-137 

NeptuniumZ37 

Plutonium-238 

Plutonium-239/240 

Potassium40 

Radium-226 

Strontium-90 

Technetium-99 

Thorium-228 

Tborium-230 

Thorium432 

Thorium-234 

Tritium 

Uranium-233/234 

Uranium235 

Uranium-236 

Uranium-238 

Total Pathway Risk 

Table 7.12% (continued) 

Oak Ridge Reservation risk Anderson County nsk Roane County risk 
Anam 

LCB95b Median UCB95' LCB& Median UCB95' LCB& Median UCB9.5' 

Exposure pathway: residential external exposure to rrulianon 

RaEtimactidcs 

1.2E-05 29E-05 6.8E-05 

- - - 
3.6E-12 925-12 2.4E-11 

1.7E-04 ZlE-04 26E-04 

7.8E-05 1.1E-04 1.6E-04 

O.OE+M) O.OE+OO O.OE+Oo 

- 
6.7E-05 

6.1510 

3.7E-10 

1.2E-07 

O.OEiO0 

7.8E-10 

3.8E-07 

5.4E-12 

7.9E-07 

- - 
9.6E-05 1.4E-04 

7.3E-10 8.S-10 

43E-10 5.OE-10 

1.4E-07 1.6E-07 

O.OEiOO O.OE+OO 

9.4E-10 l.lE-09 

4.6E-07 55E-07 

9.5E-12 1.7E-11 

8.9E-07 9.9E-07 

3.3E-04 45E-04 63E-04 

2.6E-06 6.1E-06 

7.0E-07 9.OE-07 

- - 
1-lE-12 5.9E-12 

21E-04 2.5E-04 

1.8E-04 2 6 W  

- - 
3.1E-11 55%-11 

l.lE-04 1.6E-04 

9.9E-10 1.2E-09 

5.E-10 6.6E-10 

7.8E-08 8.9E-08 

- - 
7.7E-10 9.3E-10 

29E-07 35EM 

- 
6.9E-07 7.7E-07 

5.0E-04 6.8E-04 

1.5E-05 

1.2E-06 

- 
3.1E-11 

3.0E-04 

3.8E-04 

l.lE-10 

23E-04 

1.4E-09 

7.7E-10 

1 .OE-07 

- 
l.lE-09 

425-07 

- 
8.6E-07 

9.3E-04 

6.0E-M 1.4E-05 3.48-05 

- - - 
4.4E-11 7.OE-11 1.1E-10 

- - - 
1.2E-04 1.4E-04 1.7E-04 

8 3 - 0 5  1.2E-04 1.7E-04 

- - 
- 

93E-05 

8.1E-I0 

5.1E-10 

1.0E47 

I 

7.8E-10 

3.7B-07 

- 
7.7E-07 

- 
1.3E-M 

9.7E-10 

5.9E-10 

1.2E-07 

- 
9.4E-10 

4.4E-07 

c 

8.6S-07 

- 
1.9E-04 

1.2E-09 

6.9Ei-10 

1.4E-07 

- 
l.lE-09 

53E-07 

- 
9.6E-07 

3.0E-04 4.1E-04 5.7E-04 

3.1E-04 4.2E-04 5.88-04 Total Cumulative Risk" 3.4E-04 4.6E-04 6.4Ei-04 - 5.1E-04 6.9E-04 9.4E-04 

"The LCB95, median, and UCB95 analyte concentrations arc evaluated in terms of total background risk (risk to an adult 

bLCB95 = M e r  95% confidence bound on the median. 

dThe sum of the risk from a11 analytes for all pathways. 

plus risk to a child). 

UCB95 = Upper 95% confidence bound on the median. 
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Table 7.m. Comparative background risk estimates from exposure to soil constituents 
from the Oak Ridge Reservation, Anderson County, and Roane County-Copper Rid@ 

Oak Ridge Reservation risk Anderson County risk Rome County risk 
Analyte 

LCB95' Median UCB95C LCB9Sb Median UCB95' LCB95' Median UCB95' 

,?%pornre pathway residential ingestion of soil 
Inorganics 

Beryllium 2.8E-M 3.4E-06 43E-06 4.1E-06 5.0E-06 6.1E-06 2.5E-06 3.1E-06 3.8E-06 

organics 

Benzo(a)an thracene 

Benzo(a)pyrene 

Bemo(b)5uoranthene 

Benzo(g,h,i)perylene 

Beazo(k)fluoran thene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3cd)pne 

Phenanthrene 

1.7E-06 

23E-05 

1.8E-06 
24E-05 

1 .2E-06 

3.2E-07 

7.6E-06 
- 

3.56-05 

WE-06 

3.0E-05 

25E-06 

33B-05 

1.6E-06 

45E-07 

1.2E-05 
- 

4.6E-05 

3.1E-06 

4.1E-05 

3.6E-06 

4.4E-05 

21E-06 
6.2E-07 

1.8E-05 
- 

6.2E-05 

1.8E-06 

1JE-05 
2.1E-06 

20E-05 

1.2E-06 
1.9E-07 

63E-06 

7.2E-06 

3.1E-05 

24E-06 

1.9B-05 

3.0E-06 
26E-05 

1.6E-06 

4.9E-07 

1.5E-05 

1.OE-05 

4.1E-05 

33E-06 

26E-05 

43E-06 

3.5E-05 

2SE-06 

13E-06 

3.6E-05 

1.5E65 
5.5E-05 

28E-06 

l.lE-05 

15E-06 

1.7E-05 

8.4E-07 

1.7E-07 

73E-06 

9.6E-06 

2.7E-05 

3.7E-06 

1.4E-05 

2.OE-06 

22E-05 

l.lE-06 

2.4E-07 

l.lE-05 

15E-05 

3.6E-05 

4.9E-06 

1.8E-05 

2.8E-06 

29E-05 

1.4E-06 

35E-07 

1.6E -05 
23E-05 

4.8E-05 

Radionuclides 

Osiurn-137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Potassium40 

Radium-226 

Technetium% 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-U3/U4 

Uranium-235 

Uranium-236 

Uranium-238 

1.3E-08 

1.8E-08 

3.9E-09 

3.8E-09 

4.7E-08 

1.3E-07 
- 

1.6E-08 
15E-08 

8.8E-09 

6.7E3-09 

6.6E-13 

24E-08 

1.8E-09 

1.2E-10 

4.4E-08 

3.OE-08 

23E-08 

6.4E-09 

8.1 E-09 

5.7E-08 

1.8E-07 
- 

23E-08 

1.8E-08 

1.OE-08 

7.8E-09 

l.lE-12 

29E-08 

25E-09 

20E-10 

4.9E-08 

7.0E-08 

3.OE-W 

l.lE-08 

1.7E-08 

6.9E-08 

2.7847 
- 

3.4E-08 

22E-08 

1.2E-08 

9.3E-09 

1.8E-12 

3.5E-08 

3.6E-09 

3.3E-10 

5.4E-08 

9.4E-09 

13E-08 

1.4E-08 
- 

3.9E-08 

5.9E-08 

22E-09 

4.1E-08 

15E-08 

l.OE-08 
- 
- 

20E-08 

l.lE-09 
- 

43E-08 

22E-08 

1.7E-08 

2.48-08 
- 

4.7E-08 

8.7E-08 

3.78-09 

59E-08 

1.8E-08 

1.2E-08 
- 
- 

24E-08 

15E-09 
- 

4.8E-08 

5.3E-08 
2.2E-08 

4.2E-08 
- 

5.7E-08 

1.3E-07 

6.3E-09 

8.3E-08 

2.1E-08 

1.4E-08 
I 

- 
29E-08 

21E-09 
- 

5.4E-08 

1.4E-08 

l.lE-08 
- 

8.7E-09 

3.1E-08 

9.5E-08 
- 

3.0E-08 
1.2E-08 

7.1E-09 
- 
- 

21E-08 

5.OE-10 
- 

2.6E-08 

3.48-08 

l.5E-08 
- 

20E-08 

3.8E-08 

1.4E-07 
- 

43E-M 

1.4E-08 

82E-09 
- 
- 

258-08 

7.1E-IO 
- 

3.0E-08 

7.9E-08 

1.9E-08 
- 

4.6848 

4.6E-08 

2.0E-07 
- 

6.1E-08 

1.7E-08 

9.6E-09 
- 
- 

3.OE-08 

1.OE-09 
I 

33E-08 

7.9E-05 l.lE-04 15E-04 Total pathway risk 9.8E-05 13EW 1.8E-04 8.9E-05 1.3E-04 1.8E-04 

Exposure pathway: residemil dermal exposure to sod 

Xnorganks 

1.2E-06 15E-06 1.9E-06 1.8E-06 2.2E-06 27E-06 l.lE-06 1.4E-06 1.7E-06 Beryllium 



Table 7.1% (continued) 

Oak Ridge R-ation risk Anderson County risk Roane County risk 
Analyte 

LCB95* Median UCB9F LCB95' Median UCB95' LCB9Sb Median UCB95' 

Demo( a)an thracene 

B e n z o ( a ) m n e  

Benzo( b)fluoran thene 

Benro(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthrame 

Indeno(l,2,3cd)pynxe 
Phenanthrene 

Total pathway risk 

Cesium-1 37 

Neptunium -237 

Pluionium-238 
PI utoni urn -2391240 

Potassium40 

Radium-226 

Techncti urn -99 
Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-233W 

Uranium-235 

Uranium-236 

Uranium-238 

Total pathway risk 

+owe pathway: residential dermal exposure to soil (conrinued) 

3.9E-07 

5.1E-06 

3.9E-07 

5.4E-06 

28E-07 

9.1E-08 

1.7E-06 
I 

7.8E-06 

5.1E-07 

6.8E-06 

5.6E-07 

73E-06 

3.6E-07 

1.3E-07 

268-06 

1.OE-05 

6.8E-07 

9.0E-06 

7.9E-07 

9.7E-06 

4.6E-07 

1.7E-07 

4.1E-06 
- 

1.4E-05 

4.0E-07 

3.2E-06 

4.8E-07 

4.4E-06 

26E-07 

5.2E-08 

1.4E-06 

1.6E-06 

7.OE-06 

5.4E-07 

4.3E-06 

6.8E-07 

5.9E-06 

35E-07 

1.4E-07 

33E-06 

2.3E-06 

9.2E-06 

7.3E-07 

5.8E-06 
9.6E-07 

7.8E-06 

4.6B-07 

3.7E-07 

8.0E-M 

3.2E-06 

1.2E-05 

22E-05 3.0E-05 4.1E-05 2.1E-05 29E-05 4.2E-05 

6.2E-07 

23E-06 

3.3E-07 

3.7E-06 

1.9E-07 

4.TE-08 

1.6E-06 

21E-06 

6.1E-06 

Exposure pathway: residential atemal q o m r e  to radiation 

Radionuclides 

1.8E-05 25E-05 3.4E-05 

1.7E-05 

6.7E-07 

9JE-12 

8.48-12 

4.4E-05 

1.2E-04 
- 

32E-05 

4.0E-05 

8.7E-07 

1.6E-11 

1.8E-11 

53E-05 

1.8E-04 
I 

4.6E-05 

1.2E-09 1.4E-09 

3.6E-10 4.2E-10 

l.lE-07 l3E-07 

O.OE+OO O.OE+OO 

1.2E-09 15E-09 
S.lE-07 7.2E-07 

3.8E-12 6.1E-12 

l.lE-06 1.2E-06 

9.58-05 

1.1E-06 

26E-11 

3.9E-11 

6.48-05 

26E-04 
- 

65B-05 

1.7E-09 

4.9E-10 

15E-07 

O.OE+OO 

1.8E-09 

1.OE-06 

1.OE-11 

1.3E-06 

2.2E-04 3.2504 4.8E-04 

Total Cumulative Riskd 3.4E-04 4SE-04 7.OE-04 

13E-05 
4.7E-07 

33E-11 
- 

3.6E-05 
5.7E-05 

1.9E-11 

S.OE-05 

1.2E-09 

42E-10 
- 

3.0E-05 

6.E-07 

5.8E-11 
I 

4AE-05 

8.2E-05 

335-11 
l.lE-04 

1.4E-09 

4.9E-10 
- 

7.2E-05 

8.2E-07 

1.OE-10 
- 

5.3E-05 

1.2E-04 

5.5E-11 
1.6E-04 

1.7E-09 

5.7E-10 
- 

I - - 
9BE-10 1.2- 1.4E-09 

3.0E-07 43E-07 6.0E-07 
- - - 

1.OE-06 12E-06 1.3E-06 

1.9E-04 2.78-04 4.1E-04 

3.OE-04 43E-04 6.4E-04 

8.2E-07 

3.1E-06 

4.6E-07 

4.8E-06 

2.4E-07 

6.8E-08 

2.4E-06 

3.3E-06 
8.1E-06 

l.lE-06 

4.0E-06 

6.2E-07 

6.4E-06 

3.1E-07 

9.9E-08 

3.7E-436 

5.2E-06 

1.1E-05 

1.9E-05 4.6E-05 

4.2E-07 5.4E-07 
- - 

1.9E-11 45E-11 

2.9E-05 3.6E.05 

9.0E-05 13E-04 
- - 

5.8E-05 8.3E-05 

93510 l.lE-09 

2.9E-10 3.4E-IO 
- - 
- - 

l.OE-09 1.2E-09 

1.4E-07 2OEM 
- - 

6.5E-07 7.2E-07 

l.lE-04 

7.OE-07 
- 

LOE-10 

43E-05 

1.9E-04 
- 

1.2E-04 
13E-09 

3.9E-10 
- 
- 

1KE-09 

29EM 
- 

8.1E-07 

2.0E-04 3.0E-04 4.6E-04 

3.0E-04 43E-04 6.4E-04 

The LCB95, median, and UCB95 analytt concentrations are evaluated in terms of total background risk (risk to an adult 

bLCB95 = Lower 95% confidence bound on the median. 
WCB95 = Upper 95% mnfidenR bound on the median. 
'?he sum of the risk from all analytes for all pathwap. 

plus risk to a child). 
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Table 7.12c. Comparative background risk estimates from expclsure to soil constituents 
from the Oak Ridge Reservation (Bethel Valley and K-25)-Chickamauga" 

Analyte 
Bethel Valley risk K-25 'risk 

LCB9Sb Median UCB95" LCB95' Median UCB95' 

Beryllium 

Benzo(a)anthracene 
Benzo(a)pyrene 
Bem(b)fluoranthene 

Bern( k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Xndeno(l,2,3cd)pyrene 
Phenanthrene 

BeWg&,i)perylene 

Cesium-137 
Neptunium-237 
Plutonium-238 
Plu tonium-239/240 
Potassium40 
Radium-226 

Technetium-99 
Thorium-228 

Thorium-230 
Thorium-232 
Tritium 
Uranium-233/234 
Uranium-235 
Uranium-238 

Total pathway risk 

Beryllium 

Exposure pathway: residential ingestion of soil 
Inarganics 

5.6E-06 

33E-06 
3.3E-05 
3.6E-06 
27E-05 
20E-06 
3.6E-07 
2.9E.06 
8.9E-06 

5.7E-05 

20E-08 
1.9E-08 
1.2E-08 
4.OE-W 
1.7E-07 
l.lE-07 

1.3E-09 
6.3E-08 

1.4E-08 
1.6E-08 
5.4E-12 
1.7E-08 
1.3E-09 
3.4E-08 

1.4E-W 

6.9E-06 8.4E-06 

organics 

4.9E-06 7.3E-05 
4.3E-05 5.6845 
5.1E-06 7.2E-06 
4.0E-05 5.9E-05 
26E-06 33E-06 
5.7E-07 8.9E-07 

6.8E-06 1.6E-05 
1.3E-05 1.9E-05 
7.6E-05 1.0E-04 

Radionuclides 

4.8E-08 
26E-08 
2OE48 
9.4E-09 
21E-07 
1.6E-07 
21E-09 

8.9E-08 
1 -7E-08 

1.9E-08 
7.E-12 
20E-08 
1 -9E-09 
3.7E-08 

2.OE04 

l.lE-07 
3.5E-08 
3.6E-08 
22E-08 
25E-07 

24E-07 
33E-09 

13E-07 
21E-08 
2.2E-08 
1.lE-11 
25E-08 
27E3-09 
4.2E-08 

28E-04 

5.0E-06 

4.9E-06 
4.6E-05 
3.9E-M 
42E-05 
2.6E-06 
4.0E-07 
43E-06 
7.6E-06 

6.2E-05 

1.6E-08 
20E-08 
13E-08 
3.4E-09 
l.lE-07 
9.7E-08 
1.2E-09 

5.5E-08 

1.4E-08 
1.4E-08 

20E-08 

- 

8.3E-10 
3.8E-08 

1.8E-04 

Ekposure pathway: residential dermal exposwe to soil 
Inorganics 

6.1E-M 

6.5E-06 
5.9E-05 
5.2E-06 
S.SB-05 
338-06 
6.1E-07 

8.7E-06 
1.1E-05 
8.2E-OS 

3.88-08 
26E-08 
20E-08 
6.9E-09 
1.3E-07 

1.4E-07 

1 -8E-09 
7.8E-08 
1.7E-08 
1.7E-08 

2.SE-08 
1.2E-09 
43E-08 

24E-04 

I_ 

25E-06 3.1E-06 3.7E-06 22E-06 27E-06 

'75E-06 

8.6E-06 
7.7E-05 
7.0E-06 
7.0E-05 
43E-06 
9-2E-07 
1.8E-05 
1.6E-05 

l.lE-04 

9.0E-08 
3.3E48 
3.2E-08 
1.4E-08 
1.6E-07 
2.0E-07 
2.7E-09 

l.lE-07 
20E-08 
1.9E-08 

3.0E-08 
1.7E-09 
4.8E-08 

3.2E-04 

- 

3.4E-06 
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Table 7.12~ (continued) 

K-25 risk Bethel Valley risk 
Analyte 

La955 Median UcB95c LCB95* Median UCB95‘ 

Exposure pathway: residential d e m l  exposure to soil (continued) 
organics 

Bem(a)an t hracene 
&nzo(a)pyrene 
Benzo( b)fluoranthene 

Y3enzo( k)fluoranthene 
C w n e  
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 
Phenanthrene 

Benzo(g4,i)perylene 

7.3E-07 
7.4E-06 
8.0E-07 
5.9E-06 
45E-07 
1.0E-07 
6-4E-07 
20E-06 
13E-05 

l.lE-06 
9.68-06 
l.lE-06 
8.8E-06 
5.8E-07 

1.6E-07 
15E-06 
29E-06 
1.7E-05 

1.6E-06 
1.3E-05 
1.6E-06 
13E-05 
7.4E-07 
25E-07 
3.6E-06 
4.1E-06 
2.2E-05 

l.lE-06 
1.0E-05 
8.8E-07 
9.4E-06 
5.8E-07 
l.lE-07 
9.6E-07 
1.7E-06 
1.4E-05 

1.4E46 
13E-05 
12E-06 
1.2E-05 

7.4E-07 
1.7E-07 
1.9E-06 
2.4B-06 
1 .SE-M 

1.9E-06 
1.7E-05 
15E-06 
1 -6E-05 
9.5E-07 
26E-07 
4.0E-06 
35E-06 
24E-05 

Total pathway risk 33E-05 4.6E-05 6.4E-05 4.1E-05 5.4E-05 7.2E-05 

Ekposure pathway: resiiential a l e m i  exposure to radiation 
Radionuclides 

Cesium-137 
Neptunium237 
Plutonium-238 
Plutonium-239mo 
Potassium40 
Radium-226 
Technetium-99 
Thorium-228 
Thori u m-230 
Thorium-232 
Tritium 
Uranium-2331234 
Uranium-235 
Uranium-238 

2.7E-05 
7.2E-07 
29E-11 
8.9E-12 
1.6E-04 
l.lE-04 
1-1E-11 
1.2E-04 

l.lE-09 
6.7E-10 
O.OE+OO 
&4E-10 

3.8E-07 
8.2E-07 

6.5E-05 
9.6E-07 
5.OE-11 
21E-11 
20E-04 
1.6E-04 

1BE-11 
1.7E-04 

1.4E-09 

O.OE+(K, 
1.OE-09 
5.4E-07 
9.2E-07 

7.8E-10 

1.5E-04 
13E-06 
8.7E-11 
5.OE-11 
24E-04 
23E-04 
29E-11 
25E-04 
1.6E49 
9.l.E-10 
0.0E+00 
12E-09 
7.6E-07 
1 .OE-06 

22E05 
7.4E-07 
3.1E-11 
7.6E-12 
l.0E-04 

9.2E-05 
1.1E-11 
l.lE-04 
l.lE-09 
5.9E-10 
- 

1.OE-09 
24E-07 
9.4B-07 

5.2E-05 
9.6E-07 
4.9E-11 
1.6E-11 
13E-04 
13E-04 

1.5E-04 

1.3E-09 

1.6E-11 

6.9E- 10 
- 

1.2E-09 
3.4E-07 
l.lE-06 

12E-04 
1.2E-06 
7-75 1 1 

32E-11 
1 SE-04 
1.9E-04 
2.4E-11 
2.2E-04 
1-6E-09 
8.OE-10 

15E-W 
4.7E-07 
1.2E-06 

- 

Total pathway risk 4.2E-04 5.9E-04 8.E-04 3.3E-04 4.7E-04 6.9E-04 

Total Cumulative Risl/ 6.0E-04 8.4E-04 12E-03 55E-04 7.6B-04 l.lE-03 

e The LCB95, median, and UCB95 analyte concentrations are evaluated in terms of total backgrwnd risk 

bLCB95 = Lower 95% confidence bound on the median. 
WCB95 = Uppet 95% mafdence bound on the median. 
d?he sum of tbe risk from aU analytes for all pathways. 

