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EXECUTIVE SUMMARY

The nuclear manufacturing facility at Hematite, Missouri was used for the production of
nuclear fuels from natural, depleted, and enriched uranium. More than 45 years of processing
nuclear materials and formerly authorized on-site disposal of process waste has resulted in
radionuclide contamination of surface and near-surface soils at the Hematite Site. As part of the
decommissioning process by Westinghouse, derived concentration guideline levels (DCGLs) for
residual soils must be determined for radionuclides of concern. DCGLs will be calculated using
the Residual Radioactivity (RESRAD) model, in which the soil distribution coefficient or K4 is an
input parameter for simulating radionuclide leaching from contaminated soils. The primary
objective of the study described in this report is to determine appropriate K4 factors for uranium
(U), technetium (Tc¢), thorium (Th), plutonium (Pu), americium (Am), and neptunium (Np) to be
used for modeling radionuclide leaching from unconsolidated soils at the Hematite Site. Because
higher-than-background levels of U isotopes (**U, #°U, and **U) and Tc (as *Tc) have been
measured during previous characterization events, site-specific Ky factors for these radionuclides
were measured in the laboratory using soil samples collected from the Hematite Site. Th, Pu,
Am, and Np are contaminants of concern based on site history but have not been detected during
previous characterization efforts. Thus, it was deemed sufficient to obtain K4 factors for these
radionuclides from the published literature.

Site-specific measurements for Ky were performed on samples collected from areas of
concern within the Hematite Site. Six boreholes were drilled to refusal or bedrock (~30 to 35 ft),
and 18 soil samples (3 depth intervals per borehole) were collected for K, testing, radionuclide
analysis, and general soil characterization procedures. Groundwater used for the K4 tests was
taken from an uncontaminated background monitoring well. All samples collected from the site
consisted of very fine-grained, brown silty clay. The sand/gravel unit described in previous
characterization efforts was encountered in four out of six boreholes but at a thickness of less than
1 ft, not enough to obtain representative samples for K4 testing. The fine-grained nature of the soil
samples was confirmed by particle size distribution measurements, which showed the soils to
consist of >96% silt and clay sized fractions and ~30% clay. Soil pH ranged from 5.8 to 8.3, total
organic carbon ranged from 2.2 to 14 g/kg and iron (extracted through hot-acid digestion) ranged
from 11.1 to 21.2 g/kg. Uranium activities were detected at significant levels in samples from the
restricted areas, and in shallowest sample from the Tile Barn/Cistern Burn Pit area. Except for
one sample from the restricted areas, technetium was not detected above the laboratory reporting
limits in the samples collected for this study.

K, testing was performed following ASTM 4319-93, Standard Test Method for Distribution
Ratios by the Short-term Batch Method, as recommended in the RESRAD data collection
handbook. Two types of K4 tests were performed: (1) desorption tests where a measured mass of
soil was contacted with a measured volume of uncontaminated groundwater over a period of 14
days, and (2) adsorption tests where soil was contacted with uncontaminated groundwater spiked
to predetermined levels of U (as the uranyl ion or UO,>") and **Tc (as the pertechnetate ion
TcO4). For uranium, lower overall Ky values were observed in the adsorption tests, when
compared to the desorption tests. Average Kgs from the adsorption and desorption tests were
calculated, and the mean of the averages was considered the “best” estimate for U K4 for the
Hematite Site. Although the desorption tests are likely to be more representative of contaminant
leaching under field conditions, the adsorption data were still considered to yield a reasonable but
conservative site-specific Ky for uranium. For Tec, significant removal of Tc was observed from
the liquid phase of the soil/water mixtures within 3 days. This “apparent” sorption could be due
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to the reduction of Tc(VI) to Tc(VI) and adsorption or precipitation of the latter, rather than
electrostatic interactions of Tc(VII) with soil mineral surfaces. The resulting Kgs for Tc are
significantly higher than published values, but the validity of K, obtained from this study is
supported by results that were repeated in multiple soil samples at several time intervals, and
recovery of the Tc on the solid residues.

The following table shows recommended K, values for radionuclides of interest to the Hematite
Site. The U and Tc¢ K4 values are site-specific in that these were measured using soil samples
collected from the site. Because there were no distinct trends with depth in the K4 measurements
for both U and Tc, spatial variability is best addressed by assuming that the unconsolidated
sediments overlying bedrock at the Hematite Site can be characterized by a single K4 parameter
that has either a log-normal (for U) or uniform (for Tc) distribution. The K4 values for the rest of
the radionuclides are based on published literature values.

Radionuclides Recommended
K4 value Remarks
of Concern
(mL/g) ~
. Site specific measurement with range of 6.6 and 471.4
Uranium 175 mL/g; grossly approximates a lognormal distribution.
Site specific measurement with range of 15.1 and 172.9
Technetium 106 mL/g; approximates a uniform distribution between 0
and 200 mL/g.
. RESRAD default value, reasonable when compared to
Plutonium 2000 published literature.
. RESRAD default value, reasonable when compared to
Thorium 60000 published literature.
Neptunium 2 At low end of published literature values.
.. Consistent with published literature values, more
Americium 1000 reasonable than default K, of 20.

vii



1. INTRODUCTION

1.1 BACKGROUND

The nuclear manufacturing facility at Hematite, Missouri, referred to in this report as the
Hematite Site, was formerly used for the production of nuclear fuels from natural, depleted, and
enriched uranium. The Hematite Site consists of 228 acres of property, 8 acres of which were
used for operations. After taking ownership of the facility in 2000, Westinghouse Electric
Company ceased operations and is proceeding with plant decommissioning.

More than 45 years of processing nuclear materials and formerly authorized on-site
disposal of process waste has resulted in radionuclide contamination of surface and near-surface
soils at the Hematite Site. These soils or unconsolidated sediments consist of a fine-grained silty
clay/clay layer and a sand-gravel unit, with a total thickness of approximately 30 to 40 ft beneath
the site [LBG 2003]. As part of the decommissioning process by Westinghouse, derived
concentration guideline levels (DCGLs) for residual soils must be determined for radionuclides of
concern in accordance with the requirements of 10CFR20, Subpart E. DCGLs will be calculated
using the Residual Radioactivity (RESRAD) model [Yu et al. 2001], in which the soil distribution
coefficient or Kq is an input parameter for simulating radionuclide leaching from contaminated
soils. The K, factor is defined as the concentration of a chemical species on the solid fraction
divided by the concentration in the aqueous phase:

where S is mass of chemical species sorbed per unit mass of soil, and C, is mass of chemical
species per volume of solution. When the Ky parameter is used to model the leaching of
chemicals from contaminated soils, the underlying assumption is that rapid equilibrium is reached
between the dissolved and sorbed concentrations of a chemical species, and that these two
concentrations are linearly related through the Ky factor. In theory, the K, factor is used to
characterize the reversible adsorption of a chemical species on solid surfaces including soil
minerals and organic matter. However, other chemical processes, including mineral precipitation,
diffusion into dead-end pores and attachment to microbes, can influence the experimental
measurement of K,. Although research efforts have attempted to differentiate adsorption from
these other processes, there are no universally accepted standard methods for doing so.

There are two laboratory approaches for measuring Ky: the “batch” and the “column” methods.
The "batch" method for measuring K4 consists of equilibrating a measured mass of soil with a
selected contact solution (e.g., synthetic or site groundwater). In the more commonly used
adsorption mode for K4 testing, the contact solution is spiked with a measured mass of the
chemical species of interest which then adsorbs onto the soil during equilibration. It is also
possible to use contaminated soils, in which case the chemical species of interest desorbs from the
soil into the contact solution. The concentration of the chemical species is then monitored in the
contact liquid over time. When this concentration reaches a steady state, it is assumed that the
liquid and solid concentrations are in equilibrium, and Ky is calculated from their ratio. The
liquid concentration is directly measured, while the solid concentration is usually inferred from a
mass balance knowing the initial mass of chemical species in the soil/water mixture. In the
"column" procedure for measuring Ky, a soil column (i.e., a cylinder packed with soil) is flushed



with the contact solution under a controlled flow rate. The K, factor is then determined by
analyzing the breakthrough of the chemical species of interest at the effluent end of the soil
column. The "column" procedure is a closer simulation of the physical processes occurring in the
field, however the experimental set-up and data interpretation are more difficult when compared
to the "batch" procedure. Moreover, batch and column loading of uranyl complexes was
compared in one study and no significant differences were observed [Bostick et al. 2002]. Thus,
the "batch" procedure is more commonly used when a large number tests are needed to
characterize spatial variability. Ky measurements in this study were performed using a "batch"
procedure.

1.2 STUDY OBJECTIVES AND REPORT ORGANIZATION

The primary objective of the study described in this report is to determine appropriate Ky
factors for uranium (U), technetium (Tc), thorium (Th), plutonium (Pu), americium (Am), and
neptunium (Np) to be used for modeling radionuclide leaching from unconsolidated soils at the
Hematite Site. Because higher-than-background levels of U isotopes (**U, ?*U, and ?*U) and Tc
(as *Tc) have been measured during previous characterization events, site-specific K factors for
these radionuclides were measured in the laboratory using soil samples collected from the
Hematite Site. The laboratory Ky measurements were conducted following ASTM D 4319-93,
Standard Test Method for Distribution Ratios by the Short-Term Batch Method, which is the
procedure recommended in the RESRAD data collection manual [Yu et al., 1993]. Th, Pu, Am,
and Np are contaminants of concern based on site history but have not been detected during
previous characterization efforts. Thus, it was deemed sufficient to obtain Ky factors for these
radionuclides from the published literature.

A secondary objective for the activities described in this report is to obtain radionuclide
contamination data as well as basic geochemical and physical properties of soil samples collected
from selected areas of concern within the Hematite Site. These data were used in assessing the
laboratory-measured U and Tc K factors, through comparisons with published studies on similar
soils, and in selecting K, factors for Th, Pu, Am, and Np from literature values.

This report describes the site-specific laboratory measurement of K, factors for U and Tc
on soil samples collected from the Hematite Site. It also includes the selection of appropriate K4
factors for Th, Pu, Am, and Np from literature K, values. The report is organized as follows:

e  Section 2 contains the methods used to collect and characterize soil and groundwater
samples from the Hematite Site for this study and the laboratory procedures followed to
measure site-specific Ky factors for U and Te.

e Section 3 describes results of physical, geochemical, and radionuclide (U isotopes and
*Tc) analyses of soil and groundwater samples collected from the Hematite Site for this
study.

e  Section 4 provides results of laboratory U and Tc K4 measurements and a discussion of
these results in comparison with published literature values.

e  Section 5 contains literature K4 values for the other radionuclides (Th, Am, Pu, Np).

e Section 6 summarizes the primary findings from this study and includes a table
containing K, values for U, T¢, Th, Pu, Am, and Np recommended for use in RESRAD
modeling and DCGL calculations for the Hematite Site.



2. PROCEDURES FOR DETERMINING SITE-SPECIFIC
URANIUM AND TECHNETIUM DISTRIBUTION
COEFFICIENTS

2.1 SOIL AND GROUNDWATER SAMPLE COLLECTION METHODS

Laboratory Ky measurements for U and Tc were performed on soil samples collected from
areas of concern within the Hematite site. A bulk sample of groundwater from a background well
was collected and used in preparing contact solutions for the K4 tests. Details regarding soil and
groundwater sample collection are described below.

2.1.1 Borehole locations

Soil samples were collected from six boreholes located based on site history, previous
subsurface characterization [LBG 2003}, and a recently conducted gamma walkover survey
[SAIC 2003]. Coordinates of these boreholes were measured via a Global Positioning System and
are shown in Table 1. Areas surrounding borehole locations are described below (see Fig. 1 for
borehole location map):

1. Duels Mountain (Borehole BHKD1) - Refers to a pile of excavated and potentially
contaminated soil stored along the southeast corner of the fence line.

2. Burial Pits (Borehole BHKD?2) - Approximately 40 burial pits are known to exist outside
the fenced area based on available plant documentation.

3. Tile Barn Cistern Burn Pit (Borehole BHKD3) - The roof of the Red Room (referring to
Building 240, Area 240-2 formerly used for highly enriched U conversion processes) was
reportedly buried in an area south of the Tile Bam.

4, Restricted Area No.1 (Borehole BHKD4) - This borehole is located in "restricted areas"
where elevated gamma radiation was detected during the walkover survey [SAIC 2003].

5. Restricted Area No. 2 (Borehole BHKDS) - This borehole is also located in "restricted
areas” where elevated gamma radiation was detected during the walkover survey [SAIC
2003].

6. Evaporation Pond (Borehole BHKDS6) - Past waste management practices have included
the disposal of water containing trichloroethylene and **Tc from cylinder washing.



Table 1. Borehole coordinates in MO-East State Plane (NAD83) coordinate system

Borehole ID Area EASTING NORTHING
(ft) (ft)
BHKD 1 Duel's Mountain 827489.34 864930.41
BHKD 2 Burial Pits 827677.93 864996.11
BHKD 3 Tile Barn Cistern Burn Pit 826723.31 864800.19
BHKD 4 Restricted Area #1 82724545 864663.76
BHKD 5 Restricted Area #2 827255.37 864725.49
BHKD 6 Evaporation Ponds 827320.86 864645.66

*NADS3: North American Datum of 1983
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Fig. 1. Locations of boreholes where samples were collected for laboratory K; measurements



2.1.2 Borehole Drilling and Soil Coring Procedures

Continuous soil cores were collected in 3 to 4 ft long, 2-in diameter acetate sleeves
using a direct-push drill rig. This coring method was chosen over auger drilling because it is
more economical and capable of collecting relatively intact samples from unconsolidated
sediments at depths anticipated for the Hematite Site (<35 ft). In addition, this method of
drilling/coring minimized the amount of investigation-derived waste (IDW) generated during the
project.

Immediately after collection, cores contained in acetate sleeves were laid out on field tables
and sleeves were cut for better visual examination. Gross gamma and beta scanning of the soil
cores was performed to delineate contaminated zones within each core and allow collection of
contaminated soil samples needed for the desorption K4 tests (see Section 2.2). Geologic
descriptions were logged, with particular attention to mottling and appearance of iron oxide in
order to estimate probable redox conditions of the soil. Water saturation of the cores were
visually examined, recorded, and used to estimate the location of the water table.

Field geologists attempted to delineate the hydrostratigraphic units (HU) described during
previous site investigations. Within the unconsolidated sediments, these units included a “near-
surface silt/silty clay” unit (NSSC), a “deeper silty-clay/clay” unit (DSSC), and a “clayey, silty,
sandy-gravel” unit (CSSG) [LBG 2003]. An attempt was made to collect samples for K4
measurements from each HU within each borehole. However, as will be shown later (Section
3.1), it was impossible to visually differentiate between the NSSC and the DSSC layers in the
field. Furthermore, the CSSG layer was not encountered at a significant thickness before drill
refusal. Soil samples (~1 kg) were collected from each borehole from three depths, focusing on
intervals with elevated gamma and/or beta radiation from the core scans. This approach was used
to increase the likelihood of collecting contaminated samples for desorption Ky measurements
(see Section 2.2).

The soil samples were collected using pre-cleaned spatulas and placed in 1-L, wide-mouth,
pre-cleaned polyethylene bottles. The bottles were then sealed with a chain-of-custody label
affixed over the cap, and the bottles were labeled with the following information:

borehole number
sample label

sampling depth interval
date and time collected
sampler name

® & o o @

Samples were labeled according to the following scheme: BHKDI1-03, where the first field
(BHKD1) corresponds to the borehole number, and the second field (03) corresponds to the upper
limit of the sampling interval (e.g., 3 ft below ground surface). The soil samples were then
packaged in ice and transported within 24 hours to the laboratory, together with completed chain-
of-custody forms. A second 1-kg sample of soil was also collected for archiving, and labeled as
BHKDI1-03-ARCH. In total, 36 soil samples were collected, 18 of which were sent immediately
to the laboratory for K4 measurements and other analyses while the remainder were archived and
stored on site.



2.1.3 Groundwater Sample Collection and Field Analyses

Groundwater uncontaminated by radionuclides needed for preparing contact solutions in
the laboratory K, tests was collected from OB-1, a background-monitoring well located
approximately 1000 to 1200 ft south/southwest from the center of the Hematite plant's main area.
OB-1 is a 2-in diameter polyvinyl chloride (PVC) well with a depth of 26.2 ft and 16.2-ft well
screen located within the unconsolidated sediments. Groundwater from this well was collected
using a peristaltic pump and directly placed in a 20-L container. The headspace of the 20-L
container was purged with nitrogen gas, immediately capped and a chain-of-custody seal affixed
to the cap. Smaller volume groundwater samples were also collected in 40-mL vials for U,
25y, 28U, *Tc activity analyses, major cation (Ca, K, Mg, Na) and anion (CI', NO;5* SO,?)
analyses. The groundwater samples were brought to the laboratory where they were stored at
~4°C prior to analyses or use in Ky fests. The samples for cation analyses were preserved with
nitric acid as soon as they were received in the laboratory. The purpose of nitrogen gas purging
(for the 20-L sample) and cool storage is to maintain, to the extent possible, the dissolved oxygen
content of the groundwater as well as minimize biological activity and chemical processes that
can alter the water chemistry.

2.1.4 Field Analyses

Gross gamma/beta scans were performed on the soil cores in the field using zinc sulfide
(alpha/beta) and 2” x 2” sodium iodide (gamma) hand-held meters. The field radiological
measurements were used to determine sampling locations within each boring.

A number of groundwater parameters (pH, temperature, oxidation reduction potential
(ORP), specific conductivity, and dissolved oxygen) were measured in the field at monitoring
well OB-1 using a multi-parameter water quality instrument. Alkalinity and dissolved Fe were
measured within 24 hours using single parameter test kits. Groundwater parameters were also
measured in WS-14, a 2-in diameter PVC well screened within the unconsolidated sediments and
located within 50 ft of BHKD?2 in the Burial Pits area. Of the six boreholes, only BHKD2 was
located near an existing groundwater monitoring well.

2.2 LABORATORY METHODS

2.2.1 Radionuclide Analysis

Upon receipt, the laboratory collected sub-samples from each of the 18 soil samples for
isotopic U analysis via alpha spectroscopy following NAS/DOE 3050, and **Tc analysis via
liquid scintillation counting (LSC) following DOE TC-02-RC. A sub-sample of the groundwater
sample from OB-1 was analyzed for total U via kinetic phosphorescence analysis (KPA)
following ASTM D5174, and *Tc via LSC following DOE TC-02-RC.

2.2.2 Distribution Coefficient Measurement
K factors for U and **Tc¢ were measured following ASTM 4319-93, Standard Test Method

Jfor Distribution Ratios by the Short-term Batch Method, as recommended in the RESRAD data
collection handbook [Yu, et al., 1993]. The ASTM method uses the term "distribution ratio" (or



Ry) instead of "distribution coefficient” (or Ky) to avoid implying that equilibrium is attained in
the measurements. In this study, the tests were performed for a maximum of 14 days, at which
point steady-state concentrations in the contact solutions was observed in most of the tests and
assumed to represent equilibrium conditions.

Two types of K; tests were performed: (1) desorption tests where a measured mass of
soil (20 g) was contacted with a measured volume of OB-1 groundwater (80 mLs) over a period
of 14 days, and (2) adsorption tests where 20 g of soil was contacted with 80-mLs of OB-1
groundwater spiked to predetermined levels of U (as the uranyl ion or UO;*") and *Tc (as the
pertechnetate ion TcOy).

Although the adsorption test protocol is more commonly applied in research and practice
due to the ability to control and accurately quantify radionuclide levels in the soil/water mixtures,
the desorption tests more closely simulate radionuclide leaching from contaminated soils in the
field. Before the K4 tests were initiated, the field-sampled radionuclide levels were reviewed to
select soil samples containing U and *Tc at high enough levels such that detectable radionuclide
levels would likely be present in the contact solution. Furthermore, the K tests were performed in
two batches to allow modifications in the K test procedures (e.g., spike levels) between batches
to improve test measurements. Initially, desorption tests were performed on four of the samples
with the highest levels of U. Two additional soil samples were later determined to have a
sufficient amount of U that would possibly result in measurable U levels in the contact solutions
during a desorption K, test, based on the Ky factors measured from Batch 1. These two samples
were subjected to desorption K, testing in Batch 2. None of the soil samples collected for this
study-contained *Tc that exceeded the laboratory-reporting limit (10 pCi/g). Table 2 shows the
samples that were used for each type of K, test. The target spike levels in Batch 1 were 10,000
ng/L and 150 pCi/L for U and *Tc, respectively, and 1000 ug/L and 25,000 pCi/L for U and *Tc,
respectively, in Batch 2. The values shown in Table 2 are based on analyses of the contact
solutions. The actual Tc concentration in Batch 1 is higher than the target level, suspected to be
due to errors in dispensing the minute volume of Tc standard solution when the contact solutions
were prepared.

Table 2. Test conditions for distribution coefficient measurements

Radionuclide levels in
Type of K, Test Samples contact solution*®
Batch 1
Desorption test BHKD3-8 Unspiked*
BHKDS-1; -19; -27
Adsorption test BHKD2-4; -13; -23 10,000 pg/L U; 600 pCi/L. *Tc¢
Baich 2
Desorption test BHKD4-14 Unspiked*
BHKDé6-1
Adsorption test BHKD1-4; -23; -28 950 pg/L U; 27,800 pCi/L
BHKD3-16; -23
BHKD4-2; 24
BHKD6-11; 26

*A bulk groundwater sample (20 L) from a background well (OB-1) was used for preparing contact solutions. Refer to
Table 8 for radionuclide levels in groundwater sample.




Although visual observations of soil samples and field analyses in this study indicate
mildly reducing conditions (discussed in Section 3), there are no available site-wide redox
measurements. Thus, no attempts were made to strictly control the oxidizing conditions during
the K4 tests. Furthermore, measured K, factors under oxidizing conditions should be lower (and
more conservative) because it will be unlikely for U (VI) (the oxidation state of U in U0,™) to
reductively precipitate as U (IV). Table 3 summarizes procedural details on how ASTM D 4319
was applied to Ky measurements on the Hematite samples, including any deviations from the
recommended procedures.

For each soil sample, eight soil/water mixtures were prepared to enable sacrificial
sampling of each mixture for **Tc and U analysis of the supernatant at eight predetermined time
intervals (Days 3, 7, 10, 14, 21, 28, 35, 45). However, Batch 1 test results indicated steady-state U
and *Tc levels in the contact liquid (see Section 4.1) were achieved in 14 days. Thus, the
supernatant in the soil/water mixtures were analyzed on Days 3, 7, 10, and 14 in both Batch 1 and
Batch 2 K, tests. *Tc and total U in the supernatant/contact liquids were quantified through LSC
and KPA, respectively.



Table 3. Procedural details regarding application of ASTM* D 4319, “Standard Test
Method for Distribution Ratios by the Short-term Batch Method,” toe Hematite samples.

(Specific procedures are given in Section 7 of ASTM D 4319)

ASTM
Method
Subsection

Notes regarding application to Hematite samples

7.1

Soil samples were disaggregated using a ball mill grinder to maximize homogenization
and minimize variability between soil/water mixtures prepared for each soil sample.

7.2

Organic matter was not removed prior to K4 testing. This step is not necessary since
the intent of the measurements was to obtain model parameters for leaching from field
soils with its natural organic content.

7.3

Characterization of soil samples prior to K, tests included: pH, total and organic
carbon, moisture content, particle size distribution, total Fe and Mn, U isotopes and
*Tc (refer to Section 2.2.1 and 2.2.3 for methods). Characterization of OB-1
groundwater used as contact solution included: pH, DO, ORP, dissolved Fe, alkalinity,
specific conductivity, NOy', CI', 8O, Ca, K, Mg, Na).

7.4

Bulk samples were ground to ensure homogeneity among subsamples collected for
preparing soil/water mixtures.

Soil samples were air-dried before disaggregation (Section 7.1). Air-drying was
deemed acceptable since in situ redox conditions at Hematite are largely unknown.

7.5

OB-1 groundwater was used to pre-treat/pre-wash soil samples in Batch 1. This step
was eliminated in Batch 2 to avoid loss of natural U from the soil samples, which
could bias K4 estimates if the field-sampled U concentration were used in calculations.

7.6

Two types of treatment solution/contact liquid were used: (1) unspiked OB-1
groundwater for desorption tests, and (2) OB-1 groundwater spiked with U and *Tc
using certified standard solutions (refer to Table 2 for concentrations).

The pH of soil/liquid mixtures was adjusted to 6.6, value measured for OB-1 in the ficld.

7.7

Specific conductance of each solution was not measured nor required in this study.

7.8

Contact periods for each soil sample were 3, 7, 10, and 14 days. Steady-state
conditions were achieved within 14 days.

7.9

pH of mixtures was measured in Batch 2 samples. Eh measurement was not necessary
since mixtures were kept under atmospheric conditions

7.10

Analysis of total U and *Tc in the supernatant were measured via KPA and LSC,
respectively.

7.11

Supernatant liquids were filtered before analysis.

7.12

Mass balance was assessed through solid residue analyses of Day 14 soil/water
mixtures (see 7.13 below).

7.13

Filtered residues for Day 14 were measured in selected soil samples to assess mass
balance.

* American Society for Testing Materials
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2.2.3 Laboratory Measurement of Other Soil and Groundwater Parameters

Other soil and groundwater parameters measured in the laboratory include the following.

Moisture content MCAWW 160.3 MOD
Soil pH SW846 9045A
Particle Size Distribution ASTM D422

Total organic carbon/soil SW846 9060

Total carbon/soil SW§46 9060

Total Fe/soil SW846 6010B

Total Mn/soil SW846 6010B

Major cations/groundwater SW846 6010B

Major anions/groundwater SW846 9056A

Except for the particle size distribution, all parameters were measured in all 18-soil
samples collected from the boreholes. Particle size distributions were measured in soil samples
from two boreholes (BHKDS5 and BHKDS).

2.3 QUALITY CONTROL PROCEDURES

Established field quality control (QC) procedures were followed to ensure that field
activities comply with the approved Quality Assurance (QA) Program Plan. Field Technical
Procedures used for this project were listed in the project SAP [GEO and SAIC, 2003]. The
laboratory adhered to all the QA/QC requirements specified in the analysis methods used in this
study.

Data validation technical reviews were performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical
Data, and the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and
Radiochemical Data Verification and Validation. These reviews were based on the information
and documentation supplied by the laboratory. There were only minor findings in these reviews,
none of which affected the accuracy of the K, values calculated from the analytical data.
Complete data validation reports can be found in Appendix A.
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3. PHYSICAL AND CHEMICAL CHARACTERISTICS
OF STUDY SOIL SAMPLES

3.1 SOIL TYPES AND PARTICLE SIZE DISTRIBUTIONS

Soil samples were collected from three depth intervals from each borehole and were
described as brown silty clay with increasing degrees of limonite and gray mottling and the
presence of chert and/or limestone fragments at lower depths (see Table 4 and complete boring
logs in Appendix B). Gray mottling indicates dissolution of ferric iron (i.e., Fe*" in iron oxides) as
ferrous iron (Fe’'), a microbial process that requires anaerobic conditions under normal
environmental pH conditions. Thus, it appears the soils are poorly aerated, consistent with the
fine soil texture (i.e., poorly draining soil) observed in the samples. Note that the samples are
assumed to be representative of soils from areas of concern within the Hematite Site.

The NSSC and DSCC layers previously identified by LBG [2003] could not be
distinguished in the field. What appears to be the sand/gravel unit identified by LBG [2003] was
encountered in four of the six boreholes (see Table 4 and complete boring logs in Appendix B),
but all were observed to have a thickness of less than 1 ft before drill refusal. Drill refusal in all
six boreholes occurred between 27 and 33 ft below ground surface, and was assumed to
correspond to the depth of the Jefferson City Dolomite bedrock. Particle size distribution analyses
in 6 samples from 2 boreholes (Table 5 and Appendix C) supports the field descriptions, with 5
out of six of the samples containing more than 96% silt/clay (~30% clay). One sample with
coarser grained particles was taken from the lowest sampling interval in BHKD®, also consistent
with the noted presence of clayey sand gravel in the last 6 in of this interval (see Table 4). Water
saturation was encountered at 21 to 22 ft in BHKD2 and BHKD3 and at 28 ft in BHKD4 and
BHKDS. Soil was moist but not saturated throughout the drilled depths of BHKD1 (33 ft) and
BHKD6 (30 ft).

