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NOTICE ABOUT UNUSABLE DATA

The europium-155 data contained in this report have been determined to be unusable, because
of possible interference with the gamma spectra of other naturally occurring radionuclides in
soils. Although these data were used throughout the analyses discussed in this report, including
the evaluation of risk, the effects of eliminating the europium-155 data from risk considerations
are minimal, because the risks posed to human health from ingestion of and external exposure
to uncontarninated soil on the Oak Ridge Reservation (ORR) containing background levels of
europium-155 are relatively small (5.97 x 10! and 1.49 x 1077, respectively). Furthermore,
individual risks are negligible when compared with the total pathway risk from ingestion of and
external e:fgosure to background levels of all radionuclides on the ORR (pathway risks are
739 x 10 and 6.38 x 104, respectively). Hence, elimination of the europium-155 data from
this data set would not significantly change the risk values, and similar statements are also true
for the europium-155 background risks for Anderson and Roane counties. Revised Phase I
resuits will be presented in the project final report.

This report has been reproduced directly from the bast available copy.
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Technical Information, P.O. Box 62, Oak Ridge, TN 37831; prices
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certain operating criteria to safeguard the environment (RCRA 1976). These TSD
facilities are referred to as solid waste management units (SWMUSs) 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).

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

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

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

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

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

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

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

1.4 DATA QUALITY OBJECTIVES

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

State the Problem To Be Resolved

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

Identify the Decision To Be Made

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

reduce the elevated concentrations to those of naturally occurring levels or to technically
feasible levels.
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Identify Inputs to the Decision

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

Narrow the Boundaries of the Study

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

Develop a Decision Rule

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

Develop Uncertainty Constraints

The uncertainty of all results from this project must be as low as reasonably achievable
or, put 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
are estimated to cost millions of dollars and require several years to implement. It is
important that resources be directed at sites that are truly contaminated. To achieve the
lowest uncertainty in the statistical analysis conducted as a part of this project, high quality
data, as well as adequate sample sizes, are required. The project team decided that analytical
data used in the analysis should require EPA Level IV quality control and documentation {0
ensure high quality data. Preliminary screening analyses were assigned EPA Analytical
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Level II quality control documentation. In order to ensure that sample collection and field
observations were done in such a way as to ensure technically complete and accurate and
legally defensible information, ihese activities were conducted according to procedures that
had been reviewed and approved by technical experts, knowledgeable managers, and
regulators, subject to appropriate quality assurance oversight.

Optimize Design for Obtaining Data

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

The sampling plan was further optimized by repeating the sample collection 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, the same
soil types. This repeat analysis technique is designed to ver'fy the results of the analysis
conducted on those samples collected within the boundaries of the ORR.

Development of Uncertainty Constraints

It is difficult, at best, to assign a simple uncertainty constraint on this or any
environmental investigation. These types of investigations differ from other experiments
where uncertainty constraints are commonly used, in that little is known about the sample
population (background concentration) before the experiment. In 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. Among those factors that do not
lend themselves to quantifiable uncertainties are the following:

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

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

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

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

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

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

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

results for any constituent vary considerably, then the spread between the median value and
the 95th will be large.

In the second scenario, where 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 Project Plan for the I3SCP, when the sample size is 4, as is
the case in this experiment where four composited soil samples are analyzed, the 90% lower
confidence bound for the probability that another composited sample would also be less than
the detection limit is 0.56. If the composited samples from different geologic units and/or
horizons were to be combined, and 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 will need to be evaluated
for technical defensibility before statements on the probabilities of doing so can be made.

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

2.1 PROJECT ORGANIZATION

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

22 DATA MANAGEMENT AND VERIFICATION
2.2.1 Respoausibilities for Data Management and Verification

Records of data collection and analysis of samples for the BSCP are generated by field
and laboratory personnel. The BSCP data base, using SAS software, has been established on
a mainframe computer system at ORNL to store the data. The purpose of the data base is
to provide retrievability, integrity, security, and organization of the data, according to the Data
Management Plan (Sect. 7) in the BSCP Plan (Energy Systems 1992). 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 cross-checked
with field records to corroborate the one-to-one correspondence of laboratory results with
field sampling sites from where soil samples were originally obtained.

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

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

222 Data Storage and Records Management

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

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

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

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

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

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

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

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

Data sets of analytical laboratory results were provided to the statistical coordinator for
conducting statistical analysis, generating data summaries, and performing data reduction. The
statistical coordinator in turn provides data summaries to the risk analysis coordinator.
Baseline risk to human health is calculated for later use in comparison with risks associated
with contaminated 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 access needed data
from OREIS.

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

23.1 How To Use Phase I Data—A Field Perspective

The purpose of this section is to advise data users how to use the BSCP data base. The

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

1.

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 collecting
samples?

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

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

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

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

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

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

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

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

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

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

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

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

232 How To Use Phase I Data—An Analytical Perspective

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

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

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

The following questions are presented to provide additional guidance.

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

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

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

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

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

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

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

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

statement of work for organic and inorganic analyses.

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

2.3.3 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

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

® 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 analytes of interest.

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

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

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

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

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 composited or composited at significantly different
levels other than three, or if they are biased, perhaps through the use of a nonrandomized
sampling site selection process resulting in the selection of hot spots. Alternatives for
composites of other than three are discussed in Sect. 5.10. The statistical variability of new
observations, which may be expressed in means or percentiles from replicates, should be
considered.

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

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

What is risk assessment as it pertains to the BSCP?

Risk assessment is used to evaluate potential risks to human health from exposure to
constituents in background soils (from the ORR, Anderson County, and Roane County).
There are two types of risk, carcinogenic risk and 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
106 indicates one person in one million is predicted to incur cancer from exposure to this
contamination level.

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

What are the primary goals of this risk assessment?

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

How are risks and hazard indices determined?

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

Carcinogenic effects are expressed is terms of risk. The risk is calculated by multiplying
the daily intake of a constituent by the EPA-approved slope factor. There are three regions
of concern according to EPA guidelines for contaminated sites: risk < 1.0 X 10, no concern;
risk between 1.0 x 10 and 1.0 x 10, range of concern; and risk > 1.0 x 10, unacceptable.
Risks due to background soil concentrations are reported in this manner, but the results are
only for comparison with site-related risk; the results do not pertain to remediation goals.