(risk to an adult plus risk to a child). 
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Table 7.1% Comparative background risk estimates from errposure to soil 
constiluents from the Oak Ridge R e s e r v a t i o n - N o ~ ~  

Oak Ridge Reservation risk 

LCB95b Median UCB95" 
Analyte 

Reryllium 

Cesium-137 

Curium-247 

Nept uniu rn-237 

Potassi urn 40  

Radi urn-226 

Technetium-99 

Thori um -228 

Thorium-230 

Thorium -232 

Thorium-234 

Uraninrn-233/234 

Uranium-235 

Uranium-238 

Exposure pathway: residential ingation of soil 

Inorganics 

4.3E-fM 5.3E-06 

Radionuclides 

7.9E-09 

1.3E-09 

2.6E-08 

1.7E-07 

7.7E-OS 

1.OE-09 

7.3E-08 

1.3E-08 

1.9E-08 

6.2E-09 

2.1E-08 

1.2E-09 

4.OE-08 

1.9E-08 

1.5E-09 

3.E-08 

2.1E-07 

l.lE-07 

1.8E-09 

1.OE-07 

1.6E-08 

2.3E-08 

7.2E-09 

26E-08 

1.4E-09 

4.5E-08 

Total pathway risk 4.8E-06 5.9B-06 

Exposure pathway: residential demal exposure to soil 

Inorganics 

Beryllium 

Total pathway risk 

1-9E-06 2.4E-C.6 

1.9E-06 2.4E-06 

6.5B-06 

4.4E-08 

1.8E-09 

5.3E-08 

2.6E-07 

1.6E-07 

3.1E-09 

1.5E-07 

1.9E-08 

2.6E-08 

8.3E-09 

3.1E-08 

1.7E-09 

5.1 E-08 

7.3E-06 

2.9E-06 

2.9E-06 
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Table 7,Wa (continued) 

Oak Ridge Reservation risk 

LCB9fib Median UCB95" 
Analyte 

Exposure pathway.. residential external exposure to radiation 

Radinudidg 

Cesium-137 

Curium-247 

Neptunium-237 

Po tassi urn-40 

Radium-226 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Uranium-233lZ34 

Uranium-235 

Uranium-238 

Total pathway risk 

Total Cumulative Riskd 

l.lE-05 

1.OE-07 

9.6E-07 

1.6E-04 

7.3E-05 

9.lE- 12 

1.4E-04 

1 .OE-O9 

8.OE-10 

1 .OE-07 

1.1E-09 

3.4E-07 

9.9E-07 

3.9E-04 

4.OE-04 

2SE-05 

1.2E-07 

1.4E-06 

2.OE-04 

1.1E-04 

1.6E-11 

2.OE-04 

1.3E-09 

9.3E-10 

1.2E-07 

1.3E-09 

4.1 E-07 

1.1E-06 

5.3E-04 

5.4E-04 

6.OE-05 

1.4E-07 

2.OE-06 

2.4E-04 

1 .SE-04 

2.8E- 1 1 

29E-04 

1.5E-09 

l.lE-09 

1.4E-07 

1.6E-09 

4.9E-07 

1.2E-06 

7.5E-04 

7.6E-04 

%e LCB9.5, median, and UCB9.5 analyte concentrations are evaluated in terms of total background 

bLCB95 = Lower 95% confidence bound on the median. 
TJCB95 = Upper 95% confidence bound on the median. 
h e  sum of the risk from all anayes for all pathways. 

risk (risk to an adult plus risk to a child). 
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Table 7.13b. Comparative background risk estimates from exposure to soil 
constituents from the Oak Ridge Resemtion-Ckpultepd 

Analyte 
Oak Ridge Reservation risk 

LCB9Sb Median UCB95' 

Exposure pathwuy: residential ingestion of soil 

XnOrganieF 

Beryllium 1.8E-06 24E-06 

Benzo(a)anthracene 

Bemo(a) pyrene 

Benzo@)fluoranthene 

Benzo (g,h,i)perylene 
Benzo(k)fluoranthene 

Dibenz(a,h)anthracene 

Indeno( 1,2,3-cd)pyrene 
Phenanthrene 

Cesium-137 
Neptunium-237 

Pi b: ;onium-238 

Potassium4 

Radium-226 

Thorium-223 

Thorium-230 
Thorium-232 

Uranium-2331'234 
Uranium-235 

Uranium-238 

1.3E-06 

2.5E-05 

1.9E-06 

2. E-05 
1.2E-06 

5.9E-06 
4.4E-06 
2.5E-05 

Radionuclides 

1SE-08 
1.4E-08 

1.4E-08 
3.6E-08 

9.OE-08 

2.9E-08 
l.lE-08 

8.1 E-09 

1.8E-08 
1.OE-09 

3.5E-08 

1.9E-06 

3.8E-05 

3.4E-06 

2.9E-05 

1.8E-06 
1.2E-05 
9.OE-06 
3.6E-05 

3.5E-08 
1.E-08 

2.2E-08 

4.4E-08 

1.3E-07 

4.2E-08 

1.3E-08 
9.4E-09 
2.2E-08 

1SE-09 
4.OE-08 

Total pathway risk 8.7E-05 1.3E-04 

.?%pornre pathway: residential d m a l  exposure to soil 

Inorganics 

Beryllium 8.OE-07 1.OE-06 

3.1E-OS 

2.8E-06 

5.6E-05 
6.OE-06 

4.2E-05 
2.6E-M 

2.3E-05 
1.8E-05 
5.2E-05 

8.3E-08 
2-56-08 
3.6E-08 
5.3E-08 
1.9E-07 

6.OE-08 

1.5E-08 
l.lE-08 

2.7E-08 
2.1E-09 
4.4E-08 

2.1 E-04 

1.4E-06 
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Table 7 . B  (mntiaued) 

Oak Ridge Reservation risk 

LCB95' Median UCB95' 
Analyte 

&pornre pathway resgential dermal exposure to soil (continued) 

Benzo(a)ant hracene 
Benzo(a)pyrene 

Benzo@)fluoranthene 
Benzo(g,h,i) perylene 

Benzo(k)fluoranthene 
Dibenz(a,h)an thracene 

fndeno( 1,2,34)pyrene 

Phenanthrene 

3.0E-07 

5.6E-tX 

4.3E-07 
4.6E-06 
2.7E-07 
1.3E-06 

9.9E-07 

5.5E-06 

4.3E-07 
8.4E-06 

7.6E-07 
6.5E-06 
4.OE-07 
2.6E-M 

20E-06 
7.9E-06 

6.3E-07 

1.3E-05 

13E-06 
9.4E-06 
5.8E-07 
5.2E-06 
4.1 E-06 
1.1E-05 

Total pathway risk 2OE-05 3.OE-05 4.7E-05 

Exposure pathwuy: residential mtmal exposure to radiatbn 

Cesium-137 

Neptunium-237 

Plutonium-238 

Potassium-40 

Radium-224 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-2331234 
Uranium-235 

Uranium-238 

Total pathway risk 

Total Cumulative Riskd 

2.OE-05 
5.2E-07 
3.3E-11 

3.4E-05 

8.6E-05 
5.7E-05 

8.4E-10 
3.3E-10 
9.2E-10 
29E-07 
8.7E-07 

2.OE-04 

3.1E-04 

4.8E-05 
6.9E-07 

5.4E-11 

4.1 E-05 
1.3E-04 

8.1E-05 
1 .OE-O9 
3.9E-10 
l.lE-09 

4.2E-07 

9.7E-07 

3.OE-04 

4.6E-04 

l.lE-04 

9.2E-07 

8.8E-11 

5.OE-05 

1.8E-04 
1.2E-04 

1.2E-09 

4SE-I0 
1.3Ea9 
6.OE-07 

1.1E-06 

4.6E-04 

7.2E-04 
~- - ~~ 

%e LCB95, median, and Urn95 analyte mncenlrations are evaluated in terms of total background risk 

'LCB95 = Lower 95% confidence bound o n   be median. 
cUCB95 = Upper 95% ConEdence bound on the median. 
%e sum of the risk from all analytes for all pathways. 

(risk to an adult plus risk to a child). 



Table 7.14~ Comparative background hazard index estimates from exposure to soil mnstituents 
from the Oak Ridge Reservation, Anderson County, and Roane County-Dismal Gap" 

____ ~~ - 

Oak Ridge Reservation HI Anderson County HI Roane County HI 

LCB95b Median UCB95" XB95' Median UCB95' LCB9Sb Median UCB95' 
A n a y e  

Eq~osure pathway: residential ingesirion of soil 

Iw%mics 
Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Chromium VI 
Cyanide 

Manganese 

Mercury 

Mercury (salts) 
Nickel 

Nickel (salts) 

Selenium 
Strontium 

Vanadium 

Zinc 

- 
WE41 
1.5E-02 
1.8E-03 
1.3E-03 
1.9E-02 
43B-05 
7.4E-02 
13E-02 
13E-02 
1.3E-02 
1.3E-02 
- 

13E-04 
6.0E-02 
1.9E-03 

I 

29E-01 

20E-02 
22E-03 
22E-03 
2.3842 
9.2E-05 
l.OE-O1 
15E-02 
1.5E-02 
1.7E-02 
1.7E-02 
- 

1.9E-04 
6.9E-02 
24E-03 

- 
3.8E-01 
26E-02 
2.7E-03 
3.6E-03 
27E-02 
20E-04 
1.4E-01 
1.7E-02 
1.7E-02 
2.1502 
2.1E-02 
- 

2.7EM 
7.9E-02 
3.0E-03 

Total pathway HId 43E-01 5.5E-01 6.9E-01 

Antimony 

Arsenic 
Barium 

Beryllium 

Boron 

Chromium VI 
Cyanide 

Manganese 

Mercury 

Mercury (salts) 
Nickel 

Nickel (salts) 

Selenium 

Strontium 
vanadium 
Zinc 

- 
3.1E-03 
2.1E-03 
4.8E-04 
1.7E-05 
4.1E-03 
1.4E-06 
20E-02 

1.7E-04 
l.lE-03 
1.8E-04 
3.6E-03 
- 

1.7E-06 
3.1E-02 
5.2E-05 

3.0E-02 3.1E-02 
1.6E-01 21E-01 
1.3E42 1.6E-02 
1.9E-03 24E-03 
- 

22B-02 
5.0E-05 
5.2E-02 
3.6E-03 
3.6E-03 

1.2E-02 
1.2E-02 

1.7E-03 
l.lE-04 
5.4B-02 
1.9E-03 

- 
2.6E-02 
9.5E-05 
7.2E-02 
4.5B-03 
4.5B-03 

1.5E-02 
1.5E-02 
21E-03 
1.5E-04 
6.1E-02 

2.35-03 

35E-01 4.4E-01 

338-02 
26E-01 
2.1E-02 
29E-03 
- 

3.0E-02 
1.8E-04 
9.58-02 
5.6E-03 
5.6E-03 

1.8E-02 
1.UE-02 
2.7E-03 
2OE-04 
7.0E-02 
2.9E-03 

5.5E-01 

Exposure pathway: residential dermal evposure to soil 
laorganics 

- 
3.9E-03 
2.7E-03 
5.9E-04 
2.9E-05 
4.8E-03 
3.1EdM 
27E-02 

20E-04 
13E-03 
2.2E-04 
4.4E-03 
- 

25E-06 
3.6E-02 
6.4E-05 

- 
5.0E-03 
3.5E-03 
7.2E-04 
4.8E-05 
5.7E-03 
6.6E-06 
3.7E-02 

2.3E-04 
1.6E-03 
2.8E-04 
5.5E-03 
- 

3.6E-06 
4.1E-02 
7.9E-05 

Total pathway HId 6.5E-02 8.1EQ2 1.OE-01 

27E-03 2.8E-03 2.9E-03 

21E-03 2.7E-03 3.5E-03 
1.7E-03 2.2E-03 28B-03 
5.1E.04 63B-04 7.7E-04 
I 

4.6E-03 
1.7E-06 
1.4E-02 
4.8E-05 

3.2E-04 
1.6E-04 
3.2E-03 
3.7E-05 
1.4E-06 
2.8E-02 
5.1E-05 

- 
55E-03 
3.2E-06 
1.9E-02 
6.0E-05 
4.0E-04 
2.OE-04 
3.9E-03 
4.7E-05 
1.9EdM 
3.2E-02 
6.3E-05 

- 
6.5S43 
6.OE-M 
2.6E-02 

7.4E-05 
S.OE-04 
24E-04 

4.9B-03 
5.9E-05 
2.7E-06 
3.6E-02 
7.9E-05 

5.7E-02 6.9B-02 8.5B-02 

- 
22E-01 
1.4E-02 
1.5E-03 
288-03 
2.1E-02 
1.2E-M 
1.3E-01 
6.1E-03 
6.1E-03 
9.6E-03 
9.68-03 

1 SE-03 
8.5E-05 
5.7E-02 

1.6E-03 

s 

28E41 
1.8E-02 
1.8E-03 
4.1E-03 
258-02 
23E-04 
1 .7E-01 
7.3E-03 
73E-03 
1.2E-02 

1.2E-02 

20E-03 
1.2E-04 
65S-02 
1.9E-03 

- 
335-01 
23E-02 
22E-03 
6.0E-03 
2.9E-02 
4.XE-04 
2.4E-01 
8.7843 
8.78-03 
1.5E-02 

1.5E-02 

28E-03 
1.6E-04 
7.5E-02 
24E-03 

4.6E-01 5.9E-01 7.6E-01 

- 
29E-03 
1.8E-03 
4.OE-04 
3.7E-05 

4 x 4 3  
4.1E-06 
3.4E-02 
8.2E-05 
5.4E-04 
1.3E-04 
2.6E43 

3.3E-05 
l.lE-06 
3.0E-02 
4.1E-05 

- - 
3.7B-03 4.7E-03 
2.4E-03 3.1E-03 
4.9E-04 6.0E-04 
5.4E-05 8.0E-05 
5.3E-03 6.3E-03 
7.5E-06 1.4E-05 
4.6E-02 6.4E-02 

9.78-05 1.2E-04 
6.5E-04 7.7E-04 
1.6E-04 20E-04 
3.2E-03 3.9B-03 
4.6E-05 63E-05 
1.6E-06 21E-06 
3.48-02 3.9EM 
5.1E-05 63E-05 

7.6842 9.6E-02 1.2501 

The LcB95, median, and UCB95 analyte concentrations are evaluated in terms of total hazard index (total HI = HI 
chronic for an adult plus HI subchronic for a child). 

bLCB95 = Lower 95% confidence bound on the median. 
'UCB95 = Upper 95% confidence bound on the median. 
%e tolal pathway hazard index does not include HI values for mercury and nickel metals. 
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Table 7.14b. Comparative background hazard indea: estimami from exposure to soil mmtitaents 
from the Oak Ridge Ramation, Anderson County, and Roane Connty-Copper Rid& 

Oak Ridge Resewation HI Axletson County HI Rome Couny HI 

L a 9 9  Median UCB95" LcS95b Median UCBW LC1395~ Medlaa UCB95" 
h b t e  

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Molybdenum 
Nickel 
Nickel (salts) 
Selenium 
Strontium 

Vanadium 
Zinc 

8.9E-01 

l.lE-02 
1.2E-03 
1 z-02 
7.9E-02 
6.3E-03 
6.3E-03 

3.Z-03 
43E-03 
4.3E-03 
1.4E-03 
6.0E-05 
4.7E-02 
1.3E-03 

Exposure pathway: residential ingestion of soil - 
l.lE+00 
1 3 2 2  
1.4E-03 

1.4E-02 
l.lE-O1 
7.4543 
7.4E-03 
4.0E-03 

5.48-03 
5.4E-03 
1.8E-03 
83EM 
53E-02 
1.6E.03 

15E+00 
1.9E-02 
1.8E-03 
1.7E-02 
158-01 
8.7E-03 
8.7E-03 
5.0E-03 
6.9E-03 
6.9E-03 
23B-03 
l.1E04 
6.1E-02 

20E-03 

4.5Eo1 
1.8E-02 
1.7E-03 
1.6E-02 
1.6E-01 
4.4843 
4.4E-03 
- 

4.9E-03 
4.98-03 
23E-03 
9.6E-05 
6.1E-02 
1.7E-03 

Acenaphthene 
Anthracene 
Fluoran thene 

Fluorene 
Naphthalene 

m e  

Total pathway HId 

ArseniC 

Barium 
Beryllium 
Chromium VI 
Manganese 
Memry 
Mercury (salts) 
Molybdenum 
Nickel 

Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

4.6E-05 63E-05 8.SE-05 
4.8E-06 78E-06 1.3E-05 
29E-04 3.9E-04 5.4E-04 
3.2E-05 5.8E-05 l.lE-04 
1.4E-03 2sE-03 5.8E-03 
3.2E-04 4.4E-04 6.2E-04 

S.7E-01 

23E-132 
21E-03 
1.8E-02 

23E-01 
5.2E-03 
5.2E-03 
- 

6.1E-03 
6.1E-03 
29E-03 
1.3E-04 
7.0E-02 
21E-03 

73E-01 
30E-02 
26EU3 
2.2E-02 
3.1E-01 
6.1E-03 
6.1E-03 
I 

7.6843 
7.6E-03 
3.7E-03 
1.8E-04 
8.0E-02 
26E-03 

3.6E-05 5.3E-05 7.7E-05 
7.1E-06 1.2E-05 2.0E-05 
1.2Em 1.9E-04 29E-04 
7.7E-05 1.4E-04 27E-04 

1.9E-04 27E-04 3.9E-04 

- - - 

7.2E-01 9.3E-01 1.2E+OO 

Exposure pathway: rshienhal dennal exposure to soil 

1.2E-02 
15E-03 

3.1E-04 
25E-03 
21E-OZ 
8.4E-05 
5.6E-04 
43E-05 
5.7E-05 

l.lE-03 
3.2E-05 
8.1E-07 
24E-02 
3.6E-05 

15E-02 
1.9E-03 

3.9E-04 
3.0E-03 
29E-02 
9.9E-05 
6.6E-04 
53E-05 
7.2E-05 
1.4E-03 
4.0E-05 
l.lE-06 
2XE-02 
4.4E-05 

1.9E-02 
25E-03 
4.8E-04 
3.68-03 
3.9E-02 
1.2E-04 
7.7E-04 
6.6E-05 
9 3 3 3 5  
1.8E-03 
5.1E-05 
15Eo6 
3.2E-02 
5.4E-05 

6.OE-03 
24E-03 
4.6E-04 
33E-03 
4.4E-02 
5.8E-05 
3.9E-04 
- 

4-68-05 
135-03 
5.2E-05 
13E-06 
335-02 
4.5E-05 

7.6E-03 

3.1E-03 
5.6E-04 
39843 
6.0E-02 
6.9E-05 
4.68-04 

8.E-OS 

1.6E-03 
6.5E-05 
1.8E-06 
3.6E-02 
S.5E-05 

- 

9.7E-03 
4.1E-03 
6.9504 

4.7E-03 
83E-02 

8 Z 4 5  
5.4E-04 

1.OE-04 
2.0E-03 
8.2E-05 
24E-06 
4.1E-02 
6.9505 

- 

3.4E-01 
9.5E-03 
l.lE-03 
9.8E-03 
6.3E-02 
4.7643 
4.7E-03 - 

4.4E-01 
1.2E-02 
13E-03 
1 z - 0 2  
8.6E-02 
5.6E-03 
5.6E-03 - 

5.6E-01 
1.6E-02 
1.6E-03 
1.4E-02 

1.2E-01 
6.6E-03 
6.6E-03 
- 

I - - 
1.XE-03 1.4E-03 1.8E.03 
5.7E-05 8.2E-05 1.2E-04 
4.1E-02 4.7E-02 5.3E-02 

15E-03 1.9E-M 2.3E-03 

21E-05 3.5E-05 6.0E-05 
7.7E-06 1.2E-05 20E-05 
2.1E-04 29E-04 4.OE-04 
3.5E-05 6.E-05 l.lE-04 

1.3E-04 1.9E-04 26E-04 
- - 

4.7E-01 6.0E-01 7.7E-01 

45E-03 

1.3E-03 
2.8E-04 
21E-03 
1.7E-02 
6.3E-05 
4.2E-04 
I 

- 
I 

2.4E-05 
7.6E-07 
21E-02 
4.0E-05 

5.8E-03 7.4E-03 
1.7E-03 21E-03 

3.4E-04 4.2E-04 
2533-03 29E-03 
23E-02 3-2E-02 
7.4E-05 8.8E-05 
5.OE-04 5.8E-04 - - 
- - 
I - 

3.0E-05 3.9E-05 
l.lE-06 1.6E-06 
24E-02 2.8E-02 
5.0E-05 6.1E-05 



Table 7.14b (continued) 

Oak Ridge Reservation HI Anderson County HI Rwne  County HI 

Analyte 
LCB9Sb Median UCB95C LCB95' Median UCB9SC LCB9sb Median UCB95' 

@omre pathway: residenhhl dermal exposure to soil (continued) 

%@= 

Amnaphthene 1.5E-05 20E-05 27E-05 1.2E-05 1.7E-05 2.4E-05 6.6E-06 l.lE-05 1.9E-05 
Anthracene 1SE-M 25E-06 4.0E-06 23E-06 3.8E-06 63E-06 2.4E-06 4.OE-06 65E-06 

Fluoranthenc 9.2E-05 13E-04 1.7E-04 3.9E-05 6.OE-05 9.3E-05 6.8E-05 9.2E-05 1.3E-04 

Fluorene 1.0E-05 1.8E-05 33E-05 258-05 45E-05 8.4B-05 1.1E-05 2.OE-05 3.5B-05 

%=ne 1.OE-04 1.4E-04 ZOEW 6.0E-05 8.6E45 1.2E-04 4.3E-05 6.DE-05 83E-05 

Naphthalene 1.9E-04 3.8E-04 7.8E-M - - - - - - 

Total pathway HId 6.4E-02 8.0E-02 l.OE-O1 9.0E-02 l.lE-01 15E-01 4.76-02 5.8E-02 73E42 

T h e  LCR95, median, and UCB9.5 anawe concentrations are evalualed in terms of total hazard index (total HI = HI chronic for an adult 

%CESS = Lower 95% confidence bound on  the median. 
cUCB95 = Upper 95% canfidence bound on the median. 
%e total pathway b a r d  index doer not inctude HI values for merculy and nickel melalr 

plus HI subchronic for a child). 