3.2 SOIL CHEMICAL CHARACTERISTICS

Chemical characteristics of soil samples collected from the Hematite site for this study
are shown in Table 6. Soil pH ranged from 6.5 to 7.5 for a majority of the soil samples. The
lowest soil pH (5.8 and 6.0) were measured in the shallowest samples from BHKD4 and BHK D6,
respectively. The highest pH values (8.1 and 8.3) where measured in mid-depth and deepest
samples collected from BHKD1. Total and organic carbons levels were less than 1% in most of
the measurements. In some samples, organic carbon levels were higher than total carbon (which
consists of both organic and inorganic carbon). This was attributed to sub-sample heterogeneity
coupled with low levels of inorganic carbon in the soil. In general, the chemical characteristics of
the soil samples did not vary significantly among the soil samples, and no trends were observed
when these parameters were plotted vs sample depth (see Appendix D for graphs).
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Table 4. Field descriptions of soil samples collected for K, testing and other analyses

Sample Interval

Borehole Location @ Field Description
Upper | Lower
Limit | Limit
BHKDI |Duels Mt 4 8.6 |Silty clay, brown with 10% gray mottling
23 28  |Silty clay, brown with 5% mottling and limestone or
dolomite fragments
28 33*  [Silty clay, brown with 5% mottling and limestone or
dolomite fragments
BHKD2 |Burial Pits 4 10 [Silty clay, brown with 5% mottling
13 17 [Silty clay, brown with 15% mottling
23 34*  |Silty clay, brown with 15% mottling with chert
fragments; silty sand gravel from 33.5-34 ft (bottom)
BHKD3 |Tile Barn/Cistern 8 13 |Silty clay, brown with 15% iron oxide gray mottlin
Burn Pit 16 20 |Silty clay, brown with 5% iron oxide mottling
23 27*  [Silty clay, brownish gray with 10% mottling and
dolomite fragments
BHKD4  |Restricted Area #1 2 14 |[Silty clay, brown with manganese (Mn) and chert
nodules
14 21 Silty clay, brown and 10% mottling
24 30*% [Silty clay, grayish brown with 15 mottling; sand
with gravel 29.5-30
BHKDS  |Restricted Area #2 1 12 [Silty clay, brown with Mn nodules
16 24 |Silty clay, brown Mn nodules and 15% iron oxide
mottling
27 31* |Silty clay, brownish gray with 20% iron oxide
mottling; clayey sand with gravel from 30.5- 31
BHKDé |Evaporation Pond 1 8 Silty clay, brown with iron oxide mottling
11 16  iSilty clay, brown with iron oxide mottling
26 30* |Silty clay, brown with iron oxide mottling, clayey
sand with gravel from 29-30 ft

*Total depth of boreholes
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Table 5. Particle size distribution analyses results

Sample
Sample ID Location Interval %Gravel %Sand %Silt % Clay
BHKDS5-01 | Restricted Area #2 1(-?2 0 35 66.3 30
BHKDS-19 | Restricted Area #2 19-24 0 2.8 66.2 31
BHKDS5-27 | Restricted Area #2 27-31 3 392 32.8 25
BHKD6-01 | Evaporation Ponds 1-8 0 3 67 30
BHKD6-11 | Evaporation Ponds 11-16 0 24 69.5 28
BHKD6-26 | Evaporation Ponds 26-30 0 1.9 68.1 30

Table 6. Physical and chemical characteristics of soil samples collected for K, testing

. Total Carbon | Total Organic Iron Manganese
Sample ID PH Moisture (%
ample swre (%) | (gig) | Carbon (k)| (gke) (gke)
BHKDI1-4 6.6 21.3% 1.36 2.26 19.8 1.5
=23 8.1 28.0% 4,12 4.64 222 1.55
-28 8.3 13.0% 1.49 2.32 16.3 0.458
BHKD2-4 7.3 19.8% 245 3.2 19.4 0.367
-13 6.6 21.3% 1.36 2.26 17.1 0.577
-23 6.7 24.2% 8.9 14.9 19 0.311
BHKD3-8 7.3 20.8% 5.55 3.93 20.3 0.955
-16 7.4 22.3% 2.7 3.78 22 0.364
=23 7.5 24.0% 3.75 3.74 222 1.04
BHKD4-2 6.0 18.8% 2.56 2.207 22 0.449
-14 7.2 22.0% 2.26 2.98 19.9 0.623
24 7.1 23.7% 2.55 4.27 17.9 1.12
BHKDS3-1 7.2 20.6% 3.45 3.32 20.8 0.535
-19 6.6 23.1% 3.07 3.4 209 0.283
-27 7.0 24.8% 6.25 5.35 11.1 0.216
BHKD6-1 5.8 20.0% 2.35 6.88 21.2 1.85
-11 6.8 21.2% 1.99 2.58 14.3 0.479
-26 7.7 22.0% 9.49 14 11.1 0.221
Minimum 5.8 13% 1.36 22 11.1 0.216
Maximum 8.3 28% 9.49 14 21.2 1.85
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33 URANIUM AND TECHNETIUM ACTIVITIES IN SOIL SAMPLES

Soil samples collected from the restricted areas (BHKDS) contained the highest uranium
concentrations (see Fig. 2) and highest radioactivity from **U and °U (see Table 7). Elevated U
was also detected in the shallowest sample from the Tile Barn/Cistern Burn Pit area (BHKD3-8).
Slightly elevated total U was measured in BHKD4-14 (from restricted area #1) and BHKD6-1
(from the Evaporation Ponds); elevated activities from B4%J and 2°U were also observed in these
samples (see Table 7).

%Tc¢ activity was not detected (0.5 pCi/g detection limit) in any of the samples from

BHKD?2 (Burial Pits) and BHKD3 (Tile Barn/Cistern Burn Pit). Activities were higher than the
detection limit in the rest of the samples, but all were still below the laboratory's reporting limit
(10 pCi/g). The highest *Tc activity was measured in BHKID4-14.

All samples from BHKDS and the shallowest sample from BHKD3 were deemed to have
sufficient U levels for desorption testing in the first batch of Ky measurements. BHKD4-14 and
BHKD6-1 were subjected to desorption testing in the second batch of K4 measurements because
these had sufficient U to result in quantifiable levels in the contact solutions based on Kgs
measured in the first batch. **Tc was not measured in the first batch of desorption tests because
the field-sampled activities in the soil samples (see Table 7) were below the reporting limit and

were unlikely to be reliable for K4 calculations based on mass balance.

Table 7. Uranium isotope and Technetium-99 activities in soil samples

Upper Lower
Borehole Location Limit of | Limitof | **U Y By Te
Samp Int | Samp Int | (pCi/g) (pCi/g) (pCi/g) (pCi/g)
() () ,
BHKD!  [Duels Mt 4 8.6 0260 7] 148
23 28 N.D. 1.04
28 33 ol ND. | 0.730
BHKD2  [Burial Pits 4 10 018
13 17 N.D.
23 34 N.D.
BHKD3 Tile Barn/Cistern 8 13 1.31
Burn Pit 16 20 S
23 27
BHKD4  |Restricted Area #1 2 14
14 21
24 30
BHKDS  [Restricted Area #2 1 12
19 24
27 31
BHKDé6 |{Evaporation Pond 1 8
11 16
26 30

Note: Shaded values are below the method-reporting limit (1 pCi/g for U isotopes and 10 pCi/g for **Tc) but above the detection

limit (0.1 pCi/G for U isotopes and 1 pCi/g for ®*Tc). N.D.: not detected; value was below the method detection limit.
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Fig. 2. Total uranium concentration in soil samples calculated from isotopic activities (Table 7) using
the following conversion factors: 6.2 x 10° Ci/g *U, 2.2 x 10 Ci/g »°U, and 3.3 x 107 Ci/g **U.
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34 GROUNDWATER CHARACTERISTICS

Table 8 shows characteristics of groundwater used as contact solution for the K, tests
(OB-1). It also contains field parameters measured in WS-14, the only well located within 50 ft
of one of the boreholes (BHKD2) drilled for this study. Note that the concentration of U in the
OB-1 groundwater is significantly lower than the spike levels used in the adsorption K tests (see
Table 2). The ORP in both wells indicated mildly reducing conditions, consistent with the
presence of dissolved iron (Fe’*), but appear were inconsistent with the high dissolved oxygen
measurements. It is suspected that the latter was affected by handling of the samples that can

artificially aerate the groundwater.

Table 8. Characteristics of Groundwater samples collected for this study

Parameter OB-1 WwS-14
PH 6.57 5.93
Temperature °C 16.5 16.7
Oxidation Reduction Potential (ORP, mV) 27 57
Dissolved oxygen (mg/L) 1.42 4.79
Specific conductivity (mS/cm) 1.61 0.28

U (pCi/L)* 1.27 Not measured
U (pCi/L)* 0.03 Not measured
=¥y {(pCi/L)* 0.66 Not measured
*Te (pCi/L) 0.2 Not measured
Ca (mg/L) 83.5 Not measured
K (mg/L) 1.6 Not measured
Mg (mg/L) 28.1 Not measured
Na (mg/L) 19 Not measured
Cl (mg/L) 5 Not measured
NO; (mg/L) 3.5 Not measured
SO, (mg/L) 40.1 Not measured
Total Depth (ft) 27.1 Not measured
Depth to water (ft) 16.5 Not measured
Fe** (mg/L) 0.18 0.42
Alkalinity** (mg/L) 150 14

*Calculated total U= 2.6 ug/l.
*¥Measured 24 hours later
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4. RESULTS OF SITE-SPECIFIC K, STUDY
FOR URANIUM AND TECHNETIUM-99

4.1 DESORPTION AND ADSORPTION KINETICS

Steady-state conditions were achieved within 14 days for both desorption and adsorption
K tests (see Tables 9 and 10, Figs. 3 to 10). As mentioned in Section 2, the K, tests were done in
two batches to allow procedure modifications based on results of the first batch of tests. Tc was
not quantified in the Batch 1 desorption tests because Tc activities were below the reporting limit
in the soil samples (see Section 3.3 and Table 7). In addition, the Day 3 U analyses for BHKD2-4,
-13, -23, BHKD4-14, and BHKDé6-1 were not included in Figs. 4 and 5 because these were
inconsistent with analyses on subsequent days (i.e., values were significantly higher or lower) and
were deemed likely to be in error.

Table 9. Uranium concentrations in contact solutions during K, tests

Batch No. Initial U Uranium in contact solution {ug/L)
Sample ID and n coqtact Average Std. D
Test Type* S(op;/]f)n Day 3 Day7 | Day 10 | Day 14 Day 7-14 | Day 7-14
BHKDI-4| 2, Ads 950 175 254 242 177 224 4]
23| 2, Ads 950 491 420 321 335 359 54
28| 2, Ads 950 141 348 253 318 306 49
BHKD2-4| 1, Ads 10000 0.606 9300 10100 10100 9833 462
-13] 1, Ads 10000 0.291 9400 9900 9300 9533 321
23| 1, Ads 10000 0.291 8400 8700 9100 8733 351
BHKD3-8| 1, Des 0 127 168 184 191 181 12
-16| 2, Ads 950 28 12 19.3 18.7 17 4
23] 2, Ads 950 162 190 157 192 180 20
BHKD4-2| 2, Ads 950 185 174 121 148 148 27
-14] 2, Des 0 850 163 137 127 142 19
-24| 2, Ads 950 40 34 20.9 8.83 21 13
BHKDS-1| 1, Des 0 675 760 730 679 723 41
-18! 1, Des 0 252 102 108 79.2 96 15
27 1, Des 0 73.8 84 73.6 65.6 74 9
BHKDé6-1| 2, Des 0 840 7.7 4.5 7.79 7 2
-111 2, Ads 950 26 31 21.1 921 20 11
26| 2, Ads 950 13 16 6.51 4.88 9 6

*Ads: adsorption; Des: desorption
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Table 10. Tc activities in contact solutions during K tests

Batch No. I nitial Te Tc in contact solution (pCi/L)
Sample ID and lzoi?xgt:rft Average | Std. Dev
* = . .
Test Type (pCirL) Day 3 Day 7 Day 10 | Day 14 (Day 7— 14)| (Day 7-14)
BHKD1-4| 2, Ads 27800 1370 916 990 938 948 38
231 2, Ads 27800 2610 3540 13200 724 5821 6543
281 2, Ads 27800 565 548 635 6270 2484 3279
BHKD2-4| 1, Ads 600 27 27 6.5 7.2 14 12
-13] 1, Ads 600 64 68 29.7 4.8 34 32
<231 1, Ads 600 36 12 6.7 8.2 9 3
BHKD3-8! 1, Des 0 N.A. N.A. N.A. NA, | = | e
-16f 2, Ads 27800 1380 718 710 694 707 12
=23 2, Ads 27800 688 697 585 638 640 56
BHKD4-2| 2, Ads 27800 3090 1300 1080 859 1080 221
-14| 2, Des 0 N.A. N.A. -9.1 S B R
24| 2, Ads 27800 1850 1250 1110 760 1040 252
BHKDS5-1| 1, Des 0 N.A. N.A. N.A. NA | eem | eeme-
-19] 1, Des 0 N.A. N.A. N.A. NA, | e | e
27| 1,Des 0 N.A. N.A. N.A. NA, | e | e
BHKDé6-1| 2, Des 0 N.A. N.A. 10 6 | e | eeee
-11| 2, Ads 27800 2160 1860 1330 1300 1497 315
26| 2, Ads 27800 1170 783 618 550 650 120

*N.A. = Not applicable
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Fig. 3. Total U concentration in contact solutions vs time for Batch 1 desorption tests,
Contact solutions consisted of groundwater from well OB-1 considered as a background well (U and

#Te at 2.6 pg/L and 0.2 pCi/L, respectively)
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Fig. 4. Total U concentration in contact solutions vs time for Batch 1 adsorption tests.
Contact solutions consisted of groundwater from background well OB-1 spiked with standard
solutions to achieve initial uranium and technetium concentrations of 10,000 pg/L and 600 pCi/L.

21



K‘_//

Totat U in contact liquld {ug/L)

180

140 1

120

100 -

80

60

40_

20 4

/
oW
0

e
, —e— BHKD4-14
/ ~~ BHKD6-01

//
/
i
/
//
///
/
/S
y
//
7 Note: Day 3 analyses not included in plot.
//
. —n
2 4 6 8 10 12 14 16
Time (days)

Fig. 5. Total U concentration in contact solutions vs time for Batch 2 desorption tests.
Contact solutions consisted of groundwater from well OB-1 considered as a background well (U and
#Tc at 2.6 ug/L and 0.2 pCi/L, respectively).
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Fig. 6. Total uranium concentration in contact solutions vs time for Batch 2 adsorption tests
on samples from BHKD1 and BHKD3. Contact solutions consisted of groundwater from background
well OB-1 spiked with standard solutions to achieve initial uranium and technetium concentrations

of 950 ng/L and 27,800 pCi/L, respectively.
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Fig. 7. Total U concentration in contact solutions vs time for Batch 2 adsorption tests on
samples from BHKD4 and BHKD6. Contact solutions consisted of groundwater from background
well OB-1 spiked with standard solutions to achieve initial U and Tc concentrations of 950 pg/L and

27,800 pCi/L, respectively.
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standard solutions to achieve initial U and Tc concentrations of 10,000 pg/L and 600 pCi/L,
respectively.
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Fig. 9. Tc activities in contact solutions vs time for Batch 2 adsorption tests on samples from
BHKD1 and BHKD3. Contact solutions consisted of groundwater from background well OB-1

spiked with standard solutions to achieve initial U and Tc concentrations of 950 ug/L and 27,800
pCi/L, respectively.
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Fig. 10. Tc activities in contact solutions vs time for Batch 2 adsorption tests on samples
from BHKD4 and BHKD6. Contact solutions consisted of groundwater from background well OB-1
spiked with standard solutions to achieve initial U and Tc concentrations of 950 pg/L and 27,800

pCi/L, respectively.
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A relatively high U spike level (10,000 pug/L) was selected for the Batch 1 adsorption

tests, in anticipation of K4 values that can be as high as 10,000 mL/g [EPA 1999]. If the K4 factor
were this high, then a high spike level would be required to adequately quantify U in the contact
solutions after equilibration with the soil samples. Measured U concentrations in the contact
solutions did not vary much from the spike level in the Batch 1 adsorption tests (see Table 9,
BHKD2-4, 13, and 23, and Fig. 4), indicating very little to no adsorption onto the soil. On the
other hand, Batch 1 desorption samples exhibited K4 factors that were greater than 100 mL/g.
When the spike level was reduced to 950 pg/L U in Batch 2, adsorption was observed in all
samples (see Figs. 6 and 7). It is possible that the low adsorption observed in Batch 1 was due to
the high U concentration in the contact solution that led to saturation of the active sites on the
solid surfaces. Table 11 shows results of U analyses on select Day 14 solid residues, as well as
mass balance calculations that show good recovery in most of the samples.

Table 11. Mass balance calculations for U in soil/water mixtures

Uin Mass of U
As-sampled U Initial U in Im_tlal Mass of U n solid contact o
. . . U in soil/water |residue on . soil/water Mass
Sample ID in soil contact solution . " solutionon| . ) ok
(mg/ke) (ug/L) mixture Day 14 Day 14 mixture on | Balance
(mg) (mg/kg) (ug/L) Day 14
(mg)

BHKDI1-4 4.60 950 0.168 7.4 177 0.162 96%
-23 3.15 950 0.139 8.2 335 0.192 138%
-28 2.21 950 0.120 54 318 0.134 111%

BHKD2-4 3.78 10000 0.876 N.M. 10100 ———— -—--

-13 2.82 10000 0.856 N.M. 9300 -——- ———-

-23 2.36 10000 0.847 N.M. 9100 ——-- e
BHKD3-8 36.96 0 0.739 30.2 191 0.618 84%
-16 2.89 950 0.134 7.9 18.7 0.160 120%
-23 3.17 950 0.139 7.9 192 0.174 124%
BHKD4-2 3.00 950 0.136 9.2 148 0.195 144%
-14 10.36 0 0.207 10.8 127 0.225 109%

-24 2.85 950 0.133 5.5 8.83 0.110 83%
BHKDS5-1 106.31 0 2.126 116.0 679 2.375 112%
-19 45.83 0 0.917 36.8 79.2 0.742 81%
-27 21.13 0 0.423 22.1 65.6 0.447 106%
BHKD6-1 6.45 0 0.129 6.4 7.79 0.129 100%
-11 2.76 950 0.131 6.1 9.21 0.123 94%
-26 2.00 950 0.116 6.7 4.88 0.134 116%

*These were corrected for dissolved U in the water phase of the solid residue samples. The moisture content in the solid residues
(~45%) were measured and used for these corrections, together with measured U in Day 14 contact solutions.
**¥Mass balance = Ratio between mass of U on Day 14 and initial mass of U in soil/water mixtures.
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The Tc activities in the contact solutions from the Batch 1 adsorption K, tests (Table 10,
Fig. 8) were significantly lower than the initial contact solution activity of 600 pCi/L, indicating
that Tc was being removed from solution in the soil/water mixtures. Published studies on TcO4
adsorption are fairly consistent in that all show very low Ky values (0.1 to 1 mL/g, Krupka and
Serne 2002) under aerobic conditions. The negative TcO, ion is not expected to adsorb on soil
surfaces that are predominantly negatively charged under typical pH values found in the
subsurface environment. Because 600 pCi/L is equivalent to a mass concentration of ~35 ng/L, it
was thought that the observed disappearance of Tc from solution was a “concentration effect”,
and that there were enough positively charged sites on the soil surfaces to interact electrostatically
with the minute amount of Tc in solution. For Batch 2, the Tc spike level was increased to 27,800
pCi/L (~1.6 pg/L).

Even at this elevated concentration, Tc was still removed from solution, dropping by an
order of magnitude by Day 14 in most of the samples. The Day 14 Tc activities in the deeper
samples from BHKD1 were the exception to this trend (Table 10, Fig. 9). The Tc activities in the
contact solutions for BHKD1-23 were erratic, with values that fluctuated between a minimum of
724 pCi/L on Day 14, and 2 maximum of 13,200 pCi/L on Day 10. Tc activities in BHKD1-28
on Days 3, 7 and 10 were relatively consistent (548 to 635 pCi/L), but Tc activity was much
higher on Day 14 (6,270 pCi/L). These results could be due to heterogeneity among subsamples
collected from a bulk sample used to prepare the soil/water mixtures. Nevertheless, 10 out of 12
Tc adsorption tests showed significant removal of Tc from solution by Day 3, and relatively
monotonic Tc activities that either leveled off or decreased gradually through Day 14 (Table 10,
Figs. 8-10).

Determining the actual mechanism by which Tc was being removed from solution is
beyond the scope of this study. However, published experimental studies on the behavior of Tc in
geologic media can shed light on the observations in this study. The Tc added to the contact
solutions was in the +7 oxidation state [Tc (VII)] in the form of TcO,". The latter is known to be
very soluble and not strongly adsorbed at neutral and basic pH conditions (Krupka and Serne
2002). Significant removal of Tc in this study could be due to chemical reduction of Tc (VII) to
Tc(IV) which is more highly sorbed and can form relatively insoluble Tc oxides. Chemical
reduction of Tc (VII) has been observed by others through biotic processes (e.g., aided by metal
reducing bacteria) and abiotic reactions (e.g., interaction with reduced iron) (Krupka and Serne
2002).

It is somewhat surprising that Tc (VII) reduction occurred in the soil/water mixtures
prepared for this study because the mixtures were not kept under anaerobic conditions, which is
typically done in experiments where Tc (VII) reduction was observed (e.g., Sheppard, Sheppard
and Evenden, 1990). However, significant recovery of Tc in the solid residues (see Table 12)
from filtration of the soil/water mixtures is consistent with its removal from solution. Thus, the
evidence from this study points towards TcO,” being removed from solution and “adhering” to the
Hematite soil samples, either through adsorption or chemical reduction followed by precipitation.
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Table 12. Mass balance calculations for Te¢ in soil/water mixtures

99
Total *Tc *Tc in *Tcin :;tiili ) ]1:
As-sampled | Initial *Tc in activity in solid contact Hvity
99« . . . . . soil/water Mass
Sample ID Tcinsoil |contactsolution| soil/water residue on | solution on mixture on | Balance**
(pCi/'g) (pCi/L) mixture Day 14* Day 14 Day 14
(pCi) (pCiig) | (PCIL) | "y
BHKDI-4 6.60 27800 2356 714 938 1503.7 64%
-23 6.23 27800 2349 86.6 724 1790.1 76%
-28 2.84 27800 2281 67.7 6270 1855.0 81%
BHKD2-4 0.00 600 48 N.M. 7.2 -——- -
-13 0.00 600 48 N.M. 4.8 ---c -
-23 0.00 600 48 N.M. 8.2
BHKD3-8 0.00 0 0 N.M. N.M. - -
-16 0.00 27800 2224 100.4 694 2064.2 93%
-23 0.00 27800 2224 87.3 638 1796.6 81%
BHKD4-2 2.80 27800 2280 81.5 859 1698.7 75%
-14 13.80 0 276 N.M. -15
-24 0.82 27800 2240 74.0 760 15404 69%
\‘_/’ BHKDS-1 2.52 0 50.4 N.M. - -
-19 1.18 0 23.6 N.M. == ey
=27 0.91 0 18.2 N.M. ———- -——-
BHKD6-1 2.55 0 51 N.M. -6 -—-- -
-11 2.00 27800 2264 89.9 1300 1902.7 84%
-26 5.86 27800 2341 73.2 550 1507.0 64%
*These were corrected for dissolved *Tc in the water phase of the solid residue samples. The moisture content in the solid residues
(~48%) were measured and used for these corrections, together with measured **Tc in Day 14 contact solutions.
**Mass balance = Ratio between total *Tc activity on Day 14 and initial total **Tc activity in soil/water mixtures.
N’
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4.2 CALCULATED DISTRIBUTION COEFFICIENTS

Distribution coefficients (K;) were calculated from the ratio between the U or Tc
adsorbed onto the soil (S) and the average of Day 7, 10, and 14 U or Tc concentration in the
contact solutions (C,, Table 9 and 10 for U and Tc, respectively). For the desorption tests, the
adsorbed U or Tc concentration was calculated via mass balance as follows:

S=—4—"2r (1]
M

where S; is the field-sampled U or Tc concentration in the soil samples (Table 7), V'is the
volume of contact solution (0.08 L) and M is the mass of soil (0.02 kg) used in the K; tests.
Because the U or Tc soil concentrations (S;) were measured following hot acid digestion of the
soil samples, it is possible that a fraction of the field-sampled U or Tc in the soil is in precipitated
form or occluded in the soil's mineral structure and not reversibly sorbed onto the soil. Thus,
using the total (acid-digested) U and Tc soil concentration in calculations for the desorption tests
can result in overestimated K, factors. Researchers have used methods for selective extraction of
defined U fractions (e.g., Kaplan and Serkiz, 2000, Senko et al, 2002, Sowder et al. 2003),
however use of these methods was beyond the scope of this project. The initial contaminant
concentrations to be used in RESRAD modeling will also consist of analyses results from acid-
digested samples. Thus, calculating K4s from the desorption test results assuming that the acid-
digested U or Tc represents the "leachable” fraction in contaminated soil is a reasonable
approach.

For the adsorption tests, the U or Tc concentrations sorbed onto the soil (S) was
calculated as follows:
S = (Cwi — Cw )V
M

where C,; is the initial U or Tc concentration in the spiked contact solution. Neglecting the
contribution of the initial U or Tc in the soil samples to the final concentration in the contact
solution is a conservative approach, resulting in a lower estimate for § and lower calculated K.

4.2.1 Uranium

The average U K4 factors from the adsorption and desorption tests are 117.8 and 232.7
mL/g, respectively (Table 13). These averages were calculated without Ky values from BHKD2
and BHKDG6-1. As mentioned previously (Section 4.1), it is suspected that results from BHKD2
were compromised by the high U concentration in the Batch 1 contact solution (10,000 pg/L).
The Ky value from BHKD6-1 is more than twice the next lower value and was not considered
when calculating the average K, (a conservative approach). Significant variability in the
measured Kys is reflected by standard deviations that are comparable to the average values (see
Table 13). The degree of variability is not entirely surprising, and has been observed by others
[EPA 1999, Krupka and Serne 2002]. Higher average K; values in the desorption tests can be due
to the sorbed U concentration in the soil-water mixtures being estimated from the U extracted
from the soil samples via acid digestion. This digestion procedure extracts not only U that is
adsorbed on to the soil (e.g., through electrostatic interactions with soil surfaces), but also likely

31



dissolves some U that is in precipitated form or occluded in the soil minerals. The latter should
not, in theory, be included in the initial soil concentration (S} when estimating sorbed
concentration, S (see Eqn. [1]). Higher K, values in the desorption tests can also be due to an
"aging effect”" in field-contaminated samples, as described by Kaplan et al. [2001] who also
measured Ky factors via desorption that were higher than K, values based on adsorption
measurements. Desorption from field-contaminated samples more closely simulates the leaching
of radionuclides from contaminated soils, the process that is being modeled by RESRAD in
DCGL calculations.

The lower average Ky in the adsorption tests can also be from soil samples with low
potential for adsorption being fortuitously selected for adsorption testing. For example, all three
samples from BHKD! were subjected to adsorption testing and exhibited low K, values. In a
histogram of adsorption Kgs (excluding data from BHKD2 suspected to have been compromised
by high U spike in Batch 1 contact solution), 3 out of 5 data points in the 0-100 mL/g range were
results from one borehole (BHKD]1, Fig. 11). There were no other consistent trends with borehole
location or depth in the K4 measurements (see Fig. 12).

The “best” estimate for uranium K, applicable to the Hematite Site is 175 mL/g, which is
the mean of the averages from the adsorption and desorption test samples (excluding data from
BHKD2 and BHKDG6-1, discussed earlier in this subsection). This approach for estimating the
“best” K4 was chosen over averaging the entire data set (158.8 mL/g), which unduly weights the
adsorption K4 values (9 data points) over the desorption K, values (5 data point). The approach
used to arrive at the “best” estimate for Uranium K, balances the more conservative estimation of
K in the adsorption tests (i.e., by neglecting the contribution of the field-sampled U in the soil),
with the less conservative approach (i.e., by using U in acid-digested soil samples) in calculating
K4 factors from the desorption tests.

Histograms of measured K4 values for U (Fig. 11) from both adsorption and desorption
tests (excluding data from BHKD2 and BHKDS6-1, justification discussed earlier in this
subsection) shows a more skewed distribution for the adsorption tests when compared to the
desorption tests. If RESRAD modeling will include uncertainty analysis, it is recommended that
parameters for characterizing the statistical distribution of K4 be obtained from a data set that
consists of (1) the adsorption test results from this study excluding the 3 data from BHKD2, and
the two highest and the two lowest K values, and (2) the desorption test results excluding K4
from BHKD6-1. This trimmed data set, which consists of an equal number of adsorption and
desorption data points, grossly approximates a lognormal distribution (Fig. 11). Because there
were no distinct depth trends in the Ky measurements (Fig. 12), spatial variability is best
addressed by assuming that the unconsolidated sediments overlying bedrock at the Hematite Site
can be characterized by a single K, parameter that has a lognormal distribution.

The range and “best” estimate for U K4 from this study are compared with published
literature values in Table 14. The latter include (1) a compilation by Sheppard and Thibbault
(1990), where the K4 values are categorized according to soil texture, (2) a compilation by EPA
(1999), where a look-up table, based on a large number of published experimental results, is
formulated with pH as the independent variable, and (3) measurements by Kaplan and Serkiz
(2001) following a desorption procedure using field-contaminated soil from the Department of
Energy's Savannah River Site. The ranges for loam (>80% silt-sized and smaller fractions) and
clay (>35% clay-sized fractions) from Sheppard and Thibbault (1990) are given in Table 14,
because these textures best describe the soil collected from the Hematite Site for this study. Ky
ranges for pH 6, 7 and 8 from EPA (1999) are shown in Table 14, also based on the
characteristics of soil and groundwater from the Hematite Site (see Section 3). The Interagency

32



Steering Committee on Radiation Standards (ISCORS) recently performed a RESRAD dose
modeling effort for radionuclides in sewage sludge used for agricultural and land reclamation.
The baseline Ky value for U in the ISCORS model in this modeling study is also shown in Table
14. Note that the K4 range from this study is near the lower end of the published range of K4
values in Table 14. Thus, the K4 values in this study, including the best estimate for Uranium K4
for RESRAD modeling, appear to be reasonable and conservative.

Table 13. Calculated distribution coefficients for U based on average U concentration in
contact solutions on Days 7, 10, and 14

. Adsorption Test | Desorption Test
Sample ID Location K, (mL/g) K, (mL/g) Remarks
BHKD1-4 Duel's Mountain 129 | - Initial U at 950 pg/L
-23 66 | e Initial U at 950 ng/L
-28 R Initial U at 950 pg/L
BHKD2-4|Burial Pits 0.1* | e Initial U at 10,000 pg/L
-13 02* | e Initial U at 10,000 pg/L
=23 0.6 | e Initial U at 10,000 pg/L
BHKD3-8|Tile Barn/ Cistern Burn Pit | «=-e-- 200.2 Unspiked
-16 2240 | eee-- Initial U at 950 pg/L
-23 172 | e Inijtial U at 950 pg/L
BHKD4-2|Restricted Area #1 217 e Initial U at 950 ug/L
4y | e 68.8 Unspiked
-24 1749 | -e-ee- Initial U at 950 pg/L
BHKDS5-1|Restricted Area#2 | ememe- 143.0 Unspiked
O ] 4714 Unspiked
27| e 280.1 Unspiked
BHKD6-1|Evaporation Ponds | - 9638 “Unspiked
-11 1819 | e Initial U at 950 ug/L
-26 4122 | e Initial U at 950 pg/L
Average 117.8 2327 Excludes BHKD?2 and
BHKDé6-1
Std. dev. _ 1414 1542 Excludes BHKD?2 and
BHKD6-1
Mean of adsorption and desorption Excludes BHKD2 and
averages 175 BHKD6-1

*Very low adsorption in these tests suspected to have been due to high initial U in contact solution, resulting in
saturation of adsorption sites on soil surfaces.
**This value is very high compared to other values.
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Fig. 11. Histograms of measured distribution coefficients (K;) for U. “Adsorption” and
“desorption™ data sets exclude data from BHKD2 and BHKDG6-1. “Select Adsorption + Desorption”
data set consists of adsorption results excluding data from BHKD2, two highest and two lowest
values, and desorption results excluding data from BHKD6-1.
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Fig. 12. Distribution coefficients (K;) for uranium measured in Hematite Site soil samples
plotted vs sample depth. Note that both adsorption and desorption test results are shown in the

graph, and results from BHKD2 and BHKDé6-1 are not plotted.
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Table 14. Comparison of measured distribution coefficients for U in this study with
' published values

“Best” Estimate

Source Soil Type or Characteristic Mm"?j? Kq Maxmlljm K for K4
This Study* >96% silt-sized and smaller
particles 6.6 471.4 175
pH 5.8-8.3
RESRAD default | «=—---- b cmeae | meeeee 50
Sheppard and Loam
Thibault 0.2 4,500 15%*
., 1990
Sheppard and Cla
Thibault., 1990 Y 46 395,100 1600
EPA 1999 pH 6 100 1,000,000 | @ ----
EPA 1999 pH7 63 6,300,000 | @ —----
EPA 1999 pH 8 0.4 250,000 [ -
Kaplan et al, pH 4-5.8
2001 (desorption tests)
20%-40% silt-sized and 170 6493 |
smaller particles
ISCORS*** [ eee e [ e
2003 126

*Data set excludes data from BHKD2 and BHKD6-1 (see Section 4.2.1 for justification). “Best” estimate for K is the
mean of the average Kys from the adsorption and desorption tests.
**Geometric mean; data observed to be log normally distributed.
***Interagency Steering Committee on Radiation Standards
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4.2.2 Technetium

The K, values measured for Tc ranged from 15.1 to 172.9 mL/g and one data point at
263.7 mL/g (Table 15). The values appear to be relatively uniformly distributed between 0 and
200 mL/g, as shown by the histogram in Fig. 13. The lowest K4 values were obtained from
BHKD1-23 and BHKD1-28, which were the samples that exhibited fluctuating concentrations in
the contact solutions (Fig. 9). As a result, the Tc contact solution activity averaged over Day 7,
10, and 14 (used to calculate Kg) had a large standard deviation reflecting significant uncertainty
in the Ky obtained from these time-averaged Tc activities. Exclusion of these data points was
considered, but was eventually ruled out because the Kd, from these samples were on the low end
and inclusion of these data points would constitute a conservative approach. Aside from BHKD1
samples exhibiting the Jowest K; values, no other trends were observed with borehole location or
depth (Fig. 14).