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

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

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

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

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

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

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

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

What are the uncertainties associated with the risk and hazard index numbers?
Risk assessment as a scientific activity is subject to uncertainty. Although the
methodology used in this risk assessment follows EPA guidelines, uncertainties pertaining to

sampling and analysis, exposure estimation, and toxicological data still exist.

The major assumptions used in risk assessment are that (1) contaminant concentrations
detected and reported by the analytical laboratory are representative of the analyte
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concentrations in the soil, (2) the intake rates and exposure parameters c-e representative
of actual potentially exposed populations, and (3) all contaminant exposui< 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 RfDs) 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 all 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.

2.3.5 Data Access 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 OREIS," and the "Oak
Ridge Environmental Information System (OREIS) User Interface Manual for General Users,
Version 1.0."

All 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.

Additional considerations follow.

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

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

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

3.1 SUMMARY

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

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

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

3.2 INTRODUCTION

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

Soil sampling for Phase I was restricted to residual soils of the two most representative
Conasauga Group geologic formations out of six: the Dismal Gap Formation (formerly
Maryville Limestone) and Nolichucky Shale within the Bear Creek Valley section. Three areas
within this geologic section were chosen. The ORR area extended from the Clinch River on
the west to the west end of the Y-12 Plant burial grounds on the east. Two off-site areas in
the same geologic strike zone were located to the southwest in Roane County and to the
northeast in Anderson County (Fig. 3.1). Only residual soils of the Dismal Gap Formation
were sampled in both on-sitte ORR and off-site locations in Phase I of the project. The
selection of which parent materials to sample in each sampling area reflected the availability
of limited resources and the intention to maximize project effectiveness, in addition to
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considering technical factors, such as site accessibility and the availability of suitable sampling
sites that fit the selection criteria discussed in Sect. 3.2. It is not known whether all of the
data from the Bear Creek section of the Conasauga can be used in the Melton Valley section
of the Conasauga, since these two sections were separated by a considerable lateral extent
during deposition, even though faulting has now brought both sections quite close together.
The primary concerns here are those metals and radionuclides that are inherited from
geologic materials.

3.3 SAMPLING SITE SELECTION

Sampling sites on the ORR were mostly confined to the Roane County portion, but some
ORR Phase 11 sites were located in Anderson County (Fig. 3.2). Recent digitized soil maps
(available from the Oak Ridge Environmental Information System), where residual soils had
been related to the underlying geologic formations, provided the base map for generating
potential sites. A statistical program was utilized to randomly select grid coordinates that fell
on predetermined soil map units. No two sites were to be less than 250 feet apart. This
methodology resulted in the generation of a base map with 44 potential sampling locations
for the Dismal Gap and Nolichucky soils. Each potential sampling site was assigned a unique
number from 1 to 44. In addition, the statistical program determined primary and secondary
sampling sites. Secondary sites are alternate site locations in case the primary sites are
unacceptable in terms of the selection criteria discussed below. In several cases on the ORR,
both primary and secondary sites were not acceptable, resulting in the soil scientist looking
nearby for potential sites that would meet the criteria. Potential sites in southwestern Roane
(Fig. 3.3) and northeastern Anderson (Fig. 3.4) counties were selected differently because of
ownership, vegetation (Figs. 3.1-3.4), and disturbance constraints. Anderson County and
Roane County sites are located within the shaded remote site areas, as shown in Fig. 3.1. In
these off-site locations more than 24 potential sites were located in the field. Those sites
eventually chosen were located along the entire distance of the evaluated area and had to
meet the vegetation and disturbance requirements discussed below.

33.1 Site Evaluation
Individual site evaluation used the following criteria:

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

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

3.3.2 Selected Sites

After the initial vegetation and soil screenings were finished for all of the potential
Dismal Gap sites, the following ORR Dismal Gap sites were found to be suitable:

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

All primary sites were used. Secondary sites were selected so that there would be no
major gaps in coverage. Because of this, secondary sites 1 and 4 were rejected.

After the ii'tial vegetation and svil screenings were done for all of the potential
Nolichucky sites, the following sites were found to be suitable:

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

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

3.3.3 Composited Sample Sites

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

Following are the groupings for Dismal Gap and Nolichucky sites:

¢ Dismal Gap:  [27 41 11] [22 19 32] [33 10 35] [2 43 26],
e  Nolichucky: [15 23 25] [16 28 42] [5 21 31] [3 13 24].

The exact sequence of sampling a site within any particular sampling group was not
important. This concluded the preliminary site selection and initial evaluation process for the
ORR sites.

3.3.4 Selection and Initial Evaluation of Off-Site Locations

Conventional U.S. Geulogical Survey topographic maps were utilized in locating 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 as the ORR Dismal
Gap and Nolichucky sites. The University of Tennessee sampling crew made the potential site
selection by using ‘he same vegetation and soil parameters descrihed above. Independent
confirmation was obtained that the Roane County sites were in the Dismal Gap Formation.
Because of both present and past land uses off-site, the potential number of sampling areas
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was severely limited, but no two adjacent sampling sites could be closer than 250 feet. Twelve
sampling sites that met the vegetation, soils, and past land use criteric were selected in Roane
County and 12 in Anderson County. A radiation scan was not per 2rmed for any off-site
sampling location.

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

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

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. Each site in Phase I is
described in numerical order. In the appendix ORR sampling sites are described first,
followed by descriptions of the Roane County and Anderson County sites.

3.5 SAMPLING PROCEDURES

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

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

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

These procedures were developed based on the following references: EPA (1980, 1987a,
1987b, and 1991a); ANSI/ASTM (1980); and Kimbrough et al. (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 will be involved. Only those actually
doing 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 supervised in these activities either by the technical coordinator or
by the sampling team leader.