Table 7.14~ Comparative background hazard index estimates born exposure to soil constituents 
from the Oak Ridge Reservation (Fiethe1 Valley and K-25 )-Chi&amaugaa 

Analyte 
Bethel Vallev HI K-25 HI 

LCB95' Median UCS9S' LC895b Median UCB95' 

Arsenic 
Rarium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

Exposure pathway: residential ingestion of soil -* 
23E-01 
1.2E-02 
24E-03 
26E-02 
7.8E-02 
6.4E-0: 
6.4E-Q: 
7.7E-03 
7.7E-03 
1.7E-03 
8.3E-05 
65E-02 
1.7E-03 

2.9E-01 
1.6E-02 
2.9E-03 
3.1E-02 
l.lE-O1 
75B-03 
7.5E-03 
9SE-03 
95E-03 
2.1E-03 
13E-04 
7.4E-02 
21E-03 

3.8E-01 
21E-02 
35E-03 
3.7E-02 
1.5E-01 
8.8E-03 
8.8B-03 
1.2E-02 
1.2E-02 
26E-03 
2.0E-04 
8.5E-02 
2.6E-03 

28E-01 
1.2E-02 
2 1E-03 
2.5E-02 
1.2E-01 
20E-0: 
2.0E-O; 
9.8E-03 
9.8E-03 
1.7E-03 
2.0E-04 
6.5E3-02 
1.8E-03 

3.6E-01 
l.dE-02 
2.6B-03 
3.0E-02 
1.7E-01 
23E-02 
23E-02 
1.2E-02 
1 -2E-02 
22E-03 
2.8B-04 
7.4EG2 
22B-03 

4.6E-01 
20E-02 
3.2E-03 
35E-02 
23E-01 
27E-02 
27E-02 
1SE-02 
15E-02 
2 x 4 3  
3.8E-04 
85E-02 
2-7E-03 
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Tabk 7.14~ (amtinad) 

Bethel Valley HI K-25 HI 
LC3Mb Median UCB95' LCB95' Median WCB95' 

h l y t e  

Ejtposure pathway: residential dermal exposure lo soil (continued) 

Acenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Naphthalene 

m n e  

Total pathway HId 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Z d n C  

Acenaph t hene 
Anthracene 
Huoranthene 
Fluorene 
Naphthalene 
Pyrene 

Total pathway HId 

9.1E-05 1.5E-04 26E-04 43E-05 
3.OE-06 55E-06 1.0E-05 7.1E-06 
2.2E-04 3.3E-04 4.8E-04 3.3E-04 
8.1E.05 1.7E-04 3-78-04 6.2E-05 
1.2E-03 -43 3.9E-03 3.6E-04 
4.3E-04 6.9E-04 l.lE-03 6.9E-04 

43E-01 55E-01 7.0E-01 5.4E-01 

Exposure pathway: residential dermal exposure to soil 

3.1E-03 
1.7E-03 
6.3E04 
5.6E-03 
21E-02 
8.6E-05 
5.7E-04 
1.OE-04 
2.0E-03 
3.7Eo5 
l.lE-06 
338-02 
4.6E-05 

29E-05 
9 . m 7  
7.1E-05 
2.6845 
1.7E-04 
1.4E-04 

6.8E-02 

3.9E-03 
21E-03 
7.7E-04 
6.6E-03 
288-02 
l.0E-04 
6.7E-04 
13E-04 
258-03 
4.7E-05 
1 .E& 
3.8E-02 
5.7E-05 

5.0E-03 
28E-03 
9.4E04 
7.9E-03 
39E-02 
l.E-04 
79E-04 
1.6E-04 
3.2E-03 
59E-05 
27s-06 
4.4E-02 
7.0E-05 

4.9E-05 8.4E-05 
1.7E-06 3.2E-06 
1.OE-04 1.5E-04 
S5E-05 1.2E-04 
29E-04 5.2E-04 
2E-04 35E-04 

3.8843 
1.6E-03 
5.6E-04 
5.4EM 
3.3E-02 
2.7E-04 
1SE-03 
1.3E-04 
26E-03 
3.8E-0S 
27E-06 
3.4E-02 
4.7E-05 

1 -4E-05 
2-3E-06 
l.0E-04 
20E-05 
4.8E-05 
22E-04 

8.3E-02 

5.9E-05 
l.lE-05 
45E-04 
9.3E-05 
6.6E-04 
9.7E-04 

6.9E-0 1 

4.8E-03 
21E-03 
6.9E-04 
63E-03 
4-58-02 
3.1E-04 
2- 1E-03 
1.6E-04 
3.3E-03 
4.8E-M 
3.7E-06 
3.8E-02 
5.8E-05 

1.9E-05 
35E-06 
1.4E-04 
3.0E-05 
EL9E-05 
3.1E-04 

1.OE-01 

8.0E-05 
1.7E-05 
6.3E-04 
1.4E-04 
1.2E-03 
1.3E-03 

8.9E.01 

6.1E-03 
2.7E-03 
8.5E-04 
7.58-03 
6.2E-02 
3.6E-04 
2.4E-03 
2.0E-04 
4.0E-03 
6.1E-05 
5.OE-06 
4.4E-02 
7.2E-05 

2.5E-05 
5.4E-06 
2OE-04 
4.5845 
1.6E-04 
43E-04 

13E-01 8.4E-02 1.OE-01 

The LCBYS, median, and UCB95 analyte concentrations are evaluated in terms of total hazard index (total Hi = HI chronic 

bLC€39S = h e r  95% oonfidena bound on the median. 
WCB95 = Upper 95% mnfidence bound on the median. 
'%e total pathway hazard index does not include HI values E' mercury and nickel metals. 

for an adult plus HI subchronic far a child). 
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Table 7.15a Comparative background hazard index sthates from exposure 
to soil oonstitoents from the Oak Ridge Reservation-Nouchmzkf 

Oak Ridge Reservation HI 

LCB95' Median UCB9Y 
Analyte 

Antimony 
Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

Exposure pathway: residetuial ingestion of soil 

1.6E-02 1.6E-02 
22E-01 29E-0 1 

1.2E-02 1.5E-02 
1.8E-03 22E-03 

21E-02 26E-02 
4.8E-02 6.6E-02 
7.4E-03 8.7E-03 
7.4E-03 8,7E-03 
9.9E-03 1.2E-02 
9.9E-03 1.2E-02 
13E-03 1.6E-03 
7.8E-05 l.lE-04 
5.7E-02 6.6E-02 
1.4E-03 1.8E-03 

Total pathway HId 3.9E-0 1 5.1E-01 

Erposiue parhwny: residential dermal erposue 10 soil 

-e 
Antimony 
Arsenic 

Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 

Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

1.4E-03 
29E-03 

1.6E-03 

4.8E-M 
45E-03 
13E-02 
9.9E-0S 

6.6E-04 
13E-04 
26E-03 
28E-05 
I.OE-06 
3.0E-02 
3.9E-05 

1.5E-03 
3.9E-03 
20E-03 
5.9E-04 
5.5E-03 

1.8E-02 
1.2E-04 
7.8E-04 
1.6E-04 
33E-03 
3.6E-05 
1.4E-M 
3.4E-02 
4.8E-05 

Total pathway HId 5.7E-02 6.9E-02 

1.7EU2 
3.9E-01 
2OE-02 
27B-03 
3.1E-02 
9.QE-02 
1.QE-02 
1.0E-02 
1.5E-02 
1JE-02 
20E-03 

1.5E-04 
7-58-02 
2.2E-03 

65E-01 

1.5E-03 
5.1 E43 
2.6E-03 
7.3E-04 
6.6E-03 
24E-02 
1.4E-04 
9.1E-04 
2.OE-04 
4.1E-03 
45E-05 
20E-06 
3.9E-02 
5.9E-05 

8.5E-02 

'The LCB95, median, and UCB95 analyte concentrations are evaluated in terms of total 

bLCB95 = Lower 95% rnnfidcncc bound on the median. 
WCB95 = Upper 95% confidence bound on the median, 
dThe total pathway hazard index does not include HI values for mercury and nickel 

h m r d  index (roial I f 1  = HI chronic for an adult plus HI subchronic for a child). 

metals. 



7-107 

Table 7.1%. Comparative backgronnd hazard index estimates from exposure 
to soil oonstituents fram the Oak Ridge R ~ t i o n - ~ a l ~  

Oak Ridge Resenation HI 

LCB95b Median UCI39S 
-we  

A t s e n i C  
Barium 
Berylfrurn 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

Acenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Naphthalene 

Pyrene 

E q m z u e  pathway: reside& ingestion of soil - 
4.2E-01 
83E-03 
7.5E-04 
l.lE-02 
6.8842 
5.1E-03 
5.1E-03 
8.8844 
4.0E-05 
5.3E-02 
15E-03 

5.3E-01 
l.lE-02 
9.9E-04 
13E-02 
93B-02 
6.1E-03 
6.1E-03 
1.2E-03 
5.6E-05 
6.1E-02 
1.9E-03 

21E-05 3-58-05 
1AE-06 35E-06 
1.4E-04 2.0E-04 
1.2E-05 24E-05 
15E-03 3.4E-03 
2OEo4 3.OE-04 

Total pthway ?-XId 5.7E-01 7.2E-01 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

Ejqrx3swe pathway: res&& dermal eqwsure @ soil 

5.6E-03 
l.lE-03 
2.OE-04 
24E-03 
1-BE42 
6.9E-05 
4.6E-04 
19E-05 
5.3E-07 
27E-02 
4.0E-05 

7.1E-03 
1.4E-03 
26E-04 
29E-03 
2.5E-02 
8.1E-05 
5.4E-04 
28E-05 
7.4B-07 
3.1E-02 
5.OE-05 

6.8- 1 
1.4E-02 
1 3 M 3  
1.6E-02 
13E-01 
72E-03 
7.232-03 
1.8E-03 
7.9E-05 
6.9E-02 

23E-03 

6.0E-05 
9.1E-06 
3.1E-04 
4.8E-05 
7.6E-03 
4.7E-04 

93E01 

9.1E-03 
1.9E-03 
35E-04 
3.4E-03 
3.4E-02 
9.6E-05 
6.4- 
3.9E-05 
l.OE-06 
3.6B-02 
6.1 EO5 
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Table 7.15b (continued) 

Oak Ridge Reservation HI 

a w e  LCB95’ Median UCB95‘ 

Exposure pathway: residential dermal q w s u r e  to soil (continued) 

Aenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Naphthalene 
Pyfene 

6.6E-06 1.1E-05 1.9E-05 
43E-07 l.lE-06 29E-06 
43E-05 658-05 9.8E-05 
3.9E46 7.7E-06 15E-05 
2OE-04 45E-04 1.OE-03 
6.2E-05 9.6B-05 1.5EOQ 

6.9E-02 8.7E-02 Total pathway HId 5.6E-02 

‘The LCB95, median, and UCB95 anawe concentrations are evaluated in terms of total hazard 

bLCB95 = h e r  95% confidence bound on the median. 
w - 9 5  = Upper 95% confidence bound on the median. 
dThe total pathway hazard index does not include HI values for mercury and nickel metals. 

index (total HI = HI chronic for an adult plus HI subchronic for a child). 

7.6.4 Background Risk Characterization for the ORR 

The carcinogenic and systemic health effects are evaluated for elements that have both 
a SF and a RfD. Some 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 it has at least one of the toxicity values. If neither of the 
toxicity values are available for a constituent, a quantitative CDI can be calculated 
(Table 7 4 ,  but the carcinogenic and systemic effect can only be evaluated qualitatively 
(Table 7.2). Such constituents may contribute to carcinogenic and noncarcinogenic effects 
from exposure to the soil, but their effect can not be quantified at the present time. For 
constituents that have both a SF and a RfD, both their carcinogenic and systemic health 
effects are quantified. 

7.6.4.1 Gminogenic 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. Shown in Table 7.16 are (i) the calculated CDIs (and doses), (ii) the 
calculated background cancer risk for an adult and a child, (5) the total background cancer 
risk (adult + child), and (iv) the total pathway risks for the constituents found in the ORR 
background soils (tables include analytes for which SFs are available). 

In general, for beryllium and PAHs (Table 7.16a), the background cancer risk for a child 
exposed to these constituents is slightly higher than that of an adult for the ingestion pathway, 
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and the child's risk is slightly lower than that of an adult for dermal exposure to soil. Note, 
beryllium is the only inorganic analyte found on the ORR, horizon A, €or which an oral SF 
is available. Exposure to beryllium and PAHs via soil ingestion or dermal contact, for the DG, 
NOL, CR, CHE, and CHI formations, results in total (adult + child) background cancer risks 
between 1.7e-07 and Me-04; refer to the far right column in Table 7.16a. The total pathway 
background cancer risks from exposure to beryllium and PAHs across these two pathways 
(ingestion and dermal contact) combined (cumulative background risk) are between 9.3e-06 
and 3.9e-U4, depending on the formation. Some of these cumulative background cancer risks 
are within the EPA range of concern (1.b-06 to I.Oe-O4), and most are even above the 
unacceptable range (Le, risk > 1.k-04) if these risks were from exposure to contaminated 
soils. 

Included in Table 7.16b 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 r isks for ingestion of soil containing radionuclides are less than 1.k-06 
for the DG, NOL, CR, CHE, and CHI formations. These risk values are less than the lower 
limit of the EPA range of concern, which is considered acceptable for exposure to site-related 
contaminants. 

The adult and child background cancer risk estimates for external exposure to ORR 
background soils containing radionuclides are summarized in Table 7.16~. Again, in general, 
the adult resident has a greater background cancer risk than the child resident. The total 
pathway background cancer risks (adult + child) €or DG, NOL, CR, CHE, and CHI 
lithologies are greater than 1.k-04 and fall in the EPA region of unacceptable risk (ie, risk 
> 1.k-04) for exposure to contaminated sites. 

?'he total cumulative exposure (ingestion of beryllium, PAHs and radionuclides, dermal 
contact with beryllium and PAHs, and external exposure to radionuclides) background cancer 
risks are all greater than l.Oe-04, as shown in Fig. 1. These relatively high total cumulative 
background risk results are predominantly from the background risks associated with the 
external exposure to radiation; of second most importance (to the cumulative background risk 
estimates) is exposure to these background constituents via ingestion of PAHS. Beryllium 
levels at BSCP sites are interpreted to be background. 

7-6-42 Noncarcinogenic background risk characterization for the ORR 

The results of the assessment of systemic toxicity of the background inorganic and 
organic constituents indicate, with one exception, that neither the ingestion of nor dermal 
contact with these analytes are a concern . Table 7.17 lists the (i) RfDs, (ii) CDIs for a child 
and an adult, (iii) background hazard indices for a child and an adult, and (iv) the total (adult 
+ child) background hazard indices for systemic toxicants. Background levels of arsenic in the 
Copper Ridge Formation give a HI greater than 1.0 (Le., an EPA unacceptable level) for the 
ingestion pathway (refer to Table 7.17a). Even though arsenic levels in ORR Copper Ridge 
soils are quite high, these levels are interpreted to be background and not surface 
contamination. No constituents are identified as having HIS greater than 1.0 for the dermal 
contact pathway (Table 7.1%). In general (with the exception of some PAHs), the child HI 
(subchronic) is greater than the adult HI (chronic) €or both the ingestion of soil and the 
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Table 7.16a Background cancer risk sthates from txposure 
to Oak Ridge Reservation soil constituents 

Inorganics and Organics/Ingestion and Dermal Contaa 

Adult daity Child daily Oral slope Adult Child Total 
Soil conc" intake intake facto? background background background 

(pCi/g) (rng/kg-day) (mg/kgday) (kgday/mg) cancer risk cancer risk cancer rise 
Anaryte 

DISMAL CAP 
Erpcuwe pathway: residartial ingenion of soil 

Iaorsanics 

Beryllium 

TOtalpltharayrisL 

Beryllium 

TocalpathaayrirL 

Beryllium 

Totalpathway* 

Beryllium 

TOtalFethaayriSL 

Beryllium 

Btnzo(a)anthracene 
B tnzo(a )wne  
Eknzo(b)fluoranthene 
Benzo(g,b,i)perylene 
Benzo(k)fluoranthene 
Chmcne  
Dibenz(a,h)anthracene 

Phenanthrene 

TotalpathwayliSk 

0.9572 45E-07 1.OE-06 43E+00 1.9E-06 

19- 

0.9572 2.4E-08 9.5E-09 8.6E+Old" 2.OE-06 

20E-06 

0.%39 45E-07 1.1E-M 43E+OO 1.9E-06 

1.9E.06 

0.%39 

0.6337 

2.6741 
35442 
3.1076 
3.8213 
1.8125 
5.4456 
1.5924 
53883 

Exposure pathway: raihuiuf  dermal q a w e  w soil - 
2.4E-08 9.68-09 8.6E+i& 2.1E-06 

21E- 

O P P E R  RIDGE 
&pasure pathway: miubial inp'on of soil 

rwrgania 

3.0E-07 

1.3E-06 
1.7E-06 
15E-06 
1.8E-06 
8.5E-07 
2.6E-06 
7.5E-07 
2.5E-06 

6.9E-07 43E+W 

29E-06 73E-01 
3.96-06 73E4-00 
3.4E-06 73E-01 
4.2E-06 7.3E4-00 
20E-06 73E-01 
6.0E-06 7.3E-02 
1.7E-06 73E+00 
5.9E-06 73E+00 

138-06 

9.2E-07 
1.2E-05 
l.lE-06 
13E-05 
6.2E-07 
1.9E-07 
5.5E-06 
1.SE-05 

5 3 E - a  

4.5E-06 

4sE.06 

8.28-07 

82E.M 

4.5B-06 

45E4x  

83E-07 

83E-07 

3.OE-06 

2.1E-06 
28E-OS 
2SE- 
3.1E-05 
1.4E-06 
4.4E-07 
13E-05 
43E-05 

133-04 

6.4E-06 

& 4 W  

29E-06 

2.9w 

65E-06 

653346 

29E-06 

29E46 

43E-06 

3.lE-06 
4.1E-05 
3.6E-06 
4.4E-05 
21E-06 
6.2E-07 
1.8E-05 
6.2E-05 

18Eo4 
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Table 7.16a (mntinned) 

Adult daily Child daily Oral slope Adult Child Total 
SoilmncP intake intake facto? background background background 

(pCiig) (mpl/kg-rtay) (mg/kg-day) (kg -dayhg)  can~crrisk cancerrisk canwrrisF maw 

COPPER RIDGE (rrmtiemd) 
EQxuunpmhq: msidmiddamal EyIlMwrto soil - 

BeryIlium 

Beozo(a)an thracene 

Benzo(b)fluoranthene 
BenzoCg, h,i)peryleoe 
Benzo(k)fluoranthene 

Dibenz(a,h)anthracenc 
Phenanthrene 

Benzo(a)Wrene 

Chrystne 

TOtalpathrsplyrist 

Beryllium 

Benzo(a)anthraaene 

BeWa)Wrene 
Benzo@)fluoranthene 

Benzo(g,h,i)perylene 
Benzo(k)flumnthene 
Dibenz(a,h)anthracene 
Indeno(l,2,3d)pyrenc 
Phenanthrene 

TOtalpatfinryrisL 

Beryllium 

Benzo(a)anthracene 
Benzo(a)pyrenc 

0.6337 

26741 
3.5442 
3.1076 
3.8213 
1.8125 
5.4456 
1,5924 
53883 

0.4597 

24615 
4.9345 
5.2792 

3.6832 
2.2941 
20312 

15.9171 
4.5165 

1.6E-08 

6.7E-07 
8.8E-07 
7.7E-07 
95E-07 
45E-07 
1AE-06 
4.0E-07 
1.3E-06 

63E-09 8.6E+01dL 

2E-07 
3.5E-07 
3.1E-07 
3.8E-07 
1.8E-07 
5.4E07 
1.6E-07 
5AE-07 

73E-01 
73E+00 
7.3E-01 
73E+OO 
73E-01 

7,3E + 00 
73E+OO 

9.2E-024c 

1.4E06 

4.9507 
6.4E-06 
5.6E-07 
6.9E-06 
3.3E-07 
1.2E-07 
29E-06 
9.8E-06 

22E-07 5.0E-07 4.3E+00 93E-07 

1.ZE-06 2.7E-06 7.3E-01 8.4E-07 
2.3E-06 5.4B-06 7.3E+00 1.7E-05 
25E-06 5,8846 7.3E-01 1.8E-06 
1.7E-06 4.0E-06 7.3E+Oo 13E-05 
l.lE-06 25E-06 73E-01 7.9E-07 
9SE-07 22E-06 73E+OO 7.0E-06 
7.5E-06 1.7E-05 73E-01 55E-06 
2.1E-06 4.98-06 73E+OO 15E-05 

6.2EXS 

5.4E-07 

1.9E-07 
2.6E-06 
2.3E-07 
28E-06 
1.3E-07 
5.0E-08 
1 .E46 
3.9E-06 

12E4.5 

2.2Ec-06 

20E-06 
3.9E-05 
4.2E-06 
29E-05 
1.8E-06 
1.6E-05 
1.3E-05 
3.6E-05 

1.4- 

1.98-06 

6.8E-07 
9.OE-06 
7.9E-07 
9.7E-06 
4.6E-07 
1.7E-07 
4.1E-06 
1.4E-05 

4.lE-05 

3.1E-06 

2.8846 
5.6E-05 
6.0E-06 
4.2E-05 
26E-06 
23E-05 
1 BE45 
5.2E-05 

21Ew 

0.4597 1.lE-08 4.6E-09 8.6E+Ol4' 9.8E-07 3.9E-07 1.4E-06 

2.4615 6.1E-07 25E-07 7.3E-01 4.58-07 1.8E-07 63E-07 
4.9345 1.2E-06 49E-07 7.3E+00 9.OE-06 3.6E-06 13E-05 
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Table 7.16a (mntinned) 
- 

Adult daily Child daity Oral slope Adult Child Total 
Soil cone“ intake intake facto$ background background background 

(pCi/g) (m&day) (mg/kgday) (kgdayhg) cancer risk cancer risk cancer risk" 
Analyte 

CHEPULmw (coatinued) 

or&anio(-~utd) 
-e @way: rtmih&l dsmol ctpaiure to soil (conniuced) 

Benzo(b)fluoranthent 

Benzo(g,h,i)perylene 
Beozo(k)fluoranthenc 
Dibenz(a,h)anthracene 
Indenrjl,2,3cd)pyrene 
Phenanlhrene 