Based on the measured K, values (excluding data from the BHKD2-23), the best estimate
for Te K4 applicable to the Hematite site is 106 mL/g. Although this is significantly higher than
published literature values measured under aerobic conditions, this value is considered to be valid
based on the general consistency of the results (i.e., out of 9 samples, 7 exhibited significant and
consistent removal of Tc from solution over 4 time intervals spanning 14 days, see Figs. 8-10) as
well as recovery of Tc in the solid residues (Table 12).

Determining the mechanism for the removal of TcO4 from solution is beyond the scope
of this study, but a mechanism can be hypothesized based on published literature. Because TcOj,
is known to be highly soluble due to its negative charge and the negative character of soil
surfaces at neutral pH, removal of Tc from contact solutions and its association with the soil is
unlikely to be an electrostatic process, but is more likely from a reduction reaction where Tc(VID)
is reduced to less soluble Tc(IV) either through abiotic reactions with reduced chemical species
(e.g., Fe(*")) or microbial processes. The rapid removal of Tc (within 3 days) is more indicative
of abiotic reactions, rather than biological processes particularly for metal-reducing bacteria that
are active mainly under anaerobic conditions. It is also possible that Tc removal from solution
observed in this study is due to the very low concentration of T¢ used in these studies (maximum
of 1,600 ng/L in the contact solution equivalent to a soil concentration 0.0064 mg /kg for 20 g: 80
mL soil:water mixtures). Gu and Dowlen (1996) conducted their experiments under similar Tc
soil concentrations, while Sheppard et al. (1990b) applied Tc to their study soils at an effective
soil concentration of 3.9 mg/kg. Note that historical Tc levels in groundwater at the Hematite site
are significantly lower than the lowest contact solution spike level in this study (600 pCi/L).

If uncertainty analysis will be performed during RESRAD modeling, it is recommended
that statistical parameters be obtained from the range of values shown in Table 15, excluding the
high value from BHKD2-23. The histogram in Fig. 13 grossly approximates a uniform
distribution between 0 and 200 mL/g. Because there were no distinct trends with depth in the K4
measurements (Fig. 14), spatial variability is best addressed by assuming that the unconsolidated
sediments overlying bedrock at the Hematite Site can be characterized by a single K4 parameter
that has a uniform distribution.
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Table 15. Calculated distribution coefficients for Technetium based on average Tc concentration in
contact solutions on Days 7, 10, and 14

Sample ID Location Kq4 (mL/g) Remarks
BHKD1-4|Duel's Mountain 113.3 Tnitial *Tc at 27,800 pCi/L
23 15.1 Initial " Tc at 27,800 pCi/L
28 40.8 Initial > Tc at 27,800 pCi/L
BHKD2-4|Burial Pits 172.9 Initial *Tc at 600 pCi/L
-13 66.2 Initial " Tc¢ at 600 pCi/L
23 263.7 Initial > Tc at 600 pCi/L
BHKD3-8|Tile Bart/ Cistern Burn Pit N.M. Used for U desorption testing
-16 153.2 Initial > Tc at 27,800 pCi/L
23 169.8 Initial " Tc at 27,800 pCi/L
BHKDA4-2[Restricted Area #1 99.0 Initial " Tc at 27,800 pCi/L
-14 N.M. Used for U desorption testing
24 102.9 Initial > Tc at 27,800 pCi/L
BHKDS-1|Restricted Area #2 N.M. Used for U desorption testing
-19 N.M. Used for U desorption testing
27 N.M. Used for U desorption testing
BHKD6-1|Evaporation Ponds NM. Used for U desorption testing
-11 70.3 Initial ~"Tc at 27,800 pCV/L
26 167.0 Initial * Tc at 27,800 pCi/L
Average 106 Excludes BHKD2-23 (high compared to
other data)
Std. Dev. 54.7 Excludes BHKD2-23 (high compared to

other data)

*N.M. = Not measured
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Table 16. Comparison of measured distribution coefficients for technetium in this study
with published values

Minimum K4

Maximum K,

“Best” Estimate

Source Soil Type or Characteristic (mL/g) (mL/g) for K4
(mL/g)
>96% silt-sized and smaller
This Study* particles 15.1 172.9 106
pH 5.8-8.3
RESRAD default | -—-- o mmmeee | emeee 0
Sheppard and *
Thibault, 1990 Loam 0.01 0.4 0.1
Sheppard and *
Thibault, 1990 | C13Y 1.16 1.32 !
Sheppard,
Sheppard and Clay-Loam, aerobic =~ | = === | eeeeee -0.2%*
Evenden, 1990
Sheppard,
Sheppard and Clay-Loam, anaerobic | = —eeeem | emeeme 50
Evenden, 1990
No sorption;
Gu and Dowlen Silty and sandy clay, aerobic | =~ =-=---- | eeeeee Kgs not
1996
reported

Gu and Dowlen Silty and sandy clay,

- 20 100 | e
1996 anaerobic

*Geometric mean, based on assumed log-normal distribution for K4

**Negative values have been reported elsewhere and attributed to ion exclusion
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Fig. 13. Histogram of Technetium K, values, excluding high value from BHKD2-23. All K4
values obtained via adserption testing.

40




Technitium Kd (mL/g)
1] 20 40 60 80 100 120

140

160

180

200

10

15 4

Depth (ft)

20 1

25 | e

30 4 \‘

Fig. 14. Distribution coefficients (K,) for technetium measured in Hematite Site soil samples

plotted vs sample depth. High value from BHKD2-23 not plotted.
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S. LITERATURE K,; VALUES FOR OTHER
RADIONUCLIDES

The published compilation of distribution coefficients by Sheppard and Thibault (1990)
was primarily used to select appropriate Ky values for Pu, Th, Np, and Am based on soil
characteristics of the samples collected from the Hematite Site (Section 3). Sheppard and Thibault
(1990) categorized the data by the texture of the soils used in the measurements. These categories
were “sand” (containing > 70% sand-sized particles), clay (containing >35% clay-sized particles),
“loam” (containing and even distribution of sand- c¢lay- and silt-sized particles or consisted of up
to 80% silt-sized particles), and “organic soils” (contained >30% organic matter). This
categorization is consistent with the positive correlation between soil texture and specific surface
area, and adsorption being a chemical interaction between a chemical species and chemically
active surfaces on soil particles. For each category, Sheppard and Thibault (1990) provide the
number of data points, geometric mean, minimum and maximum K, measurements included in
the data compilation. Given the particle size distribution measurements (Section 3.1), the samples
from this study can be classified under the “clay” category. However, since the clay-sized fraction
in the Hematite samples (~30%) is near the boundary for clay soils selected by Sheppard and
Thibault (1990), K4 values for “loam” were also considered as shown below. Note that the
“loam™ K4 values are typically lower, and that inclusion of Sheppard and Thibault’s “loam” data
in selecting K, values for the Hematite Site is a conservative approach.

EPA’s compilation of K; measurements (EPA 1999) was also considered when selecting
K4 values for Pu and Th. Np and Am were not included the in EPA (1999) compilation but are
covered in a forthcoming report (EPA 2003 unpublished).

51 PLUTONIUM

Table 17 shows summary statistics for Pu K4 values for loam and clay from Sheppard and
Thibault (1990), and the range of values in EPA (1999) where a look-up table (with clay content
and soluble carbonate as independent variables) is formulated based on one study that included 17
soil samples from 9 different locations within the Department of Energy complex. Given these
published values, the RESRAD default value appears reasonable for application at the Hematite
Site. This value is between Sheppard and Thibault’s (1990) geometric means for loam and clay,
and is within the range of Kgs for soils with 31 to 50% clay in EPA’s look-up table. The baseline
K value for Pu used in the ISCORS dose modeling effort for sewage sludge is also shown in
Table 17.
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Table 17. Published K, values for plutonium

Minimum K Maxinum K “Best” Estimate

Source Soil Type or Characteristic (mL/g) d (nL/g) d for K4

> = (mL/g)
Sheppard and . "
Thibault (1990) Loam (21 data points) 100 5933 1200
Sheppard and . ,. *
Thibault (1990) Clay (18 data points) 316 190000 5100

Soluble carbonate 0.1 —~ 6 n

EPA 1999 meq/L; clay (31-50%) 380 2700 -
ISCORS2003 | -e-—- | eweea | emees 953
RESRAD default | ----- e -—-- 2000

*Geometric mean, based on assumed lognormal distribution

5.2 THORIUM

Table 18 shows summary statistics for Thorium (Th) K4 values in clay from Sheppard
and Thibault (1990), and the range of values in EPA (1999) where a look-up table (with pH as the
independent variable) was formulated based on several published studies. The RESRAD default
value of 60000 mL/g is recommended for application at Hematite. Although it is an order of
magnitude higher than the geometric mean for clay in Sheppard and Thibault (1990), it is well
within the range in EPA’s look-up table, which is based on several studies and many more data
points when compared to 5 data points used by Sheppard and Thibault for calculating their
The baseline K4 value for Th used in the ISCORS dose modeling effort for
sewage sludge is also shown in Table 18.

geometric mean.

Table 18. Published K, values for thorium

Minimum K, Maximum K “Best” Estimate

Source Soil Type or Characteristic (mL/2) d (mL/g) d for K4

s & (mL/g)
Sheppard and
Thibault (1990) | 102 (no data)
Sheppard and . *
Thibault (1990) Clay (5 data points) 244 160000 5800
EPA 1999 pH 5-8 1700 170000 —
ISCORS2003 |« | e 5884
RESRAD default | ----- - — 60000

*Geometric mean, based on an assumed lognormal distribution
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5.3 NEPTUNIUM

Table 19 shows summary statistics for neptunium (Np) K, values in loam and clay from
Sheppard and Thibault (1990), as well are results from a number of studies found in the literature.
The baseline K4 value for Np used in the ISCORS dose modeling effort for sewage sludge is also
shown in Table 19. Note that the "default" K; value in RESRAD is -1, which is a flag that
invokes calculation of the default value using a correlation with the plant root uptake transfer
factor [Yu et al., 2001]. In current version of RESRAD (v.6), the correlation for a loamy soil is
used and results in a calculated K4 for Neptunium of 257. For the Hematite Site, a value of 2
mL/g is recommended which is near the low end of Kys shown in Table 19. If the calculated
DCGL based on this conservative Ky is significantly smaller than in situ Np levels and
will require significant clean-up efforts, site-specific laboratory measurements may be

warranted.

Table 19. Published K, values for neptunium

Minimum K, | MaximumK, | Dot Estimate

Source Soil Type or Characteristic (mL/g) d (mL/g) d for K4

& g (mL/g)
Sheppard and . "
Thibault (1990) Loam (11 data points) 1.3 79 25
Sheppard and . "
Thibault (1990) Clay (4 data points) 79 2575 55
EPA 1999 Not included in compendium - - ——-
Kaplan et al., Silty loam and coarse sand,
1996 pH 8.3 2.17 19.86 -—--
If;g Slan etal, Loamy sand and silt loam 24 21.7
Turner et al Montmorillonite clay,
1998 2 maximum at pH 8-8.5 in -—-- 100 mL/g -—

presence of atmospheric CO,

ISCORS2003 | == e e 17
RESRAD default | ----- -——- ——- R

*Geometric mean, based on an assumed log-normal distribution
**This is a flag that invokes the calculation of a default K, value using correlations with plant/soil

concentration ratios. This results in a default K4 of 257 mL/g in the current version of RESRAD (v.6).

5.4 AMERICIUM

Table 20 shows summary statistics for americium (Am) K, values in loam and clay
from Sheppard and Thibault (1990), as well as results from a study referenced by Cantrell et al.
(2000) where K4 values were measured in sandy material from the Department of Energy’s
Hanford Site. The baseline K value for Np used in the ISCORS dose modeling effort for sewage
sludge is also shown in Table 20. The default RESRAD K, value is very low (20 mL/g), and is
outside the range of Kgs for loam and clay reported by Sheppared and Thibault (1990). For the
Hematite site, it is recommended that 1000 mL/g be used. This value is more consistent with the
published values referenced in Table 20, but is still conservative given that it is much lower than
the geometric means for loam and clay in Sheppard and Thibault (1990).
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Table 20. Published K, values for Americium

“Best” Estimate

Source Soil Type or Characteristic Minirmum K, Maximum Ky for K4
(mL/g) (mL/g) (mL/2)
)
Sheppard and . n "
Thibault (1990) Loam (20 data points) 400 48309 9600
Sheppard and . "
Thibault (1990) Clay (11 data points) 25 40000 8400
EPA 1999 Not included in compendium " — o
Cantrell et al. .
(2000) Sandy material -—-- - >1200 mL/g
ISCORS2003 |- | e e 825
RESRAD default | ----- — -—-- 20

*Geometric mean, based on an assumed log-normal distribution
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6. SUMMARY AND RECOMMENDATIONS

Site-specific measurements for K4 were performed on samples collected from areas of

concern within the Hematite Site. A total of six boreholes were drilled to refusal or bedrock
(~30to 35 ft), and 18 soil samples (3 depth intervals per borehole) were collected for K testing,
radionuclide analysis and general soil characterization procedures. The following is a summary
of primary findings from this study:

1.

All samples collected consisted of very fine-grained, brown silty clay, likely
corresponding to the NSSC and DSSC HU identified in previous characterization reports
[LBG 2003]. However, these two layers could not be visually distinguished in the field.
Furthermore, the sand/gravel HU described by LBG (2003) was encountered in four out
of six boreholes but at a thickness of less than 1 ft, not enough to obtain representative
samples for K, testing. The fine-grained nature of the soil samples was confirmed by
particle size distribution measurements, which showed the soils to consist of >96% silt
and clay sized fractions and ~30% clay.

2. General soil characteristics did not vary significantly over the site as shown in the
summary table below. Furthermore, there were no observable trends with depth in these
parameters.

Table 21. Summary of Hematite soil properties measured in this study
pH Moisture | Total Carbon |Total Organie Iron Manganese
(%) (g/kg) Carbon (g/kg) (g/kg) (g/kg)
Minimum 5.8 13% 1.36 22 1.1 0216
Maximum 83 28% 9.49 14 212 1.85

Uranium activities were detected at significant levels in samples from the restricted areas
(BHKDS), and in shallowest sample from the Tile Barn/Cistern Burn Pit (BHKD3-8).
Slightly elevated U activities were also observed in the mid-depth sample from another
location in the restricted areas (BHKD4-14) and the shallowest sample from the
Evaporation Ponds (BHKD6-1). Technetium was not detected at significant levels in any
of the samples collected for this study.

Ky testing was performed following ASTM 4319-93, Standard Test Method for
Distribution Ratios by the Short-term Batch Method, as recommended in the RESRAD
data collection handbook. Two types of K, tests were performed: (1) desorption tests
where a measured mass of soil was contacted with a measured volume of uncontaminated
groundwater over a period of 14 days, and (2) adsorption tests where soil was contacted
with uncontaminated groundwater spiked to predetermined levels of U (as the uranyl ion
or UO,™) and *Tc (as the pertechnetate ion TcO,). The K tests were performed in two
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batches, to enable modifications in procedures for the second batch of tests based on the
first batch of results.

In general, steady-state conditions were achieved in the soil/water mixtures within 14
days during the Ky tests. For Uranium, lower overall K4 values were observed in the
adsorption tests, when compared to the desorption tests. Average Kqs from the adsorption
and desorption tests were calculated (excluding data suspected to have been
compromised by high U in the contact solution prepared for the first group of tests, and
one K, measurement that was much higher than the rest of the data) and the mean of the
averages was considered the “best” estimate for U K, for the Hematite Site. Although the
desorption tests are likely to be more representative of contaminant leaching under field
conditions, the adsorption data was still considered to achieve a reasonable but
conservative site-specific Ky for Uranium.

For Tc, significant removal of Tc was observed from the liquid phase of the soil/water
mixtures within 3 days. This “apparent” sorption could be due to the combined reduction
of Te (VII) to Tc (VD) and adsorption or precipitation of the latter, rather than
electrostatic interactions of Tc (VII) with soil mineral surfaces. The resulting Kgs for Tc
are significantly higher than published values, but the validity of K; obtained from this
study is supported by results that were repeated in multiple soil samples at several time
intervals, and recovery of the Tc on the solid residues.

The following table shows the recommended K4 values for radionuclides of interest to the
Hematite Site. The U and Tc K4 values are site-specific in that these were measured using
soil samples collected from the site. Because there were no distinct trends with depth in
the K4 measurements for both U and Te, spatial variability is best addressed by assuming
that the unconsolidated sediments overlying bedrock at the Hematite Site can be
characterized by a single Ky parameter that has either a log-normal (for U) or uniform
(for Tc) distribution. The Ky values for the rest of the radionuclides are based on
published literature values.

Table 22. Recommended K, values for RESRAD modeling at Hematite Site

Radionuclides Recommended K R rki

of Concern value (mL/g) emarxs

Uranium 175 Site specific measurement with range of 6.§ a1_1d 4'71 4
mL/g; grossly approximates a lognormal distribution.
Site specific measurement with range of 15.1 and 172.9

Technetium 106 mL/g; approximates a uniform distribution between 0 and
200 mL/g.

Plutonium 2000 RES}{AD Qefault value, reasonable when compared to
published literature.

Thorium 60000 RESBAD (!efault value, reasonable when compared to
published literature.

Neptunium 2 At low end of published literature values.

" Consistent with published literature values, more reasonable
Americium 1000 than default K, of 20.
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Data Validation Reports
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DATA VALIDATION REPORT Date:

September 4, 2003
To: From:
Steve Passig Jerry Everett
Laboratory: SDG #: »
Severn Trent — St. Louis F3H010120

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The FUSRAP validation technical review was performed in accordance with the Contract Laboratory
Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and the
Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements,

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Summary
Total Number of Samples : 14
Total Number of Data Points 108
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
September 4, 2003
Laboratory: SDG #:
Severn Trent — St. Louis F3H010120
WESTINGHOUSE ' : Target Analyses
Sample ID o

BHKD4-02 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD4-14 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD4-24 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKDS5-01 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD5-19 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKDS-27 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD6-01 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD6-11 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, Ph

BHKDé6-26 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

OB-1-KD Isotopic Uranium, Technetium-99

OB-1-ANION Chloride, Nitrate, Sulfate

OB-1-CATION Calcium, Potassium, Magnesium, Sodium

WS-14-ANION Chloride, Nitrate, Sulfate

WS-14-CATION Calcium, Potassium, Magnesium, Sodium




ANALYTICAL CATEGORY: Anions

Chloride, Nitrate, and Sulfate were determined by SW846 Method 9056A.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

+ holding times © laboratory blanks (method, TCLP)
+ instrument calibration & performance © laboratory control samples

- dilution factors ¢ matrix spike samples

+ detection limits ° matrix duplicates

- laboratory background & carry-over ¢ field blanks (if available)

- appearance & interpretation of chromatography' ° field duplicates (if available)

+ retention times'
- overall appearance of the data

T~ for ion chromatography only.
2. The above items were found to be acceptable, except as follows:
None
3. Additional comments:

Contamination with chloride was seen in the calibration blanks. Calibration blanks are run
to verify that carry over does not occur and that no contamination is being introduced during
the run. Chloride data associated with the bracketed samples were greater than five times the
contamination level. Therefore, qualification of the chloride data were not necessary.



ANALYTICAL CATEGORY: Metals

e Metals were analyzed by Inductively Coupled Plasma (ICP).

L. The following items (as applicable) have been addressed during the validation review:
- sample custody, integrity & preservation - Quality Control;
- sample handling & preparation ¢ calibration checks & blanks
- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance © laboratory control samples
- dilution factors ° matrix spike samples
- detection limits ° matrix duplicates
- laboratory background & carry-over ° field blanks (if available)
- overall appearance of the data ° field duplicates (if available)
° CRDL standards

° interference check standards
° analytical bench spikes
© serial dilutions

2. The above items were found to be acceptable, except as follows:
Blank Contamination

The continuing calibration blank was contaminated with potassium at a concentration of

W 1600 ug/l. This is evidence of possible laboratory contamination. The positive potassium
result in sample OB-1-CATION was less than five times the contamination level. The
reported sample concentration was qualified with a U.

3. Additional comments:

Contamination with iron and manganese were seen in the calibration blanks. Calibration
blanks are run to verify that carry over does not occur and that no contamination is being
introduced during the run. Iron and manganese data associated with the bracketed samples
were greater than five times the contamination level. Therefore, qualification of iron and
manganese were not necessary.

Detection limits in samples OB-1-CATION and WS-14-CATION have been changed.



ANALYTICAL CATEGORY: Miscellaneous

e Total Organic Carbon and Total Carbon were determined by SW846 Method 9060: pH was determined
by SW846 Method 9045A; and percent moisture was determined by MCAWW 160.3.
1. The following items (as applicable) have been addressed during the validation review:
- sample custody, integrity & preservation + Quality Control:
- sample handling & preparation ° calibration checks & blanks
- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples
- dilution factors ° matrix spike samples
+ detection limits ° matrix duplicates
- laboratory background & carry-over ° field blanks (if available)
+ overall appearance of the data ° field duplicates (if available)
2. The above items were found to be acceptable, except as follows:
None.
3. Additional comments:
None.
N



ANALYTICAL CATEGORY: Radiochemical

¢ Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation + Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times © preparation blanks

- instrument calibration & performance © laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Several samples have reported results that are greater than the MDA and the sample uncertainty is
50% to 100% of the sample result. The reported values for these samples were qualified with a J.

Blank Contamination

Uranium-234 was present in the associated method blank at 0.1 + 0.11 pCi/g. This may
indicate that contamination could have been introduced during the laboratory preparation.
The normalized absolute difference between the sample OB-1-KD and the method blank was

less than 2.58 and was qualified as estimated, J.
3. Additional comments:

MDC values for Isotopic uranium in sample BHKD6-01 have been changed.
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ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification."

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.

A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.

A05  Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

BO1  Mass calibration was in error, even after applying expanded criteria.

B02 Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO1  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.

C04 Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06 Continuing calibration was not performed at the required frequency.

C07  Resolution criteria were not met.

C08 RPD criteria were not met.

C09 RSD criteria were not met.

C10 Retention time of compounds was outside windows.

C11  Compounds were not adequately resolved.

Cl12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl14  Professional judgment was used to qualify the data.

Blanks

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06 Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10 Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



N /,

S Radiological Chemical R

GO0l  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO0S  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

G07  Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Dupli

HOl  MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO03 MS/MSD recovery was <10%.

HO04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO06  Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

H08 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.
Laboratory Duplicate

JOl  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



Taroet C | Identificati

MO! Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO03 Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO0S5 No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

MO7 Professional judgment was used to qualify the data.

MO8 The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (I.CSs)

P01  LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03 LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07 Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01 No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

Radiological Calibrati

ROl Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04  Background determination criteria were not met,

RO5  Quench curve criteria were not met.

R0O6  Absorption curve criteria were not met.

R07 Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met. -

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S0S  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1l  Detection limits were not met.

TO02  Analytical uncertainties were not met and/or not reported.

TO3  Inappropriate aliquot sizes were used.

T04  Professional judgment was used to qualify the data.

TOS5  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

TO6  Analytical result is less than both the associated counting uncertainty and MDA.

T07 Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03 Loss of resolution was observed.

V04  Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V0S5 Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:

September 4, 2003

To: From:

Steve Passig Jerry Everett

Laboratory: SDG #:

Severn Trent — St. Louis F3G310383

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The FUSRAP validation technical review was performed in accordance with the Contract Laboratory
Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and the
Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

- Report Summary
Total Number of Samples 9
Total Number of Data Points 90
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
September 4, 2003
Laboratory: SDG #:
Severn Trent — St, Louis F3G310383
WESTINGHOUSE . - ) ~ Target Analyses
Sample ID - ‘ o

BHKD!-04 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD1-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKDI-28 [ron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD2-04 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD2-13 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD2-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD3-08 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD3-16 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD3-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH




ANALYTICAL CATEGORY: Metals

o Iron and manganese were analyzed by Inductively Coupled Plasma (ICP).

1. The following items (as applicable) have been addressed during the validation review:
- sample custody, integrity & preservation + Quality Control:
- sample handling & preparation ° calibration checks & blanks
- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance © laboratory control samples
- dilution factors ° matrix spike samples
- detection limits ° matrix duplicates
- laboratory background & carry-over © field blanks (if available)
- overall appearance of the data ° field duplicates (if available)
° CRDL standards

° interference check standards
° analytical bench spikes
° serial dilutions

2. The above items were found to be acceptable, except as follows:

None.

3. Additional comments:

Contamination with iron and manganese were seen in the calibration blanks. Calibration
blanks are run to verify that carry over does not occur and that no contamination is being
introduced during the run. Iron and manganese data associated with the bracketed samples
were greater than five times the contamination level. Therefore, qualification of the iron and
manganese data was not necessary.

The matrix spike recovery for iron was high. The spiked sample analysis is designed to
provide information about the effect of each sample matrix on the sample preparation
procedures and the measurement methodology. When the sample concentration is greater
than 4X the spike concentration spike recoveries are not evaluated. Therefore qualification
of the date is not necessary.

The matrix spike recovery for manganese was low. The spiked sample analysis is designed
to provide information about the effect of each sample matrix on the sample preparation
procedures and the measurement methodology. When the sample concentration is greater
than 4X the spike concentration, spike recoveries are not evaluated. Therefore qualification
of the date is not necessary.



ANALYTICAL CATEGORY: Miscellaneous

o Total Organic Carbon and Total Carbon were determined by SW846 Method 9060: pH was determined
by SW846 Method 90454; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation » Quality Control:

- sample handling & preparation ° calibration checks & blanks-

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

Norne.

3. Additional comments:

The matrix spike recoveries for total carbon and total organic carbon were high. The
spiked sample analysis is designed to provide information about the effect of each sample
matrix on the sample preparation procedures and the measurement methodology. When the
sample concentration is greater than 4X the spike concentration spike recoveries are not
evaluated. Therefore qualification of the date is not necessary.



\NALYTICAL CATEGORY: Radiochemical

o Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times © preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors © field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Several samples have reported results that are greater than the MDA and the sample uncertainty is
50% to 100% of the sample result. The reported values for these samples were qualified with a J.

3. Additional comments:

Contamination with technetium-99 was seen in the method blank. Method blanks are run to
verify that contamination is being introduced during the run. Technetium-99 data associated
with the method blank were greater than the contamination level. Therefore, qualification of
the data was not necessary.



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holding Ti

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.

AQ03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.

A0S - Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.

B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO01  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.

C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.

C07  Resolution criteria were not met.

C08  RPD criteria were not met.

C09  RSD criteria were not met.

C10 Retention time of compounds was outside windows.

Clt  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl4  Professional judgment was used to qualify the data.

Blanks

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

FO3  Sample data were qualified as a result of the equipment rinsate.

FO4  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO8  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



S Radiological Chemical R

GO1
G02
GO3
G04
GOs
G06
GO7
GO08

Surrogate/radiological chemical recovery was above the upper control limit.
Surrogate/radiological chemical recovery was below the lower control limit.
Surrogate recovery was <10%.

Surrogate/radiological chemical recovery was zero.

Surrogate/radiological chemical recovery was not present.

Professional judgment was used to qualify the data.

Radiological chemical recovery was <20%.

Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Duplicaf

HO1
HO02
HO3
HO4
HOS5
HO6
HO7
HO8
HO09

JO1
J02
JO3
J04
JO5

MS/MSD recovery was above the upper control limit.

MS/MSD recovery was below the lower control limit.

MS/MSD recovery was <10%.

MS/MSD pairs exceed the RPD limit.

No action was taken on MS/MSD results.

Professional judgment was used to qualify the data.

Radiological MS/MSD recovery was <20%.

Radiological MS/MSD recovery was >160%.

Radiological MS/MSD samples were not analyzed at the required frequency.

Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
Duplicate sample results were >5x the CRDL.

Duplicate sample results were <5x the CRDL.

Professional judgment was used to qualify the data.

Duplicate was not analyzed at the required frequency.



MO1
MO02
MO3
MO4
MOS
MO06
MO7
MO8

Incorrect identifications were made.

Qualitative criteria were not met.

Cross contamination occurred.

Confirmatory analysis was not performed.

No results were provided.

Analysis occurred outside 12 hr GC/MS window.

Professional judgment was used to qualify the data.

The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (LCSs)

P01  LCSrecovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03 LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

Radialogical Calibrati

RO1  Efficiency calibration criteria were not met.

R0OZ  Energy calibration criteria were not met.

R03  Resolution calibration criteria were not met

R0O4  Background determination criteria were not met.

R0O5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met,

RO7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiolosical Calibration Verificati

S01
S02
S03
S04
S05
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuclide Quantitati

TOl  Detection limits were not met.

T02  Analytical uncertainties were not met and/or not reported.

T03  Inappropriate aliquot sizes were used.

T04  Professional judgment was used to qualify the data.

TOS  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

T06  Analytical result is less than both the associated counting uncertainty and MDA.

T07  Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03 Loss of resolution was observed.

V04 Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V0S5 Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:

November 14, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #:
Severn Trent — St. Louis F31230103

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review,

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract

Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Repdrf Summary
Total Number of Samples 8
Total Number of Data Points 26
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 14, 2003
Laboratory: SDG #:
Severn Trent — St. Louis F31230103
WESTINGHOUSE Target Analyses
Sample ID '
BHKDS-01 Total Uranium, Conductivity, pH
BHKDS-19 Total Uranium, Conductivity, pH
BHKDS3-27 Total Uranium, Conductivity, pH
BHKD3-08 Total Uranium, Conductivity, Ph
BHKD2-04 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-13 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-23 Total Uranium, Technetium-99, Conductivity, pH
OB-1 Total Uranium, Technetium-99




ANALYTICAL CATEGORY: Miscellaneous

o Specific Conductance was determined by SW846 Method 9050: pH was determined by SW846 Method
9045A; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance © laboratory control samples

- dilution factors © matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ¢ field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:
Holding Times for Conductivity were exceeded. resulting in the samples being qualified as
estimated, .J.