3.6 SOIL SAMPLING AND SAMPLE PREPARATION
3.6.1 Scope and Objective

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

3.62 Materials

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

3.63 Field Activities
3.63.1 Locating sampling areas

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

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

2. If a site, based on vegetation cover, was deemed to have potential, the first soil
observation near the grid point that qualifies for the soil to be sampled marked one
corner of the proposed sample site. This was one way of reducing soil scientist bias. After
one corner of the sample site had been located, additional soil observations were made
within a 4-meter radius of the located grid point to determine if the proposed site was
uniform enough for 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. The purpose of the additional soil observations was to determine that
most of the site was composed of residual soils, not of thick colluvium or a thin (50 to
100 cm) colluvial capping. However, because of several constraints of locating enough
suitable sites, soils with a thin colluvial or alluvial capping less than 50 cm thick were
considered suitable for sampling.

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

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

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

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

3.6.3.2 Sampling methods

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

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

Three 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 1000-mL clear glass bottle, and (3) organic compound
(such as PAHs, pesticides, and herbicides) analyses in a 1000-mL amber bottle. Bottles were
capped, labeled, and sealed with a custody seal. One additional A horizon sample was
collected in a 2-liter 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
at4® + 4°C.

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

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

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

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

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

Gamma screening samples. Six 5-cm depth 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 rad-scan,
a pit was dug to a depth of 50 to 60 cm at one corner of the 3- by 3-meter site.

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

3. A10 x 10 x 5 cm stainless steel frame was laid on the soil surface and carefully
hammered into the soil to its 5S-cm depth.

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

5. The soil inside the frame was packed into a 500-mL marinelli beaker. The label was filled
out after packing and cross-checked with the field book entry. Large roots (>1 cm
diameter) were not put into the container. When samples had a considerable number of
coarse fragments—for example, soils in the Knox Group—fine earth was packed into the
container 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 by using paper towels and
a brass wire brush before collecting the next 5-cm increment.

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

8. This procedure was repeated at 5-cm increments to a depth of 30 cm.
3.633 Preparation of composited soil samples in the SPL
The following steps are employed in preparing soil samples for analysis.

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

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

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

Additicnally, note that

e 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 due to thinness
were noted in the field book.

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

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

3.63.5 Cleaning sample containers and sampling tools

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

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

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

Temperature monitoring was done periodically of both the refrigerator and the ice chests
used to cool soil samples in the field and for transfer to analytical laboratories. Temperature
measurements made with a max/min thermometer indicated that a temperature range of 4°
+ 4°C can be maintained most of the time. The addition of several warm samples can, for
a short period of time, raise the temperature above 8°C. There were a few instances where



3-15

a VOC trip blank was taken to the field with too much ice, resulting in partial freezing of the
trip blank before soil samples were added to the ice chest. Temperature data were recorded
in the laboratory notebook.

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

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

3.63.7 Maintenance and transfer of records

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

3.6.3.8 Management of noncontaminated waste in the SPL

Waste generated in the SPL consists of emptied glass jars, excess soil over and above
what was needed for compositing purposes, soil in gamma scan containers, soil in VOC
sample bottles returned from the Y-12 Plant VOC analytical laboratory, and blotting paper.
Since none of the above waste materials contained any hazardous metals, organics, or
radionuclides, disposal was done in the following manner. The plastic lids and teflon seals
were removed from the glass jars and placed into a suitable trash container at the rear of
Building 150S. The glass jars were placed in the glass dumpster at the rear of Building 1505.
Blotting paper was placed into the waste container in Room 375 for removal by cleaning
personnel. Excess soil was returned to the woods close to its origin and spread on the forest
floor in a thin layer.

Should the SPL have any contaminated samples, they would be dlsposed of under
laboratory standard operating procedures.
3.7 FIELD QUALITY CONTROL EVALUATION
There were three major objectives for achieving field quality control:
1. selection of representative sampling sites that were not disturbed by recent activities,
including ORR facility activities or off-site activities such as farming operations or

recreational uses that resulted in surface soil disturbance;

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

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

Site screening included the following on ORR sites:

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

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

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

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

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

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

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

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

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

3.8 QUALITATIVE RESULTS OF GAMMA SPECTROSCOPY SCREENING

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

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

Cesium-137 values were summed for the upper 30 cm of the soil profile (see
Appendix B). Statistical analysis indicates that there are significant differences between ORR,
Anderson, and Roane sites. Roane County sites have lower mean values, but this can be
accounted for by present and recent past land use practlcm causing localized erosion in
Roane County. One Roane site, No. 13, had a total cesium-137 value of 1.98 pCi/cm®. From
looking at the soil profile description (Appendix A), there is a strong indication that this
severely eroded site has only very recently beccuic stabilized with a forest litter layer, thus
reducing surface erosion. Two Roane sites had high cesium-137 values compared to the
cxpccted average background level of approximately 10 an/cm Both sites had a surface
capping of either colluvium or alluvium, a situation where there is lateral water and sediment
movement and localized transport from higher areas. It should be pointed out that the source
of cesium-137 is atmospheric deposition generally over the entire region in which the ORR
and Roane and Anderson counties are located. In addition, the ORR has superimposed on
it the contribution of cesium from sources within the ORR. There is no transport or
movement of cesium or another constituent postulated or implied from these results between
on-site and off-site sampling areas. One Anderson County site had the highest value, 14.424
pCi/cmz. This site, AND-19, located on the lower part of a convex slope, has an over-
thickened surface horizon with about 13 cm of modern sediment overwash that contains
considerable cesium. The ORR Dismal Gap data are slightly higher than the Anderson
County and Roane County Dismal Gap data due to higher minimum values, which indicates
a longer period of minimal disturbance for the ORR sites. The Nolichucky data have the
highest mean values and also the highest minimum values. This is most likely due to the more
gentle slope gradients that resulted in less lateral transport of particles downslope. The ORR
sites are significantly different from the Roane and Anderson sites. Variations in the
cesium-137 gamma screening data could be accounted for by past land use and by landform
variability.
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4. ANALYTICAL LABORATORY ANALYSES AND DATA
VALIDATION

4.1 SUMMARY OF DATA VALIDATION

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

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

on the volatility of technetium in order to determine the acceptability and usefulness of the
data.

4.2 INTRODUCTION

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

The assumptions used to select the analytical parameters follow:

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

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

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

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

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

e capable of performing the requested analyses as stated in the project work plan, and

¢ low in cost.