T0talptb;rayrirL 

Beryllium 

Benzo(a)anthracene 

Benzo(a)pyrene 
Bern( b)fluoranthene 
Benzo(g,h,i)perylene 

Benzcz(k)fluoranthene 

Chrysene 
Dibenz(a,h)anthraane 
Indeno(l,2,3-ui)pyrrne 
Phenanthrene 

TdparbaaYrisL 

Beryllium 

Benzo(a)an thracene 

Benzo(a)Wne 
Benzo(b)fluoranthtne 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

Chrysene 
Dibenz(a,h)anthracene 

Indeno(l.2,3-cd)pyrene 
Phenanthrene 

TOtalpathaayria 

5.2792 13E-06 538-07 73E-01 9.6E-07 
3.6832 9.2E-07 3.7E-07 73E+00 6.7E-06 
22941 5.7E-07 23E-07 7.3E-01 4.2E-07 
20312 5.1E-07 2.0E-07 73E+QO 3.7846 

15.9171 4.0E-06 1.6E-06 73E-01 29E-06 
45165 l.lE-06 4JE-07 73E+00 8.2E-06 

33FM 

1.2480 5.9E-07 1.4E-06 4.3Ei-00 25E-06 

6.4199 
4.9220 
6.2993 
5.1307 
29069 
7.8215 
1.4178 

16.2-448 
8.7940 

1.2480 

6.4199 
4.9220 
6.2993 
5.1307 
29069 
7.8215 
1.4178 

16.2448 
8.7940 

3.0E-06 
23E-06 
3.0E-06 
2.4E-06 
1.4E-06 
3.7E-06 
6.7E-07 
7.6E-06 
4.1E-06 

7.0E-06 
5.4E-06 

5.6E-06 
3.2E-06 
8.6E-06 
1.6E-06 
1.8E-05 
9.6E-06 

6.9E-06 

7.3E-01 
73E+00 
73E-01 
7.3E f 00 
7.3E-01 
73E-02 

73E-01 
73E+00 

73E+00 

228-06 
1.7E-05 
22E-06 
1.8E-05 
1.OE-06 
2.7S-07 
4.9E-06 
5.6E46 
3.OE-05 

83m5 

3.1E-08 

1.6E-06 
1.2E-06 
1.6E-06 
13E-06 
7.2E-07 
1.9E-06 
3.5E-07 
4.OE-06 
2.28-06 

xwrlsanics 
1.2EUS 8.6E+Olde 

6.4E-07 
4.9E-07 
63E-07 
5.1E-07 
29E-07 
7.8E-07 
1.4E-07 
1.6E-06 
8.8E-07 

73501 
7.3E+00 
73E-01 
7.3E+00 
73E-01 
9.2E-0e 
73E+00 
73E-0i 
7.3E+00 

2.7E-06 

1.2E-06 
8.9E-06 
l.lE-06 
9.3E-06 
53E-07 
1.8E-07 
2.6E-06 
3.OE-06 
1.6E-05 

4 5 E M  

3.BE-07 
27E-06 
1.7E-07 
1.SE-06 
1-2E-06 
3.3E-06 

1 3 E M  

5.9E-06 

5.1E-06 
3.9E-05 
5.OE-06 
4.1E-05 
2.3E-06 
6.3E-07 
l.lE-05 
13E-05 

$E45 

1 9 W  

l.lE-06 

4.7E-07 
3-48-06 
4.6E-07 
3.7E-06 
2.1E-07 
7.2E-08 
1 .OE-06 
1.2E-06 
4.4846 

lSE-05 

1.3E-06 
9.4E-06 
5.8E-07 
5.2E-06 
4.1E-M 
l.lE-05 

4.7Eo5 

8.4E-06 

73E-06 
5.6E-05 
7.2s-06 
5.9E-05 
3335-06 
8.9E-07 
1.6E-05 
1.9E-05 
1.OE-04 

28E-04 

3.7E-06 

1.6E-06 
13E-05 
1.6E-06 
13E-05 
7.4E-07 
25E-07 
3.6E-06 
4.1E-06 
22B-05 

64E-05 
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Table 7.16a (continnerl) 

Adult daily Child daily Oral slope Adult Child Total 
Soil Cwco intake intake facto#' background background background 
(wig) (mgflrg-day) ( m a d a y )  (kgdayhg) cancerrisk cancernsk cancerriskc 

h l y t e  

UlICKAMAUGA (K-25) 
Eq?oswc*ww KFidartial inspstion of soil 

lrwgpaio 

Beryllium 

Benzo(a)anrhracene 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoran tbene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2,34)pyrene 
Phenanthrene 

*nzo(a)wrene 

Totalpathayria 

1.1188 

75107 
6.7506 
6.0862 
6.1621 
3.7231 
8.0071 
1 S579 

135674 
9.5013 

5.3E-07 1.ZE-06 43E+Oo 23E-06 

3.5E-06 
3.2E-06 
29Eo6 
29E-06 
1.7E-06 
3.8E-06 
7.3E-07 
6.4E-06 
45E-06 

82346 
7.4E-06 
6.7Eo6 
6.88-06 
4.1E-06 
8.8E-06 
1.7E-06 
1.5E-05 
1.0E-05 

73E-01 
73E+OO 
7.3E-01 
7.3E-i-00 
73E-01 
73E-02 
73E+OO 
7.3E-01 
73E+OO 

2f.iE-06 
23E-05 
21E-06 
2.1E-05 
1.3E-06 
27E-07 
53E-06 
4.7E-06 
3.3E-05 

9sE65 

Erposure p a h w q :  residential h a 1  qomre  to soil - 
1.1188 

75107 
6.7506 
6.0862 

6.1621 
3.7231 
8.0071 
15579 

13.5674 
95013 

28E-08 

1.9E-06 
1.7E-06 
lsE-06 
15E-06 
9.3E-07 
Z.OE-06 
3.9E-07 
3.4E-06 
2.4E-06 

l.lE-08 8.6E+0I4' 2.4E-06 

7.5E-07 
6.7E-07 
6.1E-07 
6.1E-07 
3.7E-07 
8.0E-07 
1.6E-07 
1.4E-06 
95E-07 

73E-01 

7.3E-01 
7.3E+00 
73E-01 

7.3Et00 
73E-01 
73E+OO 

73E+OO 

9.2E-024' 

1.4E-06 
1.2E-05 
l.lE46 
1.1E-05 
6.8E-07 
1.8E-07 
28E-06 
258-06 
1.7E-05 

5 2 E 4  

5.3E-06 

6.OE-06 
5.4E-05 
4.9E-06 
4.9E-05 
3.0E-06 
6.4E-07 
1.2E-05 
1.1E-05 
7.6E-05 

2.2E-w 

9.6E-07 

55E-07 
4.9E-06 
4.4E-07 
45E-06 
27E-07 
7.3E-08 
l.lE-06 
9.9B-07 
6.9E-06 

21W 

758-06 

8.6E-06 
7.7E-05 
7.0E-06 
7.0E-05 
43E-06 
9.2E-07 
1.8E-05 
1.6E-05 
l.lE-04 

3.2?%?4 

3.4E-06 

1.9E46 
1.7E-05 
1.5E-06 
1.6E-05 
9.5E-07 
26E-07 
4.0E-06 
3.58-06 
24E-05 

72E-05 
. - 

'Tbe upper 95% confidence bound on the median is used as the representative conanfration. 
6Sourcg: Integrated Risk Information System (IRIS) and Heatth Effeas Awsrnen t  Summary Tables (HE.4sT). Refer 

?he risk for a child plus the risk for an adult. 
dFor dermal exposure to soils, the absorbed oral slope factorwas used; the absorbed ora1 SFs for beryllium and for chrysene 

are 8.6E+01 kgdayimg and 9.2e-02 kg-dayfmg, respenively. 
'Owen (1990) reports a %GI efficiency of 0.001 for inorganics and 0.01 for organics. Hawever, based on other unpublished 

data, a better, more representative %GI for beryllium is 5%, and it is used here. The %GI for chryscne is 795 (EPA 1982). 

to Table 7.7 for s o u m  of organic (PAH) SFs. 

.,.. .... 
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Table 7.16b- Background cancer risk estimates from exposure 
to Oak Ridge Resemtion soil constituents 

Radionnclides/Ingestioion 

soil a n c o  Adult intake Child intake Oral slope Adult Child Total 
dosc facto@ background background backgmund 

(pCi) (l/pCi) cancerrisk cancerrisk cancerrise 
Analyte 

DISMAL GAP 

Radioapdide 

Cesium-137 
Plutoniurn-239D40 
Potassium40 
Radium-226 
Strontium-90 
Thorium-2.28 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-233Z34 
Uranium-235 
Uranium-236 
Uranium-238 

T0talpat)lsSayriFL 

Cesium-137 
Curium-247 
Neptunium-237 
Potassium40 
Radium-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium232 
Thorium-234 
Uranium-233E34 
Uranium-235 
Uranium-238 

TOtalpthWayIiSk 

Cesirm-137 
Neptunium-237 
Plutonium-238 
Plutonium-2391240 
Potassium40 
Radium-226 
Thorium-228 
Thorium-230 

1.4130 
0.0366 

19.8411 
1.1437 
13808 
1.0163 
0.6774 
0.7940 
1.8829 
0.0443 
1.1327 
0.0950 

0.0292 
1.1459 

1.2444 
0.006s 
0.1900 

18.4437 
1.0763 
1.9148 
2.1491 
1.1584 
1.7374 
1.6385 
15507 
0.0855 
1.4349 

1.9887 
0.1082 
0.0382 
0.0598 
4.9722 
1.7758 
0.4836 
13274 

1.2E4-03 
3.1E+01 
1.7EtM 
9.68+02 
1.2E+03 
85E+02 
5.7E-tO2 
6.7E+02 
1.6E +03 
3.7E+01 
95E+02 
8.OEf01 
2.4E+OI 
9.6E+Q2 

1 .OE t 03 
5SEf00 
1.6E +02 
1.5E+04 
9.OE+02 
1.6E+03 
1.8E + 03 
9.7E+02 
15E+03 
1.4E+03 
1.3E+03 
7.2E+01 
1.2E+03 

5.9Et02 
1SE+O1 
8.3E+03 
4.8E+02 
5.8E+02 
43E4-02 
28E+02 
3.3Ei02 
7.9E+02 
1.9E+01 
4.8Ef02 
4.OE+01 
1.2E f 01 
4.8Ei02 

28E-11 
23E-10 
1.lE-I1 
1.2E-10 
3.6E-11 
55E-11 
13E-11 
1.2511 
4,OE-12 
5.4E-14 
1.6E-11 
1.6E-11 
15E-11 
28E-11 

5.2E + 02 
27E+Oo 
8.0E+01 
7.7E+03 
45E+02 
8.0E+02 
9.OE+02 
4.984-02 
73Ei02 
6.9E +02 
6.58+02 
3.6E+01 
6.0E+02 

28511 
22E-10 
2%-10 
1.1E-11 
1.E-10 
1.3E-12 
5.5E-11 
13E-11 
1.2511 
4.OE-12 
1.6E-11 
1.6E-11 
BE-11 

COPPER RIDGE 
Radionndj&3 

8.4E+02 
45E+01 
1.6E+01 
2.5E+01 
2XE+03 
75E+02 

5.6E+02 
20E+02 

28E-11 
22E-10 
22E-10 
23E-10 
1.lE-11 
1.2E-10 
55E-11 
1.3E-11 

33E-08 
7.1E-09 
1.8E-07 
12E-07 
4.2E-08 
4.7E-08 
7.4E-09 
8.OE-09 
63E-09 

15E-08 
13E-09 
3.7E-10 
27E-08 

49EM 

20E-12 

29E* 
1.2E-04 
3.5E.08 
1.7E-07 
l.lE-07 
21E-09 
9.9E-08 
13E-08 
1.8E-08 
5.5E-09 
2.1E-08 
l.lE-09 
3.4E-08 

5.4E-m 

4.7E-08 
20E-08 
7.1E-09 
1.2E-08 
4.6E-08 
1.8E-07 
2.2E-08 
1.4E-08 

1.7E-08 
35E-09 
9.ZE-08 
S.8E-M 
2 1 E a  
23E-08 
3.7E-09 
4.OE-09 
3.2E-09 

7.6E-09 
1.OE-12 

6.4E-10 
1.8E-10 
1.3E-08 

2sEM 

15E-08 

1.8E-08 
8.5E-08 
5.4E-08 
1.OE-09 
5.0E-08 
6.3E-09 
8.8E-04 
28E-09 
1 .OE-08 
5.E-10 
1.7E-08 

27E-07 

6.OE-10 

2.3E-08 
1.OE-08 
3.5E-09 
5.8E-09 

9.0E-08 
l.lE-08 
7.28-09 

2.3E-08 

5.OE-08 
1.lE48 
27E-07 
1.7E-07 
633-08 
7.OE-08 
l.lE-08 
1.2E-08 
95E-09 

23E-08 
1.9E-09 
5.SE-10 
4.0E-08 

7.4E-m 

3.OE-12 

4.4E-08 
1.8E-09 
53E-08 
26E-07 
1.6E-07 
3.1E-(W 
15E-07 
1.9E-OS 
26E-08 
83E-09 
3.1E-08 
1.7E-09 
5.1E-08 

a i m  

7.0E-08 
3.OE-08 
l.lE-08 
1.7E-08 
6.9E-08 
27E-07 
3.4E-08 
22E-08 
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Table 7.16b (continued) 

Soil a n C p  Adult intake Child intake Oral Slope Adult Child Total 
dose dase facd*' badtground backgruuod background 

(~(3) (l/pCi) cancerrisk cancerrisk cancer&$ 

Analyte 

COPPER RIDGE 
RxfionBdidra 

Thorium-232 
Thorium-= 
Tritium 
Uranium-233i2.34 
Uranium-235 
Uranium-236 
Uranium-238 

TOtalpathapyriJ 

Cesium-137 
Neptunium237 
Plu tonium-238 
Potassium4 
Radium-226 
Thorium-228 
Thorium430 
Thorium-232 
Uranium-233T234 
Uranium-235 
Uranium-238 

T0glp;rtbraYrisL 

Cesium-137 
Neptunium-237 
Plutonium-238 
Plutonium-239L240 
Potassium40 
Radium-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Tritium 
Uranium-2331UQ 
Uranium-235 
Uranium-238 

ToWpat.tR=yXiSk 

0.7887 
1.8380 
0.0264 
1.7521 
0.1769 
0.0174 
1.5437 

2.3584 
0.0891 
0.1305 
3.8195 
1.2660 
0.8629 
0.9274 
0.7224 
1.3351 
0.1042 
1.2559 

3.1908 
0.1249 
0.1289 
0.0772 

18.3899 
15669 
1.9843 
1.8359 
1.2672 
1.4514 
0.1616 

0.1315 
1.1879 

1.2233 

6.6E+02 33E+02 1.E-11 
15E+03 7.7E+02 4.OE-12 
22E+Ol l.lE+Ol 5.4E-14 
1JE+O3 7.4E+02 1.6E-11 
15E+02 7.4E+01 1.6E-11 
15E+01 73E+OO 15E-11 
13E+03 65E+02 28E-11 

2OE+o3 
75E+01 
l.lE+02 
32E+03 
l.lE+Q3 
7.2E+02 
7.8E+02 
6.1E+02 
l.lE+03 
8SE+01 
l.lE-tO3 

9.9E+02 
3.7E+01 
5JE+01 
1.6E+03 
53B+02 
3.6E+02 
3.9E+02 
3.0E+02 
5.6E+02 
4.4E + 01 
53E+02 

28E-11 
222-10 
2.2E-10 
1JE-11 
12E-10 
55E-11 
13E-11 
1.2E-11 
1.68-11 
1.6E-11 
2SE-11 

2.7E+03 
l.OE+02 
l.lE+02 
6.5E+01 
1.5E+04 
13E+03 
1.7E+03 
15E+03 
l.lE+03 
1.2E+03 
1.4E + 02 
l.OE+O3 
l.lE+02 
1 .OE+ 03 

1.3E+03 2SE-11 
5.2E+01 22E-10 
5.4E+01 2.25-10 
3.2E+01 WE-IO 
7.7E+03 1.lE-11 
6.6E+02 1.2E-10 
8.3E+02 13E-12 
7.7E+02 55E-11 
5.3E+02 13E-11 
41E+02 12E-11 
6SE+O1 5.4E-14 
5.1E+02 1.6E-11 
55E+Ol 1.6E-11 
5.0E+02 28E-11 

8.OE-09 
6.ZE-09 
1.m-12 
248-08 
24E-09 
22E-10 
3.6E-08 

c2E-07 

5 5 m  
1.6E-08 
24E-08 
3.58-08 
1.3E-07 
4.OE-08 
1 .OE-O8 
73E-09 
1.8E-08 
1.4E-09 
3.OE-08 

33EU7 

7.5E-08 
2.3E-W 
24E-08 
15E-08 
1.7E-07 
1.6E-07 
22E-09 
8.5E-OS 
1.4E-08 
1 .SE-08 

1.6E-08 
1.8E-09 
2.8E-08 

6 3 E m  

73E-12 

4.OE-09 
3.1E-09 
6.OEi-13 
12E-08 
1.2E-09 
lJE-10 
MEU8 

21- 

2.8E-08 
82E-09 
1.2E-08 
P.8E-08 
6.4E-08 
2OE-08 
S.lE-09 
3.6E-09 
9.OE-09 

15E-08 

1- 

7.OE-10 

3.8E-08 
1.2E-08 
1.2E-08 
75E-09 
8.5E-08 
7.9E-08 
l.lE-09 
4.ZE-08 
6.9E-09 
7.38-09 

8.2E-09 

1.4E-08 

3.7E-12 

8.8E-10 

12E-08 
9.3E-09 
1-8E-12 
35E-08 
3.6E-09 
33E-10 
5.4E-08 

64Eco7 

8.3E-08 
25E-08 
3.6E-08 
53s- 
1.9E-07 
6.OE-08 
1.5E-08 
l.l?38 
27E-08 
21E-09 
4.4E-08 

55E-07 

l.lE-07 
3.5E-08 
3.6- 
2.2E-08 
LSE-07 
24E-07 
3.3E-09 
13E-07 
2.1E-08 
2.2E-08 
1.lE-11 
2.5E-08 
2.7E-09 
4.2E-08 

llE-07 9.4- 
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Table 7.16b (continued) 

soil conca Adult inrake Child intake Oral slope dult Child Total 
Analyte dose dose facto&'*' b. -round background hackgzvund 

(pCi) (l/pC~) c risk cancerrisk cancerrise (PCW (pci) 

CMeKAHAUGA (Ir-u) 
Rxliclnnrtider 

Cesium-137 
Neptunium-237 
Plutonium-238 
PIutonium-239/iXO 
Potassium40 
Radium-226 
Technetium-99 
Thorium-U8 
Thorium-230 
Thorium-232 
Uranium-2331U4 
Uranium-235 
Uranium-238 

TOtdpatbWayrirlr 

2.5633 
0.1199 
0.1149 
0.0487 

11.7684 
13535 
1.6665 
1.6072 
1.2438 
1.2827 
1.4726 
0.0824 

1.35% 

22E+03 
1.OE+02 
9.7E+01 
4.1E+01 
9.9E+03 
l.lE+03 
1.4E+ 03 
1.4E-tO3 
1.OE-t-03 
l.lE+03 
1.2E+03 

l.lE+03 
6.9E+O1 

28E-11 
22E-10 
22E-10 
23 -10  
1.w-11 
1.E-10 
13E-12 
5JE-11 
1.3E-11 
1.2E-11 
1.6E-11 
l.6E-11 
2.8E-11 

6.OE08 
22E-08 
21E-M 
9.4B-09 
l.lE-07 
1.4E-07 
1 .8E-09 
7.4E-08 
1.4E-08 
1.3E-08 
20E-08 
l.lE-09 
3.2E-08 

5.1E-W 

3.0E-08 
l.lE-08 
l.lE-08 
4.7s-09 
5.4E48 
6SF -08 
9.1E-10 
3.78-08 
5.8E-09 
65E-09 
9.9E-09 
55E-10 
1.6E-08 

26EAn 

9.0E-08 
33E-08 
3.2EJX 
1.4E-08 
1.6E-07 
2.OE-07 
27E-09 
l.lE-07 
20E-08 
1.9E-08 
3.OE-08 
1.7E-09 
4.8E-08 

7 . M  

The uppcr 959 mnfidence bound on the median is used as the representative concentration. 
bSource: Hcalth Effects Assessment Summary Tables (KEAST). 
%e radioouclldc slope factors include contributions from daughter products. 
dThc risk for a child plus the risk for an adult. 
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Table '9.16~ Backgrouiui cancer risk estimates from acposure 
to Oak Ridge Reservation soil constituents 

R a d i o n ~ ~ ~  Exposure 

ChiM External Adult 

intake background background background 
'Oil intake 

dose dose cancerrisk cancerrisk cancerriskd 

Adult Child Total 
conc' 

(PCW @ci-yr/g) (pci-yr/g) factopc 
Analyte 

(WW 

Cesium-137 
Plutonium-239EAO 
Potassium40 
Radium-226 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-233/234 
Uranium-235 
Uranium-236 
Uranium-238 

TOtalpateplayrisL 

Cesium-137 
Curium447 
Neptunium-237 
Potassium40 
Radium-226 
Technetium-99 
ThOriUm-228 
Thorium-230 
Thorium-232 
ThOriUm-234 
Uranium-233/234 
Uranium-235 
Uranium-238 

TotllpathWayrirk 

Cesium-137 
Neptunium-237 
Plutoni um-238 
Plutonium-2391240 

1.4130 
0.0366 

19.8411 
1.1437 
13808 
1.0163 
0.6774 
0.7940 
3.8829 
0.0443 
1.1327 
0.0950 
0.0292 
1.1459 

1.2444 
0.0065 
0.1900 

18.4437 
1.0763 
1.9148 
21491 
1.1584 
1.7374 
1.6385 
1.5507 
0.0855 
1.4349 

1.9W 
0.1082 
0.0382 
0.0598 

2.7E4-01 
7.0E-01 
3.8E+02 
2.2E+01 
27E+01 
2.OE+01 
13E+01 
15E+01 
3.6E+01 
8.5E-01 
22E+O1 
1.8E+00 
5.6E-01 
2.2E+01 