3. Additional comments:

None



\NALYTICAL CATEGORY: Radiochemical

s Technetium was determined by Liguid scintillation counters (DOE TC-02-RC), and Total Uranium was
determined by Laser Phosphorimetry Method ASTM 5174-91.

1. The following items (as applicable) have been addressed during the validation review:

» sample custody, integrity & preservation - Quality Control:

- sample handling & preparation © calibration checks & background
+ holding times ° preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

3.

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Method Blank

Contamination with Technetium-99 and Isotopic Uranium was seen in the method blank.
Method blanks are run to verify that contamination is being introduced during the run.
Technetium-99 data associated with the method blank did not pass the Normalized Absolute
Difference criteria. Samples were qualified as estimated, J.

Laboratory Control Sample

The percent recovery for Technetium-99 LCS, was above the upper control limit (UCL).
Recoveries above the UCL could be the result of poor preparation or instrumentation
problems, and may indicate a high bias to the data. Only positive sample results for qualified
as estimated, J.

Additional comments:
None



N

ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

18] Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”
R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holdine Ti

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.

AO03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.

A05 Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0O1  Mass calibration was in error, even after applying expanded criteria.

B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

COl  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.

C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.

C07 Resolution criteria were not met.

C08  RPD criteria were not met.

C09 RSD criteria were not met.

C10  Retention time of compounds was outside windows.

C11  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

Cl13  Combined breakdown of endrin/DDT was >30%.

C14  Professional judgment was used to qualify the data.

Blanks

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

FO3  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



GO0l  Surrogate/radiological chemical recovery was above the upper control limit.
G02 Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

G05  Surrogate/radiological chemical recovery was not present.

G06 Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

GO08  Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Dupli

HO1 MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control himit.

H03 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO06 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.

Lahoratory Duplicate

JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



/

T  C 1 Identificati

MO1 Incorrect identifications were made.

MO2 Qualitative criteria were not met.

MO03  Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO5 No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

MO07 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (I.CSs)

P01  LCSrecovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.
o

RO1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

R03  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met.

R0O7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO01  Detection limits were not met.

T02  Analytical uncertainties were not met and/or not reported.

T03  Inappropriate aliquot sizes were used.

T04 Professional judgment was used to qualify the data.

TO5  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

T06  Analytical result is less than both the associated counting uncertainty and MDA.

T0O7  Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03  Loss of resolution was observed.

V04 Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V05 Professional judgment was used to qualify the data.
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DATA VALIDATION REPORT Date:
November 14, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #:
Severn Trent — St. Louis F31230107

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each

sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation
of the data.

Repbort Summary
Total Numnber of Samples 7
Total Number of Data Points 24
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 14, 2003

Laboratory: SDG #
Severn Trent — St. Louis F31230117

WESTINGHOUSE : » Target Analyses

Sample ID . .

BHKD35-01 Total Uranium, Conductivity, pH
BHKDS5-19 Total Uranium, Conductivity, pH
BHKDS5-27 Total Uranium, Conductivity, pH
BHKD3-08 Total Uranium, Conductivity, Ph
BHKD2-04 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-13 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-23 Total Uranium, Technetium-99, Conductivity, pH




\_/ ANALYTICAL CATEGORY: Miscellaneous
Specific Conductance was determined by SW846 Method 9050: pH was determined by SW846 Method
9045A; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:
- sample handling & preparation ° calibration checks & blanks
- holding times © laboratory blanks (method, TCLP)

- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

+ detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)
- overall appearance of the data © field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

Holding Times for Conductivity were exceeded. resulting in the samples being qualified as
estimated, J.

3. Additional comments:

None



ANALYTICAL CATEGORY: Radiochemical

o Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC), and Total Uranium was determined by
Laser Phosphorimetry Method ASTM 5174-91.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation » Quality Control:

- sample handling & preparation ' © calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance © laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

3.

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Method Blank

Contamination with Technetium-99 and Isotopic Uranium was seen in the method blank.
Method blanks are run to verify that contamination is being introduced during the run.
Technetium-99 data associated with the method blank did not pass the Normalized Absolute
Difference criteria. Samples were qualified as estimated, J.

Laboratory Control Sample

The percent recovery for Technetium-99 LCS, was above the upper control limit (UCL).
Recoveries above the UCL could be the result of poor preparation or instrumentation
problems, and may indicate a high bias to the data. Only positive sample results for qualified

as estimated, J.

Additional comments:
None



o/

ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but

U
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holding Ti

A0l
A02
A03
A4
A0S
A06

BO1
BO2
BO3
B04

Extraction holding times were exceeded.
Extraction holding times were grossly exceeded.
Analysis holding times were exceeded.

Analysis holding times were grossly exceeded.
Samples were not preserved properly.

Professional judgment was used to qualify the data.

Mass calibration was in error, even after applying expanded criteria.
Mass calibration was not performed every 12 hours.

Mass calibration did not meet ion abundance.

Professional judgment was used to qualify the data.

I .[- l!C [n . C l.l l. D .

CO1
Co2
Co3
C04
CO05
C06
C07
Co8
C09
C10
Cl11
C12
C13
Cl4

FOl
F02
F03
F04
FO5
F06
F07

FO8
F09
F10
F11
F12

Initial calibration RRF was <0.05.

Initial calibration RSD was >30%.

Initial calibration sequence was not followed as required.
Continuing calibration RRF was <0.05.

Continuing calibration %D was >25%.

Continuing calibration was not performed at the required frequency
Resolution criteria were not met.

RPD criteria were not met.

RSD criteria were not met.

Retention time of compounds was outside windows.
Compounds were not adequately resolved.

Breakdown of endrin or DDT was >20%.

Combined breakdown of endrin/DDT was >30%.
Professional judgment was used to qualify the data.

Sample data were qualified as a result of the method blank.

Sample data were qualified as a result of the field blank.

Sample data were qualified as a result of the equipment rinsate.

Sample data were qualified as a result of the trip blank.

Gross contamination exists.

Concentration of the contaminant was detected at a level below the CRQL.
Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

Concentration of the contaminant was detected at a level that exceeds the action level.
No laboratory blanks were analyzed.

Blank had a negative value >2x's the IDL.

Blanks were not analyzed at required frequency.

Professional judgment was used to qualify the data.



GOl
GO02
GO03
G04
GO5
G06
GO7
G083

HO1
HO02
HO03
H04
HO5
H06
HO7
HOR
HO09

Jo1
J02
JO3
Jo4
JO5

124
Surrogate/radiological chemical recovery was above the upper control limit.
Surrogate/radiological chemical recovery was below the lower control limit.
Surrogate recovery was <10%.
Surrogate/radiological chemical recovery was zero.
Surrogate/radiological chemical recovery was not present.
Professional judgment was used to qualify the data.
Radiological chemical recovery was <20%.
Radiological chemical recovery was >150%.

MS/MSD recovery was above the upper control limit.

MS/MSD recovery was below the lower control limit.

MS/MSD recovery was <10%.

MS/MSD pairs exceed the RPD limit.

No action was taken on MS/MSD results. _

Professional judgment was used to qualify the data.

Radiological MS/MSD recovery was <20%.

Radiological MS/MSD recovery was >160%.

Radiological MS/MSD samples were not analyzed at the required frequency.

Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.

Duplicate sample results were >5x the CRDL.
Duplicate sample results were <5x the CRDL.
Professional judgment was used to qualify the data.
Duplicate was not analyzed at the required frequency.



T C | Identificati

MO1
MO02
MO3
Mo04
MOs
MO06
MO07
MO8

Incotrect identifications were made.

Qualitative criteria were not met.

Cross contamination occurred.

Confirmatory analysis was not performed.

No results were provided.

Analysis occurred outside 12 hr GC/MS window.

Professional judgment was used to qualify the data.

The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (1.CSs)

POl  LCS recovery was above upper control limit.

P02  LCSrecovery was below lower control limit.

P03  LCSrecovery was <50%.

PO4  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples,

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Duplicat

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

Radiological Calibrati

RO1  Efficiency calibration criteria were not met.

R02  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04 Background determination criteria were not met,

RO5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met.

R0O7  Plateau curve criteria were not met.

R0O8  Professional judgment was used to qualify the data.

B lo l 0. ]‘C ]ol [o !z -E .

S01
S02
S03
S04
S05
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1
T02
T03
T04
T0S

T06
TO7

V01
V02
Vo3
V04
Vo5

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.
Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:
November 14, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #

Severn Trent — St. Louis F31230110

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group (SDG)
number. These data points have been selected for data validation and the sample index on the following page
specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and the
Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and the

Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the above
referenced request. These summary sheets identify the analytical values and the qualifiers for each sample and
parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation of the data.

Report Summary
Total Number of Samples 7
Total Number of Data Points 24
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 14, 2003

Laboratory: SDG #:
Severn Trent — St. Louis F31230110

WESTINGHOUSE Target Analyses

Sample ID

BHKD5-01 Total Uranium, Conductivity, pH
BHKDS5-19 Total Uranium, Conductivity, pH
BHKDS5-27 Total Uranium, Conductivity, pH
BHKD3-08 Total Uranium, Conductivity, Ph
BHKD2-04 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-13 Total Uranium, Technetium-99, Conductivity, pH
BHKD2-23 Total Uranium, Technetium-99, Conductivity, pH




ANALYTICAL CATEGORY: Miscellaneous

e Specific Conductance was determined by SW846 Method 9050: pH was determined by SW846
Method 9045A; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ~ °matrix duplicates

+ laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

Holding Times for Conductivity were exceeded. resulting in the samples being qualified as
estimated, J.

3. Additional comments:

None



NALYTICAL CATEGORY: Radiochemical

Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC), and Total Uranium was determined by

Laser Phosphorimetry Method ASTM 5174-91.

The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times © preparation blanks

- instrument calibration & performance © laboratory control samples

° field blanks (if available)

- dilution factors
° field duplicates (if available)

- detection limits
- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater
than the result. The non-detect results for these samples were qualified UJ.

Method Blank

Contamination with Technetium-99 and Isotopic Uranium was seen in the method blank.
Method blanks are run to verify that contamination is being introduced during the run.
Technetium-99 data associated with the method blank did not pass the Normalized Absolute
Difference criteria. Samples were qualified as estimated, J.

Laboratory Control Sample

The percent recovery for Technetium-99 LCS, was above the upper control limit (UCL).
Recoveries above the UCL could be the result of poor preparation or instrumentation
problems, and may indicate a high bias to the data. Only positive sample results for qualified as

estimated, J.

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to
make a "tentative identification."

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holdine Ti

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.

A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.

A0S  Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B01  Mass calibration was in error, even after applying expanded criteria.

B02 Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04 Professional judgment was used to qualify the data.

C01  Initial calibration RRF was <0.05.

C02 Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.

C04 Continuing calibration RRF was <0.05.

C05 Continuing calibration %D was >25%.

C06 Continuing calibration was not performed at the required frequency.

C07 Resolution criteria were not met.

C08 RPD criteria were not met.

C09  RSD criteria were not met.

C10  Retention time of compounds was outside windows.

Cl1  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

C14 Professional judgment was used to qualify the data.

Blanks

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04 Sample data were qualified as a result of the trip blank.

F05  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09 No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



g Radiological Chemical R

GO0l  Surrogate/radiological chemical recovery was above the upper control limit.
G02 Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04 Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

G08 Radiological chemical recovery was >150%.

HOl MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO3 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO6 Professional judgment was used to qualify the data.

HO7 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.

Laboratory Duplicate

J01  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JOS  Duplicate was not analyzed at the required frequency.



s

T C 1 Identificati

MO1 Incorrect identifications were made.

MO2 Qualitative criteria were not met.

MO03 Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO05 No results were provided.

MO06  Analysis occurred outside 12 hr GC/MS window.

MO7 Professional judgment was used to qualify the data. _

MO8  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (LCSs)

POl  LCS recovery was above upper control limit,

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04 No action was taken on the LCS data.

POS  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01 No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

Radiological Calibrati

RO1  Efficiency calibration criteria were not met.

RO2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R0O6  Absorption curve criteria were not met.

RO7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1
T02
TO3
T04
TO0S5

T06
TO7

Vo1
voz2
Vo3
Vo4
Vo5

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.
Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:
November 14, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #:

Severn Trent — St. Louis

F31230117

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemicel Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each

sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.
Report Summafy
Total Number of Samples 11
Total Number of Data Points 65
Total Number of Rejected Data Points 0
100.0%

Percent Completeness
(approval to rejection ratio)




Sample Index Date:
November 14, 2003
Laboratory: SDG #
Severn Trent — St. Louis F31230117
WESTINGHOUSE Target Analyses
Sample ID
BHKD2-04 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH
BHKD2-13 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH
BHKD2-23 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH
BHKD3-08 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH, Percent
Moisture
BHKDS35-01 Total Uranium, Conductivity, pH, Percent Moisture
BHKDS5-19 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH, Percent
Moisture
BHKDS5-27 Isotopic Uranium, Total Uranium, Technetium-99, Conductivity, pH, Percent
Moisture
BHKD35-01 Isotopic Uranium, Technetium-99
BHKDS-19 Isotopic Uranium, Technetium-99, Percent Moisture
BHKDS5-27 Isotopic Uranium, Technetium-99, Percent Moisture
BHKD3-08 Isotopic Uranium, Technetium-99, Percent Moisture




ANALYTICAL CATEGORY: Miscellaneous

Specific Conductance was determined by SW846 Method 9050: pH was determined by SW846 Method
9045A; and percent moisture was determined by MCAWW 160.3.

I. The following items (as applicable) have been addressed during the validation review:

« sample custody, integrity & preservation - Quality Control:

- sample handling & preparation © calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
+ Instrument calibration & performance ° laboratory control samples

- dilution factors © matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over © field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

None.

3. Additional comments:

None



\NALYTICAL CATEGORY: Radiochemical

o Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC), and Total Uranium was determined by
Laser Phosphorimetry Method ASTM 5174-91.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation © calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Method Blank

Contamination with Technetium-99 and Isotopic Uranium was seen in the method blank.
Method blanks are run to verify that contamination is being introduced during the run.
Technetium-99 data associated with the method blank did not pass the Normalized Absolute
Difference criteria. Samples were qualified as estimated, J.

Laboratory Control Sample

The percent recovery for Technetium-99 LCS, was above the upper control limit (UCL).
Recoveries above the UCL could be the result of poor preparation or instrumentation problems, and
may indicate a high bias to the data. Only positive sample results for qualified as estimated, J.

3, Additional comments:
None



o

ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification."

R | Indicates that the sample resuits for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
A05  Samples were not preserved properly.

AO6  Professional judgment was used to qualify the data.

B0l  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO01 Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

CO03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06 Continuing calibration was not performed at the required frequency.
C07 Resolution criteria were not met.

C08 RPD criteria were not met.

C09 RSD criteria were not met.

C10 Retention time of compounds was outside windows.

Cll  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl14 Professional judgment was used to qualify the data,

FOl  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10 Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



GOl
G02
GO03
G04
GO5
G06
GO7
GO8

HO!
HO2
HO3
HO4
HOS
HO6
HO7
HO8
HO9

JO1
J02
Jo3
Jo4
JO5

Surrogate/radiological chemical recovery was above the upper control limit.
Surrogate/radiological chemical recovery was below the lower control limit.
Surrogate recovery was <10%.

Surrogate/radiological chemical recovery was zero.

Surrogate/radiological chemical recovery was not present.

Professional judgment was used to qualify the data.

Radiological chemical recovery was <20%.

Radiological chemical recovery was >150%.

MS/MSD recovery was above the upper control limit.

MS/MSD recovery was below the lower control limit.

MS/MSD recovery was <10%.

MS/MSD pairs exceed the RPD limit.

No action was taken on MS/MSD results.

Professional judgment was used to qualify the data.

Radiological MS/MSD recovery was <20%,

Radiological MS/MSD recovery was >160%.

Radiological MS/MSD samples were not analyzed at the required frequency.

Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
Duplicate sample results were >5x the CRDL.

Duplicate sample results were <5x the CRDL.

Professional judgment was used to qualify the data.

Duplicate was not analyzed at the required frequency.



T C i Identificati

MO1 Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO3  Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO0S5 No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

M07 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

P01  LCSrecovery was above upper control limit.

P02 LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Duplicat

Q0!  No action was taken on the basis of field duplicate RPDs.

Q02  Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

ROl  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04 Background determination criteria were not met.

RO5  Quench curve criteria were not met.

RO6  Absorption curve criteria were not met.

R0O7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



B lo ]n] Q ol .l.

TOl  Detection limits were not met.

TO2  Analytical uncertainties were not met and/or not reported.

T03  Inappropriate aliquot sizes were used.

T04  Professional judgment was used to qualify the data.

TO5  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

T06  Analytical result is less than both the associated counting uncertainty and MDA.

TO7  Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance :

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03 Loss of resolution was observed.

V04  Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V05 Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:
November 17, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #:
Severn Trent — St. Louis F3J140125

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Suinmary
Total Number of Samples 11
Total Number of Data Points 24
Total Number of Rejected Data Points ' 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 17, 2003
Laboratory: SDG #:
Severn Trent — St. Louis F3J140125
- WESTINGHOUSE Target Analyses
~ Sample ID S
BHKD4-14 Total Uranium, Technetium-99, pH
BHKD6-01 Total Uranium, Technetium-99, pH
BHKD1-04 Total Uranium, pH
BHKD1-23 Total Uranium, pH
BHKDI1-28 Total Uranium, pH
BHKD3-16 Total Uranium, pH
BHKD3-23 Total Uranium, pH
BHKD4-02 Total Uranium, pH
BHKD4-24 Total Uranium, pH
BHKD6-11 Total Uranium, pH
BHKD6-26 Total Uranium, pH




ANALYTICAL CATEGORY: Miscellaneous

o pH was determined by SW846 Method 9045A.
1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation » Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

none

3. Additional comments:

none



\NALYTICAL CATEGORY: Radiochemical

s Total Uranium was determined by Laser Phosphorimetry Method ASTM 5174-91, Technetium was

determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation + Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times © preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits © field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holdine Ti

AO1
A02
A03
A04
A0S
A06

BO1
B02
B03
B04

Co1
co2
C03
Co4
Cos
C06
o/ Co7
CO8
C09
C10
Cll1
C12
C13

Cl4

FO1
F02
FO3
FO4
FO5
FO6
FO7

FO8
F09
F10
F11
F12

Extraction holding times were exceeded.
Extraction holding times were grossly exceeded.
Analysis holding times were exceeded.

Analysis holding times were grossly exceeded.
Samples were not preserved properly.

Professional judgment was used to qualify the data.

Mass calibration was in error, even after applying expanded criteria.
Mass calibration was not performed every 12 hours.

Mass calibration did not meet ion abundance.

Professional judgment was used to qualify the data.

o —
Initial calibration RRF was <0.05.
Initial calibration RSD was >30%.
Initial calibration sequence was not followed as required.
Continuing calibration RRF was <0.05.
Continuing calibration %D was >25%.
Continuing calibration was not performed at the required frequency.
Resolution criteria were not met.
RPD criteria were not met.
RSD criteria were not met.
Retention time of compounds was outside windows.
Compounds were not adequately resolved.
Breakdown of endrin or DDT was >20%.
Combined breakdown of endrin/DDT was >30%.
Professional judgment was used to qualify the data.

Sample data were qualified as a result of the method blank.

Sample data were qualified as a result of the field blank.

Sample data were qualified as a result of the equipment rinsate.

Sample data were qualified as a result of the trip blank.

Gross contamination exists.

Concentration of the contaminant was detected at a level below the CRQL.
Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

Concentration of the contaminant was detected at a level that exceeds the action level.
No laboratory blanks were analyzed.

Blank had a negative value >2x's the IDL.

Blanks were not analyzed at required frequency.

Professional judgment was used to qualify the data.



S Radiological Chemical R

GOl  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
G03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GOS  Surrogate/radiological chemical recovery was not present.

GO06  Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

HO1 MS/MSD recovery was above the upper control limit.

HO02 MS/MSD recovery was below the lower control limit.

HO3 MS/MSD recovery was <10%.

HO04 MS/MSD pairs exceed the RPD limit.

HOS5 No action was taken on MS/MSD results.

HO6 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.

Laboratory Duplicate

J01  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

J03  Duplicate sample results were <5x the CRDL.

JO4  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



T C | Identificati

MOl Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO3 Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO5 No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

MO07 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

P01  LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

RO1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

RO4 Background determination criteria were not met.

RO5  Quench curve criteria were not met.

RO6  Absorption curve criteria were not met.

RO7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiolosical Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1  Detection limits were not met.

TO2  Analytical uncertainties were not met and/or not reported.

T03 Inappropriate aliquot sizes were used.

T04  Professional judgment was used to qualify the data.

TO5  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

T06  Analytical result is less than both the associated counting uncertainty and MDA.

T0O7 Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03 Loss of resolution was observed.

V04 Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V0S5 - Professional judgment was used to qualify the data.



N

DATA VALIDATION REPORT Date:
November 17, 2003
Tor From:
Steve Passig Carol Johnson
SDG #

Laboratory:

Severn Trent — St. Louis

F3J140132

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
{SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Sumnmary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each

sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.
_Report Summary
Total Number of Samples 11
Total Number of Data Points 24
Total Number of Rejected Data Points 0
100.0%

Percent Completeness
(approval to rejection ratio)




Sample Index Date:
November 17, 2003

Laboratory: SDG #:
Severn Trent — St. Louis F3J140132

WESTINGHOUSE Target Analyses

Sample ID -

BHKD4-14 Total Uranium, Technetium-99, pH
BHKD6-01 Total Uranium, Technetium-99, pH
BHKD1-04 Total Uranium, pH
BHKD1-23 Total Uranium, pH
BHKD1-28 Total Uranium, pH
BHKD3-16 Total Uranium, pH
BHKD3-23 Total Uranium, pH
BHKD4-02 Total Uranium, pH
BHKD4-24 Total Uranium, pH
BHKD6-11 Total Uranium, pH
BHKD6-26 Total Uranium, pH




ANALYTICAL CATEGORY: Miscellaneous

o pH was determined by SW846 Method 9045A.
1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks
- holding times © laboratory blanks (method, TCLP)

+ instrument calibration & performance @ Jaboratory control samples
- dilution factors © matrix spike samples

- detection limits - ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data : ° field duplicates (if available)
2. The above items were found to be acceptable, except as follows:

none

3. Additional comments:

none



ANALYTICAL CATEGORY: Radiochemical

e Total Uranium was determined by Laser Phosphorimetry Method ASTM 5174-91 Technetium was
determined by Liquid scintillation counters (DOE TC-02-RC)

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation » Quality Control:

- sample handling & preparation © calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3, Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS
QUALIFIERS ‘

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
A05  Samples were not preserved properly.

AQ06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04 Professional judgment was used to qualify the data.

CO01  Initial calibration RRF was <0.05.

C02 Initial calibration RSD was >30%.

C03 Initial calibration sequence was not followed as required.
C04 Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
C07 Resolution criteria were not met.

C08 RPD criteria were not met.

C09 RSD criteria were not met.

C10 Retention time of compounds was outside windows.

Cll  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl4 Professional judgment was used to qualify the data.

FO01  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

FO3  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO8  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



R

GOl  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

HOl MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO03 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO06 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.
Laboratory Duplicate

JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the contro! limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



MOl
MO02
MO03
MO04
MOS
MO06
MO07
MO8

Incorrect identifications were made.

Qualitative criteria were not met.

Cross contamination occurred.

Confirmatory analysis was not performed.

No results were provided.

Analysis occurred outside 12 hr GC/MS window.,

Professional judgment was used to qualify the data.

The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (.CSs)

POl  LCS recovery was above upper control limit.

P02 LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

PO7  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

PO8  Professional judgment was used to qualify the data.

Field Dunlicat

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

Radiological Calibrati

RO1  Efficiency calibration criteria were not met.

RO2  Energy calibration criteria were not met.

R03  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

RO6  Absorption curve criteria were not met.

R07  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

SOl
S02
S03
S04
S05
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuelide Quantitati

TO1
T02
TO3
T04
TOS

T06
TO7

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

Vol
V02
Vo3
V04
V05

High background levels or a shift in the energy calibration were observed.

Extraneous peaks were observed.

Loss of resolution was observed.

Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:
November 17,2003

To: From:
Steve Passig Carol Johnson
Laboratory: SDG #

Severn Trent — St. Louis F3J140135

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Sumniary -
Total Number of Samples I1
Tota! Number of Data Points 24
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Date:

Sample Index
November 17 2003

Laboratory:

Severn Trent — St. Louis

SDG #:
F3J140135

WESTINGHOUSE ' Target Analyses
Sample ID o
BHKD4-14 Total Uranium, Technetium-99, pH
BHKD6-01 Total Uranium, Technetium-99, pH
BHKDI1-04 Total Uranium, pH
BHKD1-23 Total Uranium, pH
BHKDI1-28 Total Uranium, pH
BHKD3-16 Total Uranium, pH
BHKD3-23 Total Uranium, pH
BHKD4-02 Total Uranium, pH
BHKD4-24 Total Uranium, pH
BHKD6-11 Total Uraniufn, pH
BHKD6-26 Total Uranium, pH




e pH was determined by SW846 Method 9045A.
1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation * Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ¢ laboratory blanks (method, TCLP)
* instrument calibration & performance ¢ laboratory contro! samples
»dilution factors © matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

none

3. Additional comments:

none



\NALYTICAL CATEGORY: Radiochemical

¢ Total Uranium was determined by Laser Phosphorimetry Method ASTM 5174-91, Technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quatlity Control:

+ sample handling & preparation ° calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits © field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS
QUALIFIERS '

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit,

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

Holding Ti
A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
A05 Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.
B0O2  Mass calibration was not performed every 12 hours.

B0O3  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO1  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >3(0%.

CO03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
C07  Resolution criteria were not met.

C08  RPD criteria were not met.

C09  RSD criteria were not met.

C10  Retention time of compounds was outside windows.

Cll  Compounds were not adequately resolved,

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl4 Professional judgment was used to qualify the data.

F01  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

FO6  Concentration of the contaminant was detected at a level below the CRQL.

FO7  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO8  Concentration of the contaminant was detected at a level that exceeds the action level.

FO9  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



< Radiological Chemical R

GO01  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
G03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06 Professional judgment was used to qualify the data.

GO07 Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Duplicat
HOl MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO03 MS/MSD recovery was <10%,

HO04 MS/MSD pairs exceed the RPD limit.

HO5  No action was taken on MS/MSD results.

HO6 Professional judgment was used to qualify the data.

H07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

HO0S9 Radiological MS/MSD samples were not analyzed at the required frequency.

JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

J03  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



MO1 Incorrect identifications were made.

M02 Qualitative criteria were not met.

MO03 Cross contamination occurred.

M04 Confirmatory analysis was not performed.

MO5  No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

MO7 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (ILCSs)

P01  LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03 LCS recovery was <50%.

P04  No action was taken on the LCS data.

POS  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

Radiolosical Calibrati

ROl
RO2
RO3
RO4
ROS5
RO6
RO7
RO8

Efficiency calibration criteria were not met.
Energy calibration criteria were not met.
Resolution calibration criteria were not met
Background determination criteria were not met.
Quench curve criteria were not met.

Absorption curve criteria were not met.

Plateau curve criteria were not met.

Professional judgment was used to qualify the data.

Radiolosical Calibration Verificati

S01
S02
S03
S04
S0s
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1
T02
TO3
TO04
TOS

T06
TO7

V01
Vo2
V03
Vo4
Vo5

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.

Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.
Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Dae:

November 17, 2003
To: From:
Steve Passig Carol Johnson
Laberatory: SDG #:
Severn Trent — St. Louis F3J140135

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract

Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Anaiytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements,

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Summary
Total Number of Samples 11
Total Number of Data Points 24
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 17 2003
Laboratory: SDG #:
Severn Trent ~ St. Louis F3J140135
WESTINGHOUSE Target Analyses

Sample ID ' ' '
BHKD4-14 Total Uranium, Technetium-99, pH
BHKD6-01 Total Uranium, Technetium-99, pH
BHKD1-04 Total Uranium, pH
BHKDI-23 Total Uranium, pH
BHKDI1-28 Total Uranium, pH
BHKD3-16 Total Uranium, pH
BHKD3-23 Total Uranium, pH
BHKD4-02 Total Uranium, pH
BHKD4-24 Total Uranium, pH
BHKD6-11 Total Uranium, pH
BHKD6-26 Total Uranium, pH




ANALYTICAL CATEGORY: Miscellaneons

s pH was determined by SW846 Method 9045A.
1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation * Quality Control:

+ sample handling & preparation - °calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

+ detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

none

3. Additional comments:

none



ANALYTICAL CATEGORY: Radiochemical

s Total Uranium was determined by Laser Phosphorimetry Method ASTM 5174-91, Technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

+ sample handling & preparation ¢ calibration checks & background
- holding times © preparation blanks

* instrument calibration & performance © laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
+ overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate,

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification."

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02 Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
AQ05  Samples were not preserved properly.

A06 Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04 Professional judgment was used to qualify the data.

Initial/Continuine Calibrafion — Oreani

CO01  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
CO07  Resolution criteria were not met.

C08 RPD criteria were not met.

C09 RSD criteria were not met.

C10 Retention time of compounds was outside windows.

Cl1  Compounds were not adequately resolved.

Cl12  Breakdown of endrin or DDT was >20%.

Cl13  Combined breakdown of endrin/DDT was >30%.

Cl4 Professional judgment was used to qualify the data.

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

FO03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO05  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

Fil  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



GOl  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06 Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Dunli

HO1 MS/MSD recovery was above the upper control limit.

HO02 MS/MSD recovery was below the lower control limit.

H03 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO6 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO08 Radiological MS/MSD recovery was >160%.

HO09 Radiological MS/MSD samples were not analyzed at the required frequency.
JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



MO1 Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO03 Cross contamination occurred.

MO04 Confirmatory analysis was not performed.

MO0S No results were provided.

MO06 Analysis occurred outside 12 hr GC/MS window.

M0O7 Professional judgment was used to qualify the data.

M08  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (I.CSs)

P01  LCS recovery was above upper contro] limit.

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the contro]
limit,

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

Radiological Calibrati

R0O1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

R03  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met.

R07 Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1  Detection limits were not met.

T02  Analytical uncertainties were not met and/or not reported.

TO3  Inappropriate aliquot sizes were used.

T04  Professional judgment was used to qualify the data.

TOS  Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

TO6  Analytical result is less than both the associated counting uncertainty and MDA.

TO07  Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

V01 High background levels or a shift in the energy calibration were observed.

V02 Extraneous peaks were observed.

V03  Loss of resolution was observed.