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

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

4.4 QUALITY ASSURANCE/QUALITY CONTROL

Analytical QA and QC were conducted according to the requircwents of the EPA CLP.
The required analytical level defined by the EPA Data Quality Objectives (DQOs) document
is Level IV (EPA 1987b). This level is characterized by rigorous QA/QC protocols and
documentation. The pesticide/polychlorinated biphenyl (PCB) analyses were performed
according to the EPA CLP Organics SOW, March 1990 (EPA 1990a). The metals analyses
(except osmium) were performed according to the EPA CLP Inorganics SOW, March 1990
(EPA 1990b). All other analyses were performed under “CLP-like” procedures, with the
minimum QC outlined in the Project Plan (Energy Systems 1992). Holding time requirements
for these methods can be found in Table 6.4 of the BSCP Plan (Energy Systems 1992).

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

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

e The analysis of nitrate was removed fro-a the araly.ical program because of the 24-h
holding time. Compositing the samples de'ayed shipment of the samples for a minimum
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of two days after collection, which meant that the nitrate holding time was already
exceeded. Therefore, analyzing for nitrate would not have been valid.

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

4.4.1 Organic Data Qualifiers

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

Qualifier | Explanation

8] Indicates compound was analyzed for but not detected.

J Indicates an estimated value.

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

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

C Use  “r pesticide results where the identification has been confirmed by
GC/mass spectrograph.

B Used when the analyte is found in the associated blank as well as in the sample.
D Identifies all compounds indicated a* a secondary dilution factor.

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

Other specific flags may be used to propetrly define the results. If they are used
they must be fully described and attached to the Sample Data Package.
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4.4.2 Inorganic Data Qualifiers

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

Qualifier | Explanation
Indicates compound was analyzed for but not detected.

Indicates an estimated value.
Spiked sample recovery not within control limits.
Reported value estimated because of the presence of interference.

Duplicate injection precision not met.

w 2 mZ <« C

Reported value was obtained from a reading that was less than the contract
required detection limit, but greater than or equal to the instrument detection
limit (IDL).

Reported value was determined by the method of standard additions (MSA).

w

w Post-digestion spike for furnace atomic absorption is out of control limits, while
sample absorbance is less that 50% of spike absorbance.

¢ Duplicate analysis not within control limits.

+ Correlation coefficient for the MSA is less than 0.995.

4.5 DATA VALIDATION

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

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

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

4.5.1 Organic Data Validation Results
4.5.1.1 Pesticide/PCB validation results

The 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 60 samples analyzed for the pesticide/PCB compounds listed in the
SOW. However, only 59 samples were analyzed for the following compounds:
gamma-chlordane, aldrin, all aroclor compounds, endosulfan sulfate, endosulfan II, endrin,
endrin aldehyde, endrin ketone, methoxychlor, toxaphene, 4,4’-DDE, and 4,4'-DDT. There
were only 58 sample results reported for aroclor-1242. The reason for not reporting a result
for all compounds is being actively investigated. The results of this investigation will be
provided in the project final report.

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

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

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

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

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

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

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

e beta-BHC and methoxychlor in sample 3072 of SDG 0511260, qualified as
estimated (J);
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Table 4.1. Definition of data validation qualifiers

Qualifier Definition

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

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

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

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

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

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

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

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

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

e beta-BHC and methoxychlor, qualified as estimated (J) in sample 3018 of
SDG 042260;
alpha-BHC, qualified as estimated (J) in samples 1099 and 1106 of SDG 0424260,
beta-BHC and methoxychlor, qualified as estimated (J) in samples 1107, 1108, and
1115 of SDG 0424260,

e beta-BHC and methoxychlor, qualified as estimated (J) in samples 1127 and 3032
of SDG 0430260;
4, 4-DDT, qualified as estimated (J) for SDG 0722260;

o  beta-BHC, qualified as estimated (J) in SDG 0727260; and

e beta-BHC, qualified as estimated (J) 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 for 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. Endosulfan
I and alpha-BHC had almost the same retention time window, which qualified the data
as estimated (J) in SDG 0508260.

All percent relative standard deviation (%RSD) results for the calibration factors met
the QC criterion of <20% for target compounds, with the exception of

e alpha-BHC, qualified as estimated (J) in SDG 0803260 and 0727260,

® 4, 4’-DDT, qualified as estimated (J) in SDG 0722260;

¢ alpha-BHC, delta-BHC, 4, 4’-DDD and 4, 4°-DDE, qualified as estimated (J) in
SDGs 0519260 and 0508260,

o alpha-BHC, 4, 4’-DDD and 4, 4’-DDE, qualified as estimated (J) in SDG 0430260
and sample 3072 of SDG 0511260,

¢ alpha-BHC and endrin aldehyde, qualified as estimated (J) in samples 1099 and 1106
of SDG 0424260 and samples 1064, 1072, 1080, and 3003 of SDG 042260;

¢ alpha-BHC, 4, 4°DDE, 4, 4’-DDD, and 4, 4-DDT, qualified as estimated (J) in
samples 1107, 1108, and 1115 of SDG 0424260 and sample 3018 of SDG 042260;

¢ alpha-BHC, delta-BHC, gamma-BHC, 4, 4’-DDD and 4, 4’-DDE, qualified as
estimated (J) in samples 3058, 3099, and 3085 of SDG 0511260; and

¢ alpha-BHC, gamma-BHC, 4, 4’-DDD, 4, 4’-DDT, and endrin aldehyde, qualified as
estimated (J) in SDG 0523260.

Surrogates met the criterion of <30% RSD.

Assingle concentration calibration standard was analyzed for multicomponent 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

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

Laboratory blanks. Samples were extracted with a method blank, and an instrument blank

was run immediately prior to 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 PBBLKO2 of SDG 0514260. PEBLKO02 was found to contain aroclor-1242,
which was also identified in two of the samples. Therefore, samples 3046 and 3148 were
qualified as nondetected (U) since the concentration of the samples was less than five times
the concentration found in the associated blanks.