24E+01 
1-2.E.-01 
3.6E+00 
35E+02 

3.7E+01 
4.1E+01 
22?3+01 
3.3E+01 
3.1E+01 
3.OE+01 
1.6E+o0 
28E+01 

21E+O1 

3.8E+01 
2.1E+00 
73E-01 

6.8E+00 
1.8E-01 
95E+01 
55E+W 
6.6E+00 
4.9E+M 
3.3E+00 
3.8E+00 
9.OE+00 
2.1E-01 
5.4E+OO 
4.6E-01 
1.4E-01 
55E+00 

20E-06 

5.4E-07 
6.0E-06 

5.6E-06 

27E-11 

O.OE+OO 

5.4E-11 
26E-11 
35s- 
O.OE+OO 

24E-07 

3.6508 

4.B-11 

24E-11 

6.OE+00 
3.1E-02 
9.1E-01 
8.9E+01 
5,2E+OO 
92E+00 
1.OE + 01 
5.6E+00 
8.3E+W 
7.9E+00 

4.1E-01 
6.9E+00 

7.4E+00 

Z.OE-06 
9J1E-07 
43E-07 
5.4E-07 
6.0E-06 

S.6E-06 
6.OE-13 

5.4E-11 
26E-11 
3.5E-09 

24E-07 
3.68-08 

4.2E-11 

COPPEjR FUDGE 

9SE+00 20E-04 
5.2E-01 43E-07 
l.SE-01 28E-11 

l.lE+W 29E-01 27E-11 

5.4845 

2.1E-04 
13E-04 
O.OE+OO 
l.lE-04 

1.9E-11 

7.OE-10 
4.OE-10 
13E-07 
O.OE+OO 

4.4E-07 

7.9E-07 

5.OE-04 

9.1E-10 

13E-11 

4.88-05 
l.lE-07 
3.6E-06 
1.9E-04 
1.2E-04 
22E-11 
Z3E-04 
1.2E-09 
8.7E-10 
l.lE-07 
1.3E-09 
3.9E-07 
9.9E-07 

6.oEw 

7.6E-05 
8.9E-07 
21E-11 
3.1E-11 

1.4E-05 

5.1E-05 
33E-05 
O.OE+OO 
27B-05 

4.X-12 

1.8E-10 
9.9E-11 
3-2E-08 
O.OE+OO 
23E-10 
l.lE-07 

20E-07 

13-04 

3.4E-12 

1.2E-05 
29E-08 
3.9EM 
4.8E-05 
3.1E-05 

5.8E-05 
5SE-12 

3.OE-10 
2.2E-10 
2.88-08 

9.8E-08 
25E-07 

1.5EMM 

3.1E-10 

1.9E-05 
22E-07 
5.1E-12 
7.78-12 

6.8E-05 

2.6E-04 
1.6E-04 
O.OE+OO 
1.4E-04 

24E-11 

8.8E-10 
5.OE-10 
1.6E-07 
0.OE + 00 
l.lE-09 
5.5E-07 
1.m-11 
9.9847 

63E.04 

6.0E-05 
1.4EG.07 
20E-06 
2.4E-04 
1 . 5 m  
28E-11 
298-04 

1JE-09 
l.lE-09 
1.4E-07 
1.6E-09 
4.9E-07 
1Z-M 

75E-06 

9.5E-05 
l.lE-06 
26E-11 
3.9E-11 

. ...-. 
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Table 7.16~ (continued) 

C u d  External 
Adult Child Total Adult 

intake intake Exposure 
background background background 

 facto@,^ Cancer risk cancer risk Cancer ris@ 

soil 
conc' dose dase slop 

(Pci/g) (pci-yr/g) (pci-yr/g) 

Analytc 

WPCi-Yr) 

Potassium40 
Radium-226 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uraniurn-233W 
Uranium-235 
Uranium-236 
Uranium-238 

TOtalpatbarayriJ. 

Cesium-137 
Neptunium-237 
Plutonium-238 
Potassium40 
Radium-226 
Thorium-228 
Thorium-230 
Thorium-232 
Uraniurn-233iZ34 
Uranium-235 
Uranium-238 

Totalpathway* 

Chiurn-137 
Neptunium-237 
Plutonium-238 
Plutoniurn-239L240 
Potassium40 
Radium-226 
Technetium-99 
Thorium-US 
Thorium-230 12672 

4.9722 
1.7758 
0.4836 
13274 
0.7887 
1.8380 
0.0264 
1.7521 
0.1769 
0.0174 
15437 

23584 
0.0891 
0.1305 
3.8195 
1.2660 
0.8629 
0.9274 
0.7224 
1.3351 
0.1042 
1.2559 

3.1908 
0.1249 
0.1289 
0.0772 

183899 
1.5669 
1.9643 
1.82-9 

9.5E+01 
3.4E+01 

25E+Q1 
15E+Ol 
35E+01 
5.1E-01 
3.4E+01 
3.4E+00 
33E-01 
3.OE+01 

93E+00 

4.5E+01 
1.7E+00 
25E*00 
7.3E-I-01 
24E+01 
1.7E+o1 
1.8E+01 
1.4E+01 
2.6E+01 
2OE+OD 
24E-t-0: 

2.4E+01 
85E+OO 
23E+00 
6.4E+00 
3.8E+OO 
8.8E+00 
13E-01 
8.4E+00 
8.5E-01 
8.3E-02 
7.4E+00 

5.4E-07 
6.OE-06 
5.6E-06 
5.4E-11 
26E-11 
35E-09 
O.OE+OO 

24E-07 
4.2E-11 

24E-11 
3.6E-08 

l.lE+Ol 2QE-06 
43E-01 43E-07 
63E-01 2.8E-11 
1.8E+01 5.4E-07 
6.1E+00 6.OE-06 
4.1E-l-00 5.6E-06 
4SE+00 5.4E-11 
35E+00 26E-11 
6.4E+OO 425-11 
5.OE-01 24B-07 
S.OE+OO 3.6E-08 

6.1E+01 
24E+00 
25E+00 
1.5E-l-00 
3SE+02 
3.OE+01 
3.8E+01 
35E+01 
2.4E +01 

1.5E-t-01 
6.0E-01 
6.2E-01 
3.7E-01 
8.8E+O1 
75E+00 

8.8E+00 
6.1E+OO 

95E+00 

20E-06 
4.3E-07 
28E-11 
27E-11 
5.4E-07 
6.OE-06 

5.6E-M 
6.OE-13 

5.4E-11 

5.2E-05 
20E-04 
5.2E.05 
1.4E-09 

1.2E-07 
O.OE+OO 

3.9E-10 

1.4E-09 
8.1E-07 

l.lE-06 

39w 

8.OE-12 

9.1E-05 
7.4E-07 
7.OE-11 
4.0E-05 
1.5E-04 
938-05 
9.6E-10 
3.6E-10 
l.lE-09 
4.8847 
8.7E-07 

3.7E-04 

1.2E-04 
1.0E-06 
6.9E-11 
4.OE-11 
1.9E-W 
1.8E-04 

20E-04 
1.3E-09 

DE-11 

13E-03 
5.1E-05 
1.3E-05 
3.4E-10 
9.8E-11 
3.1E-08 
0.OE-t-00 

20E-07 

27s-07 

9.7E-05 

3.5E-IO 

20E-12 

23E-05 
1.8E-07 

9.9E-06 
3.6E-05 
23E-05 

1.8E-11 

24E-10 
9.OE-11 
27E-10 
1.2E-07 
2.2E-07 

9.3Ea 

3.1E-05 
26E-07 
1.7E-11 
1.OE-11 
4.8E-05 
4.5E-05 

4.9E-05 
5.7E-12 

3.3E-10 

6.4E4.5 
26E-04 
658-05 
1.7E-09 
4.9E-10 
15E-07 
O.OE+OO 
1.8E-09 
1.OE-06 

1.3E-06 

4.8E-04 

1.OE-11 

1.1E-OQ 
9.2S-07 
8.8E-11 
5.OE-05 
1.8E-04 
1.2E-114 
1.2E-09 

13E-09 
6.0E-07 
l.lE-06 

4.6E-04 

4.5E-10 

lSE& 
13E-06 
8.7E-11 
5.OE-I1 
248-04 
23E-04 
29E-11 
2-58-04 
1.6E-09 



7-1 19 

Tabk 7.16~ (eontinued) 

Adult Child Total 
background background background 

( W g )  (@-Yr/g> (pCi9&) facto#*= Cancer risk cancer risk cancer risk! 

Adult Child Exkmal 
intake Exposure 

d w  dose 

soil 
Analyte conco hake 

(glpciyr> 

Thorium-232 
Tritium 
Uranium-233E34 
Uranium-235 
Uranium-278 

TocalpaLbswy* 

Cgium-137 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Potassium40 
Radium-226 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium -233/234 
Uranium-235 
Uranium-238 

TOtalpatfRgrriJr 

1.4514 
0.1616 
1.2233 
0.1315 
1.1879 

25633 
0.1199 
0.1149 
0.0487 

11.7684 
1.3535 
1.6665 
1.6072 
1.24% 
1.2827 
1.4726 
0.0824 
1.35% 

UE+01 7.OE+OO 26E-11 
3.1E+00 7.8E-01 O.OE+OO 

25E+00 6.3E-01 24E-W 
23E+01 5.1E+Oo 3.6E-08 

2.3E+01 5.9E+OO 4.2E-11 

4.9E+01 
23E+OO 
22E+OO 
9.3E-01 
23E+02 
26E+01 
3.2?2+01 
3.1E+01 
24E+01 

28E+01 
1.6E+OO 
2.6E+01 

25Ec01 

l.ZE+Ol 
5.8E-01 
535-01 
23W1 
5.6Ei-01 
65E+OO 
8.0E+OO 
7.7E+Oo 
6.0E+OO 
6.2E+OO 
7.1Ei-00 
4.0E-01 
65E+OO 

20E-06 
4-38-07 
28E-11 
Z7E-11 
5.4E-07 
6.0E-06 
6.OE-13 
5&46 
5.4E-11 
26E-11 
425-11 
24E-07 
3.6E-m 

7.2E-10 
O.OE+OO 

6.1E-07 
82E-07 

69E-w 

9.9E-LO 

9.8E-05 
9.9E-07 
6.2E-11 
25E-11 
1.2E-04 
l.dE-04 
1.9E-11 
1.7E-04 
1.3E-09 
6.4E-10 
1.2E-09 
3.8E-07 
9.48-07 

55E-01 

1.8E-10 
O.OE+OO 

1SE-07 
21EM 

1.7E-M 

25E-10 

25E-05 
258-07 
15E-11 
63E-12 
3.1505 
3.9E-05 

4.3E-05 
3-2E-10 
I .a-10 
3.OE-10 
9.5E-OS 
23E-07 

1.- 

4.8E-12 

9.1E-10 
O.OE+OO 
12E-09 
7.6507 
1.OEo6 

87Ew 

1.2E-04 
1.2E-06 
7.2513 
3.E-11 
1.5E-04 
1.9E-04 
24E-11 
2.2E-04 
1.6E-09 
8.OE-10 
1SE-09 
4.7E-07 
1.2E-M 

63E-w 

%e uppcr 95% confidence bound on the median is used as the representative concentration. 
'Source: Health Effects Assessment Summary Tables (HEAST). 
The radionuclide slope factom include contributions from daughter products. 
%e risk for a child plus the risk for an adult. 
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Table 7.17~ Background haad  inde~ estimates for residents exposed 
to Oak Ridge Reservation soil constituents 

Lngestion 

Soil Adult Chid Chronic Subchronic Adult Child 

(mg/kg) intake intake (m%kg-day) (mg/kgday) chronic subchronic 
Anatyte Conca daily bib' oralRd' oral@ HI HI 

(mgflrg-day) @&day) 

Total 
HI' 

Arsenic 
Barium 
Beryllium 
Bomn 
Chromium VI 
Cyanide 
Manganese 

Mercury 

Mercury (salts) 
Nickel 

Nickel (salts) 

Strontium 

Vanadium 
Zinc 

T0talFQ-d 

Antimony 
Arsenic 

Barium 
Beryllium 

Chromium VI 
Manganese 

Mercury 
Mercury (salts) 

Nickel 

Nickel (salts) 
Selenium 
Strontium 

Vanadium 

Zinc 

T d p a t h a a y d  

7.9709 
128.5841 

0.9572 
22.6907 
29.2046 
0.2815 

1345.3139 
0.3703 
0.3703 

29.1185 
29.1185 
11.4312 
39.1295 
626069 

0.4848 
8.1750 

97.8229 
0.9639 

34.0056 
894.8327 

0.2168 
0.2168 

21.4359 
21.4359 
0.7175 
6.2450 

37.1249 
46.8386 

1.1E-05 
1.8E-04 
13E-06 
3.1E-OS 
4.0E-05 
3.9847 
1.9E-03 
5.1E-07 
5.1E-07 
4.0E-05 
4.0E-05 
1.6E-05 
5.4E-05 
8.6E-05 

6.6E-07 
1.1E-05 
13E-04 
1.3E-06 
4.7E-05 
1.2E-03 
3.0E-07 
3.0E-07 
29E-05 
29E-05 
9.8E-07 
8.6E-06 
5.1E-05 
4.4E-05 

l.0E-04 
1.6E-03 
1.2E-05 
29E-04 
3.7E-04 
3.6E-06 
1.7E-02 
4.7E-06 
4.7E-06 
3.7E-04 
3.1E-04 
15E-04 
5.0E-04 
8.0E-04 

3.0E-M 
7.0E-02 
5.0E-03 
9.0E-02 
5.0E-03 
20E-02 
1.4E-01 
3.0E-04 
3.0E-04 
20E-02 
20E-02 
5.OE-01 
7.0E-03 
3.0E-01 

6.2E46 
1.OE-04 
13E-03 
1.2E-05 
43E-04 
1.1E-02 
28E-06 
28E-06 
27E-04 
27E-04 
9.2E-06 
8.0E-05 
4.7E-04 
6.0E-04 

4.0E-04 
3.OE-04 
7.0E-02 

5.0E-03 
1.4E-01 
3.0E-M 
3.0E-04 
20E-02 
20E-02 
5.0E-03 
6.OE-01 
7.0E-03 
3.0E-01 

5.OE-03 

3.0E-M 
7.0E-02 
5.0E-03 
9.OE-02 
20E-02 
20E-02 
1.4E-01 
3.OE-04 
3.0E-04 
2.0E-02 
2.OE-02 
6.0E-01 
7.0E-03 
3.0E-01 

4.0E-04 
3.0E-04 
7.0E-02 
5.0E-03 
20E-02 
1.4E-01 
3.0E-04 
3.0E-04 
20E-02 
20E-02 
5.0E-03 
6.OE-01 
7.0E-03 
3.0E-01 

3.6E-02 3.4E-01 
25E-03 238-02 
26804 24E-03 
35E-04 3.2E-03 
8.0E-03 1.9E-02 
1.9E-05 1.8E-04 
13E-02 1.2E-01 
1.7E-03 1.6E-02 
1.7E-03 1.6E-02 
2.0E-03 1.9E-02 
2.0E-03 1.9E-02 
26EM 24E-04 
7.7E-03 7.1E-02 
2.9E-04 27E-03 

731E-02 a2E-01 

1.7E-03 
3.7E-02 
1.9E-03 
2.6E-04 
9.3E-03 
8.8E-03 
9.9E-04 
9.9E-04 
15E-03 
1.5E-03 
20E-04 
1.4E-05 
73E-03 
21E-04 

6-9E.0-2 

1.5E-02 
35E-01 
1.8E-02 
2.5E-03 
2.2E-02 
8.2E-02 
9.2E-03 
9.2E-03 
1.4E-02 
1.4E-02 
1.8E-03 
13E-04 
6.8E-02 
2.0E-03 

5-8E-01 

Arxnic 
Barium 

Beryllium 

COPPER RIDGE 

w 
30.7476 4.2E-05 3.9E-04 3.0E-04 3.0E-04 1.4E-01 13E+00 
93.1747 1.3E-04 1.2E-03 7.0E-02 7.0E-02 1.8E-03 1.7E-M. 
0.6337 8.7E-07 8.1E-06 5.0E-03 5.0E-03 1.7E-04 1.6E-03 

3.8E-01 
26E-02 
27E-03 
3.6E-03 
2.7E-02 
20E-04 
1.4E-01 
1.7E-02 
1.7E-02 
21E-02 
2.1E-02 
2.7E-04 
7.9E-02 
3.0E-03 

69-1 

1.7E-02 
3.9E-01 
20E-02 
27E-03 
3.1E-02 
9.0E-02 
1.0E-02 
1.0E-02 
15E-02 
135-02 
20E-03 
15E-04 
7.5E-02 
2.2E-03 

QSE-01 

lSE-1-00 
1.9502 
1.8E-03 
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Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Molybdenum 
Nickel 
Nickel (salts) 

Selenium 
Strontium 
Vanadium 
Zinc 

Amapht hcne 
Anl t l Iacc i lC  

Flunranhmc 
Fluonoc 
Napbthrkne 

TotrlplbW3lyHP 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Selemum 
Strontium 
Vanadium 
Zinc 

Acenaphthene 
Anthracene 
Fluorantbene 
Fluorene 
Naphthalene 

Pyreae 

TdPa*& 

18.2675 
1462.32% 

0.1838 
0.1838 
1.7521 
9.7111 
9.7111 
0.8030 
4.8134 

30.2755 
43.1&5 

1.9298 
1.4248 
8.1229 
1.5879 

16.4747 
7.0241 

14.3884 
695497 
0.4597 

17.3758 
1260.9155 

0.1529 
0.1529 
0.6251 
33288 

36.3269 
486197 

1.3632 
1.0351 
4.6443 
0.7257 

21.4872 
5.2811 

ZSE-05 
20E-03 
m - 0 7  
25EM 
24E-06 
13E-05 
1.3E-05 
l.lE-06 
6.6E.06 
4.1E-05 
5.9E-05 

2.6E-06 
2.OE-06 
l.lE-05 
22E-06 
23E-05 
9.6E-06 

2.OE45 
95E-05 
63E-07 
24EM 
1.7E-03 
21E-07 
21E-07 
8.6E-07 
4.6E-06 
4.7E-05 
6.7E-05 

1.9E-06 
1.4E-06 
6.48-06 
9.9E-07 
29E-05 
7 2 x 6  

23E-04 5.OE-03 
1.9E-02 1.4-1 
24E-06 3.OE-04 
2.4E-06 3.0E-04 
22Ei-05 5.0E-03 
1.z-04 20E-02 
1.2FM4 20E-02 
1.OE45 5.0E-03 
6.2J3.5 6.0E-01 
3.9E-M 7.0E-03 
5.5E-04 3.0E-01 

(%wi= 
2SE-05 6.0E-02 
1.8E-05 3.0E-01 
1.OE-04 4.0502 
2OE-05 4.0E-02 
21E-04 4.0E-02 
9.OE-05 3.0E-02 

CHEPULTEPEC - 
1.8E-04 3.0E-04 
8.9E-04 7.0E-02 
5.9E-06 5.0E-03 
22E-04 5.0E-03 
1.6E-02 1.4E-01 
20E-06 3.0E-04 
20E-06 3.0E-04 
8.0E-06 5.0E-03 
43E-05 6.0E-01 
4.4E-04 7.0-3 
6.2E-04 3.0E-01 

OrgaBia 

1.7E-05 6.0E-02 
13E-05 3.OE-01 
5.9E.05 4.0E-02 
9.3E-06 4.0E-02 
27E-04 4.0E-02 
6.8E-05 3.0502 

20E42 5.0E-03 
1.4E-01 1.4E-02 
3.0E-04 8.4E-04 
3.0E-04 8.4E-04 
5.0- 4.8E-04 
20E-02 6.7E-04 
20Ei-02 6.7E-04 
S.OE-03 22E-04 
6.0E-01 l.lE-05 
7.0E-03 5.9E-03 
3.0E-01 20E-04 

6.0E-01 4.4E-05 
3.OE+00 6584% 
4.0E-01 28E-04 
4.0E-01 5.4E05 
4.0E-02 5.6E-04 
3.0E-01 3.2E-04 

1 . m 1  

3.0844 6.6E-02 
7.0E-02 1.4E-03 
5.0E-03 13E-04 
2OE-02 4.8E-03 
1.4E-01 1.2E-02 
3.0E-04 7.0E-N 
XOE-04 7.OE-04 
5.0E-03 1.7E44 
6.0E-01 7.6E-06 
7.0E-03 6.75-03 
3.0E-01 233-04 

6.0E-01 3.1E-05 
3.OE+OO 4.7E-06 
4.0-1 1.6E-N 
4.0E-01 25E-05 
4.0E-02 7.48-04 
XOE-01 2.4844 

1.283-02 1.7E-02 
13E-01 15E-01 
7.8E-03 8.7El-03 
7.8E-03 8.7E-03 
45E-03 5.0E-03 
6.2E-03 69E-03 
6.2E-03 6.9-3 
2.1E-03 23E-03 
1.OE-04 l.lE-04 
55E-02 6.1E-02 
1.8E-03 20E-03 

4.1E-05 8.5E-05 
6.1E-06 1.3E-05 
26E-04 S.4E-04 
5.1E-05 l.lE-04 
5.38-03 5.8E-03 
3.OE-04 6.2E-04 

1.6E-i-00 l.?E+Oo 

6.1E-01 6.8E-01 
13E-02 1.4E-02 
1.2E-03 1.3E-03 
l.lE-02 1.6E-02 
1.2E-01 1.3E-01 
65E-03 7.2E-03 
6.58-03 7.2E-03 
1.6E-03 1.8E-03 
7.1E-05 7.9E-05 
63E-02 6.9E-02 
21E-03 2.3E-03 

2.9E-05 6.OE-05 
4.4E-06 9.1E-06 
1.5E-04 3.1E-04 
2.3E-05 4.8E-0S 
6.9E-03 7.6E-03 
2.3E-04 4.7E04 

93E-02 -1 93E-01 
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Table 7.17a (continued) 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
zinc 