V04 Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

V05 Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:

November 17, 2003

To: From:

Steve Passig Carol Johnson

Laboratory: SDG #:

Severn Trent — St. Lonis F3J140140

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract

Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Summary
Total Number of Samples 11
Total Number of Data Points 24
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
November 17 2003
Laboratory: SDG #:
Severn Trent — St. Louis F3J140140
WESTINGHOUSE .. Target Analyses
Sample ID e -
BHKDA4-14 Total Uranium, Technetium-99, pH
BHKD6-01 Total Uranium, Technetium-99, pH
BHKD1-04 Total Uranium, pH
BHKD1-23 Total Uranium, pH
BHKD1-28 Total Uranium, pH
BHKD3-16 Total Uranium, pH
BHKD3-23 Total Uranium, pH
BHKD4-02 Total Uranium, pH
BHKD4-24 Total Uranium, pH
BHKD6-11 Total Uranium, pH
BHKD6-26 Total Uranjum, pH




ANALYTICAL CATEGORY: Miscellaneous

¢ pH was determined by SW846 Method 9045A.
1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation * Quality Control;

- sample handling & preparation © calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike sampies

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

none

3. Additional comments:

none



ANALYTICAL CATEGORY:. Radiochemical

e Total Uranium was determined by Laser Phosphorimetry Method ASTM 5174-91, Technetium was
determined by Liquid scintillation counters (DOE TC-02-RC)

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times ¢ preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors © field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but

U
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




A01
A02
A03
A04
A0S
A06

BO!
B02
BO3
B0O4

Co01
Co02
Co3
C04
Cos
Co06
Co07
Co8
Co9
C10
Cl1
Cl2
Cl13
Cl4

FO1
F02
FO3
Fo4
FO5
F06
FO7

FO8
F09
F10
Fl1
F12

Data Validation Reason Codes

Extraction holding times were exceeded.
Extraction holding times were grossly exceeded.
Analysis holding times were exceeded.

Analysis holding times were grossly exceeded.
Samples were not preserved properly.

Professional judgment was used to qualify the data.

Mass calibration was in error, even after applying expanded criteria.
Mass calibration was not performed every 12 hours.

Mass calibration did not meet ion abundance.

Professional judgment was used to qualify the data.

Initial calibration RRF was <0.05.

Initial calibration RSD was >30%.

Initial calibration sequence was not followed as required.
Continuing calibration RRF was <0.05.

Continuing calibration %D was >25%.

Continuing calibration was not performed at the required frequency.
Resolution criteria were not met.

RPD criteria were not met.

RSD criteria were not met.

Retention time of compounds was outside windows.
Compounds were not adequately resolved.

Breakdown of endrin or DDT was >20%.

Combined breakdown of endrin/DDT was >30%.
Professional judgment was used to qualify the data.

Sample data were qualified as a result of the method blank.

Sample data were qualified as a result of the field blank.

Sample data were qualified as a result of the equipment rinsate.

Sample data were qualified as a result of the trip blank.

Gross contamination exists.

Concentration of the contaminant was detected at a level below the CRQL.
Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

Concentration of the contaminant was detected at a level that exceeds the action level.
No laboratory blanks were analyzed.

Blank had a negative value >2x's the IDL.

Blanks were not analyzed at required frequency.

Professional judgment was used to qualify the data.



GOl  Surrogate/radiological chemical recovery was above the upper control limit.
GO02  Surrogate/radiological chemical recovery was below the lower control limit.
G03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

G08 Radiological chemical recovery was >150%.

HOl  MS/MSD recovery was above the upper control limit.

HO02 MS/MSD recovery was below the lower control limit.

HO3 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HOS  No action was taken on MS/MSD results.

HO06 Professional judgment was used to qualify the data.

H07 Radiological MS/MSD recovery was <20%.

HO08 Radiological MS/MSD recovery was >160%.

HO9 Radiological MS/MSD samples were not analyzed at the required frequency.

Labhoratory Duplicate

J01  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

J03  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

J05  Duplicate was not analyzed at the required frequency.



T . | Ldentificati

MO1 Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO03 Cross contamination occurred.

MO04 Confirmatory analysis was not performed.

MOS No results were provided.

MO06  Analysis occurred outside 12 hr GC/MS window.

MO07 Professional judgment was used to qualify the data,

MO8  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (ILCSs)

POl  LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dunli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

RO1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04 Background determination criteria were not met.

RO5  Quench curve criteria were not met.

RO6  Absorption curve criteria were not met.

R0O7  Plateau curve criteria were not met.

R0O8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

T01
T02
TO3
T04
TOS

T06
T07

V01
V02
V03
N
V05

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA..

High background levels or a shift in the energy calibration were observed.

Extraneous peaks were observed.

Loss of resolution was observed.

Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.
Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:
November 17, 2003

To: From:

Steve Passig Carol Johnson

Laboratory: SDG #:

Severn Trent — St. Louis F3K060101

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Redionuclide Analyses and Radiochemical Data
Verification and Validation. It was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report Summary
Total Number of Samples 36
Total Number of Data Points 36
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
{approval to rejection ratio)




Sample Index

Date:

November 17, 2003

Laboratory: SDG #
Severn Trent — St. Louis F3K060101
WESTINGHOUSE Target Analyses
Sample ID o

BHKD1-04 DAY 3

Technetium-99

BHKD1-23 DAY 3

Technetium-99

BHKDI1-28 DAY 3

Technetium-99

BHKD3-16 DAY 3

Technetium-99

BHKD3-23 DAY 3

Technetium-99

BHKD4-02 DAY 3

Technetium-99

BHKD4-24 DAY 3

Technetium-99

BHKD6-11 DAY 3

Technetium-99

BHKDG6-26 DAY3

Technetium-99

BHKDI1-04 DAY 7

Technetium-99

BHKD1-23 DAY 7

Technetium-99

BHKD1-28 DAY 7

Technetium-99

BHKD3-16 DAY 7

Technetium-99

BHKD3-23 DAY 7

Technetium-99

BHKD4-02 DAY 7

Technetium-99

BHKD4-24 DAY 7

Technetium-99

BHKD6-11 DAY 7

Technetium-99




WESTINGHOUSE
Sample ID

Target Analyses

BHKDG6-26 DAY 7

Technetium-99

BHKD1-04 DAY 10

Technetium-99

BHKDI1-23 DAY 10

Technetium-99

BHKD1-28 DAY 10

Technetium-99

BHKD3-16 DAY 10

Technetium-99

BHKD3-23 DAY 10

Technetium-99

BHKD4-02 DAY 10

Technetium-99

BHKD4-24 DAY 10

Technetium-99

BHKD6-11 DAY 10

Technetium-99

BHKD6-26 DAY 10

Technetium-99

BHKD1-04 DAY 14

Technetium-99

BHKDG6-26 DAY 14

Technetium-99

BHKD1-23 DAY 14

Technetium-99

BHKDI1-28 DAY 14

Technetium-99

BHKD3-16 DAY 14

Technetium-99

BHKD3-23 DAY 14

Technetium-99

BHKD4-02 DAY 14

Technetium-99

BHKD4-24 DAY 14

Technetium-99

BHKD6-11 DAY 14

Technetium-99




ANALYTICAL CATEGORY: Radiochemical
e Technetium was determined by Liquid scintillation counters (DOE TC-02-RC)

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance ¢ laboratory control samples

- dilution factors © field blanks (if available)

- detection limnits © field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:
None

3. Additional comments:
None



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

U | Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but
was not detected above the reported sample quantitation limit,

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification.”

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02 Extraction holding times were grossly exceeded.
AO03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
AO05  Samples were not preserved properly.

AO6  Professional judgment was used to qualify the data.

GC/MS Tuning

BOl  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO1  Initial calibration RRF was <0.05.

C02  Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
CO7  Resolution criteria were not met,

C08 RPD criteria were not met.

C09 RSD criteria were not met.

C10 Retention time of compounds was outside windows.

Cl1  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

Cl14  Professional judgment was used to qualify the data.

FO1  Sample data were qualified as a result of the method blank.

FO2  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

FO06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09 No laboratory blanks were analyzed.

F10 Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



GOl  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
G03  Surrogate recovery was <10%.

G04 Surrogate/radiological chemical recovery was zero.

GO05  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

GO07 Radiological chemical recovery was <20%.

G08 Radiological chemical recovery was >150%.

HO!  MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO03 MS/MSD recovery was <10%.

HO04 MS/MSD pairs exceed the RPD limit.

HOS  No action was taken on MS/MSD results.

HO06 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

H09 Radiological MS/MSD samples were not analyzed at the required frequency.

JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



TargetC 1 dentificati

MO1 Incorrect identifications were made.

MO2 Qualitative criteria were not met.

MO03 Cross contamination occurred.

MO04 Confirmatory analysis was not performed.

MO5 No results were provided.

MO6 Analysis occurred outside 12 hr GC/MS window.

MO7 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

POl LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03 LCS recovery was <50%.

P04  No action was taken on the LCS data.

POS  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04 Duplicate sample results were <5x the CRDL.

Radiolosical Calibrati

RO1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R0O6  Absorption curve criteria were not met.

RO7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

R ]o l . lC lol ] ]: cﬁ lc

SOt
S02
S03
S04
S05
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1
T02
TO3
T04
TO0S

T06
T07

Vol
V02
Vo3
V04
Vo5

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.

Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.
Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Dater

November 29, 2003
To: From:
Steve Passig Carol Johnson
Laboratory: SDG #:
Severn Trent — St. Louis F3K180313

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The Westinghouse/Hematite validation technical review was performed in accordance with the Contract
Laboratory Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and
the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and
the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the validation

of the data.

Report‘Summary
Total Number of Samples 11
Total Number of Data Points 44
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(Approval to rejection ratio)




Sample Index

Date;

November 29, 2003

Laboratory:

Severn Trent — St. Louis

SDG #:
F3K180313

WESTINGHOUSE  Target Analyses
Sample ID e ‘
BHKD4-15 Isotopic Uranium, Technetium-99
BHKD6-01 Isotopic Uranium, Technetium-99
BHKDI1-04 Isotopic Uranium, Technetium-99
BHKDI1-23 Isotopic Uranium, Technetium-99
BHKD2-28 Isotopic Uranium, Technetium-99
BHKD3-16 Isotopic Uranium, Technetium-99
BHKD3-23 Isotopic Uranium, Technetium-99
BHKD4-02 Isotopic Uranium, Technetium-99
BHKD4-24 Isotopic Uranium, Technetium-99
BHKDG6-11 Isotopic Uranium, Technetium-99
BHKD®6-26 Isotopic Uranium, Technetium-99




/

\NALYTICAL CATEGORY: Radiochemical

¢ Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC), and Laser Phosphorimetry Method
ASTM 5174-91 determined Total Uranium.

L.

The following items (as applicable) have been addressed during the validation review:

0O 000O0O0O0OO0

sample custody, integrity & preservation Quatlity Control:

sample handling & preparation ° calibration checks & background
holding times ° preparation blanks

instrument calibration & performance ° laboratory control samples
dilution factors ° field blanks (if available)
detection limits field duplicates (if available)

laboratory background & carry-over
overall appearance of the data

Additional comments:

s Total Uranium analysis was performed for spiking purposes only.



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but

U
was not detected above the reported sample quantitation limit.

J Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to make
a "tentative identification."

R Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified,




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

A02  Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
A05  Samples were not preserved properly.

A06 Professional judgment was used to qualify the data.

GC/MS Tuning

B01  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

Initial/Confinuing Calibrafion — Oreani

CO01  Initial calibration RRF was <0.05.

C02 Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
C07  Resolution criteria were not met.

C08  RPD criteria were not met.

C09  RSD criteria were not met.

C10  Retention time of compounds was outside windows.

Cl1  Compounds were not adequately resolved.

C12  Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

C14  Professional judgment was used to qualify the data.

FO1  Sample data were qualified as a result of the method blank.

FO2  Sample data were qualified as a result of the field blank.

FO3  Sample data were qualified as a result of the equipment rinsate.

FO4  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

FO06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO8  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



G01  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

G0S  Surrogate/radiological chemical recovery was not present.

G06 Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

G08 Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Dupli

HO1 MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

H03 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HOS No action was taken on MS/MSD results.

H06 Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

H0S Radiological MS/MSD samples were not analyzed at the required frequency.

J01  Duplicate RPD/normalized absolute difference (INAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

J03  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



MO1 Incorrect identifications were made.

MO02 Qualitative criteria were not met.

MO03 Cross contamination occurred.

MO04 Confirmatory analysis was not performed.

MO05 No results were provided. _

MO06 Analysis occurred outside 12 hr GC/MS window.

MO07 Professional judgment was used to qualify the data.

MO8  The %D between the two pesticide/PCB column checks was >25%.

Laboratory Control Samples (1.CSs)

P01  LCSrecovery was above upper control limit.

P02 LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07 Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dupli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

RO1  Efficiency calibration criteria were not met.

R0O2  Energy calibration criteria were not met.

RO3  Resolution calibration criteria were not met

R04  Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met.

RO7 Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radioloeical Calibration Verificati

SO01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

T01
T02
TO3
T04
T05

T06
T07

Vol
V02
V03
V04
V05

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.
Loss of resolution was observed.

- Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.



'DATA VALIDATION REPORT Date
December 8, 2003
To: From:
Steve Passig Jerry Everett
Laboratory: SDG #:
Severn Trent - St. Louis F3G310383

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The FUSRAP validation technical review was performed in accordance with the Contract Laboratory
Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and the
Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. 1t was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the

validation of the data.

Total Number of Samples 9
Total Number of Data Points 90
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
December 8, 2003
Laboratory: SDG #:
Severn Trent — St. Louis F3G310383
 WESTINGHOUSE ' TargetAnalyses . 0 G iie
ST :Sample ID S I e e T T T
BHKDI1-04 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKDI1-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
‘ moisture, pH

BHKDI1-28 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD2-04 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD2-13 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD2-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD3-08 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKD3-16 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD3-23 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent

moisture, pH




ANALYTICAL CATEGORY: Metals

¢ Iron and manganese were analyzed by Inductively Coupled Plasma (ICP).

l. The following items (as applicable) have been addressed during the validation review:
- sample custody, integrity & preservation - Quality Control:
- sample handling & preparation ¢ calibration checks & blanks
- holding times © laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples
- dilution factors ° matrix spike samples
- detection limits ° matrix duplicates
- laboratory background & carry-over ° field blanks (if available)
- overall appearance of the data ° field duplicates (if available)
° CRDL standards

° interference check standards
° analytical bench spikes
° serial dilutions

2. The above items were found to be acceptable, except as follows:

None.

3. Additional comments:

Contamination with iron and manganese were seen in the calibration blanks. Calibration
blanks are run to verify that carry over does not occur and that no contamination is being
introduced during the run. Iron and manganese data associated with the bracketed samples
were greater than five times the contamination level. Therefore, qualification of the iron
and manganese data was not necessary.

The matrix spike recovery for iron was high. The spiked sample analysis is designed to
provide information about the effect of each sample matrix on the sample preparation
procedures and the measurement methodology. When the sample concentration is greater
than 4X the spike concentration spike recoveries are not evaluated. Therefore qualification

of the date is not necessary.

The matrix spike recovery for manganese was low. The spiked sample analysis is designed
to provide information about the effect of each sample matrix on the sample preparation
procedures and the measurement methodology. When the sample concentration is greater
than 4X the spike concentration, spike recoveries are not evaluated. Therefore qualification

of the date is not necessary.



ANALYTICAL CATEGORY: Miscellaneous

e Total Organic Carbon and Total Carbon were determined by SW846 Method 9060: pH was determined
by SW846 Method 9045A; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
* instrument calibration & performance © laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- overall appearance of the data ° field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

None.

3. Additional comments:

The matrix spike recoveries for total carbon and total organic carbon were high. The spiked
sample analysis is designed to provide information about the effect of each sample matrix
on the sample preparation procedures and the measurement methodology. When the
sample concentration is greater than 4X the spike concentration spike recoveries are not
evaluated. Therefore qualification of the date is not necessary.



ANALYTICAL CATEGORY: Radiochemical

o Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation © calibration checks & background
- holding times ° preparation blanks

» instrument calibration & performance ° laboratory control samples

» dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Several samples have reported results that are greater than the MDA and the sample uncertainty is
50% to 100% of the sample result. The reported values for these samples were qualified with a J.

3. Additional comments:

Contamination with technetium-99 was seen in the method blank. Method blanks are run to
verify that contamination is being introduced during the run. Technetium-99 data
associated with the method blank were greater than the contamination level. Therefore,
qualification of the data was not necessary.



ATTACHMENT A

WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION QUALIFIERS

QUALIFIERS

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but

U
was not detected above the reported sample quantitation limit.

J | Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to
make a "tentative identification."

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

A0l  Extraction holding times were exceeded.

AQ2  Extraction holding times were grossly exceeded.
A03  Analysis holding times were exceeded.

A04  Analysis holding times were grossly exceeded.
AO5  Samples were not preserved properly.

A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B03  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

CO01  Initial calibration RRF was <0.05.

C02 Initial calibration RSD was >30%.

C03  Initial calibration sequence was not followed as required.
C04 Continuing calibration RRF was <0.05.

C05  Continuing calibration %D was >25%.

C06  Continuing calibration was not performed at the required frequency.
C07 Resolution criteria were not met.

C08 RPD criteria were not met.

C09  RSD criteria were not met.

C10  Retention time of compounds was outside windows.

Cl1  Compounds were not adequately resolved.

C12 Breakdown of endrin or DDT was >20%.

C13  Combined breakdown of endrin/DDT was >30%.

C14  Professional judgment was used to qualify the data.

FO1  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

F05  Gross contamination exists. '

F06  Concentration of the contaminant was detected at a level below the CRQL.

FO7  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

F08  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



GO01  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
G03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

G05  Surrogate/radiological chemical recovery was not present.

G06 Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

GO08 Radiological chemical recovery was >150%.

Matrix Spike/Matrix Spike Dupli

HO1 MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO03 MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5 No action was taken on MS/MSD results.

HO06 Professional judgment was used to qualify the data.

HO7 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

H09 Radiological MS/MSD samples were not analyzed at the required frequency.

JO1  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

JO3  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



MO1
MO02
MO03
M04
MO5
MO6
MO7
MO8

Incorrect identifications were made.
Qualitative criteria were not met.
Cross contamination occurred.
Confirmatory analysis was not performed.
No results were provided.
Analysis occurred outside 12 hr GC/MS window.
Professional judgment was used to qualify the data.
The %D between the two pesticide/PCB column checks was >25%.

Lahoratory Control Samples (1.CSs)

P01 LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03  LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dunli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <Sx the CRDL.

ROl  Efficiency calibration criteria were not met.

R02  Energy calibration criteria were not met.

R0O3  Resolution calibration criteria were not met

R04 Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R0O6  Absorption curve criteria were not met.

RO7  Plateau curve criteria were not met.

RO8  Professional judgment was used to qualify the data.

Radiolosical Calibration Verificati

S01
S02
S03
S04
S05
S06

Efficiency verification criteria were not met.
Energy verification criteria were not met.
Resolution verification criteria were not met
Background verification criteria were not met.
Cross-talk verification criteria were not met.
Professional judgment was used to qualify the data.



Radionuclide Quantitati

TO1
T02
TO3
T04
TO5

T06
T07

Vo1
V02
Vo3
Vo4
V05

Detection limits were not met.

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.

Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.



DATA VALIDATION REPORT Date:

December 8,2003
To: From:
Steve Passig Jerry Everett
Laboratory: SDG #:
Severn Trent — St. Louis F3H010120

Attached you will find the results from the data validation technical review for the Westinghouse/Hematite
samples and analyses that are associated with the above referenced laboratory and sample delivery group
(SDG) number. These data points have been selected for data validation and the sample index on the
following page specifically identifies the samples and analyses associated with this validation review.

The FUSRAP validation technical review was performed in accordance with the Contract Laboratory
Program Data Validation Functional Guidelines for Evaluating Inorganic Analytical Data, and the
Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses and Radiochemical Data
Verification and Validation. Tt was based on the information and documentation supplied by the associated
laboratory. The analyses were evaluated against criteria established in the related analytical procedures and

the Westinghouse/Hematite data quality requirements.

Attachment A to this report provides the Sample Data Summary Sheets for the samples associated with the
above referenced request. These summary sheets identify the analytical values and the qualifiers for each
sample and parameter. Attachment B outlines the validation qualifiers and reason codes used in the

validation of the data.

s ReportSummary g
Total Number of Samples 14
Total Number of Data Points 108
Total Number of Rejected Data Points 0
Percent Completeness 100.0%
(approval to rejection ratio)




Sample Index Date:
December 8, 2003

Laboratory: SDG #:

Severn Trent — St. Louis F3H010120

. WESTINGHOUSE . TargetAnalyses e

[ Sample ID ' S TeE TR s e e

BHKD4-02 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD4-14 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD4-24 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

BHKDS5-01 [ron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKDS5-19 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKDS5-27 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD6-01 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium,Technetium-99, percent
moisture, pH

BHKD6-11 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, Ph

BHKDé6-26 Iron, Manganese, Total Carbon, TOC, Isotopic Uranium, Technetium-99, percent
moisture, pH

OB-1-KD Isotopic Uranium, Technetium-99

OB-1-ANION Chloride, Nitrate, Sulfate

OB-1-CATION Calcium, Potassium, Magnesium, Sodium

WS-14-ANION Chloride, Nitrate, Sulfate

WS-14-CATION

Calcium, Potassium, Magnesium, Sodium




ANALYTICAL CATEGORY: Anions
. Chloride, Nitrate, and Sulfate were determined by SW846 Method 3056A.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ° matrix duplicates

- laboratory background & carry-over ° field blanks (if available)

- appearance & interpretation of chromatography’ ° field duplicates (if available)

- retention times’
- overall appearance of the data

T for ion chromatography only.

2. The above items were found to be acceptable, except as follows:

None
3. Additional comments:

Contamination with chloride was seen in the calibration blanks. Calibration blanks are run
to verify that carry over does not occur and that no contamination is being introduced during
the run. Chloride data associated with the bracketed samples were greater than five times
the contamination level. Therefore, qualification of the chloride data were not necessary.



ANALYTICAL CATEGORY: Metals
o Metals were analyzed by Inductively Coupled Plasma (ICP).
1. The following items (as applicable) have been addressed during the validation review:
- sample custody, integrity & preservation * Quality Control:
- sample handling & preparation ° calibration checks & blanks
- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance ° laboratory control samples
- dilution factors ° matrix spike samples
- detection limits ° matrix duplicates
- laboratory background & carry-over © field blanks (if available)
- overall appearance of the data ° field duplicates (if available)
° CRDL standards

° interference check standards
° analytical bench spikes
° serial dilutions

2. The above items were found to be acceptable, except as follows:

Blank Contamination

The continuing calibration blank was contaminated with potassium at a concentration of
1600 ug/l. This is evidence of possible laboratory contamination. The positive potassium
result in sample OB-1-CATION was less than five times the contamination level. The
reported sample concentration was qualified with a U.

3. Additional comments:

Contamination with iron and manganese were seen in the calibration blanks. Calibration
blanks are run to verify that carry over does not occur and that no contamination is being
introduced during the run. Iron and manganese data associated with the bracketed samples
were greater than five times the contamination level. Therefore, qualification of iron and

manganese were not necessaty.

Detection limits in samples OB-1-CATION and WS-14-CATION have been changed.



ANALYTICAL CATEGORY: Miscellaneous

o Total Organic Carbon and Total Carbon were determined by SW846 Method 9060: pH was determined
by SW846 Method 9045A; and percent moisture was determined by MCAWW 160.3.

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation ° calibration checks & blanks

- holding times ° laboratory blanks (method, TCLP)
- instrument calibration & performance © laboratory control samples

- dilution factors ° matrix spike samples

- detection limits ° matrix duplicates

* laboratory background & carry-over © field blanks (if available)

- overall appearance of the data © field duplicates (if available)

2. The above items were found to be acceptable, except as follows:

None.

3. Additional comments:

None.



NALYTICAL CATEGORY: Radiochemical

o Isotopic uranium was determined by alpha spectroscopy (NAS/DOE 3050/RP), and technetium was
determined by Liquid scintillation counters (DOE TC-02-RC).

1. The following items (as applicable) have been addressed during the validation review:

- sample custody, integrity & preservation - Quality Control:

- sample handling & preparation : ° calibration checks & background
- holding times ° preparation blanks

- instrument calibration & performance ° laboratory control samples

- dilution factors ° field blanks (if available)

- detection limits ° field duplicates (if available)

- laboratory background & carry-over
- overall appearance of the data

2. The above items were found to be acceptable, except as follows:

Instrument Counting Error

Several samples have reported results that are less than the MDA and the uncertainty is greater than
the result. The non-detect results for these samples were qualified UJ.

Several samples have reported results that are greater than the MDA and the sample uncertainty is
50% to 100% of the sample result. The reported values for these samples were qualified with a J.

Blank Contamination

Uranium-234 was present in the associated method blank at 0.1 + 0.11 pCi/g. This may
indicate that contamination could have been introduced during the laboratory preparation.
The normalized absolute difference between the sample OB-1-KD and the method blank
was less than 2.58 and was qualified as estimated, J.

3. Additional comments:

MDC values for Isotopic uranium in sample BHKD6-01 have been changed.



ATTACHMENT A
WESTINGHOUSE Sample Data Summary Sheets



ATTACHMENT B

KEY TO THE WESTINGHOUSE DATA VALIDATION OUALIFIERS
' QUALIFIERS L

Indicates that the data met all QA/QC requirements, and that the parameter has been positively
identified and the associated concentration value is accurate.

Indicates that the data met all QA/QC requirements, and that the parameter was analyzed for but

U
was not detected above the reported sample quantitation limit.

J | Indicates that the parameter was positively identified; the associated numerical value is the
approximate concentration of the parameter in the sample.

UJ | Indicates that the parameter 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.

N | The analysis indicates the presence of a parameter for which there is presumptive evidence to
make a "tentative identification."

R | Indicates that the sample results for the parameter are rejected or unusable due to serious

deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or
absence of the parameter cannot be verified.




Data Validation Reason Codes

[24
A01  Extraction holding times were exceeded.
AQ02  Extraction holding times were grossly exceeded.
AQ03  Analysis holding times were exceeded.
A04  Analysis holding times were grossly exceeded.
AO05  Samples were not preserved properly.
A06  Professional judgment was used to qualify the data.

GC/MS Tuning

B0l  Mass calibration was in error, even after applying expanded criteria.
B02  Mass calibration was not performed every 12 hours.

B0O3  Mass calibration did not meet ion abundance.

B04  Professional judgment was used to qualify the data.

o — OF:
COl  Initial calibration RRF was <0.05.
C02  Initial calibration RSD was >30%.
C03  Initial calibration sequence was not followed as required.
C04  Continuing calibration RRF was <0.05.
C05  Continuing calibration %D was >25%.
C06 Continuing calibration was not performed at the required frequency.
C07  Resolution criteria were not met.
C08  RPD criteria were not met.
C09  RSD criteria were not met.
C10  Retention time of compounds was outside windows.
C1l1  Compounds were not adequately resolved.
C12  Breakdown of endrin or DDT was >20%.
C13  Combined breakdown of endrin/DDT was >30%.
Cl4  Professional judgment was used to qualify the data.

Blanks

FO01  Sample data were qualified as a result of the method blank.

F02  Sample data were qualified as a result of the field blank.

F03  Sample data were qualified as a result of the equipment rinsate.

F04  Sample data were qualified as a result of the trip blank.

FO5  Gross contamination exists.

F06  Concentration of the contaminant was detected at a level below the CRQL.

F07  Concentration of the contaminant was detected at a level less than the action limit, but
greater than the CRQL.

FO8  Concentration of the contaminant was detected at a level that exceeds the action level.

F09  No laboratory blanks were analyzed.

F10  Blank had a negative value >2x's the IDL.

F11  Blanks were not analyzed at required frequency.

F12  Professional judgment was used to qualify the data.



Surrogate/Radiolosical Chemical R
GO0l  Surrogate/radiological chemical recovery was above the upper control limit.
G02  Surrogate/radiological chemical recovery was below the lower control limit.
GO03  Surrogate recovery was <10%.

G04  Surrogate/radiological chemical recovery was zero.

GO5  Surrogate/radiological chemical recovery was not present.

G06  Professional judgment was used to qualify the data.

G07 Radiological chemical recovery was <20%.

G08 Radiological chemical recovery was >150%.

HOl  MS/MSD recovery was above the upper control limit.

H02 MS/MSD recovery was below the lower control limit.

HO3  MS/MSD recovery was <10%.

H04 MS/MSD pairs exceed the RPD limit.

HO5  No action was taken on MS/MSD results.

HO06  Professional judgment was used to qualify the data.

HO07 Radiological MS/MSD recovery was <20%.

HO8 Radiological MS/MSD recovery was >160%.

H09 Radiological MS/MSD samples were not analyzed at the required frequency.

J0l  Duplicate RPD/normalized absolute difference (NAD) was outside the control limit.
J02  Duplicate sample results were >5x the CRDL.

J03  Duplicate sample results were <5x the CRDL.

J04  Professional judgment was used to qualify the data.

JO5  Duplicate was not analyzed at the required frequency.



N

e

O

MO1
MO2
MO3
Mo04
MO5
MO06
MO07
MO8

Incorrect identifications were made.
Qualitative criteria were not met.
Cross contamination occurred.
Confirmatory analysis was not performed.
No results were provided.
Analysis occurred outside 12 hr GC/MS window.
Professional judgment was used to qualify the data.
The %D between the two pesticide/PCB column checks was >25%.

Laberatory Control Samples (I.(CSs)

P01  LCS recovery was above upper control limit.

P02  LCS recovery was below lower control limit.

P03 LCS recovery was <50%.

P04  No action was taken on the LCS data.

P05  LCS was not analyzed at required frequency.

P06  Radiological LCS recovery was <50% for aqueous samples; <40% for solid samples.

P07  Radiological LCS recovery was >150% for aqueous samples; >160% for solid samples.

P08  Professional judgment was used to qualify the data.

Field Dunli

Q01  No action was taken on the basis of field duplicate RPDs.

Q02 Radiological field duplicate normalized absolute difference (NAD) was outside the control
limit.

Q03  Duplicate sample results were >5x the CRDL.

Q04  Duplicate sample results were <5x the CRDL.

RO1  Efficiency calibration criteria were not met.

RO2  Energy calibration criteria were not met.

R0O3  Resolution calibration criteria were not met

R04 Background determination criteria were not met.

RO5  Quench curve criteria were not met.

R06  Absorption curve criteria were not met.

R07  Plateau curve criteria were not met.

R0O8  Professional judgment was used to qualify the data.

Radiological Calibration Verificati

S01  Efficiency verification criteria were not met.

S02  Energy verification criteria were not met.

S03  Resolution verification criteria were not met

S04  Background verification criteria were not met.

S05  Cross-talk verification criteria were not met.

S06  Professional judgment was used to qualify the data.



Radionuclide Quantitati

T01
T02
T03
T04
TOS

T06
TO07

Detection limits were not met. ,

Analytical uncertainties were not met and/or not reported.