Surrogates. All surrogates were within the 60-150% QC limits, with the following

exceptions:

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

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

Matrix spike/matrix spike duplicates. Results were checked to ensure that they met the

required QC criteria. MS/MSD data are not used to qualify data alone. All MS/MSD
recoveries were within QC limits, with the exception of the following:

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

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

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

Extract volumes were condensed to 4 mL instead of 10 mL.
Only 1 mL of MS/MSD solutions was added to samples instead of the required 2 mL.
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Chromatograms for standards were noncompliant (less than 10% full scale for single
component compounds and less than 25% full scale for multicomponent compounds).

The florisil cartridge check and cleanup were not performed as required.

Target compounds were detected on both columns above the detection limit, but below
the contract required quantitation limit; however, they were not reported on Form 1s.

All pesticide/PCB data were determined to be usable.

A summary of the pesticide/PCB data validation results is presented in Table 4.2.

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

Compound U ul P J Sum Percent

usable

Alpha-BHC 15 45 60 100%
Beta-BHC 19 41 60 100%
Delta-BHC 28 32 60 100%
Gamma-BHC (Lindane) 10 SO 60 100%
Gamma-chlordane 2 8 60 100%
Aldrin 34 26 60 100%
Aroclor 1016 52 8 60 100%
Aroclor 1221 52 8 60 100%
Aroclor 1232 52 8 60 100%
Aroclor 1242 49 8 1 58 100%
Aroclor 1248 52 8 60 100%
Aroclor 1254 52 8 60 100%
Aroclor 1260 52 8 60 100%
Dieldrin 2 58 60 100%
Endonsulfan I 47 13 60 100%
Endonsulfan II 52 8 60 100%
Endonsulfan sulfate 48 11 59 100%
Endrin 52 8 60 100%
Endrin aldehyde 2 17 59 100%
Endrin ketone 49 11 60 100%
Heptachlor 12 48 60 100%
Heptachlor epoxide 52 8 60 100%
Methoxyclor 42 18 60 100%
Toxaphene 52 8 60 100%
Alpha-chlordane 47 13 60 100%
4,4-DDD 23 37 60 100%
4,4-DDE 17 43 60 100%
4,4-DDT 20 39 1 60 100%
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4.5.12 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 24 samples analyzed for the chlorinated herbicide compounds.

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

Initial and verification calibration. Some of the chlorinated herbicides were found to be
outside the QC limits (r = 0.990). The data were qualified by reviewing the exceedance of
the QC limits in regard to other problems encountered during the validation.

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

e In SDGs 0803260 and 0727260/0728260/0729260, the data were qualified as nondetected
(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 were qualified nondetected.

e The data in SDG 0430260 were qualified because dalapon and MCPA,
2, 4-dichlorophenyl-methylacetate 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 because of the failure of the surrogate on both
columns. Therefore, all data are qualified estimated nondetected (UJ) because the
surrogate value was not within the QC limits. Dalapon was rejected (R) because of its "
gross failure of the QC criteria.

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

e  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 < 15%), while dichloroprop, dinoseb, and 2, 4-DB were qualified
estimated nondetected (UJ).

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

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

Surrogates. All surrogate recoveries were found within the QC criteria of 50-150%, with
the exception of some samples within SDGs 0430260 (1064, 1080, 1127, and 3032), 0424260
(1099, 1106, 1107, and 1115), 0511260 (3046 and 3072), and 0508260 (1201-FD). Samples that
had surrogate recoveries outside the QC 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 were rejected (R).
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Laboratory control samples. All samples met requirements for laboratory control sample
(LCS) recoveries except for the following:

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

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

e All data in SDGs 0803260 and 0727260/0728260/0729260 were qualified estimated
nondetected (UJ) because no LCS was provided. The reason for this omission is under
investigation, and an explanation for the omission will be provided in the project final
report.

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

e Initial calibration information was not provided for SDG 0424260;

e There were contamination problems with some of the SDGs, and the laboratory had to
dilute some samples by a factor of 1:20;

¢ An improper amount of soil was used. The proper amount was 50 g, but the laboratory
used 25 g in some of the SDGs;

o Verification of practical quantitation limits (PQLs) was not possible because the
information was not provided;

e All chlorinated herbicide data were determined to be usable with the exception of
dalapon (50% usable); and

¢  Asummary of the chlorinated herbicide data validation results is presented in Table 4.3.

Table 4.3. Summary distribution of chlorinated herbicide data validation results

Compound U U J JN R RN UN UIN P Sum Percent

usable
Dalapon 12 12 24 50
Dicamba S 19 24 100
Dichloroprop S 19 24 100
Dinoseb 5 19 24 100
MCPA S 19 24 100
MCPP S 19 24 100
Silvex 24 24 100
2,4-D S 19 24 100
2,4-DB S 19 24 100
2,4,5-T 24 24 100

4.5.1.3 Polynuclear aromatic hydrocarbons

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

Holding 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 r* 2
0.990.

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

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

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

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

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

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

Anthracene, benzo{k]fluoranthene, benzo[a]pyrene, and benzo[g h,i]perylene/
dibenzo|a,h]anthracene for SDG 0727260 exceeded initial calibration QC limits, so
detected results for anthracene 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, benzo[a]pyrene, and benzolg h,i]perylene/
dibenzofa,h]anthracene for samples 1458 and 1464 of SDG 0803260 exceeded initial
calibration QC limits, so detected results for anthracene and benzo[k]fluoranthene were
qualified as estimated (J) and estimated nondetects for nondetected results of these
compounds. Because benzo[a]pyrene is only slightly below criteria (0.9303), it was not
qualified.
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The verification of the calibration was assessed by determining the percent difference of

the verification calibration result sample to the initial calibration result. All verification
analyses were within the QC criteria (%D < 15%) except the following:

Benzo[k]fluroanthene, indeno-1,2,3(c,d)-pyrene, benzo[a]pyrene, and
benzo[g h,i]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
nondetected compounds were qualified as estimated nondetect (UJ).

Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-1,2,3(c,d)-pyrene, benzo[k]fluroanthene, and benzo[gh,i]perylene for SDGs
0430260, 0508260, and 0511260 exceeded QC limits, and detected compounds were
qualified as estimated (J), and nondetected compounds were qualified as estimated
nondetect (UJ).

Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-1,2,3(c,d)-pyrene, benzo[k]fluroanthene, anthracene, pyrene,
benzo[g h,i]perylene, and benzo[a]pyrene for SDGs 0514260 and 0519260 exceeded QC
limits, and detected compounds were qualified as estimated (J), and nondetected
compounds were qualified as estimated nondetect (UJ).

Naphthalene, acenaphthalene, fluorene, phenanthrene, fluoranthene,
indeno-1,2,3(c,d)-pyrene, benzo|k]fluroanthene, anthracene, pyrene,
benzo[a]anthracene/chrysene, and benzo[a]pyrene for SDG 0523260 exceeded QC limits,
and detected compounds were qualified as estimated (J), and nondetected compounds
were qualified as estimated nondetect (UJ).

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

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

Laboratory blanks. There were no extensive contamination problems found. However,

in SDGs 0422260 and 0424260, the laboratory experienced a contamination problem and
diluted all the samples and QC samples by a factor of 1:100 and 1:10, respectively. Because
of this problem, all samples were estimated (J) for detected compounds and estimated
nondetect for nondetected compounds.

Surrogates. All surrogate recoveries were found within the QC criteria of 50-150%, with

the exception of the following:

Surrogate recoveries were below 10% for SDG 0422260; therefore, all positive results
were qualified as estimated (J), and 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 JN for
detected compounds and UJN for nondetected compounds. The N qualification was
added 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).
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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 J (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 were 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
limits were estimated (J), and all nondetects were estimated nondetects (UJ).
Surrogate recoveries were outside of QC limits for samples 2039, 2143, 2130, and 2059
of SDG 0722260 so all 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 10%, so
all positive results were estimated (J), and nondetects were rejected (R).

Matrix spike/matrix spike duplicates. Reported results were checked to ensure that they

met the required QC criteria. MS/MSD data are not used to qualify data alone. All MS/MSD
recoveries were within QC limits, with the exception of the following:

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

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

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

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

All results for dibenzo[a,h]anthracene and benzo[g h,i]perylene of SDG 0722260 were
rejected (R) because these two compounds coelute.

SDGs 0727260 and 0803260 had MS recoveries for anthracene and
dibenzo|a,h)anthracene MS/MSD of 0%.

Laboratory control samples. All samples met requirements for LCS recoveries except for

the following:

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

The LCS for SDG 0424260 was diluted 1:10, indicating a problem. Because of this
problem, samples in this SDG were estimated J (detects) or UJ (nondetects).
Fluorene results for SDG 0511260 were estimated J (detects) or UJ (nondetects)
because LCS recoveries for fluorene were outside QC limits (D-142%).



4-16

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

Overall assessment. There were three major problems identified with the PAHs:
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
because a change of conditions took place after June 1, 1992, including a change of
surrogates to 2-fluorobiphenyl. Coelution problems were resolved for the surrogate and
fluoranthene and for benzo[a]anthracene and chrysene; however, this led to a coelution
problem between benzo[g A, i]perylene and dibenzo[a,h]anthracene.

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

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

4.5.2 Inorganic data validation results

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

Compound U UI J JN R RN UN UN P sSum Fercent

usable
Acenaphthene 6 22 16 5 5 11 65 92
Acenaphthylene 2 31 5 6 13 2 12 65 77
Anthracene 1 35 4 1 11 2 1 65 80
Benzo[a)anthracene S 12 € 5 27 10 65 58
Benzo[a]pyrene 2 24 15 6 4 14 65 94
Benzo[b]fluoranthene 3 26 13 6 6 11 65 90
Benzo[gh,i]perylene 24 2 26 1 12 65 58
Benzolk]fluoranthene 30 5 13 1 1 15 65 78
Chrysene 5 2 29 1 10 65 54
Dibenzo[a,h]anthracene 2 24 1 28 10 65 57
Fluoranthene 2 8 5 46 1 2 65 28
Fluorene 2 28 4 4 14 2 11 65 75
Indeno-1,2,3(c,d)-pyrene 3 34 1 15 2 10 65 74
Naphthalene 2 3 8 16 10 1 11 65 83
Phenanthrene 2 23 12 1 4 13 65 94
Pyrene 3 2 13 1 8 20 65 88

Holding times. All holding times fell w'thin the specified range, except for the following.
Mercury and sulfate were analyzed outside of their specified holding times for samples 5001,
5004, and 5007. Sample 5010 also had 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.

Initial calibration and calibration verification. Either the calibrations for the SDGs for
graphite furnace atomic absorption (GFAA) met all the requirements, or the deviations did
not warrant any action by the validator. The calibration for inductively coupled plasma
analyses of SDG numbers 042260, 0430260, 0508260, 0511260, 0514260, and 05192/»» did not
comply with the CLP criteria or the manufacturer’s criteria. In addition, there were three
SDGs where the calibration did not comply for the inductively coupled plasma (ICP) analytes
of boron, lithium, osmium, and silicon. These three SDGs are 0 . 22260, 0723260, and 0803260.
In each cas~, the laboratory used the update function of the instrument instead of the
calibration called for in the CLP SOW. In addition, an update slope function was used in
conjunction with the update function. The update slope determines percent correction factors
to be used by the instrument to “recalibrate.” This, too, is a deviation from CLP; however,
the laboratory did not use the proper manufacturer’s guidance in applying this correction. The
laboratory allowed percent corrections to exceed the manufacturer’s criteria for recalibration
withou. performing a recalibration. The technical judgment was to not qualify the data as
estimated (J) because of acceptable ICV and continuing calibration verifications (CCVs), but
it may be necessary to consider the added uncertainty for certain uses of the data, as well as
regulatory and defensibility concerns. This issue is still under investigation and will be further
clarified in the project final report.
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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 SDGs 0722260/0723260 were
outside the criteria at 110.9, 113.0, 112.1, and 111.4, respectively. This would qualify the
osmium data as estimated (J), but the MS recovery finding supersedes this qualification
because it qualifies the data as unusable (R).

Laboratory blank results. The analysis of 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.

o  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.

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

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

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

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

¢  Antimony data for SDG 072226C;C723260 were qualified nondetect when sample results
were less than five times the concentration found in the preparation blanks.

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

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

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

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

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

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

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

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

e 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.