Acenaphthene 
Anthracene 
Fhoranthene 
Fluorene 
Naphthalene 
F’yrene 

TdPa-w 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Nickel 
Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

7.9867 
1033075 
1.2480 

40.2327 
1442.6173 

0.1875 
0.; ;75 

16.6791 
16.6791 
0.9313 
8.6393 

41.8663 
55.5213 

5.9641 
1.1459 
7.2574 
5.5428 

10.9247 
125474 

9.5282 
99.5861 

1.1188 
385109 

2288.0077 
05786 
05786 

21.3423 
21.3423 
0.9617 

16.0042 
41.9685 
56.9209 

1.1E ;5 
1.4E-04 
1.7E-06 
5.5E-05 
20E-03 
26E-07 
2.6E-07 
23E-05 
238-05 
1.3E-06 
1.2E-05 
5.7E-05 
7.6E-05 

8.2506 
1.6E-06 
9.9E-06 
7.6E-06 
1.5E-05 
1.7E-05 

13E-05 
1.4E-04 
15E-06 
5.3E-05 
3.1E-03 
7.9E-07 
7.9E-07 
2.9E-05 
29E-05 
13E-06 
22E-05 
5.78-05 
7.8E-05 

1.0E-04 3,0844 
1.3E-03 7.0E-02 
1.6E-05 5.0E-03 
5.1E04 5.OE-03 
1.8E-02 1.4E-01 
24E-06 3.0E-04 
24E-06 3.0E-04 
2.1E-04 20E-02 
2.1E-04 20E-02 
1.2E-05 5.0E-03 
1.1E-04 6.0E-01 
5.4E-04 7.0E-03 
7.1E-04 3.0E-01 

7.6E-05 6.0E-02 
15E-05 3.0E-01 
9.3E-05 4.0E-02 
7.1 E-05 4.0E-02 
1.4E-04 4.0E-02 
1.6E-04 3.0E-02 

CHICSCAMAZIGA (K-25) 

Imgaia 

1.2E504 3.OE-04 
13E-03 7.0E-02 
1.4E-05 5.OE-03 
4.9E-04 5.0E-03 
29E-02 1.4E-01 
7.4E-06 3.OE-04 
7.46-06 3.0E-04 
27E-04 20E-02 
27E-04 2.0E-02 
I.ZE-05 5.0E-03 
20E44  6.OE-01 
5.4E-04 7.0E-03 
73E-04 3.0E-01 

3.OE-04 
7.0E-02 
5.OE-03 
20E-02 
1.4E-01 
3.0E-04 
3.0E-04 
Z.OE-02 
2.0E-02 
5.0E-03 
6.0E-01 
7.0E-03 
3.0E-01 

6.0E-01 
3.0E+00 
4.0E-01 
4.0E-01 
4.0E-02 
3.0EB1 

3.0E-04 
7.0E-02 
5.OE-03 
20E-02 
1.4E-01 
3.0E-04 
3.OE-Q4 
20E-02 
20E-02 
5.0E-03 
6.0E-01 
7.0E-03 
3.0E-01 

3.6B-02 

3.4E-04 
l.lE-02 
1.4E-02 
8.6E-W 
8.68-04 
l.lE-03 
l.lE-03 
268-04 
20E-05 
8.2E-03 
25E-04 

2OE-03 
3.4E-01 
1.9E-02 
3.2E-03 
26E42 
13E-01 
8.0E-03 
8.0503 
l.lE-02 
l.lE-02 
2.4S-03 
1.8E-04 
7.6E-02 
248-03 

3.8E-01 
21E-02 
3.5E-03 
335-02 
1SE-01 
8.8B-03 
8.8E-03 
1.2E-02 
1.2E-02 
268-03 
2.0E-04 
8.5E-02 
26E-03 

1.4E-04 13E-04 2.6E-04 
5.2E-06 4.9S-06 1.0E-05 
2-58-04 23E-04 4.8E-04 
1.9E-04 1.8EoQ 3.7E-04 
3.7E3-04 3.5843 3.9E-03 
5.7E-04 53E.04 l.lE-03 

76E-02 52E-41 7.0E-01 

4.4E-02 
1.9E-03 
3.1E-04 
l.lE-02 
2.2E-02 
2.6E-03 
268-03 
1.5E-03 
1 SE-03 
2.6E-04 
3.7E-05 
8.2E-03 
2.6E-04 

4.1E-01 
1.8E-02 
29E-03 
25E-02 
21E-01 
2.5E-02 
25E-02 
1.4E-02 
1.4E-02 
25E-03 
3.4E-04 
7.7E-02 
24E-03 

4.6E-01 
20E-02 
3.2E-03 
3.5E-02 
23E-01 
2.7E-02 
2.E-02 
1.5E-02 
1.5E-02 
27E-03 
3.8E-04 
85E-02 
27E-03 
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Acenaphthene 1.8152 2Sfi-06 23E-05 6.0E-02 6.0E-01 
A n t h r a m e  1.90% 26E-06 2.4E-05 3.0E-01 3.OE+OO 
Flumthene 9.4479 1.3E-05 1.2E-W 4.0E-02 4.OE-01 
Fluorene 21145 29E06 27E-05 4.0E-02 4.0E-01 
Naphthalene 3.4591 4.7E-M 4.4E-05 4.0E-02 4.0E-02 
Pyrene 15.2652 21E-05 20E-04 3.0E-02 3.0E-01 

TorslpatharyH? 

4.1E-05 
8.7E-06 
3.2E-04 
7.2E-05 
1.2EoQ 
7.0E-04 

9.4E-m 

3.9E-05 8.0E-05 
8.1E-06 1.7E-05 
3.0E-04 63E-04 
6.8E-05 1.4E-04 
l.lE-03 1.2E-03 
6 J E a  13E-03 

79JZ-41 ggiBol 

"The upper 95% confidenu bound on the median is used as the representative concentration. 
bSoura: Integrated Risk Information System (IRIS) and Health E f f w  a m e n t  Summary Tables (HEAST). 
Total HI = Adult HI chronic plus child HI subchronic 
%e total pathway hazard index does not include rnerwry and nickel metals. 
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Table 7.1%. Background hazard index estiroates for residents arposed to 
Oak Ridge Reservarion soil constituents 

Dermal Contad 

Anaty’ * 

Arsenic 7.9709 
Barium 128.5841 
Beryllium 0.9572 
Boron 22.6907 
Chromium VI 29.2046 
Cyanide 0.2815 
Manganese 13653139 
Mercmy 03703 
Mercury (salts) 03703 
Nickel 29.1185 
Nickel (salts) 29.1185 
Strontium 11.4312 
Vanadium 39.1295 
Zinc 626069 

TdPalbarayW 

Antimony 

Arsenic 

Barium 

Beryllium 

Chromium VI 
Manganese 

Mercury 

Mercury (salts) 

Nickel 

Nickel (sal&) 

Selenium 

Strontium 
Vanadium 

I A C  

TdPatharayHf 

0.4848 

8.1750 
97.8229 

0.%39 

34.0056 

894.8321 

0.2168 
0.2168 

21.4359 
21.4359 
0.7175 
6.2450 

37.1249 
46.8386 

5.8E-07 
93E-06 
6.9E-08 
1.6E-06 
21E-06 
2.OE-08 
9.9E-05 
2.7E-08 
27E-08 
2.1E-06 

2.1E-06 
8.3E-07 
2.8E-06 
4.5E-06 

35E-08 
5.9E-07 
7.1E-06 

7.0E-08 
2.5E-06 
6.5E-05 
1.6E-08 
1.6E-08 
1.6E-06 
1.6E-M 
5.2E-08 
45E-07 
27E-06 
3.4E-06 

Arsenic 30.7476 2.2E-06 
Barium 93.1747 6.8E-06 
Beryllium 0.6337 4.6E-08 

9.3E-07 
15E-05 
l.lE-07 
26E-06 
3.4E-06 
33E-08 
1.6E-04 
4.3E-08 
43E-08 
3.4E-06 
3.4B-06 

13E-06 
4.6E-06 
7.3E-06 

3.0E-04 
7.0E-03 
25E-04 
9.0E-02 
53E-04 
8.0E-03 
7.0E-03 
3.0E-04 
4.5E-05 
20E-02 
1.OE-03 
6.0E-01 
1.8E-04 
1JE-01 

5.6E-08 
958-07 
1.1E-05 
l.lE-07 
4.OE-04 
1 .OEM 
25E-08 
258-08 
2.5806 
2.5E-06 
83E-08 
73E-07 
43E-06 
5.4E-06 

6.0E-05 
3.0E-04 
7.0E-03 

ZSE-04 
5.3E-04 
7.0E-03 
3.OEQ4 
45E-05 
20E-02 
1 .OE-03 
3.0E-03 
6.0E-01 
1 BE-04 
1.5E-01 

3.OE-04 
7.0E-03 
25E-04 
9.0E-02 
20E-03 
8.OE-03 
7.0E-03 

3.0E-04 
45E-05 
20E-02 
1.OE-03 
6.0E-01 
1.8E-04 
1.5E-01 

6.0E-05 
3.0E-04 
7.0E-03 

ZSE-04 
2.0E-03 
7.0E-03 
3.0E-04 
4JE-05 
20E-02 
1 BE-03 
3.0E-03 
6.OE-01 
1 AE-04 
1JE-01 

3.6E-06 3.OE-04 3.OE-04 
l.lE-05 7.0E-03 7.0E-03 
7.4E-08 2.5E-04 2SE-04 

Adult Child 
HI HI 

chronic subchronic 

1.9E-03 3.1E-03 
13E-03 21E-03 
288-04 4.5E44 
1.8E-05 29E-05 
4.OE-03 1.E-03 
2.6E-06 4.1E-06 
1.4E-02 2.3E-02 
9.OE-05 1.4EOQ 
6.0E-04 9.6E-W 
l.lE-04 1.7E-04 
21E-03 3.4B-03 

1.4E-06 22E-06 
1.6E-02 2.58-02 
3.OE-05 4.9E-05 

I.OE-02 &0E42 

5.9E-04 9.4E-04 
20E-03 3.2E-03 
1.0E-03 1.6E-03 
2.8E-04 4.5E-04 

4.7E-03 20E-03 
93E-03 1.5E-02 
5.2845 8.4E-05 
3.5E-04 5.6E-04 
7.8E-05 1.2E-04 
1.6E-03 25E-03 
1.7E-05 28E-05 
7.6E-07 1.2E-06 
1.SE-02 2.4E-02 
2.3E-05 3.6E-05 

35Eo2 5.0E-m 

7.4E-03 1.2E-02 
9.7E-04 1.5E-03 
1.8E-04 2.9E-04 

Total 
HId 

5.0E-03 
35B-03 
7.2E-04 
4.8E-05 
5.7E-03 
6.6E-06 
3.7E-02 
2.3E-04 
1.6E-03 
28E-04 
55E-03 
3.6E-06 
4.1E-02 
7.9E-05 

1.OE.01 

1.5E-03 
5.1E-03 
2.6E-03 

7.38-04 
6.6E-03 
2.4642 
1.4E-04 
9.1E-04 
20Eod 
4.1E-03 
4.5E-05 
2OE-06 
3.9E-02 
5.9E-05 

85E-m 

1.9E-02 
25E-03 
4.8EU4 
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.- .. . 

Chromium VI 18.2675 
Mangangc 146232% 

Mercury (salts) 0.1838 
Molybdenum 1.7521 
Nickel 9.7111 
Nickel (salts) 9.7111 
Selenium 0.8030 

Strontium 4.8134 
Vanadium 30.2755 

Zinc 43.1845 

Mercury 0.1838 

13E-06 
l.lE-04 
1.3E-08 
13E-08 
13E-07 
7.1E-07 
7.1E-07 
5.8E-08 
35E-07 
22E-06 
3.1E-06 

21E-06 
1.7E-04 
ZlE-08 
21E-08 
20E-07 
l.lE-06 
l.lE-06 
9.3E-08 
5.6E-07 

35E-06 
5.OE-06 

53E-04 
7.0E-03 
3.0E-04 
45E-05 
5.0E-03 
20E-02 
1.0E-03 
3.0E-03 
6.0E-01 
1.8E-04 
15E-01 

20E-03 
7.OE-03 
3.0E-04 
4.5E-05 
5.0E-03 
20E-02 
1.0E-03 
3.0E-03 
6.0E-01 
1.SE-04 
15E-01 

2.5E-03 
15E-02 
4.4E-05 
3.0E-04 
25E-05 
35E-05 
7.1E-04 
1.9E-05 
5.8E-07 
1.2E-02 
21E-05 

l.lE-03 

24E-02 
7.1E-05 
4.8E-04 
4.1E-05 
5.6E-05 
l.lE-03 
3.1E-05 
938-07 
2.0E-02 
3.3E-05 

3.6E-03 
3.9E-(y2 
1.2E-04 
7.7E-04 
6.68-05 
9.2E-05 
1.8E-03 
5.1E-05 
1.5E-06 
3.2E-02 
5.4E-05 

Acenaphthene 1.9298 1.4E-06 2.2E-06 6.0E-02 6.0E-01 2.3E-05 3.7E-06 27E05 
Anthracene 1.4248 l.OE-06 1.7E-06 3.0E-01 3.0E+Do 3.4E-06 55E47 4.0E-06 
Fluoranthene 8.1229 5.9E-06 958-06 4.0E-02 4.0E-01 133-04 2.4E-05 1.7E-04 
Fluorcne 1.5879 1.2E-06 1.8E-06 4.0E-02 4.0E-01 2.9E-05 4.6846 33E-05 
Naphthalene 16.4747 1.2E-05 1.9E-05 4.0E-02 4.0E-02 3.OE-04 4.8E-04 7.8E-04 

Pyrme 7.0241 5.1E-06 8.2E-06 3.0E-02 3.0E-01 1.7E-04 27E-05 20E-04 

Arsenic 
Barium 
Beryllium 
Chromium VI 
Manganese 
Mercury 
Mercury (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

143884 
69.5497 
0.4597 

173758 
1260.9155 

0.1529 
0.1529 
0.6251 
3.3288 

34.3269 
48.6197 

1.OE-06 
5.OE.06 
3.3E-08 
13E-06 
92E-05 

l.lE-08 
l.lE-08 
4.5E-08 
2.4E-Q7 
25E-06 
3.5E-06 

1.7E-06 
8.1E-06 
5.3E-08 
2.0E-06 
1.5E-04 
1.8E-08 
l.SE-08 
7.3E-08 
3.9E-07 
4.0E-06 
5.7E-06 

3.0E-04 
7.0E-03 
25E-04 
5.3E-04 
7 . O E 9 3  
3.OE-04 
4.5E-05 
3.0E-03 
6.0E-01 
1 SE-04 
15E-01 

3.0E-04 
7.0E-03 
2.5B-04 
20E-03 
7.0E-03 
3.OE-04 
4.5E-05 
3.0E-03 
6.0E-01 
1.8E-04 
15E-01 

3.5E-03 
7.28-04 
1.3E-04 
2.4E-03 
1.3E-02 
3.7E-05 
2.5E-04 
1.5E-05 
4.0E-07 
1.4E-02 
2.4505 

5.6E-03 
133-03 
21E-04 
1.0E-03 
2.1E-02 
5.9E-05 
4.OE-04 
248-05 
658-07 
22E-02 
3.8E-05 

9.1M3 
1.9E-03 
358-04 
3.4843 

3.4E-02 
9.68-05 
6.4E-04 
3.9E-05 
1 .OE-06 
3.6E-02 
6.1E-05 

Acenaphthene 13632 9.9E-07 1.6E-06 T O E - 0 2  6.0E-01 1.6E-0S 268-06 1.9E-05 

Anthracene 1.0351 75E-07 1.2E-06 3.0E-01 3.0E+OO WE* 4.0E-07 28E-06 
Fluoranthene 4.6443 3.4E-06 5.4E-06 4.0E-02 4.0E-01 8.4B-05 1.4E-05 9.8E-05 

. ..... 

. . . . . . . . . . - 
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Fluorene 0.7257 5.3E-07 8.4E-07 4.0E-02 4.0E-01 1.3E-05 21E-06 15E-05 

Naphthalene 21.4872 1.6E-05 25E-05 4.0E-02 4.0E-02 3.9E-04 6.2E-04 1.0E-03 

*ne 5.2811 3.8E-06 6.1E-06 3.0E-02 3.0E-01 13E-04 20E-05 1.5E-04 

TOtalpatbgrHF 3 J E M  5.2E-02 8.7E-0 

Arsenic 
Barium 
Beryllium 

Chromium VI 

Manganese 
Mercury 
Mercury (salts) 
Nickel 

Nickel (salts) 
Selenium 
Strontium 
Vanadium 
Zinc 

7.9867 
103.3075 

1 .m 
40.2327 

1442.6173 
0.1875 
0.1875 

16.6791 
16.6791 
0.9313 
8.6393 

41.8663 
555213 

5.8E-07 
75E-06 
9.1E-08 

2.9E-06 
1.0E-04 
1.4E-08 
1.4E-08 
1.2E-06 
1.2E-06 
6.8E-08 
63E-07 
3.0E-06 
4.0E-06 

93E-07 
1.2E-05 
1.5E-07 
4.7846 

1.7E-04 

22E-08 
22E-08 
1.9E-06 
1.9E-06 
l.lE-07 
1.0E-06 
4.9846 
65E-06 

3.0E-04 
7.0E-03 
ZSE-04 
53E-04 
7.0E-03 
3.OE-04 
45E55 
20E-02 
1.0E-03 

3.0E-03 
6.0E-01 
1.8E-04 
15E-01 

3.0E-04 
7.0E-03 
25E-04 

2.0B-03 
7.0E-03 

3.0E44 
45B-05 
20E-02 
1.0E-03 
3.0E-03 
6.0E-01 

1.8E-04 
15E-01 

1.9E-03 
l.lE-03 
3.6E-04 

55E-03 
15E-02 
4JE-05 
3.0E-04 
6.1E-05 
1.2E-03 
238-05 
1.OE-06 

1.7E-02 
27E-05 

3.1E-03 
1.E-03 
5.8E-04 
23E-03 

24E-02 
7.3E-05 
4.8E-04 
9.7E-05 
1.9E-03 
3.6E-05 
1.7E-06 
27E-02 
4.3E-05 

5.0E-03 
2.8E-03 
9.4E-04 
7.9E-03 

3.9E-02 
1.2E54 
7.98-04 
1.6E44 
3.2E53 
5.9E-05 
27E-06 
4.4E-02 
7.0E-05 

Acenaphthene 5.9641 43E-06 6.9E-06 6.0E-02 6.0E-01 7.2E-05 1.2E-05 8.48-05 
Anthracene 1.1459 8.3E-07 1.3E-06 3.0E-01 3.OEi00 2.8506 4.48-07 3.2E-06 
Fluoranthene 7.2574 5.3B-06 8.4806 4.OE-02 4.OE-01 13E-04 2.1585 1.5E-04 
Fluorene 55428 4.0E-06 6.4E-06 4.0E-02 4.0E-01 1.OE-04 1.6E-05 1.2E-04 
Naphthalene 10.9247 7.9E-06 1.3E-05 4.0E-02 4.0E-02 20E-04 3.2E-04 5.2E-04 

Pyrene 125474 9.1E-06 15E-05 3.OE-02 3.0E-01 3.0E-04 4.9E-05 3.5E-04 

Arsenic 9.7282 7.1E-07 l.lE-06 3.0E-04 3.OE-04 24S-03 3.8E43 6.1E-03 
Barium 995861 7.2E.46 1.2E-05 7.0E-03 7.0E-03 1.OE-03 1.7E-03 27E-03 
Beryllium 1.1188 8.1E-08 1.3E-07 2.5E-04 ZSE-04 3.2E-04 5.2E-04 85E-M 
ChromiurnVI 38.5109 28E-06 4.5B-06 53E-04 20E-03 53E-03 2.2E-03 7.5E-03 
Manganese 2288.0077 1.7E-M 27E304 7.0E-03 7.0E-03 24E-02 3.88-02 6.2E-02 
Mercury 0.5786 4.2E-08 6.7E-08 3.OE-04 3.OE-04 1.4E-04 2.2E-04 3.6E44 



7-127 

Mercury (salts) 

Nickel 
Nickel @ai&) 
seleaium 
Strontium 
Vanadium 
26nC 

Acenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Naphthalene 

-ne 

-psthaaym 

0.5786 
21.3423 
21.3423 
0.9617 

16.0042 
41.9685 
56.9209 

1.8152 
1.9096 
9.4479 
21145 
3.4591 

15.2652 

4.2E-08 
1.5E-06 
15E-06 
7.0E-08 
1.2E-06 
3.0E-06 
4.1E-06 

1.3E-06 
1.4E-06 
6.9E-06 
15E-06 
25E-06 
l.lE-05 

6.7E4B 4.SE-05 
ZSE-06 20E-02 
25E-06 1.OE-03 
l.lE-07 3.0- 
1.9E-46 6.0E-01 
4.9E-06 1.8E-04 
6.6E-06 15E-01 

21E-06 6.0E-02 

22E-06 3.0E-01 
l.lE-05 4.0E-02 
25E-06 4.0E-02 
4.OE-06 4.0E-02 
1.BE-05 3.0E-02 

45E-05 9.3E-04 1.33-03 
2OE-02 7.7E-05 la04 
1.0E-03 15E-03 25E-03 
3.OE-03 23E-05 3.7E-05 
6.0E-01 1.9E-06 3.1S-06 

1BE-04 1.E-02 
158-01 2.8EoS 4.4E-05 

6.0E-01 22E-05 35E-06 
3.0E4-00 4.6E-M 7.4E-07 
4.0E-01 1.7E-04 27E-05 
4.0E-01 3.8E-05 6.2E-06 
4.0E-02 6.3E-05 1.OE-04 
3.0E-01 3.7E-04 5.9E-05 

24E-03 
2.0E-04 
4.0E-03 
6.1E4.5 
5.oE-06 
4.4E-02 
7.2E-05 

25E-O.S 
5.4E-06 
20E-04 
4.5E-05 
1.6E-04 
438-04 

131Eo1 

%e upper 95% confidence bound on the median is used as thc representative concentration. 
% o m :  Integrated Risk Informauon System (IRIS) and Health E f f e c t s  AsseEsment Summary Tables 0. 
Tbe absorbed IUD L equal to tbc oral RfD x % GI (percent ptmintstinal); the absorbed oral RfD is used in the dermal 

patitway calculations of hazard index (refer to Table 7.7 for organic Rars and Tabk 7.9 or inorganic IUDs). For the organics, 
with the exoeption of chryscne, the absorbed oral RfDs and she oral RfDs are equivalent (k, %GI = 100). 

dTotaI HI = Aduit HI chronic pills child HI subchronic. 
T h e  total pathway hazard index doer not indude merculy and nickel metals. 

dermal contact with soil pathways. The total (adult plus child) cumulative pathway (ingestion 
plus dermal) background HIS for DG, NOL, CR, CHE, CHI-BV, and CHT-K25 are 0.79,0.74, 
1.8, 1.0,0.8 and 1.0, respectively. According to EPA guidance for site contamination, for those 
formations where HIS are above the EPA threshold of 1.0., there is a concern for human 
health from systemic effects from these natural background constituents. 