Inappropriate aliquot sizes were used.

Professional judgment was used to qualify the data.

Analytical result is less than the associated MDA, but greater than the counting
uncertainty.

Analytical result is less than both the associated counting uncertainty and MDA.
Negative analytical result where the absolute value exceeds 2x the associated MDA.

System Performance

Vo1
V02
V03
Vo4
V05

High background levels or a shift in the energy calibration were observed.
Extraneous peaks were observed.

Loss of resolution was observed.
Peak-tailing or peak splitting that may result in inaccurate quantitation were observed.

Professional judgment was used to qualify the data.
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Boring Logs
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SUBSURFACE

LOG Page _1_ of _4
Project Name  Hematite Transport Factors Location Evaporation Pond
Client Westinghouse Electric Company Boring No. BHKD6 Total Depth 30.0¢
City, State _ Hematite, Missouri Surface Elevation
Project Type _ Environmental Date Started 7/30/03  Completed 7/30/03
Supervisor Todd Calhoun Driler _Brian Fingers Depth to Water Dry Date/Time 7/30/03
Logged By Todd Caihoun Depth to Water Date/Time
Lty en| S2mPle# | Penetration ft/ | Field uscs
oy Overburden| “posin | Recovery ft. ;’;‘3}29 Classification
Elevation | Depth (ft.) Description Beta/
Gamma
0.0 Ground Surface {cpm) Remarks
u SILTY CLAY, w/ DGA, brown/brown gray, 1 40 0.0-1.0 CL
| dry, sli-plastic, med, gravel loose 0.0-4.0 27 4108 7]
- 10000 y n
B 1.0 7
1.2 1.0-2.0 Analytical
. SILTY CLAY, brown, plastic, damp, stiff, 2508 CcL Sample No.
| w/ manganese nodules, 10% fimonite 11600 y BHKDS6-01,
B mottling BHKDG-01-
| 2.0 ARCH, 7]
— 2.0-3.0 BHKD6-01- |
B 2108 PSA ]
B 11600 y collected
B 1.0-80 ]
s 3.0 @ 1503 hrs
B 3.0-4.0 Chain of
u 1808 Custedy
~ 10400 y No. 105109
-
4.0 7]
B 2 4.0 4.0-5.0 ]
| 4.0-80 0.7 2608 ]
B 10600 y 7
B 5.0 §
B 5.0-6.0 ]
B 266 B 7]
- 12000 y .
B 6.0 1
= 6.0-7.0 =
. 2208 7]
B 12000 y 7
B 7.0 N
L 7.0-8.0 =
- 2008 7]
B 11800 y 7
B 8.0 4




SUBSURFACE

LOG Page 2 of _4_
Project Name _ Hematite Transport Factors Location Evaporation Pond ]
Client _ Westinghouse Electric Company Boring No. BHKDS Logged By _T. Cathoun
. Sample # | Penetrationft/ | . F°9 USCS
Lithology Overburden Depth Recowery ft. S;rwmng Classification
esults
Elevation | Depth (ft.) Description Remarks
SILTY CLAY, brown, plastic, damp, stiff, 3 4.0 8.0-9.0 CH
B w/ manganese nodules, 10% limonite 8.0-12.0 40 202 B B
B mottling 13400 y 7]
= i
B 9.0 7]
'— 9.0-10.0 =
B 220 B 7]
~ 12000 y 7
B 10.0 7
Bl 10.0-11.0 =
B 266 B 7]
- 12000 y 7]
B 11.0 7
— 11.2 11.0-12.0 -
SILTY CLAY, brown, sli-plastic to plastic, 2228 CL Analytical
B damp to moist, med stiff to stiff, 11200 y Sample No.
B w/ manganese nodules, 15% limonite BHKDS-11,
B 12.0 mottling BHKDS-11-
— 4 40 12.0-13.0 ARCH,
B 12.0-16.0 4.0 266 B BHKD5-11-
u 12400 y PSA N
B collected
- 13.0 11.0-16.0
— 13.0-14.0 @ 1510 hrs~ |
: 204 B Chain of
11400 y Custody
B No. 105109
. 14.0 7]
_ 14.0-15.0 ]
B 2268 y
B 10600 y 1
B 15.0 N
Bl 15.0-16.0 =
u 1708 T
B 10800 y T
- 16.0 7]
- 5 40 16.0-17.0 -
B 16.0-20.0 3.0 206 B 7
B 10600 y T
T 17.0 T




SUBSURFACE

LOG Page—3—of-—4-——
Project Name _ Hematite Transport Factors Location Evaporation Pond
Client _ Westinghouse Electric Company Boring No. BHKD6  Logged By _ T. Calhoun
Lo Overburden| S0l # | Penetration ft/ s;;;"’:ﬂ USCS
%y Depth | Recoveryft. R&sultsg Classification
Elevation | Depth (ft.) Description Remarks
SILTY CLAY (continued) 17.0-18.0
236 B 7
- 13400 y 7]
B 18.0 1
18.0-19.0 ]
256 B 7]
11400 y 7]
B 19.0 i
19.0-20.0 ]
B 196 B 7]
[~ 12000 y 7]
B 20.0 . i
B 3 4.0 20.0-24.0 Gravel from |
B 20.0-24.0 0.0 —B above zone |
| -y wedged
- into shoe.
21.0 No sample
N recovered |
B 22.0 4
B 23.0 i
B 24.0 T
B 7 4.0 24.0-25.0 -
24.0-28.0 3.1 190 B 7]
11400 y 7]
[ 25.0 T
25.0-26.0 ]
2268 T
B 10800 y 7
B 26.0




GEQ Coasuliancs LLC

SUBSURFACE

e LOG

. _Page 4 of

4

Project Name  Hematite Transport Factors Location Evaporation Pond
Client  Westinghouse Electric Company Boring No.  BHKDS ‘Logged By __T. Calhoun
. Sample# | Penetration ft/ | . F'ed UsCcs
Lithalogy Overburden Depth Recovery ft. S;gl:};:g Classification
Elevation | Depth (ft.) Description Remarks
26.0-27.0 Analytical
26.4 246 B Sample No.
SILTY CLAY, brownish gray, plastic, maist, 11600 y CL BHKDB6-26,
medium to med stiff, w 20% limonite BHKD6-26-
27.0 mottling ARCH, T
— 27.0-28.0 BHKD6-26- |
27.5 176 B PSA 7]
SILTY CLAY, gray, sii-plastic, moist, medium 11000 y cL collected
26.0 - 30.0
28.0 @ 1518 hrs |
[ 8 2.0 28.0-29.0 Chain of
28.0-30.0 2.0 246 B Custody
11400 y No. 105109
29.0 N
[ 29.2 29.0-30.0 1
CLAYEY SAND W/ GRAVEL, gray, wet, 198 B SC B
compact to dense 12600 y ]
30.0 7

Bottom of Hole 30.0° 7/30/03




SUBSURFACE

LOG Page _1_ of _4
Project Name  Hematite Transport Factors Location Duels Mountain
Client Westinghouse Electric Company Boring No. BHKD1 Total Depth 33.0
City, State  Hematite, Missouri Surface Elevation
Project Type _ Environmental Date Started 7/28/03 Completed 7/28/03
Supervisor _Todd Calhoun Driller _Mike Umfleet Depth to Water Dry Date/Time 7/28/03
Logged By Todd Calhoun Depth to Water Date/Time
Lihel Overburden| S2MPIe# | Penetration fe/ | Pl uUscs
o9y urden Depth Recovery ft. lgaur;tsg Classification
Elevation | Depth (ft) Description Beta/
Gamma R
0.0 Ground Surface (com) emarks
SILTY CLAY, brown, slight plastic, damp, 1 4.0 0.0-4.0 CL
0.3 stiff 0.0-4.0 1.3 2148 N
0.5 GRAVEL (DGA), gray, dry 10200 y oW 7
SILTY CLAY, brown, plastic, damp, stiff, CH 7
1.0 w/ 10% gray mottling, manganese nodules ]
20 -
3.0 -
4.0 7
2 4.0 4.0-5.0 Analytical
4.0-8.0 4.0 248 8 Sample No.
9800y BHKD1-04,
BHKD1-04-
50 ARCH
5.0-6.0 collected
2388 4.0-8.6
10000 y @ 1530 hrs |
Chainof |
6.0 Custody
6.0-7.0 No. 105108 |
2348
10000 y T
7.0 N
7.0-8.0 ]
2288 N
10000 y N
8.0 B




g

SUBSURFACE

e~ 2o LOG Page 2 of _4_
GEQ Consultancs. LLE
Project Name _ Hematite Transport Factors Location Duel's Mountain
Ciient _ Westinghouse Electric Company Boring No. BHKD1 Logged By _T. Calhoun
Lithology Overburden Saéne;:teh#/ P;n;g:ggnf?./ S;'r:;l:ing Clags?f%:ﬁon
esults
Elevation | Depth (ft.) Description Remarks
3 4.0 8.0-9.0
B 8.0-12.0 40 230 B
B 8.6 10000 y
8.8 CLAYEY GRAVEL, brown, damp, compact GC
SILTY CLAY, brown, plastic, moist, medium CH
e stiff, w/ chert nodules 9.0-10.0
B 2228
B 8400 y
B 10.0
'—' 10.0-11.0
B 198 B
B Wet sandy lens at 10.7 ft 9000 y
— 11.0
- 11.0-12.0
B 206 8
: 9200y
u 12.0
SILTY CLAY, brown, plastic, damp to moist, 4 4.0 12.0-13.0 CH
B soft to medium 12.0-16.0 2.8 2428
B 8600 y
— 13.0
e 13.0-14.0
B 2308
: 9200 y
B 14.0
e 14.0-15.0
B 172
B 9400 y
B 14.8
15.0 SILTY CLAY, brownish gray, plastic, moist CH
- medium, w/ chert and manganese nodules, 15.0-16.0
B 3% brown/gray mottling 1928
B 10200 y
B 16.0
SILTY CLAY, brown, plastic, moist, medium, 5 4.0 16.0-17.0 CL
B w/ chert and manganese nodules 16.0-20.0 40 254 B
B 9200 y
B 17.0




SUBSURFACE

LOG Page _3_ of _4_
GEQ Cjnmunn.":_ LLC
Project Name _ Hematite Transport Factors Location Duel's Mountain
Client  Westinghouse Electric Company Boring No. BHKD1 Logged By _ T. Calhoun
; Field
. Sample #/ | Penetration ft./ . USCS
Lithology Overburden| “Depth | Recoveryft. | SaeoniS | Ciassification
Elevation | Depth (ft) Description Remarks
17.0-18.0
— 2368 7
[ 9400 y 7]
— 18.0 7
18.0-19.0 ]
216 B N
10400 y ]
— 19.0 1
19.3 19.0-20.0 ]
= SILTY CLAY, brownish gray, plastic, moist, 176 8 CcL 7]
B medium, w/ chert and manganese nodules 10000 y 7]
" 20.0 7
| SILTY CLAY, brown, plastic, moist, soft 6 4.0 20.0-21.0 CL =
B 20.0-24.0 4.0 258 B8 ]
10600 y 7
8 21.0 7]
B 21.0-22.0 ]
L—- 170 8 7
10400 y ]
B 22.0 T
B 22.0-23.0 -
B 186 8 ]
9800 7]
- Y -
[ 23.0 N
B 23.0-24.0 Analytical |
B 206 B Sample No. |
B 9800 y BHKD1-23,
B BHKD1-23-
[ 24.0 ARCH
B 7 4.0 24.0-25.0 collected
24.0-28.0 4.0 190 B 23.0-28.0
246 9800 v @ 1535 hrs
= SILTY CLAY, brownish gray, plastic, moist, CcL Chain of
25.0 medium to medium stiff, w/ occasional Custody
B dolomite fragments, 5% mottling 25.0-26.0 No. 105108 |
| 1728
. 9800 y
B 260




SUBSURFACE

omm LOG Page 4 of _4
GEO C::'nu'l.\--:; LLC
Project Name _ Hematite Transport Factors Location Duel’s Mountain
Client __ Westinghouse Electric Company Boring No. BHKD1 Logged By _ T. Calhoun
Lt Overburden | S2TPe # | Penetration ft/ | 22"‘1’.“ uscs
fihology urden Depth Recovery ft. ;%ul;sg Classification
Elevation | Depth (ft.) Description Remarks
26.0-27.0
| 188 p T
- 9000 y .
B 27.0 -
27.0-28.0 ]
B 2108 T
10000 y 7
B 28.0 7]
_—
8 4.0 28.0-29.0 Analytical
28.0-32.0 4.0 244 8 Sample No.
B 8200y BHKD1-28, ]
B ' BHKD1-28-
29.0 ARCH 7
B 29.0-30.0 collected
B 1728 28.0-33.0
B 9400y @ 1540 hrs |
Chain of
L 30.0 Custody
B 30.0-31.0 No. 105108 ]
178 B ]
9400 v 7
B 31.0 .
31.0-32.0 ]
B 154 8 N
B 10000 y N
B 32.0 .
B SILTY CLAY, gray, plastic, moist, stiff, 9 1.0 32.0-33.0 CH =
B w/ dolomite fragments 32.0-33.0 1.0 228 B n
10000 y 7]
B 33.0 7]
R Bottom of Hole 33.0' 7/28/03
-




SUBSURFACE

LOG Page _1_of _4_
Project Name _ Hematite Transport Factors Location Burial Pits
Client Westinghouse Electric Company Boring No. BHKD2 Total Depth 34.0'
City, State  Hematite, Missouri Surface Elevation
Project Type __Environmental Date Started 7/29/03 Completed 7/29/03
Supervisor Todd Calhoun  Driller _Mike Umfleet Depth to Water 220  Date/Time 7/29/03 0900
Logged By Todd Calhoun Depth to Water Datef/Time
it Overburden] SaMPle # | Penetration ft/ | Field uscs
ftnoiogy UrSeM Depth | Recovery . ;Zejgg Classification
Elevation | Depth (ft.) Description Beta/
Gamma R
0.0 Ground Surface (cprm) emarks
B SILTY CLAY, brown, sli-plastic to pl., damp, 1 4.0 0.0-1.0 CL
B stiff, w/ manganese nodules and 5% gray 0.0-4.0 22 1538 8 B
mottling 40000 y 7
B 1.0 Plastic fragments recavered, ~1.2 ft, 7
Scanned very hot 1.0-2.0 N
= 10198 8 7]
= 274000 y 7
= -
2.0
B 2.0-4.0 =]
_ 22328 -
| 26000 y .
B ]
3.0 -
= -]
L_' ——
L 40 B
|~ 2 40 4.0-5.0 Analytical |
B 40-8.0 4.0 2162 Sample No. ]
B 58000 y BHKD2-04,
B BHKD2-04-
| S 5.0 ARCH n
~ 5.0-6.0 collected |
- 3402 40-100 ]
~ 50000 y @ 0906 hrs
| Chain of
6.0 Custody _:
_F—_'— 6.0-7.0 No. 105108
B 644 B -]
= 32000 y ]
B 7.0 -
- 7.0-8.0 =
- 406 B -1
B 24000 y ]
B 8.0 -




SUBSURFACE

LOG Page 2 _ of _4
Project Name  Hematite Transport Factors Location Burial Pits
Client _ Westinghouse Electric Company Boring No. BHKD2 Logged By _ T. Calhoun
. Sample #/ | Penetration ft./ Field. Uscs
Lithology Overburden| “pectn | Recovery ft. S;';el:}gg Classification
Elevation | Depth (ft.) Description Remarks
3 4.0 8.09.0
- 8.0-12.0 33 1208 7
: 48000 y .
- 9.0 7]
_ 9.0-10.0 =
B 3782 B 7]
: 90000 y N
—
10.0 i
- 10.0-11.0 _—
B 490 B 7]
B 60000 y B
- 10.8 N
SILTY CLAY, brown, plastic, damp, medium CH ]
- to stiff, w/ 5% gray mottling and manganese 11.0-12.0 ]
B nodues 4108 1
B 26000 y 1
B 12.0 .
_ 4 4.0 12.0-13.0 -
B 12.0-16.0 4.0 616 8 1
B 58000 y .
B 13.0 7
| SILTY CLAY, brown, plastic, moist, medium 13.0-14.0 CL Analytical
B to medium stiff, w/ 15% gray mottling 1768 B Sample No.
- 80000 y BHKD2-13,
B BHKD2-13-
| 14.0 ARCH
B 14.0-15.0 collected
B 1390 8 13.0-17.0
- 26000 y @ 0914 hrs |
| Chain of
| 15.0 Custody
B 15.0-16.0 No. 105108 |
380 B 7]
B 26000 y 7
B 16.0 1
- 5 4.0 16.0-17.0 =
B 16.0-20.0 2.7 1344 B T
B 50000 y §
B 17.0 i




SUBSURFACE

LOG Page _3_ of _4_
Project Name _ Hematite Transport Factors Location Burial Pits
Client Westinghouse Electric Company Bering No. BHKD2 Logged By 1. Calhoun _
, Sample # | Penetration ft/ | _ o9 UScs
Lithology Qverburden Depth | Recoveryft. S;Z:};:g Classification
Elevation | Depth (ft.) Description Remarks
17.0-18.0
— 808 B 7
| 34000 y 7]
B 18.0 7]
— 18.0-19.0 7
— 466 B .
: 26000 y 7
B 19.0 7]
o 19.0-20.0 ]
— 282B 7
: 24000 y 7]
B 20.0 B
[ 6 4.0 20.0-21.0 =]
B 20.0-24.0 3.0 496 B .
: 28000 y .
B 21.0 7
e 21.0-22.0 -
— 4528 7]
: . 30000 y 7
B 22.0 y
[ 22.0-23.0 ]
— 356 B .
[ 26000 y 7
B Wet ~22.6 7
B 23.0 -
:— 23.0-24.0 Analytical
235 426 8 Sample No.
SILTY CLAY, brownish gray, sli-plastic to 24000y CL BHKD2-23, ]
B plastic, moist to wet, stiff, w/ 15% brown BHKD2-23- |
B 24.0 mottling, w/ chert fragments ARCH 7
- 7 4.0 24.0-25.0 collected
‘_‘ 24.0-28.0 2.7 2288 23.0-34.0
B 58000 y @ 0920 hrs |
B Chain of
s 25.0 Custody
25.0-26.0 No. 105108 |
B 22908 7
B 58000 y 7]
o 26.0 4




SUBSURFACE

LOG Page _ 4 of _4_
Project Name _ Hematite Transport Factors Location Burial Pits
Client Westinghouse Electric Company Boring No. BHKD2 Logged By _ T. Calhoun
; Fietd
Lilog oveturcen) S e | S | g icion
Elevation | Depth (ft.) Description Remarks
26.0-27.0

B 496 B 7]

B 30000 y 7

B 27.0 7

— 27.0-28.0 ]

B 5128 N

: 24000 y N

u 28.0 -

- 8 4.0 28.0-29.0 —

- 28.0-32.0 4.0 8188 ]

: 34000y N

B 29.0 -

- 29.0-30.0 I

B 8828 N

: 24000 y 7

B 30.0 -

‘_ 30.0-31.0 ]

B 566 B N

: 30000 y 7

- 31.0 7]

B Limonite staining 31.1° - 31.4' 31.0-32.0 —

B 356 B 7

B 34000 y 7

N

[ 32.0 7

SILTY CLAY, gray, plastic, moist, medium 9 20 32.0-33.0 CH =

: stiff 32.0-34.0 2.0 404 B N

26000 y 7

B Sandy lense 32.8' - 33.0' T

— 33.0 .

F_ 33.0-34.0 =

312 7]

- 336 24000 y 7]

CLAYEY SILTY SANDY GRAVEL, gray, GC-GM 7]

B 34.0 wet, dense ]
B Bottom of Hole 34.0° 7/29/03




SUBSURFACE

LOG Page 1 of _4
Project Name  Hematite Transport Factors Location Red Bamn — Cistern Bumn Pit Area
Client Westinghouse Electric Company Boring No. BHKD3 Total Depth 27.0
City, State __Hematite, Missouri Surface Elevation
Project Type _ Environmental Date Started 7/29/03 Completed 7/29/03
Supervisor Todd Calhoun Driller  Mike Umfleet Depth to Water 21.0' Date/Time _ 7/29/03 1120
Logged By Todd Calhoun Depth to Water Date/Time
. Field
. Sample # | Penetration ft./ " UscCs
Lithelogy Overburden Depth Recovery ft. S;r;etﬁzg Classification
Elevation { Depth (ft.) Description Beta/
Gamma R ke
0.0 Ground Surface {cpm) emarks
SILTY CLAY, brown, sli-plastic, dry, 1 4.0 0.0-1.0 CL Encountered
0.5 medium, w/ scattered rock fragments 0.0-4.0 3.0 10694 B gravels 0.5-
GRAVELS, brown/gray, dry, compact, 46000 y GP 0.8. B
0.8 upto¥* Advanced
SILTY CLAY, brown, plastic, damp, medium CcL sampler
to stiff, w/ 15% limonite/gray mottling, w/ 1.0-2.0 to depth
manganese nodules 3948 with 1406 |
12000y automatic
hammer.
2.0 23000 cpm
2.0-3.0 recorded
358 8 for gravels.
10000 y
3.0 .
3.0-4.0 ]
324 8 7]
12000 y 7
4.0 7
2 4.0 4.0-8.0 -
4.0-8.0 0.9 562 8 n
16000 y 1
5.0 N
i
6.0 -
7.0 .
8.0 7




GEO Conuttanc. L

= Ie

LC

SUBSURFACE
LOG

Page _2_ of

4.

Project Name _ Hematite Transport Factors Location Red Barn — Cistern Burn Pit Area
Client = Westinghouse Electric Company Boring No. BHKD3 Logged By _ T. Calhoun
! Field
Lithology Overburden s%me;:;#/ P;r:m"f? ! S;f;elﬂigg clags?rfzjﬁon

Elevation | Depth (ft.) Description Remarks

3 40 8.0-9.0 Analytical
- 8.0-12.0 40 5008 B Sample No. ~ |
— 26000 y BHKD3-08, ~ |
— BHKD3-08- |
n 9.0 Moist ~ 9.0' ARCH ]
- 9.0-10.0 collected |
— 14682 B 80-130 |
— 48000 y @1127hrs |
— Chainof |
B 10.0 Custody T
— 10.0-11.0 No. 105108 |
— 1362 8 ]
— 12000 y ]
B 1.0 T
— 11.0-12.0 B
— 1394 8 ]
B 14000 y ]
. 12.0 Norec.on |
o 4 40 12.0-13.0 intervals |
B 12.0-16.0 40 366 B 12.0-16.0, |
B 14000 y 16.0-200 |
B due to —
B 13.0 gravels ]
Bl 13.3 13.0-14.0 encounterd |
SILTY CLAY, brown, plastic, moaist, medium, 3048 CH @05, T
B w/ chert and manganese nodules, limonite 14000 y Original T
L—__ staining boring -]
14.0 abandoned |
Bl 14.0-15.0 andmoved |
B 210 approx. 6", |
B 12000 y Augeredto |
B 12.0'w/ ]
B 15.0 FSSAte |
[ 15.0-16.0 sealoff |
B 3408 zone. T
B 14000 y ]
- 16.0 i
SILTY CLAY, brown, plastic, moist, stiff, 5 4.0 16.0-17.0 cL Analytical ~ |
B w/ chert and manganese nodules, 5% 16.0-20.0 4.0 264 8 SampleNo. |
B limonite staining 14000 y BHKD3-16, |
B BHKD3-16- |
B 17.0 ARCH ]




SUBSURFACE

€~ - e LOG Page 3 of _4
Project Name _ Hematite Transport Factors Location Red Barn — Cistern Burn Pit Area
Client  Westinghouse Electric Company Boring No. BHKD3 Logged By _ T. Cathoun
) Sample # | Penetration ft/| . Field uscs
Lithology Overburden| ™ poi ™ | " Recovery ft S;r:;r;gg Classification
Elevation | Depth (ft.) Description Remarks
17.0-18.0 collected
— 208 8 16.0 - 20.0
[~ 16000 y @ 1134 hrs |
B Chain of
B 18.0 Custody
— 18.0-19.0 No. 105108 |
— 2128 7]
— 18000 y 7
[ 19.0
. 19.0-20.0 ]
— 190 B 7
B 12000y 7]
B 20.0 7]
— 6 4.0 20.0-21.0 ]
- 20.0-24.0 40 2348 ]
B 15400 y N
B 21.0 7]
[ 21.0-22.0 ]
— 222 B 7]
" 16000 y 7
T 220 Wet ~ 21.8' R
Nl 22.0-23.0 n
B 206 B T
B 14600 y 7
B 23.0 7]
e 23.0-24.0 Analytical
B 235 2108 Sample No.
SILTY CLAY, brownish gray, plastic, wet, 1100y CL BHKD3-23,
B medium, w/ 10% brown BHKD3-23-
B 24.0 mottling, w/ dolomite fragments ARCH T
e 7 30 24.0-25.0 collected
— 24.0-27.0 30 236 B 23.0-27.0
B —y @ 1142hrs |
N Chain of
B 25.0 Custody
— 25.0-26.0 No. 105108 |
- 1848 ]
[ —y No gamma
B Readings
a 26.0 o 24.0-27.0




SUBSURFACE
LOG

Page 4 of

4

——

Project Name __Hematite Transport Factors Location Red Barn — Cistern Burn Pit Area
Client Westinghouse Electric Company Boring No. BHKD3 Logged By __T. Calhoun
! Field
. Sample #/ | Pernetration ft./ N USCS
Lithology Overburden| >0 ™ | " Recovery ft. Sg:l:;;'s‘g Classification
Elevation | Depth (ft) Description Remarks
26.0-27.0
276 B
— Y =

27.0

TIIIIIIITIIIIIIIIIIllllll?lllllllllllr [N

Bottom of Hole 27.0' 7/29/03

|




SUBSURFACE

LOG Page _1 of _4
Project Name  Hematite Transport Factors Location Restricted Area # 1
Client Westinghouse Electric Company Boring No. BHKD4 Total Depth 30.0
City, State  Hematite, Missouri Surface Elevation
Project Type  Environmental Date Started 7/30/03 Completed 7/30/03
Supervisor Todd Calhoun Driller _Brian Fingers Depth to Water 28.0'  Date/Time __ 7/30/03 0925
Logged By Todd Calhoun Depth to Water Datef/Time
. Field
: Sample # | Penetration ft./ N uscs
Lithology Overburden Depth | Recoveryft. S;reemng Classification
esults
Elevation | Depth (ft.) Description Beta/
Gamma R
0.0 Ground Surface {cpm) emarks
[ GRAVELS (DGA), brown/gray, dry 1 40 0.0-1.0 Gw
B 0.0-4.0 3.0 3548 7
0.7 6000 y 7
B SILTY CLAY, brown, plastic, damp, medium, CL B
1.0 w/ manganese and chert nodules T
B 1.0-2.0 ]
240 B8 7
B 16000 y N
[ 2.0 T
~ 2.0-3.0 Analytical
~ 284 8 Sample No.
— 18000 y BHKD4-02,
- BHKDA4-02-
3.0 ARCH
3.0-4.0 collected
B 2248 2.0-14.0
- 18000 y @ 0936 hrs |
| . | Chain of T
_ 4.0 ' Custody
B 2 40 4.0-8.0 No. 105109 |
B 4.0-80 0.8 2948 7
B 16000 y 1
B 5.0 _]
B 6.0 T
}—- ——
B 7.0 -
B 8.0 T




SUBSURFACE

LOG Page 2_ of _4_
Project Name  Hematite Transport Factors Location Restricted Area # 1
Client _ Westinghouse Electric Company Boring No. BHKD4 Logged By T. Calhoun
; Field
. Sample #/ | Penetration ft./ . Uscs
Lithology Overburden Depth Recovery ft S;reemng Classification
esults
Elevation | Depth (ft.) Description Remarks
Moaist ~ 8.0’ 3 4.0 8.0-12.0
B 8.0-12.0 0.8 2628 7
» 16800 y N
. N
8.0
| i
10.0
’.— -
B 11.0 -
- .
- .
B 12.0 7]
. 4 4.0 12.0-13.0 =
12.0-16.0 35 3268 7
I~ 16600 y 7
B 13.0 7]
T 13.0-14.0 —
u 198 8 7
16000 y N
’,_- -
B 14.0 7]
N 14.0-15.0 Analytical j
|~ 846 B Sample No.
- 17000 y BHKD4-14, |
. BHKD4-14- %
15.0 ARCH ]
15.2 15.0-16.0 collected
| SILTY CLAY, brown, soft to medium plastic, 368 B CL 14.0-21.0
B moist, w/ manganese nodules, 15400y @ 0940 hrs |
B 10% limonite mottling Chainof |
16.0 Custody
5 4.0 16.0-17.0 No. 105108 |
16.0-20.0 4.0 254 8 1
| 13000 y
B 17.0 7]




SUBSURFACE

LOG Page 3 of _4
Project Name _ Hematite Transport Factors Location Restricted Area # 1
Client __ Westinghouse Electric Company Boring No. BHKD4 Logged By _ T. Calhoun
Lihol Overburden| SmPle # | Penetration ft/ SC':;z';’in USCs
ithology VeTOUICeN | pepth | Recovery e 9 | Classification
esuits
Elevation | Depth (ft) Description Remarks
17.0-18.0
[~ 2328 7
B 15600 y ]
~ 18.0 .
) 18.0-19.0 ‘1
256 B
15600 y .
b 19.0-20.0 -
— 268 7
17200 y 7]
20.0 7
- B 40 20.0-21.0 =
20.0-24.0 4.0 2548 '
15000 .
| Y ]
. 21.0 7]
A - -
B 21.0-22.0
258 7]
B 15200 y ]
B 22.0 iy
22.0-23.0 ]
2126 7
B 16400 y 7]
B 23.0 .
B 23.0-24.0 ]
23.5 244 B 7
B SILTY CLAY, grayish brown, moist, stiff, 16400 y CL 7
B plastic w/ manganese nodules, 7]
24.0 15% limonite staining Analytical
N 7 4.0 24.0-25.0 Sample No. |
B 24.0-28.0 3.0 260 B BHKD4-24, ]
16000 y BHKD4-24- |
B ARCH
B 25.0 A collected
z_' 25.0-26.0 24.0-30.0 |
A 226 B @ 0945 hrs
| 13000 vy Chain of
| Custody
26.0 No. 105109 |




SUBSURFACE

LOG Page _ 4 of 4
Project Name _ Hematite Transport Factors Location Restricted Area # 1
Client = Westinghouse Electric Company Boring No. BHKD4 Logged By  T. Calhoun
. Field
. Sample # | Penetration ft./ N USCs
Litnology Overburden Depth Recovery ft. S;reenmg Classification
esulis
Elevation | Depth (ft.) Description Remarks
26.0-27.0
2148
B 14000 y
[ 27.0
27.0-28.0
240 B
16200 y
-
B 28.0
Wet ~ 28.0° 8 20 28.0-30.0
B 28.0-30.0 1.0 218
14400 y
u 29.0
[ 29.6
sw