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

Laboratory control samples. An aqueous LCS was used. The CLP SOW specifies the use
of a solid LCS when analyzing solid samples. The results from the aqueous LCS may not be
indicative of analyte recovery, making the evaluation difficult. Osmium results in SDGs
042260, 0430260, 0508260, and 0511260 were qualified estimated (J) or estimated nondetected
(UJ) because LCS recoveries were outside of criteria. Osmium results for SDGs 0514260,
0519260, and 0803260 were rejected (R) because of very poor recovery.

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

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

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

e SDG 0430260: Antimony GFAA analytical spike recovery is based on a spike
concentration of 20 mg/L. The laboratory qualified sample 6001 with a “W?; all antimony
results should have been similarly qualified since the values of the analytical spike ranged
from 73-80%. 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.

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

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

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

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

¢  Calibration of the Leeman ICP did not follow CLP or manufacturers’ instructions.
Spiking levels for MSs, post-digestion spikes, and GFAA analytical spikes were
inconsistent with CLP, and the analytes in the MS were not in agreement with the CLP.

¢  Preparation volumes were noncompliant.

¢ The lab analyzed post-digestion spikes when they were not called for.

e  MSs for GFAA were analyzed with an analytical spike added, which is not called for in
CLP.

* Reanalysis was performed when the blank exceeded the absolute value of the
contract-required detection limit or reporting limit was not performed.

e  Agqueous rather than solid LCS samples were analyzed with soil samples.

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

Compound No qualiier U J UJ B R Sum FPercent

usable
Aluminum 58 5 63 100
Antimony 20 3 31 9 63 100
Arsenic 30 8 1 2 22 63 100
Barium 58 5 63 100
Beryllium 13 5 45 63 100
Boron 11 23 13 15 63 100
Cadmium 61 1 1 63 100
Calcium 22 24 17 63 100
Chromium 52 6 5 63 100
Cobalt 36 5 22 63 100
Copper 43 5 15 63 100
Cyanide 4 1 12 45 62 100
Iron 43 4 15 1 63 100
Lead 41 6 1 15 63 100
Lithium 46 7 9 62 100
Magnesium 39 5 18 1 63 100
Manganese 58 4 1 63 100
Mercury 15 4 3 1 63 100
Molybdenum 55 8 63 100
Nickel 58 5 63 100
Osmium 2 16 44 62 29
Potassium 39 5 18 1 63 100
Selenium 1 36 4 1 21 63 100
Silicon 16 2 43 2 63 100
Silver 36 27 63 100
Sodium 41 3 44 100
Strontium 57 5 62 100
Sulfate 45 15 2 62 100
Thallium 49 1 13 63 100
Vanadium 42 5 15 1 63 100
Zinc 57 3 1 2 63 100

4.53 Radiochemical Validation Resulits
4.5.3.1 Thorium isotopes

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

Holding times. The holding times for isotopic thorium were met.
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Calibration. All calibration criteria for SDG 2684 were met. The laboratory included the
daily full-width half-maximum information, centroid information, and efficiency information.
Background information pertaining to these samples was acceptable, and all monthly
calibration information was acceptable and corrected by the daily instrument performance
check.

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

The laboratory did not provide daily calibration information for SDGs 2638 and 2633,
so it is impossible to determine the behavior of the instrument on the day of the analysis. 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 less than MDA. The blank
results obtained for SDG 2423 were invalid because there was no daily calibration information
to support this blank result.

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

Matrix spike/matrix spike duplicates. Thorium-230 was the spike used in the MS/MSD. All
MS/MSD results were within the QC limits (75-125%) except for SDGs 2419 and 2423.
RPD:s between the MS/MSDs were all within the QC limits ( <50% maximum).

Duplicates. The RPD acceptance criterion was + 35% for samples with values greater
than or equal to S times the MDA. All duplicate results met this criterion.

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

Chemical separation specificity. No energy 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 MDA and UJ for results less than MDA.

Overall assessment. The data in SDG 2684 were estimated (J) because an outdated tracer
was used. The data in SDG 2638 were estimated (J) because of the failure to run a daily
calibration. The data in SDGs 2633, 2658 were estimated (J) because energy spectra and
library matches were unavailable to assess the chemical separation specificity. The data in
SDGs 2419 and 2423 were estimated (J) for results greater than MDA and rejected (R) for
results less than MDA because the tracer recovery in the blank spike was outside of limits.
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4.53.2 Uranium isotopes
Fifty-eight samples were analyzed for isotopic uranium by alpha spectrometry.
Holding times. All technical holding times were met.

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

Laboratory blank results. There were no detected activities found above the MDA except
for SDGs 2391 and 2658. Uranium-238 was found in the laboratory blank of SDG 2391 above
the MDA, but it was less than 10% of the sample activity. Uranium-234, -235, and -238 were
found in the laboratory blank of SDG 2658 above the MDA. All the samples had positive
results greater than the MDA, but less than five times the blank value. Therefore, all results
less than five times the blank were qualified 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 spike/matrix spike duplicate. All MS/MSD recoveries were within the QC limits
(75-125%) with the exception of uranium-238 for SDGs 2419 and 2423. In addition, there
was no radioactive source report, calculation or logsheet for uranium-238 + natural spike.
Therefore, all results above the MDA were qualified J, and all results below the MDA were
qualified as UJ.

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

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

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

Overall assessment. Data from SDGs 2684, 2633, 2391, 2419, 2638, and 2658 were
qualified estimated (J) because there was no energy spectra or library matches to assess
chemical separation. Samples in SDG 2423 were qualified estimated (J) because of the failure
of the MS to meet acceptance criteria.
4.533 Neptunium-237

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

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

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

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

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

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

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

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

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



4.53.4 Plutonium isotopes

Twenty-six samples were analyzed for plutonium-238, 5 samples for plutonium-239, 21
samples for plutonium-239/240, and 5 samples for plutonium-240 by alpha spectrometry.

Holding times. All technical holding times were met.

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

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

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

Matrix spike/matrix spike duplicate. All MS/MSD recoveries were within the QC limits
(75-125%).