7-643 Summary of the background 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 6.k-06 and 3-2-04  for ingestion of 
inorganics and organics; (2) between 2.%-06 and 7.2e-05 for dermal contact with inorganics 
and organics; (3) less than 1.k-05 for ingestion of radionuclides; and (4) greater than 1.k-04 
for externaf exposure to radionuclides. The main contributors to the risk for the ingestion and 
dermal exposure pathways are PAHs. Cesium-137, potassium-40, radium-226, and thorium 228 
are the main contributors to risk for the external exposure pathway. Even though PAH's are 
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not natural, because they are widespread they are considered to be background. The 
radioactive isotopes, with the exception of cesium-137 in the CHI-BV, are all considered 
background. Several CHI-BV sites bad recejved cesium-137 from local sources. Cesium-137 
values from CHI-BV are not all at background levels. 

The hazard indices estimated for ingestion of inorganics and organics in background soil 
and for dermal contact with the background soil are below the EPA guideline of 1.0 (with the 
exception of the arsenic HI for CR); therefore, these pathways pose no  expected adverse 
effects to human health. The total pathway HIS (ingestion plus dermal) for CR, CHE, and 
CHI-K25 formation samples are slightly above this threshold of 1.0. Arsenic and manganese 
are the major contributors to the HI for the ingestion pathway; and the main contributors to 
the €€I for the dermal exposure pathway are arsenic, chromium N, mangar %e, and vanadium. 
Note that the risks associated 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 background soil samples are 
found to be within or above the EPA region of concern; however, these risks do not indieate 
concerns or remedial actions that would be identified with similar potential risks from a 
contaminated site. 

7.7 UNCERTAINTIES AND ASSUMPTIONS 

Risk assessment as a scientific activity is subject to uncertainty (Table 7.13). The 
methodology used in this background risk evaluation fallows EPA guidelines. he  risk 
evaluation in this report is subject to uncertainty pertaining to sampling and 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 (Le., the analyte concentration remains constant over the sampling and 
analysis time period); (2) that the intake rates and exposure parameters are representative 
of actual potentially exposed populations; and (3) that all contaminant exposure and intake 
are from the site-related exposure media (Le., no other sources contribute to the receptor's 
health risk). Even if these assumptions are true, other areas of uncertainty may apply. "he 
toxicological data (SFs and FUDs) are frequently updated and revised, which can lead to over- 
or  underestimation of risks. These values are often extrapolatic- from animals to humans, 
which also induces uncertainties in tox ity values. In addition, ientioned earlier, in the 
analytical analyses for metals (total metal only) risks may be overe iiated because the metals 
that are present are eonsewatively assumed to be in their most to%.- forms. Furthermore, not 
all 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. The risk of .ncreased incidence of 
cancer from exposure to low-level radiation is estimated by applicaLion 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 



Table 7.18. General unmrrainty fttctors in risk assessment 
~ 

Uncertaintv Factor Effect of Uncertainty 

Use of cancer slope factora 

Risks/doses within an exposure mute assumed lo 
be additive 

Toxicity values derived primarily from animal 
studies 

Toxicity values derived primarily from high doses; 
most exposures are at low doses 

Toxicity values 

Effect of absorption 

Effect of applying critical toxicity values to soil 
exposures 

Exposures assumed wnstant over time 

Metal analysis for total metals only 

Not all chemicals at Ihe site have toxicity values 

Exposure assumptions 

May overestimate risks 

May over- or underestimate risks 

May over- or underestimate risks 

May over- or underestimate risks 

May over- or underestimate risks 

May over- or underestimate risks 

May overestimate risks 

May mer- or underatirnate risk 

Mny overestimate risks 

May underestimate dsks 

May over- or underestimate risks 

Slopes are upper 95th percent confidence limits derived from the linearized model; 
considered unlikely to underestimate true risk 

Does not account for synergism or antagonism 

Extrapolation from animal to humans may induce error due to differences in 
pharmacokinetics, target organs, and population variability 

Assumes linearity at low doses; tends to have consewative exposure assumptions 

;.' Not all values represent the same degree of certainty; all are subject to change as 
new evidence becomes available w 

The assumption that absorption is equivalent across species is impiicit in the M 
. 

derivation of the critical toxicity values; absorption may actually vary with species 
and age 

Assumes bioavailability of contaminants sorbed onto soils is the same RS detected 
in lab studies; contarninants detected in studies may be more bioavailable 

Does not account for environmental fate, transport, or transfer that may alter 
concentration 

Did not distinguish between valences or speciation; assumed the metal was present 
in Its most toxic form 

These chemicals are not addressed quantltatively 

Assumptions regarding media intake, population characteristics, and exposure 
patterns may not charactetize exposures 
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determining risk of radiation exposlire 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. This 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 Ill) report. 
The BEIR III recommendations were increased slightly by EPA to reflect reeent infoxmation 
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 reevaluation of the 
doses received by the atomic bomb victims, 

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 
naturally occurring background radiation in general. In the Background Infomation Document 
for the Environmental Impact Statement for NESlljlPS Radionuclides (EPA 1989d), EPA 
evaluated risks from exposure to average nationwide levels of background radiation. 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.k-03, which accounts for approximately 1.5% of US. 
cancer deaths. The average lifetime cancer risk for high-LET radiation exposure is estimated 
to be 6.5e-03 and accounts for approximately 4% of all US. cancer deaths. The  total risk 
of fatal cancer because of background radiation was approximately 8.9e -03. 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 1.443-02 (see Fig. 7.1), which is approximately 100 times greater than the upper 
bound (1.k-04) o l  EPAs  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.k-02, is 
the result of the unavoidable exposure to natural radiation sources; that is, a risk that we are 
all subject to because we live on the surface of the planet Earth. The majority of the risks 
modeled from the exposure to background soil constituents discussed in this section are a 
subset of the unavoidable risk associated with exposure to natural radiation sources. 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 le -04 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 all RIs is to differentiate between risks 
that are unavoidable (background) and avoidable risks associated with site contamination. To 
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clarify, if unavoidable background risks from exposure to soil on the ORR (6e-04) 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 OVERAWC, DATA QUALITY OBJE- 

8.1 SUMMARY 

Background Soil Characterization Project (BSCP) activities established both field and 
laboratory data quality objectives at the project planning stage. The BSCP Plan (Energy 
Systems 1992, Volume 3) discusses training, audits and surveillances, and data management, 
as well as the establishment of precision, accuracy, representativeness, completeness, and 
comparability (PARCC) parameters for evaluating field and analytical data. 

Training of field sampling crews reduced possible variability related to personnel changes. 
Sampling procedures were designed to effectively 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 soil morphology and vegetation 
and by testing and screening for volatile organic compounds (VOCs) and radioactive fallout 
activity. Overall quality of site selection is satisfactory, but several off-site (AND and ROA) 
locations had either excess loss of surface soils due to erosion, or more than 50 cm of the 
upper soil was composed of coUwium or alluvium, such that they could not be considered 
representative of residual soils. Soil erosion is one of the contributing factors to lower-than- 
average l3’CS values of off-site locations in comparison to ORR sites. Several off-sites were 
considcrcd to be colluvial soils rather than residual soils and were not considered to be 
representative. 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 oE the sampling process and/or the analytical methods. 

During the laboratory review process and the independent validation process, the data 
wcre evaluated and qualified as discussed in Sects. 4.3 and 4.4, respectively. The majority of 
the data were usable. Among the organics, however, polynuclear aromatic hydrocarbon (PAH) 
data were only 75% usable. Among the radionuclides, 70% of 237Np and 43% of 244Cm were 
usable (see Table 8.3). 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 relating 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 assess the results of field sampIing and 
analytical laboratory quality assurance (QA) and quality control (QC) activities of the BSCP. 
These QNQC results are presented to illustrate that the data collected are of sufficient 
quality to meet project objectives. The QA program was designed to meet the requirements 
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of QAMS-005/80 (EPA 1980a), ASME NQA-1 (ASME 1989), and the Environmental 
Restoration Division Quality Assurance Program Plan (ES/ER/TM-4/Rl). The QA objectives 
were defined in the BSCP Pian (Energy Systems 1992, Volume 3) .  

83 DATA QUALITY OBTIECIWES FOR FIEU) MEASUREMENT DATA 

The field QNQC objectives for BSCP data are as follows: 

1. 
2. 

3. 

Data generated would withstand scientific scrutiny. 
Data would be gathered using appropriate procedures for site selection, field sampling, 
chain of custody, laboratory analyses, and data reporting. 
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 all data collected was, therefore, to obtain precise and 
accurate measurements consistent with the intended use of the data and within the limitations 
of the relatively few samples, plus errors introduced or inherent irr 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 personnel training program, (3) field sampling QC requirements, and (4) data and 
records management systems. 

8 4  DATA QUAIJTY OBJEcrzvEs FOR LABORATORY MEASUREMENT DATA 

The laboratory QNQC objectives €or BSCP data are as follows: 

1. 

2. 

3. 

Laboratory data generated would withstand scientific scrutiny and be subject to data 
validation procedures. 
Data would be generated using appropriate procedures for chain of custody, laboratory 
analyses, and data reporting. 
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 U.S- Environmental 
Protection Agency (EPA) procedures for their chemical analyses and WASL-300 (AEC 1972) 
€or 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 data packages for their technical and contractual integrity. 



85.1 Audiis and Surveillances 

Audits and surveillances were performed by personnel of the U.S. Department of Energy 
(DOE) Oak Ridge Operations Office; Martin Marietta Energy Systems, Inc.; and others who 
reviewed and evaluated the adequacy of field and laboratory performance and ascertained 
whether QNQC as specified in the BSCP Plan (Energy Systems 1992, Volume 3) was 
adequately and uniformly implemented. Results of these audits and surveiilances were 
documented and reported to project management. 

The following field surveillances were conducted €or field quality control: 

June 12, 1992: Energy Systems Surveillance Report JS-BSCP-92-01. 

February 25, 1993: DOE Oak Ridge Report EQA-92-12-10. 

February 25, 1993: Energy Systems QA Report JS-BSCP-93-01, Phase I Field Data 
Validation. 

September 15, 1992  Energy Systems Surveillance Report JS-BSCP-92-02, Phase Il 
Field Sampling Activities. 

June 4, 1993 Energy Systems QA Report JS-BSCP-93-02, Phase II Field 
Data Validation. 

Corrective actions were initiated after the reports were received. 

The following analvtical laboratory surveillances were conducted for analvtical QC: 

September 2, 1992. Environmental Restoration Surveillance Report 92ERTI-9, 
Data Validation Methods. 

October 22-23, 1992: Environmental Restoration Surveillance Report 92ERTI-10, 
Data Validation Status. 

October 27, 1992: Environmental Restoration Surveillance Report !ZERTI-lI, 
Surveillance of Lockheed Analytical Services ?Libratory in 
Las Vegas, Nevada 

April 26, 1993: Environmental Restoration Surveillance Report 93-BSCP-L1, 
Surveillance of Ecotek LSI in Atlanta, Georgia 

March 1, 1993: Environmental Restoration Surveillance Report 93-BSCP-1, 
Surveillance of BSCP Project and QA Records. 

June 29, 1993: Environmental Restoration Surveillance Report 93-BSCP-3, 
Surveillance of BSCP Phase I1 Data Report Subelement 
Milestones Date Fulfillment. 

Written responses and corrective actions were provided after the reports were received. 
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852 Data Quality Indicators for Field Measurement Data 

Both qualitative and quantitative criteria are used as indicators for the overall quality of 
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, general soil forming 
processes, and site location criteria specific for each site. 

Analysis of field duplicates provided an assessment of the small-scale natural variability 
of soil samples. Soil Preparation Laboratory (SPL) splits of cornposited samples provided 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 included proper sample preservation, use of field and source water blanks, 
equipment rinsates, and suitable precleaned containers. 

853 Data Quality Indicators for Analytical Laboratory Measurement and Soil Preparation 
Laboratory 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, accuracy, representativeness, comparability, and completeness. 
Precision and accuracy are quantitative characteristics, whereas representativeness, 
comparability, and completeness are qualitative characteristics for evaluating the field and 
analytical performance. 

853.1 Precision 

Precisioti 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 laboratory analytical factors. Analytical precision is much easier 
to control and quantify than sampling precision. The historical data available to assess method 
performance depend on the samples received in the laboritory, while sampling precision is 
unique to each site. Sampling precision 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 laboratory 
replicates. The measurement of the sampling precision is determined by subtracting the 
analytical precision from the overall measurement precision. 

8532 Accuracy 

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 
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techniques. 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. 

8533 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 was addressed in this project by using screening 
methods for VOCs and radionuclides to determine the acceptability of sampling sites with 
respect to project objectives. 

853-4 Compieteness 

Completeness is defined as the percentage of measurements made that are judged to be 
valid measurements. The completeness goal of a project is satisfied if a sufficient amount 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. For an overview of the completeness of this project, see Table 8.3. 

8535 CDmparability 

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 techniques (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. 

85.4 TraiOing of Field and Soil Preparation Laboratory Personnel 

The BSCP training program included actual training in BSCP procedures. Training was 
completed as required in the appropriate standard operating procedure (SOP), and training 
records were maintained by the appropriate coordinator for the BSCP. Generally, the extent 
of field/Iaboratory training was 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 oE sampling locations, field data 
recording, and sample collection, were implemented to meet 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, 
Knoxville (UnC) 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. 



8-6 

855 field Data and Records Management 

Field data management activities ensured the organization, consistency, traceability, 
integrity, and security of the data sets generated 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 (1) to provide a complete and 
atxurate history of sample collection, analysis, and data reporting; (2) tes document conduct 
of project business; and (3) to 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 quality (e.g, project plans and results of QA oversight activities) were designated 
QA records and added to the project files. 

Records identified in sampling and analysis activities included project plans and approvals, 
Geld and laboratory notebooks, chain-of-custody forms, request-for-analysis forms, and 
instrument listings for gamma screening spectroscopy. 

All field activities followed standard record keeping and chain-of-custody procedures. 
These included recording site-specific information in bound notebooks, with routine reviews 
of the notebooks. Notebooks for ORR activities were divided into field notebooks, in which 
all field activities were recorded, and lab notebooks, where all 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. Project field 
QNQC procedures included field duplicates, cornposited splits, equipment-cleaning rinse 
water samples, and VOC trip water blanks. Specific field QC activities are discussed in Sect. 3. 

8.5-6 Field Quality Pmgrm 

85.6.1 Selection of sampling sites 

Representative sampling sites were selected that had not been disturbed by recent 
activities that resulted in surface soil disturbance. These activities included ORR facility 
activities since 1942 and off-site activities, such as farming operations or recreational uses. 

A brief discussion of each site is presented in Sect. 3. Most sites met the minimum 
qualifications specified in Sect. 3. Most of the 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-Resewation sites were still being used for cattle pasture. This showed up in the gamma 
scanning results, which had a much wider range in variability, an indication of either erosion 
or sedimentation. The ORR sites were, for the most part, abandoned 50 years ago, although 
logging has occurred on some QRR sites. This lack of land sur€ace disturbing activity resulted 
in less variability. Several Anderson and Roane County Copper Ridge sites had soils with a 
colluvial capping that was more than 50 cm thick. These particular soils were not considered 
to be wholly representative of residual soils but were very representative of the associated 
colluvial soils. 
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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 
immediately resulted 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 before 
being abandoned or planted in pines on the ORR or allowed to revert back to forest on 
private lands. Some ORR sites were located in woods that had never been totillly cleared and 
placed into agriculture. 

85-62 eotlection of samples 

Representative samples were collected and transferred to temporary refrigerator storage 
in the SPL (Room 375, Bldg. 1505 at ESD), to the Y-12 Plant Analytical Laboratory, or to 
the Oak Ridge National Laboratory ( O W )  Shipping Department for transfer to off-site 
analytical labora lories. 

All VOC, organic, and tritium soil samples from A horizons were preserved on ice 
immediately or within 15 min after k i n g  sampled. Samples collected for cornpositing usually 
were not preserved until after they had been partially dried, sieved, mixed, and put into 
suitable bottles. From that time, cornposited samples were preserved within 4 O  of 4°C. 
Observations made during routine sampling and SPL activities indicated that an ice chest and 
the refrigerator could generally maintain a temperature within 4" of 4°C. If a large number 
of warm samples was placed into the ice chest or in a refrigerator at once, the temperature 
might exceed 8°C for a short time. Temperatures were checked with a maximumhninimum 
thermometer. Diligent efforts were made to ensure that representative samples were 
collected. On the ORR, the designated sampling team leader sampled all of the sites except 
for one absence between April 20 and 23, 1992. Ail off-ORR sites were sampled by, or 
activities were monitored by, the UTK sampling team leader. 

85-63 Handling of samples 

Efforts were made to prevent crossantamination at any site and between sites and to 
maintain a complete chain of custody and detailed records of all field and laboratory 
compositing activities. 

All pit digging equipment was thoroughly cleaned before going from one site to another. 
All of the SPhIeaned  stainless steel sampling equipment to be used at one site was given 
a field rinse at the truck, rewrapped in aluminum foil, and carried to the site. One piece of 
sampling equipment was used for each soil horizon and then placed into a container for used 
equipment. All dirty equipment was cleaned, rinsed, and wrapped in aluminum foil in the SPL 
after the day's sampling bad been done. The date of cleaning was documented in the BSCP 
laboratory book. Site and sample descriptions were first recorded in tbe field log book, from 
which a unique sample number was assigned. From the field log book, all container labels 
were filled out and then placed on the sample jar. Field chaind-custody forms were also 
filled out from the field log book Laboratory chain-of-custody forms were filled out in the 
SPL for samples to be sent to analytical laboratories. Field log books were used to record all 
field activities. All activities that were done in the SPL were recorded in BSCP laboratory 
notebooks. The UT sampling crews used only one log book to record both field and SPL 
activities. 
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Field and SPL quality levels ranged from DQ Level II to DQ Level IV. In practice, 
however, DQ Level IV was adhered to throughout all field sampling activities, including 
screening samples for VOCs, where samples were placed into precleaned glass containers. 
SPL work with Environmental Sciences Division (ESD) composite soil samples was done 
under DQ Level rV documentation requirements. 

Field sampling procedures are listed in Sects. 6.6.13 to 6.6.1.9 in the BSCP Plan (Energy 
Systems 1992, Volume 3). The following discussion covers the objectives and methods 
followed in collecting samples. Before going to the field, all 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 rinse; it was then immediately rewrapped until it was used. The analysis of source 
water and field rinse water indicated that the cleaning of sampling equipment did not 
contribute to any cross-contamination. Some sites were located a considerable distance from 
the closest point of access. Here the rinsing was done at the truck, and the field-rinsed 
equipment was 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 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 place a soil sample into a 
precleaned glass sample container. Soil pushed by the sampling tool beyond the mouth of the 
jar was discarded. Placing soil into the ESJ 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 either with the fingers or with 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. All used stainless steel sampling tools were 
returned to the laboratory for standard cleaning, rinsing, and aluminum foil wrapping. 
Stainless steel sampling equipment was not given an acid rinse because of potential pitting 
and e. hing problems, nor was it given a solvent rinse since it would have been necessary to 
do this in a radiation-contaminated hood. Shovels used to open and fill pits were thoroughly 
cleaned between sites to prevent any crosscontamination. In addition, soil removed from pits 
was placed outside the 3- by 3-m sample area. Data obtained from field duplicates, 
composited splits, and field rinse water indicated that no cross-contamination was evident. 

Each sample was given its own identification number in the field. This number and the 
description of each sample were first recarded in the field log book. From the field log book, 
sample container labels were filled out and placed on each glass jar after the jar was filled. 
Each sample logged into the field log book was then transcribed onto a field chain-of-custody 
form, which was signed by all personnel involved in the sampling operation. The QRR was 
initially assigned numbers starting with loo0 and ending with 1999; however, the number of 
samples exceeded the assigned numbers. The sample after number 1999 was given the number 
4OOO. ORR samples continued to use 4000 series numbers until the field work was completed. 

D SPL operations consisted of refrigerating soil samples, cornpositing operations, 
preparing laboratory chain-of-custody forms, packing samples into ice chests, and taking them 
to shipping. Later in the project, preparation of laboratory chain-of-custody forms, new 
container labels, packing, and shipping were done by personnel from the Measurement, 
Applications, and Development Group Analytical Projects Office (MAD/APO) according to 
Procedure BSCP-SOP-02, Rev. 0. 
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The compositing operation resulted in the destruction of individual site samples obtained 
from a given horizon and the creation of new cornposited samples. All of these activities were 
recorded in the ESD or UTK soils laboratory log book. New sample numbers were first 
recorded in the laboratory log book and then transcribed onto container labels and the 
appropriate chain-of-custody form. 