SAND W/ GRAVEL, gray, wet, dense,
30.0 gravels up to %"

Bottom of Hole 30.0' 7/30/03




SUBSURFACE

LOG Page _1 of _4
Project Name  Hematite Transport Factors Location Restricted Area # 2
Client Westinghouse Electric Company Boring No. BHKDS Total Depth 31.0
City, State _ Hematite, Missouri Surface Elevation
Project Type _ Environmental Date Started 7/30/03 Completed 7/30/03
Supervisor _Todd Calhoun Drifler _Brian Fingers Depth to Water 28.0' Date/Time _ 7/30/03 1105
Logged By Todd Calhoun Depth to Water Date/Time
) Field
. Sample # | Penetration ft./ . uUscs
Lithology Overburden Depth | Recoveryft. S;Zif;gg Classification
Elevation | Depth (ft.) Description Beta/
Gamma
0.0 Ground Surface {cpm) Remarks
SILTY CLAY, brown, sli-plastic to plastic, 1 4.0 0.0-1.0 CL
[ dry to damp, medium to stiff, w/ manganese | 0.0-4.0 3.0 498 § 7]
B nodules 16200 y 7
B 1.0 T
__ 1.0-20 Analytical
B 264 8 Sample No.
— 14600 y BHKD5-01, |
B BHKDS-01- |
2.0 ARCH, 1
B 2.0-3.0 BHKD5-01- |
B 284 8 PSA 1
B 12600 y collected
[ 1.0-12.0
3.0 @ 1113 hrs
| 3.0-4.0 Chain of
B 2026 Custody
B 14000 y No. 105109
B 4.0 1
| 2 4.0 4.0-8.0 ]
B 4.0-8.0 0.7 2058 B ]
| 21600 y
B 5.0 7
—
P_ 6.0 4
B 7.0 7
B 8.0 i




SUBSURFACE
LOG Page 2 of _4_

Project Name _ Hematite Transport Factors Location Restricted Area# 2

Client __ Westinghouse Electric Company Boring No. BHKDS5 Logged By T. Calhoun

Sample #/ | Penetration ft./ Field Uscs

Lithology Overburden Depth | Recoveryft S;l:&:gg Classification

Elevation | Depth (ft.) Description Remarks

3 4.0 8.0-9.0
8.0-12.0 25 10902 B
20000 v

8.0
9.0-10.0

B 362
14000 y

10.0
10.0-11.0

B 308 B
15000 y

- 11.0-12.0
L . 298 B
15400 y

12.0

SILTY CLAY, brown, damp to moist, 4 4.0 12.0-13.0 CH
medium plastic, w/ manganese nodules, 12.0-16.0 3.0 690 B
10% limonite mottling 17600y

13.0

13.0-14.0
316 B
15400 y

14.0

-
:.-_ 14.0-15.0
274 B8
15600 y
-

15.0

15.0-16.0
2388
15800 y

16.0

5 4.0 16.0-17.0

16.0-20.0 3.1 9588
18400 vy

17.0

IIIl'lIIllIJILIIlll’ll]LIllll_llJlLlllLlllllL




SUBSURFACE

e e LOG Page 3 of _4_
Project Name _ Hematite Transport Factors Location Restricted Area # 2
Client  Westinghouse Electric Company Boring No. BHKD5 Logged By _T. Calhoun
. Sample # | Penetration ft./ Fie'd. uscs
Lithology Overburden| “nejth | Recovery ft SLIeening | Classification
esults
Elevation | Depth (ft.) Description Remarks
17.0-18.0
B 282 B ]
B 16400 y
u 18.0 N
o 18.0-19.0 e
- 3268 7]
F 15200 y 7
B 19.0 i
SILTY CLAY, brown, moist to wet, 19.0-20.0 CL Analytical
B plastic medium, w/ manganese nodules, 3488 Sample No.
B 15% limonite mottling 14600 y BHKDS-19, ]
— BHKDS5-19-
— 20.0 ARCH, T
- 6 4.0 20.0-21.0 BHKD5-19- |
B 20.0-24.0 37 340 B PSA T
B 16600 y collected
B 19.0-24.0
B 21.0 @ 1123 hrs |
—" Wet ~21.0° 21.0-22.0 Chain of
B 278 8 Custody
: 18000 y No. 105109
B 22.0 _
B 22.0-23.0 ]
— 250 B ]
B 2256 15600 y 7
SILTY CLAY, brownish gray, moist to CL ]
[ 23.0 wet, plastic medium stiff, w/ 20% limonite .
:— mottling 23.0-24.0 =
N 226 8 j
14600 y
r_— -
B 24.0 7
r 7 4.0 24.0-25.0 —
B 24.0-28.0 31 284 8 1
B 15600 y T
- 25.0 T
T 25.0-26.0 =
" 258 B T
t 15200 y y
B 26.0 T




SUBSURFACE

c— T LOG Page 4_ of _4_
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Geotechnical Laboratory

Sh ™ PO Box 4339
aw 1570 Bear Creek Road

Oak Ridge TN 37830
Shaw E & l, Inc. 865/482-6497

CERTIFICATE OF ANALYSIS

Bill Tierney Septembei’ 11, 2003

Severn Trent Laboratories
13715 Rider Trail North
Earth City, MO 63045

This is the Certificate of Analysis for the following samples:

Project ID: STL - St. Louis
Project Number: 801576.01010000
COC/RFA No.: 114361

Date Received by Lab: September 3, 2003
Number of Samples: Six (6)

Sample Type: Soil

I Introduction/Case Narrative

Six soil samples were received by the Shaw Geotechnical Laboratory on September 11, 2003,
The samples were submitted for determination of particle-size distribution.

Please see Appendix A, Sample Number Cross Reference List; Appendix B, Analysis Results;
and Appendix C, Chain-of-Custody and Request-for-Analysis Records.

Reviewed and Approved:

A

Ralph Cole
Laboratory Manager, Geotechnical Services
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S:eve:'irr%ignt Laboratories Oak Rldg eTN
STL - St. Louis 865/482-6497

Project No. 801576.01010000

il Analytical Results/Methodology

REFERENCES: United States Army Corps of Engineers (USACE), Engineer Manual 1110-2-
1906, Laboratory Soifs Testing, appendix i, 1970; United States Environmental Protection
Agency, SW846, Test Methods for Examining Solid Waste, Physical/Chemical Methods, 3rd
ed., Nov 1986 (EPA SW-846). Annual Book of ASTM Standards, Section 4, Construction,
Volume 04.08, Soil and Rock {I), and Volume 04.09, Soil and Rock (11}, 2003.

Particle-Size Analysis Of SOIIS........cvvivveiveeiricreieee et er s arnrs e s e ASTM D 422
Laboratory Determination of Water (Moisture) Content of Soil and Rock............... ASTM D 2216

111. Quality Control

Quality control checks such as duplicates and spikes {QC samples), are not normally applicable
to geotechnical testing. This is due largely to the inability of obtaining samples with known
characteristics, the heterogenous nature of the sampies, and quality control procedures built-in
to the analytical method.

QC measures to ensure accuracy and precision of test results include the following:

« 100% verification of all numerical results - raw data entries, transcriptions and
calculations entered by lab technicians are checked, recalculated and verified. Most
data calculations are performed by computer programs.

+ Data validation through test reasonableness - summaries of all test results for individual
reports are reviewed to determine the overall reasonableness of data and to determine
the presence of any data that may be considered outliers.

Quality control procedures are built into most standardized geotechnical procedures. For
example, liguid limit and plastic limit analyses call for re-analyses and specify

acceptance criteria.

Routine instrument calibration - instruments, gauges and equipment used in testing are
calibrated on a routine basis. All instrument calibration follows ASTM or manufacturer

guidelines.

Maintenance of all past calibration records - calibration records and certification
documents of all instruments, gauges and equipment are updated routinely and
maintained in the Quality Control Coordinators Quality/Operations files.

Certified and trained personnel - all technicians are certified by the National Institute for
Certification of Engineering Technicians (NICET) in geotechnical soil testing, and are
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September 11, 2003 Laboratory
Bill Tierney .

Severn Trent Laboratories Oak Ridge TN
STL - St. Louis

Project No. 801576.01010000 865/482-6497

trained in the application of standard laboratory procedures for geotechnical analyses as
well as the guality assurance measures implemented by Shaw.

IV.Data Qualification

None.



APPENDIX D



Appendix D
Soil Properties vs. Depth

D-1



5.0

Soil pH
8.0 7.0 80

9.0

10 1

25 -

35

Soil pH vs depth in samples collected from the Hematite site for Kd measurements

—o—BHKD1
——- BHKD2
—A&— BHKD3
—>—BHKD4
=3=BHKDS
—8— BHKD6




Total organic content (g/kg)
10

1

10 1

25 -

30 -

35

—&—BHKD1
—&— BHKD2
—A—BHKD3
—3—BHKD4
=3e=BHKDS
—@—BHKD6




Depth (ft)

N
(=]

Total Fe in Acid-Digested Soil (g/kg)
10 15 20 25

L L

10

-
(4]

25 4

—4— BHKD1
—& BHKD2
—&— BHKD3
—>— BHKD4
=3¥=BHKD5
- BHKD6




Total Fe in Acid-Digested Soil (g/kg)
10 15 20 25

! ] i .

—4—BHKD1
——BHKD2
—A—BHKD3
—>—BHKD4
==BHKDS
—@— BHKD6

35




Westinghouse

DO-02-001

Hematite Former Fue]l Cycle Facility Decommissioning

TITLE: Historical Site Assessment
N

USERS: Decommissioning Staff

REVISION: 0

‘ I‘Owner ?/wuﬁ\ a(”m ﬂ Date:

, Karen Anii ¢ (a'g/
/QW> L— | Date:

Reviewer:

Phillip X, Mali

Director: / ) : Date:

Thomés H. Dent

35/20/03

5/'/ 2¢/03

/oo

(efféctiveéate)

Official Record Electronically Approved in EDMS 2000

This document is the property of and contains Proprietary Information owned by Westinghouse Electric Company LLC and/or its subcontractors
and suppliers. It is transmitted to you in confidence and trust, and you agree to treat this document in strict accordance with the terms and

conditions of the agreement under which it was provided to you.

Westinghouse Proprietary Class 2(R)
DO0-02-001, Rev. 0



REVIEW

Revision Change Effective Date
#
0 Initial Issuance 5/20/03

Are quality records generated? YES or NO If yes, list below.

Westinghouse Proprietary Class 2(R)
DO0-02-001, Rev. 0

i




Table of Contents

1.0 GLOSSARY OF TERMS, ACRONYMNS AND ABBREVIATIONS ......ccceiiniireeen 1
2.0 EXECUTIVE SUMMARY ...ootriiieiiictitineeieenentete e sansesseeeeseesneseensesesstesassessessessessessases 2
3.0 PURPOSE OF HISTORICAL SITE ASSESSMENT ......cocoevertieenteientcetennreessnesneeesveeens 2
4.0 PROPERTY IDENTIFICATION ......occeiierieriiierecteeseenaeeseeeenreeeeneesesmenseseesasessansasesasasseses 3
4.1 Physical CharaCteriStICS ...c.ceoeruerrermicreriirierenteteestesmetetees oo seeeesaeenm s seeeenesreseessnsaeenneans 3
A.1.T NEIME ..eeeiriiiceerrr ettt erreerrt e s te s s e e esbee e st e eabe e seateeseabeseeasseeeesntaasnesnaaessnnecesstens 3
4.1.2  LOCAHON .....ecvereerreeeinieeieetesinrsse e st e st e et et et e et a e e s st e b e e beeens e e eas e s et asseessaesseesaeeennees 3
4.1.3  TOPOBIAPNY ..ttt ettt ettt et sttt esae et se e re s s n et eraes 3
4.2 Environmental SEHHIE ......cocceceriermrieirrerereetee st rterteeee e e ste e reeteesae e st enesaesaeesesseenennees 3
421 GEOIOZY .. eeeereeerieeererrieeeenecrtretesee st eeeeettesteeesee e tes e estea e a e s saesnensssastesesatesenesaesanses 4
4.2.1.1 Site Specific Bedrock Stratigraphy......c.cccieeerireniersinserseeienneerrenneneneeseeseeessecns 4
4.2.1.2 Unconsolidated Sediments (Pleistocene and Quaternary) .......cccccceveecvervveereecreennee 5
422 HyYdAroZeOIOZY ...uceveeieceiinceeitrteee ettt ettt e st sre e e e st e see e e nee 6
4.2.3  HYATOIOZY .eveureeeeerenienteeeteeieerteitaseesteeeseeieeteesee st assansesate st esseeaeesnneessensaasessnesasseensesmees 6
424  WaALET SUPPLY weeveerererertiereerirtesteseeetestesseeeeeseessnese e s et seneesneeessee s rensaeanessatensensssesnee 7
4.2.5  MELBOTOLOZY ...uvrueeverrieruierecterenteteteeeesessesteeesereetasasseeseest e sans e st enee st saassesssatenseneensenses 8
5.0 HISTORICAL SITE ASSESSMENT METHODOLOGY ......cccvviiierereerircinanrereenseseneesaene 8
5.1 BoUNAAries 0f Site......ccccerinerreririinirtiieieenierteieete e tesestseesrsce e ste st eseetesssesaaasessensessanes 8
5.2 Documents REVIEWEA ...c...eecceriereiiiiiciircereneeceeeeraeaesences e s e eet e e st e saeseesesnesnnesneeeaneas 8
52,1 Sanbormn Maps ...ccoormiiiirrietcieencce ettt eee e s ne e 8
5.2.2 Regulatory Database SEarch .........cccocieeeriirceririeniieesceceriene et seessesae e eesre e 9
5.2.3 Aecrial Photography ReVIEW .........ocoiririiiiiiiiciin ettt 9
5.3 Personal IMEIVIEWS.....cccverieieeieiiiieiereeese ettt et stasa e s st e e be e see e st ssassessanaseeneesenn 11
6.0 HISTORY AND CURRENT USES ......coootitiirrirtrecietetresenrecreseeerstessesseestssassesseneesassnesees 11
0.1 HISTOTY i ieiterieieteer ettt ettt ettt st et s e e st e st e st e st e e s e et e e s st e saenseeanne 11
6.1.1  BUIIAl PItS...cuciiiiieiieectetenteeieec ettt e te st st ene s sae e s e e be s e s res st esensesaesaessesesanenes 13
6.1.2 Filtrate Disposal Evaporation Ponds.........cccccoveminrrenrnienicencnieeiirnnrsees e 14
6.1.3 Red Room, Item Plant and Related AT€as ........cccoovevveeeeicieiiei e 16
6.1.4 High Enrichment StOrage ATCas .......cceoverrereecreririrreriecrrerrcennreceerseeessnneessessessesensnees 16
6.1.5  Spent LIMEStONE.....coooeeruticiiiiiieeireeieeneticeessserriteessstaessteesastesesseessesesssasssssessreneesse 16
6.1.6 Building 101 Tile Bamm .....ccoviiiiieiieieciieereeieertenee et sseaeesee s ree e st esnesrassaaessesnsnas 17
6.1.7 Building 110 Office BUIIAING ...cveoiriiiirerieceiretecctrccere e 17
6.1.8 Building 115 Generator — Fire Pump building .......c..coccoveneeincinicinncenenccrennenees 17
6.1.9 Building 120 Wo0d BalT ......cccoooiiiieiieieceeeeieetecrtcree st eeeeeie e e e et e naessresreessnesnnaes 17
6.1.10 Building 230 ROd LOAAING.......ccceiiiiirieieeeieteieiecteetee e ae e e v snees 17
6.1.11 Building 231 WarehoUsSe.........ceovvieceiierieciicteetesreeceeseeeeieeseaeeree e seeseessassnsessnesaenes 17
6.1.12 Building 235 West VAUIL .....oooiioriiieieeeecieeteet ettt e e st nes e s ssaesanaas 17
6.1.13 Building 240 Recycle Recovery (Red Room, Green Room, Blue Room)................ 17
6.1.14 WEIL HOUSE......oeieeiiceieeniecitteeee et e et e st st e et e s e nnane s e smseneenaeeen 18
6.1.15 Building 252 South Vault .......coooiiiiiiiiririecieetece sttt eie e st n e ss e ssaeesae s 19
6.1.16 Building 253 OffiCe ..coveviriiiininiiieecestertrecertetetreere et es st ee 19
6.1.17 Building 254 Pellet P1ant ..........c.ooovvveirieniieiiietreeieereecrei et nnesess s eee e 19
6.1.18 Building 255 Erbia Plant...........c.ccoooiioiieieiieiieieeeeee et eeeae 19
6.1.19 BUILAINE 256.....cceeeiieuieierieeieiieieeete ettt ettt se s bae st e e st et e s be e esessebensesseneens 19
Westinghouse Proprietary Class 2(R) it

DO-02-001,

Rev. 0



6.1.20 Building 260 Oxide and Oxide Loading DockK ........ocovieeievcninccinccnininirieeeenenns 20

6.2 Current Land USAZE ......c.ccveieeeeiiieaiieiiieenrteceieesreeete s ssecaessseessseseasseseseaesnnnsessasassssneas 20
6.3 Adjacent Land USAZE.......ccccereeuiririieriereieete e reeeet e eent e e naeesseseeesseeteesaaassesaasnsnaseas 20
7.0 FINDINGS ...ttt eetr et e e e eette s eeeve s saeeessneeass e s saaasteeeneeesbaseasseesessnesssseensseensns 20
7.1 Potential ContaAmINANES ...coccviiriiieiereireeeee et eeceetteeeereeessreesssreeaesraeseesrnnessssaseseeesssnnnees 20
7.2 Potential Contaminated ATEaS.........covuiireeiirrieieereeeeireeeeeecteeeeeeeeseeeesveeeeeeeeenreesaesesrnsesenes 20
7.2.1  TMPACLEA ATCAS ..couvirreierrieeeriteieertetente st e st racetesaeeteestesteseesbteee s st ea st st e st st eeaeeaseeneens 21
7.2.2 NON-IMPACLEA ATEAS ..ceommeiirririiieiiieniiieeteeeenrest et eeee st sre st e st e se s nees 21

7.3 Related Environmental CONCEITIS ....ccceiuiieeeiieieiciitieeiireeeceteeeeeeeeeeeeeesennreeeennseeeeeannreeeas 21
7.3.1 Jurisdictional Wetlands and Surface Water ISSUES ........cceevrvreeceiveevieeereecee e, 21
7.3.2  SUIrface Water ISSUES.....ccoireiiiiiieeenee ettt ee e eette e et b e e s e breesesratteseeesnenes 21
7.3.3 Threatened and Endangered SPECIES .....uevvivirrerierierieerirrrrereeesnseesessneseassesseeesesssens 21

8.0 CONCLUSIONS ..ot ooeeetteeeriesrrreereeeseeesteeeesteeassseessaesssssesssessaeeastssesseesssnesessssessnresessssessnes 22
9.0 REFERENCES ... tooeeeteeeteeettr et e sttt eesrreett e eesneeessnaesssesstesssseeneeessneeessaesesssesasssessrsesssns 22
10.0  APPENDICES ...t ceteeecreeeeneeeereeeesseeesteseseeeesesesssessessnnesesesesssesessaeennessssseseses 23

Westinghouse Proprietary Class 2(R) il
DO0-02-001, Rev. 0



(7

@ Westinghouse HISTORICAL SITE ASSESSMENT

1.0

GLOSSARY OF TERMS, ACRONYMNS AND ABBREVIATIONS
ABB - Asea Brown Boveri

ACOE — Army Corps of Engineers

ADU — Ammonium Diurinate

AEC — Atomic Energy Commission

ASTM — American Society for Testing and Materials

CaF; — Calcium Fluoride

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
CE — Combustion Engineering

CSSG — Clay, Silty, Sandy Gravel

DA — Disassociated Ammonia

DSCC — Deeper, Silty Clay/Clay

EPA — Environmental Protection Agency

HEU - Highly Enriched Uranium

HF — Hydrofluoric Acid

Historical Site Assessment (HSA) — a detailed investigation to collect existing
information, primarily historical, on a site and its surroundings.

Impacted Area — any area that is not classified as non-impacted. Areas with a possibility
of containing residual radioactivity in excess of natural background or fallout levels.

FFCF - Former Fuel Cycle Facility

MDNR - Missouri Department of Natural Resources
MTR — Materials Test Reactors

N, — Nitrogen Gas

NHj; — Anhydrous Ammonia

Westinghouse Proprietary Class 2(R) 1
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@ Westinghouse HISTORICAL SITE ASSESSMENT

Non-Impacted Area — areas where there is no reasonable possibility (extremely low
probability) of residual contamination.

NRC - United States Nuclear Regulatory Commission
NSSSC — Near Surface Silt, Silty-Clay

PCE - Perchloroethylene

RI/FS — Remedial Investigation/Feasibility Study
SNM - Special Nuclear Material

TCE — Trichloroethylene

UF4 — Uranium Tetrafluoride

UF¢ — Uranium Hexafluoride

UO; — Uranium Oxide

UQO,F; — Uranyl Fluoride

U305 — Uranium Oxide

UNC - United Nuclear Corporation

2.0 EXECUTIVE SUMMARY

Throughout its history, Hematite’s primary function has been to manufacture uranium
metal and uranium compounds from natural and enriched uranium for use as nuclear fuel.
From it's inception in 1956 through 1974 the facility was used primarily in support of
Government contracts that required production of highly enriched uranium products.
From 1974 through the plant closure in 2001 the focus changed from Government
contracts to commercial fuel production plant. Over the lifetime of the facility there have
been six owners. Mallinckrodt, United Nuclear and Gulf United Nuclear owned the plant
for the government focused phase of operations. Combustion Engineering, ABB and
Westinghouse owned the plant during the commercial phase of operations.

3.0 PURPOSE OF HISTORICAL SITE ASSESSMENT

Westinghouse Proprietary Class 2(R) 2
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This Historical Site Assessment (HAS) compiles the existing information about the
Hematite Former Fuel Cycle Facility (FFCF) to describe the sites complete history from
the start of site activities to the present time. The primary objectives of this assessment
are to:

Identify potential or likely sources of contamination

Determine if the site poses a threat to human health and the environment
Differentiate impacted from non-impacted areas -
Provide input into scoping and characterization survey design

Provide an assessment of the likelihood of contaminant migration

4.0 PROPERTY IDENTIFICATION
4.1 Physical Characteristics
4.1.1 Name
The site is the Hematite Former Fuel Cycle Facility and is now owned by
Westinghouse Electric Co.
4.1.2 Location
The Hematite Facility is located at:
3300 State Road P
Festus, MO 63028
4.1.3 Topography
The Pleistocene terrace deposit has a surface topography that slopes gently to the
southeast eventually blending with the alluvial floodplain deposits of the Joachim
Creek, a tributary of the Mississippi River.
4.2  Environmental Setting
In 1997 general and Site specific information was gathered to create an understanding of
the geology and hydrogeology of the area. Major aquifers in the area as well as their uses
were identified. The bedrock structure and stratigraphic relations have been determined.
The unconsolidated sediments, their depositional environment, lithology and stratigraphic
relations have been determined. In 1998, a more thorough understanding of the
hydrogeology and geology at the Site was obtained as part of continuing investigations.
Westinghouse Proprietary Class 2(R) 3
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This section provides a brief summary of the geology, hydrogeology, hydrology and
provides some information regarding public water supply. There is a basic understanding
of the hydrogeology at the Site based on previous investigations: Leggette, Brashears &
Graham, Inc., 1998, (Ref. 1), Gateway Environmental Associates, Inc., 1997, (Ref. 2); a
few points are presented below. In the hydrology sub-section, a gross summary of
precipitation and stream characteristics is provided.

The Water Supply sub-section introduces the facts that nearby water users are supplied
by ground-water sources (wells) and no nearby public drinking water sources are known
to be from surface water sources. According to Westinghouse, Jefferson County Health
officials during a community relations interview, indicated they believe that some
shallow wells (10-20 feet) in Hematite may be producing from a sandy layer, which in
their opinion may be influenced by surface water.

4.2.1 Geology

The Site is on the north, northeast flank of the Precambrian age St. Francis
Mountains uplift, which created the Ozark Dome. Cambrian, Ordovician,
Silurian, Devonian and Mississippian age sedimentary formations of various
depositional environments are draped on the flanks of the Ozark Dome. The Site
is situated over these sedimentary formations. Based upon the “Missouri
Geologic Map, 1979” (Ref. 3) and the “Bedrock Geologic Map of the Festus 7.5
Minute Quadrangle Jefferson County, Missouri” (Ref. 4) the uppermost bedrock
beneath the Site is the lower Ordovician Canadian series, Jefferson City
Dolomite.

The Jefferson City Dolomite is described in Martin et al. (Ref. 5) as mostly light-
brown to medium-brown, medium to finely crystalline dolomite and argillaceous
dolomite. Chert, which is not abundant, is typically oolitic, banded, mottled or
sandy. Lithologic succession within the formation is complex and varies among
locations. The Jefferson City Dolomite, typically is 125 to 325 feet thick, is
bounded by the overlying Cotter Formation also mostly a dolomite, and beneath
by the Roubidoux Formation that is dominantly a sandy dolomite with lesser beds
of dolomitic sandstone and dolomite.

The indurated sedimentary rocks in this area dip gently and uniformly to the
north, northeast. There are no mapped or suspected faults within several miles of
the Site.

4.2.1.1 Site Specific Bedrock Stratigraphy

In 1956, Mallinckrodt Chemical Company installed an industrial water supply
well for the Plant, which was logged by a State of Missouri geologist. The
“Missouri Geological Survey and Water Resources Log No. 14993, 1956,” (Ref.
6) documents the bedrock stratigraphy encountered by the well. Unconsolidated

Westinghouse Proprietary Class 2(R) 4
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sediments are present to 35 feet below ground surface (bgs). The Jefferson City
Dolomite extended from 35 to 125 feet bgs, the Roubidoux Formation from 125
to 255 feet bgs, the Gasconade Formation from 255 to 470 feet bgs, the Gunter
Sandstone Member of the Gasconade Formation from 455 to 470 feet bgs and the
Eminence Dolomite, from 470 to the total depth of the well, which is 600 feet bgs.

4.2.1.2 Unconsolidated Sediments (Pleistocene and Quaternary)

The Site is positioned in the valley of the Joachim Creek, which has incised into
the surrounding Cotter and Jefferson City Formations. During late Pleistocene
glacial regression, terrace units were deposited in the Joachim Creek valley.
These units are chiefly derived from loess and colluvium. Later during the
Holocene, alluvium was deposited in the Joachim Creek valley.

The Reference 4 describes the Holocene alluvium as clay, silt, sand and gravel
chiefly derived from local loess and colluvium. Colluvium is described as a
mixture of residuum, from fines to cobbles, and loess that is moving down slope
as a result of slope wash and gravity. Colluvium accumulates at the base of valley
slopes and in large valleys washes onto the floodplain, blending with the
alluvium. Terraces typically contain lenticular beds of sand and gravel
interbedded with silt and clay.

Several subsurface investigations within the terrace deposit at and near the Plant
have produced geotechnical and geologic information, which allows a general
stratigraphic interpretation to be made.

The more comprehensive geologic investigation performed in 1998 and 1999
greatly refined the knowledge of the unconsolidated subsurface. The study
supported the concept of a sand/gravel unit present in the subsurface above the
uppermost bedrock unit. Soil collected during the drilling process was analyzed
for physical properties (i.e., permeability, coefficient distribution, etc.) and/or
chemical laboratory parameters. Generally, the geologic information collected
during this investigation corroborated geologic data obtained during previous
studies. Specifically, five unique hydrostratigraphic units are located beneath the

Plant portion of the Site:

. a near surface silt, silty-clay (NSSSC);

o a fat clay;

o a deeper, silty clay/clay (DSCC);

U a clayey, silty, sandy-gravel (CSSG) sometimes later in this document is

referred to as the sandy-gravel unit; and
The Jefferson City Dolomite.
Roubidoux Formation

Westinghouse Proprietary Class 2(R) 5
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4.2.2 Hydrogeology

Reference 1 characterized the near-surface hydrostratigraphic units at the Site. In
that investigation, two ground-water monitoring wells were generally installed at
each location to serve the purposes of discrete geologic unit mapping and
sampling and to provide vertical hydraulic gradient information.

As part of the hydrogeologic studies, single-well hydraulic conductivity tests were
performed to characterize the horizontal hydraulic conductivity of distinct
geologic horizons. From these tests, the average hydraulic conductivities of the
unconsolidated materials above bedrock were found to be 3 x 10-5 cnm/sec and 8 x
10-4 cm/sec for the NSSSC and DSCC units, respectively. Single-well testing of
the Jefferson City Dolomite showed a hydraulic conductivity of 8 x 10-4 cm/sec.
Fracturing and other features causing secondary porosity and permeability in the
rock affect the hydrogeologic characteristics of the Jefferson City Dolomite and
other bedrock formations. The primary permeability of the bedrock (i.e., through
the solid rock matrix) is measured to be low, thus, slow ground-water velocity
would be predicted. However, ground water flowing discretely through fractures,
partings, or other secondary permeability features may do so at a much higher
velocity. The size, density, and orientation of these fractures and partings
determine the effective hydraulic conductivity of the bedrock.

Potentiometric surface (ground-water elevation) maps were constructed for the
NSSSC, DSCC, and Jefferson City units to determine ground-water flow direction
and hydraulic gradient. In the NSSSC unit, ground water flows to the northeast
and southeast. In the DSCC and Jefferson City units, ground water flows to the
southeast. Recent work shows the Roubidoux Fm.’s pieziometric surface as also
indicating southeast flow direction. The orientation of the fractures and other
secondary permeability features influence ground-water flow directions and
gradients in the Jefferson City and other bedrock formations.

In 2002, responding to the need for more hydrogeologic data prompted by the
discovery of trichloroethylene (TCE) contaminated private domestic wells,
additional drilling and characterization was accomplished, adding to the
hydrogeologic body of knowledge. That information is summarized in the Site
Remedial Investigation/Feasibility Study (RI/FS) Work Plan (Ref. 7).

4.2.3 Hydrology

The “Missouri Water Atlas, 1986” (Ref. 8) was referenced to determine local
stream characteristics. The Atlas shows that Joachim Creek, located along the
southeast Site boundary, is a permanent flowing stream. There are several other
surface water features present on the Site, including a spring, intermittent
perennial and ephemeral streams, a lake and ponds.

Westinghouse Proprietary Class 2(R) 6
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* The Site Spring flows an estimated 1 to 10 gallons per minute (gpm) most
of the year. The spring is likely a result of fracture flow in the Jefferson
City-Cotter Formation, which receives its source water in the hills
northwest of the Site.

. The Site Pond is a small concrete dam impoundment southwest of the
Plant. It receives flow from the Site Spring and storm water runoff from
the Plant area.