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

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

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

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

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

Holding times. All technical holding times were met.
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Calibration. All calibration criteria were met for all samples except for the following:

e unable to determine when the calibration was performed for SDGs 2633, 2638, and 2658,
so the data were rejected (R) and
e no self-absorption data were provided for SDG 2684, so the data were rejected (R).

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

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

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

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

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

4.53.6 Gamma spectrometry
Sixty-one samples were analyzed by gamma spectrometry.
Holding times. All technical holding times were met.

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

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

Duplicates. Duplicates were assessed by determining the RPD criterion of + 35% for
samples with results greater than or equal to five times the MDA. All duplicate RPDs were
within the QC limits, except for SDGs 2419 and 2423, which had RPD results outside the QC
limits.

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

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

Holding times. All technical holding times were met.
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Calibration. All calibration criteria were met for all samples except that the correlation
coefficients for the high and low standards did not meet criteria, so these data were qualified
J for detects and UJ for non-detects.

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

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

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

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

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

45338 Technetium-99
Twenty-six samples were analyzed for technetium-99 by liquid scintillation.

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

4.53.9 Tritium
Twenty-two samples were analyzed for tritium by liquid scintillation.
Holding times. All technical holding times were met.

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

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

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

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

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

4.6 SCREENING ANALYSES FOR VOLATILE ORGANIC COMPOUNDS

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

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

4.7 ORGANIC COMPOUND ANALYSES
4.7.1 Pesticides/PCBs

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

4.72 Polynuclear Aromatic Hydrocarbons
The method used for this project is EPA Method 8310. This method is used to determine

the concentration of certain PAHs. The method provides high performance liquid
chromatography (HPLC) conditions for the detection of levels of certain PAHs in the parts
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Table 4.6. Summary distribution of radiochemical data

validation results
Analyte No 3 u R Ssum Percent
qualifier usable

Americium-241 4 2 55 61 100%
Barium-133 4 1 56 61 100%
Cesium-137 4 41 16 61 100%
Chromium-51 4 1 56 61 100%
Cobalt-57 4 1 56 61 100%
Cobalt-60 4 1 56 61 100%
Curium-243 13 13 100%
Curium-244 2 2 100%
Curium-245 13 13 100%
Curium-247 2 11 13 100%
Europium-152 4 1 56 61 100%
Europium-154 4 57 61 100%
Europium-155 4 53 4 61 100%
Hafmium-181 4 45 49 100%
Iridium-192 4 1 44 49 100%
Neptunium-237 1 25 26 4%
Niobium 43 43 100%
Plutonium-238 8 17 1 26 96%
Plutonium-239 1 3 1 5 80%
Plutonium-239/240 3 18 21 100%
Plutonium-240 4 1 5 80%
Potassium-40 4 55 2 61 100%
Radium-226 57 1 58 100%
Ruthenium-103 4 1 56 61 100%
Strontium-90 13 1 2 10 26 62%
Technetium-99 26 26 0%
Thorium-228 57 1 58 100%
Thorium-230 58 58 100%
Thorium-232 58 58 100%
Thorium-234 55 3 58 100%
Total uranium 1 26 100%
Tritium 5 14 3 22 86%
Uranium-233/234 46 12 58 100%
Uranium-235 25 33 58 100%
Uranium-236 4 54 58 100%
Uranium-238 46 12 58 100%
Zinc-65 4 57 61 100%
Zirconium-95 4 57 61 100%




4-30

per billion (ppb) range. Prior to the use of this method, a sample extraction technique must
be used. The extraction techniques called for in the Project Plan are EPA Method 3510
(water) and Method 3550 (soil). Method 3510 takes one liter of the sample which is extracted
with methylene chloride using a separatory funnel. This extract is then dried, concentrated,
and exchanged into acetonitrile to be compatible with this analysis method. Method 3550
takes a 30 gram sample that is mixed with anhydrous sodium sulfate to form a free flowing
powder. This powder is extracted three times with a 1:1 mixture of methylene
chloride:acetone using sonication. Then the extract is separated from the sample by vacuum
filtration and exchanged into acetonitrile for analysis. A 5- to 25-mL aliquot of the extract is
injected into the HPLC, and the compounds in the effluent are detected by ultraviolet and
fluorescence detectors.

4.73 Herbicides

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

4.8 INORGANIC COMPOUND ANALYSES
4.8.1 Metals

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

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

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

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

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

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

Cyanide and sulfate are analyzed in this project. The cyanide analysis is performed
according to EPA CLP SOW for Inorganics, March 1990 (EPA 1990b). This method involves
the colorimetric measurement of cyanide converted to cyanogen chloride. Cyanogen chloride
is formed by reacting chloramine-T at a pH less than 8 without hydrolyzing to the cyanate.
After the reaction is complete, color is formed on the addition of pyridine-pyrazolone or
pyridine-barbituric acid reagent. The absorbance is read at 620 nm when using
pyridine-pyrazolone and 578 nm when using pyridine-barbituric acid.

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

It should be pointed out that soil samples were to be analyzed 7o+ nitrates in the BSCP
at the outset. However, consultation with the analytical laboratories revealed that EPA’s very
short bolding time requirement of 48 hours would be exceeded consistently in practice and
result in total rejection of the data. For this reason, further efforts to obtain nitrate data in
the project were suspended at that time.

4.9 RADIONUCLIDE ANALYSES

The methods employed to analyze for racionuclides include gamma spectrometry, alpha
spectrometry, gas proportional counting, and liquid scintillation. Results appear in
Appendix E.



5-1

5. STATISTICAL ANALYSIS

5.1 SUMMARY

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

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

5.2 INTRODUCTION

Statistical analysis of the Phase I data was performed

e  to assess the data graphically—that is, to screen for statistical outliers und to make a
preliminary decision about the statistical distributions of the soil constituents;

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

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

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

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

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

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

nondetects that are subject to the same data quality problems, but are differentially assigned
"R" and "J" qualifiers.

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

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

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

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

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

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

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

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

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

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

5.2.1 Graphical Screening

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

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

5.2.2 Basic Assumptions

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

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

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

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

To be consistent for the cases of nondetects and all-detects, the chi-square test was used
to make all comparisons, but since the corresponding significance levels tend to be smaller
and because many comparisons are made (i.e., for many analytes), the 0.01 significance cut-off
wa