A limited number of field variances [Sect. 6.6.1.9 of the BSCP Pian (Energy Systems 
1992)j were needed. These variances were only required in the sampling of Chickamauga 
sites. One field variance described the partitioning of Chickamauga sites between the Bethel 
Valley section of the Chickamauga and the K-25 Site section of the Chickamauga. Another 
field variance described a different grouping of sites for sample cornpositing purposes. Instead 
of a random grouping of sites, the Bethel Valley Chickamauga sites were cluster corn posited 
because the ESD gamma screening indicated the presence of a local source of 7Cs. A 
decision was made to determine whether other metals, organics, and radionuclides were 
associated with the 137Cs distribution. All other sampling and cornpositing of ORR and off-site 
areas were accomplished by standard procedures. 

85.7 F'ield Data Validation 

As part of the QA/QC effort to satisfy the data quality objectives of this project, 
validation of the field data is vital to ensure that the field data set is complete with respect 
to procedure ESP-500, ES/ESH/INT-l4, as specified in the project plan. A validation 
worksheet listing the ESP-SO0 elements was prepared for each site sampled, 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 a general 
index of records (and record contents) was needed. This activity identified a lack of complete 
records on sample preservation and a lack of landowner contact information for sites off the 
ORR. These areas were addressed by project staff. 

Field data vafidation was easier during the later part of this project for several reasons. 
In particular, sampling and record-keeping procedures benefitted from earlier surveillances. 
A major improvement was the adoption of BSCP-SOP-01, Rev. 1, approximately half-way 
through the project. The standardization of project procedures streamlined the way data could 
be reported in the field notebooks without loss of infomation. Such standardization obviated 
the need to spell out methodology, preservatives, etc., unless unusual conditions caused or 
demanded a departure from standard operating procedures. 

858 Assessment of Held Quality Control Methods and Prctcedues 

Samples and data collected to evaluate QC for field and laboratory activities were 
outlined in ESER/Xu-%/Rl (Energy Systems 1992). The frequency and types of QC samples 
collected were predetermined in the sampling plan based primarily on cost limitations. The 
specific QA objectives for all 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, prevention 
of crosscontamination, and field record keeping. Each of these actions is discussed herein as 
appropriate. 
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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 before being cleaned and then rinsed on-site 
before sampling. (3) Contact with distilled rinse water and stainless steel was a possible source 
of contamination, but the possible influence on data quality was negligible (see water analysis 
results). (4) The soil sampling procedure was designed to effectively reduce possible 
crossantamination among samples from different horizons within a soil profile. 
(5) Laboratory analytical procedures were developed to ensure no cross-contamination among 
the soil samples. 

85-81 soil 

All samples were collected in accordance with the BSCP Plan (Energy Systems 1992, 
Volume 3) regarding sample collection procedures, sampling devices, sample container 
compatibility, presexvation, custody, and preanalytical SPL processing. Soil variability was 
evaluated through the collection of field duplicates. 

The major purpose for obtaining field duplicates was to assess small-scale soil variability. 
Field duplicate samples for volatile organic analysis (VOA) and organic analysis were sampled 
in two corners of the sampling square, or about 3 m 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 
and 120 cm. Data from composited sample splits allowed for an initial look at SPL variability 
in compositing and at whether the analytical laboratory made a serious error. At least one 
notable laboratory error was found when comparing primary and duplicate data for the A 
horizon (ORR 5023 and 5037), where the problem occurred, and the B and C horizons 
(ORR 5031,5034,5040,5043), which had very comparable values. A laboratory reference soil 
was a h  used to assess ar.;alytical laboratory variability. One soil reference sample was 
submitted near the start of the project, and another was submitted at the close of the project. 
Comparison of the results indicates that there were no important departures in the data 
(more than two orders of magnitude difference). 

85.82 Water 

Water QC samples were treated identically to soil samples in terms of sample 
identification, custody, request for analytical services, and data processing. The only major 
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difference in handling was strict adherence to preservation, which involved refrigeration, 
acidification, or other prescribed methods. Results from water QC samples were not used to 
adjust the results obtained for primary or duplicate soil samples. Water QC samples included 
VOC 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 source water was used to identify 
contamination contributed to VOA soil samples during transport from the field to the Y-12 
Plant Analytical Laboratory. Trip blanks were transported to and from the field and preserved 
in the same manner as primary soil samples. Information from trip blanks can be relevant to 
the interpretation of VOCs in soil samples and in VOC field rinsates. 

Rinse water. Field rinse water is obtained by rinsing sample collection tools after arriving 
as close as possible to the sampling site. Analysis and comparison of the rinsate with the 
source water determined whether the cleaning procedures were adequate to avoid carry-over 
of contamination from one site to another and whether the sampling equipment had been 
thoroughly cleaned in the SPL. 

Comparison results from all rinse water samples from field and laboratory equipment 
cleaning operations with source water are presented in Tables 8.1 and 8.2. Sample 
identzcation numbers and analytes for which there were no differences are not presented. 

All of these values, except for strontium in the rinse water, are either below detection 
limits or  are estimates. The rest of the data are nearly the same for both field and laboratory 
samples of source water. The data generally indicate that (1) the laboratory detection limits 
varied from day to day (Note: if field blanks were available, they would be expected to exhibit 
the same variability) 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 had increased amounts of Fe, Mn, and AI. The increase in 
silicon is probably from water storage in l-gal glass jugs carried to the field. Because of 
detection limit changes and other problems, there were no detects or estimated values for 
PAHs in the Phase I source water and rinsate samples, but there were several in the Phase I1 
source water and rinsate samples. Again, a review of these data indicates problems with 
laboratory analytical equipment, including instrument contamination. 

No tritium or q c  was detected in any of the field rinses or source water samples. 
Europium-155 and potassium4 were detected in the radionuclides’ ORR rinse water but 
were not detected in the ORR source water. However, tbe high values shown are not 
reasonable, and the data should not be considered valid. No pesticides or herbicides were 
detected in the ORR source water or field rinse water samples. Some trip blanks and field 
rinse water samples €or the ORR VOC analysis were estimated to contain (J qualifier) 
acetone and 2-butanone. In addition, four VOA trip blank water samples contained 
trichloroethene along with one VOA field rinse sample. Trichloroethene was not deteckd in 
any soil sample. This compound is highly suspected to be the result of instrument 
contarnination. In conclusion, comparisons of rinse water with source water do not indicate 
any sampling contamination problems; rather, most of the listed differences are the result of 
laboratory contamination or problem with instrument calibration and/or lower limits of 
detect ion. 
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Most of the values are either below detection limits or are estimates. The rest of the data 
are the same and are not listed. Of interest is that some numbers are higher in the source 
water than in the rinse water. This is most likely because of instrument variability and 
sensitivity from day to day. 

Table 81. Comparison of rinse water and sonfce water for metals 010 the O M  
[Inductively coupled plasma (ICP) method; units are micrograms per liter] 

Element Phase I Phase II Nol-DGa CRb CH' Chickd 
rinsate source source rinsate rinsate rinsate rinsate 

Al 

cr 
cu 

Fl? 

MA 

Sr 

Si 

Sulfate 

a 
226Ra 

4oK 

Compound 

18.0 U' 19.0 F# 

20 u 
3.7 B 9.0 u 
5.0 u 30.8 €3 

1.0 u 1.4 B 

1.4 B 1.0 u 
1020 

1Ooo.o u 
6.1 B 7.0 U 

Dg D 

D D 

Phase I1 CR 
source rinse 

54.6 B 

7.9 B 

655 B 

3.7 B 

5.1 

11.6 €3 

9.85 

9.7 

CH 
rinse 

60.5 B 

12.5 u 
5.0 U 

60.5 B 

2 5  U 

2.5 U 

558.0 

4OOO.O 

14.2 €3 

D 

D 

Chi-BVh 
rinse 

83.0 B 

5.2 B 

9.5 B 

83.0 B 

1.0 u 
1.0 u 

298.0 

1Ooo.o u 
9.1 B 

D 

D 

12.4 B 

20 u 
9.0 

19.0 B 

1.0 u 
1.0 u 

150.0 

1ooo.o u 
7.0 U 

D 

loQo.0 

Chic K - 2 ~ '  rinse 

€3enzo[u]- 0.01 u 0.02 0.05 U 0.01 J" 0.08 u 
anthrene 

Benu>[u]pyrene 0.01 U 0.02 0.05 U 0.05 U 

Fluoran thene 0.02 0.05 TJ 0.01 J 

Benzokhij - 0.01 u 0.03 0.05 u 0.05 u 
perylene 

Phenanthrene 0.01 U 0.02 u 0.03 J 0.01 3 0.01 u 
'Nol-DG = Nolichucky-Dismal Gap. 
bCR = Copper Ridge. 
'CH = Chepultepec. 
dChick. = Chickamauga. 
CU = nondetect. 
f~ = estimated. 
gD = Identifies all compounds indicated at a secondary dilution €actor. 
b - B V  = Cbickamauga-Bethel Valley. 
'Chic. K-25 = Chickarnauga-K-25. 

Note: no qualifies letter is a detect. 
= estimated. 
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The source water for Anderson County herbicides or pesticides analyses did not contain 
any detects, but the Roane source water and field rinsate samples did, but in very small 
amounts. Indeed, from looking at the data above, one cannot be certain that there are any 
PAHs at all in these water samples. 

Table 82 Comparison of source water and rinse water 
for Anderson and Roane Oonnties 
(Units are micrograms per liter) 

Anderson County Roane County 

Element Source Rinse Source Rinse 

Al 72.0 U" 72.0 U 261.0 88.5 Bb 

B 170.0 209.0 24.0 U ' 24.0 U 

cu 
Fe 

Mn 

Pb 

Si 

zn 
Accnapthylene 

an ihrene 

Napthalene 

Phenanthrene 

Aldrin 

Benzo[a]- 

7.0 U 

61.0 U 

8.0 u 
1.8 B 

419.0 

6.0 B 

A' 

A 

A 

A 

0.05 U 

7.0 U 

61.0 U 

8.0 U 

1.8 B 

398.0 

5.4 B 
A 

A 

A 
A 

0.05 u 

78.5 

202.0 

3.6 B 

2.0 u 
423.0 

58.5 

0.18 Jd 

0.01 u 

0.01 J 

0.01 J 

0.064 F 

9.0 U 

107.0 

2.2 €3 

2.0 u 
665.0 

19.4 B 

0.04 3 

0.01 J 

0.02 J 

0.01 u 
0.063 P 

"U = nondetect. 
bB = estimated. 
'A = PAHs were not analyzed in the Anderson s o u r n  water or field rinse water samples. 
'J = estimated. 
T = used for pesticide/aroclor target analytes when there is 225% difference for detected 

concentrations between the two gas chromatograph columns. The lower of the two is reported 
and flagged. 

The Anderson County rinse water for radionuclide anaiysis contained 40K, but Roane 
County rinse water for radionuclides did not contain any detects for tritium. Neither the 
Anderson nor Roane source water samples contained any radiation detects. 

Some of the Roane County trip blanks and rinse water samples for VOC analysis 
contained estimated J detects for acetone and 2-butanone. These are considered to be due 
to instrument contarnination. OF note was the presence of carbon disulfide and 
1,Zdichloropropane in the following VOC trip blanks: ROA (3042,3043), (3W73069), and 
(3095,30!%). Each of these is a pair. The accompanying VOC soil samples For each trip blank 
pair were all resampled because of contamination from sealing the bottle lid with a particular 
brand of masking tape used by the UTK sampling crews. This practice was promptly 
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discontinued upon discovery of the problem. Chloroform was detected (14 pg/L) in sample 
2024. This is a trip blank and is most likely laboratorqt contamination because no associated 
soil samples contained this compound. 

85.9 Analytical Data Quality Assessment 

The laboratory QC program was designed to ensure that all data generated and reported 
are scientifically valid, consistent with accepted methods, and of known accuracy. AU 
inorganics and organics were analyzed by Lockheed Analytical Services Laboratory (Las 
Vega,  Nevada), while all radiological samples were analyzed by EcoTek, LSI (Atlanta, 
Georgia). The laboratories analyzed the following QC samples: 

* 
0 

* 

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. 
Duplicates to assess the precision of the sampling process and/or the analytical methods. 

85.9-1 Data validation 

Section 4.4 of this document 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 Sect. 4.4. This section will detail the results of the data validation with respect to formation 
and will provide an overall assessment 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 of this document. The data were 
also qualified during the data validation process. These qualifiers are defined in Sect. 4.4 of 
this document. 

Qualification of the data A total of 94 data packages was provided by the laboratories. 
There were 18 inorganic, 17 pesticide/polychlorinated biphenyl (PCB), 11 chlorinated 
herbicide, 18 polynuclear aromatic hydrocarbon, and 30 radiological data packages. This 
section will provide 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. A compilation 
of sample delivery group (SDG) numbers to sample numbers can be found in Appendix E 

Pesticides/PCBs. A total of 17 data packages was provided for pesticidePCB analysis. The 
data were found to be 99% usable; only one sample was qualified unusable (R). The QC 
problems found during the data validation that qualified the data J or UJ (Table 4.1) were 

that two SDGs were extracted outside of holding times, 
there were problems observed in the gas chromatograph/eIectron capture detector 
(GCECD) instrument performance, and 
there were calibration concerns, and surrogate recoveries were outside QC limits. * 

Chlorinated herbicides. A total of 11 data packages was provided by the laboratory for 
chlorinated herbicide analysis. The data were found to be 88% usable. Eighteen samples were 
analyzed for Dalapon and six samples of the other reported herbicides, which were rejected 
because surrogate recoveries were below 10% and/or because the holding times were 
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exceeded by two times the limit. Some data were qualified J or UJ because of calibration 
problem and surrogate recoveries that were outside of QC limits. 

Polynuclear aromdc hydrocarborn. There were 18 data packages provided by the 
laboratory for polynuclear aromatic hydrocarbon analysis. PAH data were found to be 75% 
usable. Tfie QC problems found during the data validation process that rejected the data were 

very poor surrogate recoveries, 

surrogate coelution problems. 

laboratory control sample (LCS) and matrix spike/matrix spike duplicate ( M S S D )  
recoveries outside QC limits, and 

Table 83. Distnbution of data usability 

Analysis type Method % Usable 

Radiochemical Gamma" 100 
Isotopic thorium 100 
Isotopic uranium 100 
Total uranium 100 
Isotopic neptunium 70 
Isotopic plutonium 96 
Strontium-90 100 
Technetium-99 100 
Tritium 93 
Curium-244 43 

PesticidesPCBs 
Chlorinated herbicides 
PA.HS 

99 
88 
75 

Organic 

Inorganic Metals M 
Cyanide 92 
Sulfate 92 
ICP/MS metals6 100 
NAA metais" 87 

eEuropiurn-155 was qualified unusable (148 samples) because the laboratory 

b~~~~~ = inductivt~~ m u p ~  plasma/mass spectmrcopy. 
CNAA = neutron activation analysis 

misidentified the energy tine. 

In addition to the rejected data, the data were a b  qualified J/UJ and JN/UJN/RN 
(Table 4.1). The data were qualified J N J  because of missed holding times (one SDG), 
coelution problems, calibration problems, laboratory blank contamination (two SDGs), 
surrogate recoveries, and LCS recoveries outside QC limits. The data were qualified 
JNIUJNRN because of problems with the laboratory's method of identifying peaks within the 
retention time windows. 
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ImrganicS. Eighteen data packages were provided by the laboratory for the analysis of 
inorganic analytes. The data were found to be 95% usable for the metals, !32% usable for 
cyanide and sulfate, 100% usable for ICPlMS metals, and 87% usable for NAA. The rejected 
metals data were for osmium, resulting from predigestion recoveries being outside QC lhits. 
The lead data were rejected because the samples were diluted, but the dilution was not taken 
into consideration when recalculating the dry concentration. The potassium results in some 
of the data were qualified unusable because the interference check sample was outside the 
criteria. The data also had some analytes qualified as J or WJ. The reasons for this 
qualification were 

0 there were calibration problems, 
the cyanide middle standard or initial calibration verification ( 1 0  was not properly 
distilled, 

there was laboratory blank contamination, 
duplicate percent RPD was outside criteria, 
MS and analytical spike recoveries were outside QC limits. 

Q 

0 

a 

ae cyanide holding time was exceeded, 

Six data packages for NAA were submitted by the laboratory. The NAA analytes that 
were rejected were Cd, Sm, Se, W, and Zn. These were rejected because of calibration 
concern and MS and LCS recoveries outside QC criteria. The data also had some analytes 
qualified as J or UJ. The reasons for this qualification were 

* continuing calibration outside criteria, 
0 

* laboratory blank contamination. 
MS and LCS outside criteria, 

Radiochemical analyses. A total of 30 data packages was submitted by the laboratory. The 
usability of the radiochemical data generated for this project was broken down by method 
and/or isotope. The data for all of the gamma-emitting isotopes were 100% usable with the 
exception of '''EU, which was qualified unusable because of the laboratory misidentifying the 
lssEu line. The data for %Sr, ?c, isotopic thorium, isotopic uranium, and total uranium were 
found to be 100% usable. The remaining isotopes had percent usability values ranging from 
43 to 96%. Isotopic neptunium was found to be 30% unusable because of calibration 
problems and an inability to assess the chemical separation. The isotopic plutonium was found 
to have 4% of the data unusable because of calibration problems and the inability to assess 
the chemical separation. Seven percent of the tritium data were found to be unusable because 
of poor matrix spike recoveries and the laboratory reporting points outside of the quench 
curve. The "Cm results were found to be only 43% usable because the laboratory did not 
recover the tracer from spike and duplicate samples in some of the samples. 

The other isotopes may have been qualified as J or UJ for various reasons. Some of the 
reasons for this qualification were 

0 

0 

* 
0 calibration problems, 

blank spike and matrix spike recoveries outside QC limits, 
inability to determine chemical separation specificity, 
no daily instrument performance check, 
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laboratory performance or method accuracy could not be determined, 
inability to assess activity, error, or minimum detectable activities in samples. 

85-92? Analytical 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 five inorganic analytes 
(cyanide, Pb, Os, K, and sulfate) were affected. Rejection of radionuclides can be ascribed 
to 237Np, isotopic plutonium, 3He, and "Cm. 

In addition to data qualified unusable because of quality control concern, there were 
problems with samples not being analyzed as we11 as other laboratory problems. f ive PAH 
samples did not get analyzed because of a laboratory oversight. The inorganic and gamma 
analyte lists from the laboratories were not always consistent, thus creating boles in the data 
set €or some of the analytes. Finally, the radiochemical laboratory misidentified the "'Eu, so 
all of those data were qualified unusable. 

8.6 ]LESSONS LEARNED AND RECOMMENDATIONS 

The BSCP as implemented worked extremely well in the field. The following are 
presented as particular examples of this. 

Site selection based on matching soil taxonomy with geologic formations in potentially 
contaminated areas. 
Statistical methods applied for scoping and design of the field sampling program. 
Application of a random site selection process within geologic formations. 
Utilization of a randomized technique for the grouping of sites within a formation into 
threes for sample compositing purposes. 

The following represent project successes associated with analytical results from this 
project: 

* 

Prequalification of commercial analytical laboratories and competitive final selection. 
Basing final analyte lists on risk assessment requirements. 
Developing NAA laboratory procedures in-house to provide supporting data for 
inorganics. 
Developing data validation procedures geared toward providing real-time feedback to the 
laboratories. 
Developing computerized data validation procedures applicable across Environmental 
Restoration projects. 

"Lessons Learned" from this project indicating what could work better in future projects 
can be grouped into the following areas. 

Tbe major area requiring more emphasis and improvement in a future project of this type 
is the area of interactive coordination and real-time feedback between the respective project 
technical and analytical coordinators and the laboratories well before data are officially 
received and processed through the validation phase. The primary reason for this suggested 
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requirement is to facilitate early detection and correction of data anomalies and 
inconsistencies that may be the result of variable interpretation of standard EPA procedures 
by laboratories or idiosyncrasies of analytical instrumentation calibration or the 
operatioditerpretation of automated system outputs. 

The most advantageous approach would be to utilize a phased approach to data 
collection in the field in future projects of this nature. It is suggested that a two-week to one- 
month cessation in sample collection be established to allow sufficient time for interaction 
with the laboratory to resolve data concerns and issues, 

Other areas requiring improvement include the following: 

Need more planning up front to meet evolving QA/QC requirements and data quality 
objective process needs. 

* Do not assume that CLP-qualified laboratories will meet your project-specific 
requirements, even with EPA standard analytical methods. 

e Conduct project-specific preaudits - Conduct extensive, detailed, on-site reviews of the laboratory's operating procedures 
and QA implementation procedures. 
Provide project-specific performance evaluation samples to evaluate laboratory 
performance and data deliverables. 

- 

In negotiations with mmmercial analytical laboratories supporting future projects, it is 
reeommended that provisions be made to 

* 

* 
Conduct preaudit surveillances including facilities, instrumentation, procedures, training, 
and record keeping with laboratory management and staff members. 
Revise commercial laboratory statements of work, as appropriate, to include required 
detail beyond CLP. 

The following additional specifics are offered for future work in this area: 

1. Laboratory data need to be made available as early as possible to the field sampling team 
for the following reasons: 

0 Correlatiodconnection of sites to specific data packages. 
Determination if data are reasonable and related. A, B, and C horizon data for 
residual soils should always be related. 

2. Application of the concept of cluster compositing would allow for more detailed field 
interpretation of conposited results and could be used to generate additional statistics. 
Random compositing as used herein does not allow €or such detailed field 
interpret a tions, 

Most of the composited data for metals and radionuclides cannot be partitioned into 
sources of origin because of naturally occurring and local anthropogenic sources. Cluster 
cornpositing would allow €or trends to be observed and whether any of the ORR facilities 
had an effect on the data for a particular cluster. 
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3. Procedure ESP-500 should be altered to fit the needs and requirements of a follow-on 
project. Field sampling crews in this project tried to adapt existing Clinch River chain-of- 
custody (COC) forms. New COC forms specific to the BSCP were developed for this 
reason. An entirely new form for cornposited samples had to be developed also. 

4. For statistical purposes, data flagged as U or UJ should not be used without due regard 
for the qualifiers. 

5. I€ certain temperature preservative standards are to be strictly adhered to, then the 
equipment to do this must be in place before work is started. This comment refers to the 
4°C criterion listed as a common sample preservative technique. Using refrigerators and 
“blue” icepacks to keep samples cold results in an actual measured temperature range 
of 4. fZ0C, by EPA standard. 
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