. The Site Creek is the effluent from below the dam of the Site Pond that
receives discharge from the sanitary and storm water system. It flows
through a culvert beneath the railroad track and joins the effluent from the
Lake Virginia drainage basin.

. Lake Virginia/Site Creek combined tributary flows east to the Joachim
Creek.

o The Northeast Site Creek flows southeast to the east of the Burial Pits and
then east to its confluence with the effluent of East Lake tributary, then to
the Joachim Creek.

o East Lake east of the Site is an earth impoundment lake used as a water

supply for cattle. It is reported to never have been used in conjunction
with Plant operations.

o North Lake Tributary is the effluent drainage from North Lake and North
Tributary. This tributary crosses the terrace, west of East Lake.

. North Tributary is an intermittent stream west of North Lake.

Quantitative data regarding flow quantity, duration, peak discharge, etc. is not
available for all of these features. However some observations can be made.

. The Site Spring flows virtually continually.
The ponds and lake on the Site hold water year round. (Flow is measured
at the dam of Site Pond and reported quarterly to the Missouri Department
of Natural Resources (MDNR) Water Pollution Control Program.)

. The streams flow intermittently.

. The Joachim Creek is perennial.

4.2.4 Water Supply

Water for the Plant is supplied by a well located north of Building 253 within the
fenced manufacturing area. Up to 36,000 gallons were withdrawn from this well
daily. Well water is stored in an elevated 200,000-gallon tank and distributed as
needed within the plant, primarily for process water.

According to “Water Resources Report 30, 1974” (Ref. 9) domestic and industrial
water wells in the vicinity produce water from the Powell - Gasconade aquifer
group which includes the Jefferson City Dolomite, the upper most bedrock unit at
the Site. Wells in the area, may intersect the Jefferson City Dolomite if it is
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present, but presumably do not derive significant quantities of water from it due to
its poor storativity.

There are no public water supply intakes on Joachim Creek. According to an
Environmental Protection Agency (EPA) field investigation report (1990)
“Preliminary Assessment, Hematite Radioactive Site, Hematite, Jefferson County,
Missouri, 1990” (Ref. 10) most of the residents of Hematite receive their drinking
water from Rural Water District #5. The report also states that surface water is
not used for drinking within at least a four-mile radius of the Site.

Meteorology

The “Missouri Water Atlas, 1986” (Ref. 8) was referenced to determine local
precipitation. The area receives an average of 38 inches of precipitation per year,
with 12 inches of average annual runoff. The maximum 10-day event expected
precipitation is 9 inches in a given 25-year event.

HISTORICAL SITE ASSESSMENT METHODOLOGY

Boundaries of Site

The property consists of approximately 228 acres, of which eight have most recently been
used for operations. The facility is located on Missouri State Road P, between the hills to
the northwest and a terrace/floodplain of Joachim Creek.

Documents Reviewed

Specific actions regarding the historical review include:

Review of the burial area records,

Review of plant survey data and environmental monitoring data,
Review of plant files regarding regulatory action and license history,
Review of plant files regarding spills and leaks,

Review of pre-construction survey records, and

Review of historical plant photos taken during construction activities.

In addition to this internal records review, fire insurance maps, environmental regulatory
database and aerial photographs were reviewed. Below is a summary of the various
sources of public record historical information reviewed in addition to the pertinent
information from the review.

5.2.1

Sanborn Maps
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Sanborn Fire Insurance Maps are comprised of fire risk information for various
years from the late 1880s to present. The maps when available illustrate historic
Site features, usage, and potential hazards. An attempt was made to acquire the
Sanborn Fire Insurance Maps for the facility however according to Environmental
Data Resources, owner of the Sanborn Map Company, Sanborn Fire Insurance
maps were not published for this area.

5.2.2 Regulatory Database Search

Federal and State environmental history records relating to the Site and
surrounding properties were reviewed. These records provide information on
whether environmentally regulated or hazardous materials may have been
improperly handled, stored or disposed at or near the Site.

The Federal and State record review was accomplished through a computer
database (EDR, Inc.) search of facilities that appear on lists generated by federal,
state and local governments. The review also considered sites surrounding the Site
to a distance specified in American Society for Testing and Measurements
(ASTM) Standard E 1527-00 (Ref. 11). The database identified no facilities
within the specified query area.

5.2.3 Aernial Photography Review

Readily obtainable, high to medium altitude, black and white aerial photographs
provided by Westinghouse, the United States Geological Survey and obtained
from private sources were reviewed. These include the following years: 1937,
1954, 1956, 1959, 1960, 1962, 1966, 1971, 1973, 1974, 1975, 1978, 1980, 1986,
1990, 1991, 1993 and 1996 (Ref. 12). The available photographs were for a
specific day in each of the above-referenced years. The purpose of the review was
to discern visible evidence of potential environmental conditions on the Site, or
contiguous areas.

In 1937 the Site contained the two existing barns in the northwest portion of the
site. At least one residence and related outbuildings were located immediately
southwest of the Site Pond, fronting the eastbound lane of State Highway P.
Areas north and south of the railway easement, south of State Highway P, were
cultivated. The Northeast Site Creek located immediately northeast from the
current plant appears to have been straightened. Some trees lined the intermittent
tributaries of Joachim Creek, and were dense along those tributaries south of the
rail line. A fenceline and unimproved road were noted trending south-southeast
from the highway, immediately southeast of current East Lake and northeast of
North Lake tributary.

In 1954 one or two small structures were observed immediately south of the
north-most barn. A fence was apparent around the south portion of the north-
Westinghouse Proprietary Class 2(R) 9
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most barn. A south-southeast trending unimproved road located immediately
northeast from the existing plant, originating from State Highway P, crossed the
rail line and terminated near Joachim Creek. Agricultural activities were noted
in the vicinity of the current Plant and immediately south of the rail line. A
potential fence line was observed south, and parallel to, the rail line. The
southeast-trending unimproved road near the East Lake extended southeast of the
rail line terminating near Joachim Creek.

In 1956, grading activities associated with construction of the plant facilities
were observed. Disturbed or graded areas were observed northeast of the new
plant structure, between the unimproved road and the Northeast Site Creek. Two
plant structures were apparent in the 1959 photograph. The unimproved road
located northeast from the Plant is no longer discernible in 1959, although a
fenceline may have been installed in its place. Scrub vegetation is noted northeast
of the Northeast Site Creek. This portion of the Site between the Northeast Site
Creek and the Residence (south of Highway P) did not exhibit row crops for the
remaining photographs reviewed. A footpath or potential surface drainage
channel was noted trending southwest from the plant, toward the Site Pond.
Grading or disturbed areas were observed on both sides of the Site Pond.
Construction of Lake Virginia was noted north from the Site.

In 1960, the parcel south of the rail line contained scrub vegetation and did not
exhibit row crops for the remaining photographs reviewed. A darkened circular
area, potentially a small body of standing water, is located east of the Site Pond,
southwest of the Site structure. In 1962, three disturbed areas or areas of
distressed vegetation were noted immediately northeast of the fence line (former
unimproved road), southwest of the Northeast Site Creek.

In 1966, sedimentation or a disturbed area was observed in the north portion of
the Site Pond. The Site Pond appeared dry. A disturbed area, larger than that
identified in the 1962 photograph, was noted immediately northeast of the fence
line located between the Site structure and the Northeast Site Creek. A structure
or trailer was noted in the center of the disturbed area. Excavated or disturbed
areas consistent with the current locations of the evaporation ponds were noted
immediately south of the plant. The East Lake had been constructed and was
apparent northeast. In 1971, the four or five structures noted southwest of the
barns were no longer visible. An unimproved, northeast-trending path or trail was
observed southeast of the rail line. Water was discernible within the evaporation
ponds.

In 1973, a disturbed area was noted immediately southwest of the Site Creek, east
of the Highway. Disturbed areas were also noted immediately south of the rail
line, and near existing monitoring well WS-16. Circular tracks, indicative of
cattle feed areas, were evident immediately east of the East Lake. No significant
changes or features were observed in 1974. In 1975, distressed vegetation was
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noted immediately northeast from the plant, southwest of Northeast Site Creek. A
small disturbed area was observed south of the Plant, immediately north of
Joachim Creek. Construction of Missouri State Highway A was apparent east of
the Site.

The 1978, 1980 and 1986 aerial photographs were taken from high altitudes
limiting detailed assessment; however, changes or significant features were not
observed. In 1990 and 1991, disturbed areas were noted northeast of the Site
Plant, southwest of North Site Creek, and southwest of the barns. These areas
may be associated with limestone gravel that was reportedly placed in similar
locations. An unimproved access road from Highway P to the area northeast of
the Plant was discemnible. The 1991 photograph shows road and other
construction associated with the water storage tank located in the north portion of
the Site, north of Highway P. In 1993, the Site and immediate vicinity appear
essentially as viewed today. No change was noted in 1996 from the 1993 photo.

Personal Interviews

Subsequent to the Westinghouse acquisition of the Hematite facility, numerous
interviews have been conducted with former employees regarding the historical
operations. Information, gathered during these interviews in addition to on-site document
reviews of Site conditions, was used to describe the Site's complete history from the start
of activities to the present time.

HISTORY AND CURRENT USES
History

Throughout its history, Hematite’s primary function has been to manufacture uranium
metal and uranium compounds from natural and enriched uranium for use as nuclear fuel.
Specifically Hematite was primarily used to convert government-owned and leased
uranium hexafluoride (UF¢) gas of various U-235 enrichments to uranium oxide, uranium
carbide, uranium dioxide pellets and uranium metal. These products were manufactured
for use by the federal government and government contractors and by commercial and
research reactors approved by the Atomic Energy Commission (AEC). Research and
development was also conducted at the Plant, as were uranium scrap TECOVETY ProCesses.

In 1955 Mallinckrodt Chemical Works purchased the parcel of farmland on which the
plant sits. The Plant became operational in July of 1956 producing uranium for use in the
navy nuclear fuel program. Mallinckrodt Chemical Works operated the facility until
approximately May of 1961 at which time ownership was transferred to the United
Nuclear Corporation (UNC). UNC provided uranium products to the federal
government.
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In 1970, UNC and Gulf Nuclear Corporation entered into a joint venture forming, Gulf
United Nuclear Fuels Corporation (Gulf) which owned and operated the facility until the
spring of 1973 when UNC closed the plant and began decommissioning. Combustion
Engineering Inc. (CE) purchased the Property in May of 1974. In 1989 Asea Brown
Boveri (ABB) acquired the stock of CE and began operating the facility as ABB
Combustion Engineering. In April of 2000, Westinghouse purchased the nuclear
operations of ABB which include the Hematite facility.

During the period prior to CE’s purchase of the Facility in 1974, government projects
dominated the operations on Site. During this time period the government owned all the
national uranium supply and leased it to facilities as needed. In order to obtain uranium,
even for government projects, a facility had to submit a request for allocation to the AEC
describing the amount and enrichment of uranium needed. A review of the requests for
allocation from 1959 through 1966 (the only such documents located to date) indicates
that approximately 7,576 kg of uranium was requested for government-related projects
and 1,887 kg of uranium was requested for commercial projects.

Much of the work on behalf of the government at the Site was classified, and therefore
specific details regarding the exact nature of the processes are not known. Generally, the
government work began under Mallinckrodt’s supervision and then dominated Hematite
production during the ownership and operation of UNC. Examples of government
projects during this time include:

production of uranium metal for nuclear submarines and a D1G destroyer reactor;
the supply of specialized uranium oxides for the Army Package Power Reactor;

. the supply of high enriched oxides for a General Atomics’ gas-cooled reactor in
Fort St, Vrain, Colorado;

. the production of highly enriched metal for materials test reactors (MTR) utilized
by the Navy;

. the supply of uranium-beryllium pellets for use in the “SL-1" reactor;

the production of high enrichment uranium zirconia pellets for the Shippingsport
naval reactor under contract to Bettis Laboratory;

o and the production of highly enriched oxides to General Atomics for use in the
NERVA nuclear rocket projects.

Hematite also contracted directly with Oak Ridge AEC office and other government
contractors for the recovery of uranium from scrap materials. Scrap recovery projects at
Hematite included the recovery of uranium from scrap generated by a variety of Navy
projects and CUNO filter scrap generated by the Aircraft Nuclear Propulsion program.

Although the physical design of the Plant was modified over the years, certain areas of
the Plant were dedicated to particular production processes as well as certain types of
work (i.e., low enrichment processes versus high enrichment processes). For example,
Building 240 was historically dedicated to the chemical conversion of uranium into
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compounds, solutions, and metal. Building 240 was further divided into areas for high
enriched and low enriched uranium processes: the “Red Room” (area 240-2) containing
high enriched conversion processes and the “Green Room™ (area 240-3) containing low
enriched conversion processes and high enriched scrap processing. The Red Room was
specifically used for the reduction of UFg to uranium tetrafluoride (UF,), the conversion
of UF, to uranium metal, high enriched uranium scrap recovery, and other chemical
conversion processes using high or fully enriched uranium.

Building 255 of the Plant was used for the fabrication of uranium compounds into
physical shapes. Again, this building was segregated into areas of high enrichment and
low enrichment, with area 255-2 containing the low enrichment pellet plant and area 255-
3 containing the “Item Plant.” The Item Plant work was classified and products coming
out of the Plant were referred to only as “items,” and thus, the area received its name as
the Item Plant. The Item Plant was dedicated solely to classified government-related
work and specifically Navy fuel production work. The Item Plant was specifically
designed to process uranium dioxide into a Navy fuel product. Other activities within the
Plant included the blending of uranium oxide (UO;) with other chemical compounds.

Other areas of the Hematite Facility were used for storage, and again were separated
primarily by degree of enriched material or product stored. High enrichment storage
areas included Buildings 235, 250, and 252. Also, high enriched scrap was held in an
outdoor, fenced 75' x 120" area to the south of the Plant.

6.1.1 Burial Pits

Beginning no later than 1965, and perhaps as early as 1958 or 1959, and
continuing at least until November of 1970, on-site burial was used as a means of
disposal of contaminated materials and wastes at Hematite. From 1965 until 1971
up to 40 large unlined pits were dug east of the Plant buildings. These pits were
used to dispose of materials and waste generated by the Plant processes. This on-
site burial was a formally authorized activity, conducted pursuant to a policy and
memoranda describing the size and spacing of the pits, the thickness of the cover,
and the quantity of radioactive material that could be buried in each pit. Copies of
two United Nuclear Corporation Memoranda regarding burial of residues and
contaminated material are attached in Appendix A.

UNC and Gulf maintained detailed logs of burials for the period of July of 1965
through November of 1970. A copy of excerpts of the Hematite burial logs is
attached hereto as Appendix B. Each entry contains a date, a verbal description of
the waste buried, the weight of the uranium measured for that waste and a
cumulative total of the uranium buried in that particular pit. Some entries also list
percent enrichment for the uranium.

The logs show a wide variety of wastes being buried in the pits. Although the
number of entries is too great to include, some examples of entries include: Tile
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(Red Room floor); Contam. 5 gal. Endshake oil; B.D. Chlorotherm; 97% Acid
H,); R.S. oil; UO, THO, Paper Towels; Unknown Oil; R.S. Acid Insoluable;
Mixed Acid Residues; MB Rafinate Sample bottles; Bottle unknown organics;
Pickling Solution; 1 Drum of TCE #930 unknown enr; vac. Oil; KOH
Insoluables; press oil; pentachloride from vaporizer; Used Magnorite; Perclene;
TCE u. metal wash; chlorothene — can cleanup; TCE Rags; Oily rags from Item
floor; NbCls vap. Cleanout; Item 51 Poison equipt.; and TCE-Oil-Rags.

No records of burials exist prior to July of 1965. However, an untitled
memorandum has been located indicating that burial pits may have been used as
early as 1958 or 1959, and that as many as three or four pits were used each year
prior to 1965 (Appendix C). Accordingly, it is estimated that an additional 20-25
pits may exist for which there are no records. There is no information to indicate
the nature of the material buried in these other pits.

On-site burial of radioactive material was terminated in November of 1970 as a
result of an AEC citation issued for failure to adhere to revised AEC regulations
concerning the quantity of material which could be buried on-site. It appears
though that Gulf did not cover the final pit until 1974 when it sold the property.

There has been no substantial investigation or analysis of the extent of the
contamination of the pits and the surrounding area. Rather, the pits remain in
substantially the same condition as when Gulf ended on-site burial activity in
November of 1970.

6.1.2 Filtrate Disposal Evaporation Ponds

The Hematite Plant has two former filtrate disposal evaporation ponds that were
also used for on-site disposal of low-level contaminants and both high enrichment
and low enrichment uranium materials. The two ponds consisted of a primary
pond and a larger secondary/overflow pond. When constructed, the ponds were
excavated to a depth of 3 feet, 4 inches and the soil removed was used to
construct a 1 % foot high berm around each pond. The ponds were then lined
with a 6 inch bed of 3 inch diameter rock, followed by a 4 inch bed of % inch
diameter rock. The original size of the primary pond was 30 feet by 40 feet and
the secondary pond was 30 feet by 85 feet. Twelve feet separated the two ponds.

The Evaporation Ponds were primarily used for the disposal of low level liquid
wastes containing insoluble uranium bearing precipitates and other solids. The
precipitates and solids were allowed to settle and the water evaporated naturally.
As additional liquids were added to the primary pond, the overflow flowed
through a pipe into the secondary pond. The ponds were originally built to
receive filtrates from the low enriched ammonium diurinate (ADU) conversion
facility, but were later used for the disposal of both high and low enrichment
recovery waste liquid. The logs from the burial pits also contain a number of
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entries reflecting disposal of various materials in the Ponds. Examples of such
entries include: Filtered Perclene; Liquid from Sump; TCE from Metal Wash;
Filtered Reactor Cleanout; Filtered KOH Solution; Acid Water Cleanup; HCI
Solution; TCE Cleanup; Oil from Vac. Pump; Mop Water; TCE and Oil; TCE (u.
Metal Wash); Acetic Acid & H,O; H,O and Perclene; Filtrate; Nitric Acid Wash
Water; and Pickling Hood Cleanup. Entries documenting this disposal are located
in the logs in Appendix B.

Immediately after CE purchased the Plant in 1974, use of the Ponds was curtailed
so as to allow only disposal of spent potassium hydroxide scrubber solution from
the uranium dry recycle process and liquids from startup testing of the wet
recovery process. Use of the ponds was discontinued altogether in September
1978. Following the discontinued use of the ponds, 700 ft* of sludge was pumped
out of the primary pond on October 1979. The sludge was dried and shipped to
licensed burial during 1982, 1983 and early 1984.

Formal decommissioning and decontamination efforts were undertaken in 1984,
as specified and ordered by the U.S. Nuclear Regulatory Commission (NRC) in a
March 8, 1984 letter (Ref. 13). In response, CE submitted a decommissioning
plan to the NRC by letter dated May 31, 1984 (Ref. 14) (Appendix D). The NRC
approved the plan by letter dated October 3, 1984 (Ref. 15). As a result of the
1984 decontamination approximately 2,800 ft* of sludge, rock and dirt was
removed from the primary pond in August 1985. Detailed sampling of the
primary pond was performed during the period of August through October 1986.
Additional sampling, following the remediation effort, determined the average
contamination of the soil in the ponds was below the 250-pCi/g decontamination
limit set by the NRC. However, contamination levels in excess of the average
limit remained.

In a status report dated May 20, 1988 (Ref. 16) to NRC, CE provided further
information concerning the remediation of the ponds. CE reported that core
samples from the sides and bottom of the primary pond were taken and analyzed.
The samples revealed an average contamination of approximately 60 pCi/g, with
one sample as high as 674 pCi/g. Approximately 1,200 cubic feet of soil and rock
was also removed from the secondary pond during 1987, and detailed surface soil
samples were taken. The average contamination from these 150 samples was 173
pCi/g, and the highest reported level was 745 pCi/g.

During the period of 1991-1992 CE commissioned a contractor to plan and
execute a soil and water study of residual contamination in the ponds. The results
of this study were not consistent with the previous analyses. Rather, in this
testing, the near surface soil samples from both ponds showed higher total
uranium activity and further remediation of this area appears likely.
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6.1.3 Red Room, Item Plant and Related Areas

Because these areas were used for high enrichment fuel production processes
from at least the 1950’s to the early 1970’s they are highly likely to contain
nuclear contamination above currently applicable limits. In fact, these areas were
identified as contaminated or “hot” areas during the transition of ownership of the
Plant from Gulf to CE in 1974. At that time, partial decontamination was
undertaken. Specifically, equipment was removed, duct work and exhaust fans
were removed, the floors were scarified and both rooms were vacuumed, steam
cleaned and painted. In the Red Room, three inches of concrete was added to the
floor and the roof was removed and supposedly buried on-site. However, these
decontamination efforts, although acceptable at the time are probably not in
compliance with current regulations for free release. Moreover, additional
contamination has been identified in the areas under the Red Room floor and
immediately outside the Red Room.

6.1.4 High Enrichment Storage Areas

Three buildings, as well as an outside area at the Plant, have been identified as
potentially contaminated storage areas. Specifically, Building 250 (159 ft. by 20
ft., housing up to 600 storage units) in the center of the Plant was used for high
enriched filter storage and high enriched UF¢ cylinder storage. Building 252 (41
ft. by 50 ft), to the south, contained up to twelve sets of storage racks, five shelves
high, used to store high enriched finished products and waste. Building 235 (20
ft. by 37 ft.) was also used to store high enriched product and waste in a similar
fashion. The outside storage area (75 ft. by 120 ft.) was used as a high enriched
scrap holding area.

6.1.5 Spent Limestone

The Hematite plant used crushed limestone rock chips in dry scrubbers to
facilitate the removal of hydrogen fluoride from off gas streams associated with
the UFs to UO;, conversion process. The limestone chips are partially converted
to calcium fluoride in the scrubbers and the waste limestone chips are referred to
as “spent limestone.” After removal from the scrubbers, the spent limestone was
tested to determine the level of radiological activity.

Prior to 1979, all spent limestone with radiological activity below 100 dpm/100
cm’® was quarantined in a pile located in the southeast corner of the current fenced
in area of the plant. Since 1979, all spent limestone with radiological activity
below 100 dpm/100 cm?® has been used, with NRC approval, as onsite landfill,
while spent limestone with activity greater than 100 dpm/100 cm® has been
quarantined in piles in the southeast corner. All spent limestone with greater than
1,000 dpm/100 cm? activity has been sent to a licensed burial facility. Sampling
and testing of the material has been performed periodically, revealing uranium
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contamination concentrations in the piles and the soils adjacent to and/or beneath
the piles.

6.1.6 Building 101 Tile Barn

The Tile Barn formerly functioned as the emergency operations center. The
building has been used to store both clean and radiologically contaminated
equipment.

6.1.7 Building 110 Office Building

No work with radioactive or chemical compounds was reportedly undertaken in
this building.

6.1.8 Building 115 Generator — Fire Pump building

A diesel-powered emergency generator was located in this building. No work
with radioactive materials was performed in this building. A 600 gpm diesel fire
water pump currently remains in the building.

6.1.9 Building 120 Wood Bam

The wood barn has been used to store both clean and contaminated equipment.
The floor is dirt and may have residual contamination in low concentrations.

6.1.10 Building 230 Rod Loading

Finished pellets (standard, erbium and gadolinium) were loaded into fuel rods and
assemblies for shipment offsite from Building 230. This building was built circa
1992.

6.1.11 Building 231 Warehouse
Building 231 was used to store shipping containers. Some shipping container
refurbishment was performed in this area. A small potential for UO,
contamination exists.

6.1.12 Building 235 West Vault
The West Vault was most recently used to store depleted and natural uranium. It
was historically used to store high-enriched uranium. The interior of the building

was painted in 1994 and contamination may be present under the paint.

6.1.13 Building 240 Recycle Recovery (Red Room, Green Room, Blue Room)
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This building contains laboratory and maintenance areas, a recycle recovery area,
a waste incinerator area and the former Health Physics laboratory. Support-
operations were conducted for conversion, pelletizing and fuel assembly including
material recycle, scrap recovery, cylinder heel recovery, quality control and
analytical laboratory, maintenance, waste consolidation and disposal preparation.
This building was integral to the historic operations of the facility. Past
operations included the conversion of HEU using a wet conversion process and
wet recovery of scrap. The effluent streams were piped to the retention ponds for
settling and evaporation. The pipe system is likely to contain HEU. Numerous
spills and leaks likely occurred in these areas and parts of the slab were repoured
in 1974 over some existing contaminated flooring. Additionally, sub slab
contamination was found during the 1989 construction of Building 253.

Building 240-1 currently houses the Health Physics and production laboratories,
lunchroom and laundry for radiologically contaminated PPE. It historically
housed the lunchroom, offices, locker rooms and laundry.

Building 240-2 (Red Room) was used for recycle and recovery operations. It
historically included high enriched powder and metal operations, including
recycle and recovery.

Building 240-3 (Green Room) is currently used for the incinerator and associated
support operations. It historically included low-enriched powder operations,
including ADU and oxidation/reduction furnaces.

Building 240-4 (Blue Room) currently houses the maintenance shop. It also
housed the production laboratory until 1993 when it was moved to 240-1. It
formerly housed low-enriched powder operations.

6.1.14 Well House

The Well House is the block building attached to the potable water tank by the
double doors into the laundry room. Currently, chlorinating of potable water
occurs in the building using sodium hypochlotite (bleach), and the tank marked
"potable water" is used to ensure appropriate contact time. This building and the
attached tank are connected to the 200,000-gallon gravity tank on the hill across
State Road P, whose elevation creates a 50-psig static head throughout the system.
A pressure switch in the well house automatically activates the well pump when
static pressure drops below 50-psig.

Formerly, the existing chlorine contact tank was used as a pressure tank to create
the static head by adding nitrogen as necessary. That operation ended when the
gravity tank was built in 1991. The Well House formerly contained a mop water
boil-down tank immediately east of the chlorinating tank with a storm drain under
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the tank for overflow. The boil-down tank was eliminated around 1993 and the
storm drain was capped with concrete.

6.1.15 Building 252 South Vault

The South Vault was used for storage of low and high enriched nuclear material.
It was most recently used for storage of chemicals and low level radioactive
wastes.

6.1.16 Building 253 Office

This building contains offices, various Site utilities, storage of uranium,
processing areas and decontamination facilities. Within building 253 is an inner
building 250 that was formerly a stand alone structure used for storage and
housed the boiler, cooling tower pumps, and recycle hopper make-up.

6.1.17 Building 254 Pellet Plant

In the pelletizing buildings granules of UO, or uranium oxide (U3Os) were fed
into a mill (micronizer) that produced fine powder for pressing. A starch and die
lubricant were added and blended into a batch and subsequently pressed into
pellets. The "Green" fuel pellets were processed through a dewaxing furnace to
remove the additives and then passed through a sintering furnace where they were
made into a ceramic. These furnaces were electrically heated and used
disassociated ammonia to provide a reducing atmosphere.

6.1.18 Building 255 Erbia Plant

Most recent use of this building was for the special product line making erbium
pellets. It was the main pellet plant from 1974 through the opening of Building
254 in 1989. This process area included agglomeration, which used cranko and
freon, instead of the slugging presses, to increase particle size between the
micronization/blending and pellet pressing. Additionally, Building 255-3, the
current erbium recycling area, was historically called the Item Plant in which
high-enriched shot to be used as reactor fuel was sized and coated.

6.1.19 Building 256

Building 256-1 was used for Pellet Drying. Pellet trays were loaded into pans,
dried in an electric oven using disassociated ammonia (DA) as a cover gas and
either stored or transferred to Building 230. This structure was originally used as
warehouse space.

Building 256-2 was the main site warehouse for shipping pellets and powder and
for receiving site supplies.
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6.2

6.3

7.0

7.1

7.2

6.1.20 Building 260 Oxide and Oxide Loading Dock

The Oxide Building was built in approximately 1968 and is a four-story Butler
type building. This building was used for the conversion of uranium compounds
into uranium oxide granules.

Current Land Usage

Westinghouse has started environmental remediation and decommissioning activities at
the Plant. This includes investigation into the groundwater contamination issues and
preparing the Plant for the start of decommissioning.

In addition to the building descriptions provided previously, Building 230 is now being
used as office space to house the Decommissioning Team. The Tile Barn functions as the
emergency operations center and is being used to store both clean and radiologically
contaminated equipment. The wood barn is also currently being used to store both clean
and contaminated equipment. Building 240 currently contains laboratory and
maintenance areas, a recycle recovery area, a waste incineration area and the Health
Physics laboratory.

In addition, Westinghouse also leases part of its property to residents and farmers. This
property is located outside of the main Plant boundaries.

Adjacent Land Usage

Adjacent to the Westinghouse property is residential homes, woods and farmland.

FINDINGS
Potential Contaminants

The primary known contaminants of concern are uranium and technetium. Due to the
unknowns associated with government activities, thorium, Americium and Neptunium
should be considered isotopes of concern until proven otherwise.

TCE was used in the Navy process and later as thinner for a binding agent in pellet
manufacturing. Perchloroethylene (PCE) was used at the facility in a historic uranium
processing operation. Both of these contaminants have been found as contaminants in the
soil and groundwater and are being dealt with through the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) process.

Potential Contaminated Areas

Westinghouse Proprietary Class 2(R) 20
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7.2.1

7.2.2

Impacted Areas

The process buildings and surrounding land are to be considered impacted area.
The actual extent of the land area shall be determined but is presently assumed
within the central 7-acres of the site. Class 1, 2 and 3 impacted areas will be
determined based on future characterization efforts.

The ground water in the overburden has historical contamination of Tc-99.
Characterization efforts will be developed to further determine the extent of the
water contamination in the overburden. The aquifers have shown no detectable
levels of contamination.

Non-Impacted Areas

The area land outside the burial pits shows no documented evidence of activities
that could possibly have contaminated these areas. As such, they are expected to
be classified as non-impacted but will be tentatively included in site
characterization for further investigation..

7.3 Related Environmental Concerns

7.3.1

732

7.3.3

Jurisdictional Wetlands and Surface Water Issues

Jurisdictional wetlands and surface water issues would need to be considered in
operations and actions related to executing the decommissioning effort. Wetlands
are believed to be present on the Site and the surrounding properties. This natural
resource is under the jurisdiction of the federal government, jointly administered
by the United States (U.S.) Army Corps of Engineers (ACOE) and the U.S. EPA.
At the state level, jurisdiction is administered by participating state agencies
including the MDNR and the Missouri Department of Conservation Wetlands
Management Program.

Surface Water Issues

Five intermittent tributaries (North Lake Tributary, East Lake Tributary,
Northeast Site Creek, Site Creek, and Lake Virginia/Site Creek Tributary) and
one perennial stream (Joachim Creek) flow across or run adjacent to the Site.
Two ponds/lakes, including East Lake and Site Creek Pond are also on the
property. These water resources, just as wetlands, are under the jurisdiction of the
federal government and the State of Missouri.

Threatened and Endangered Species

An evaluation of the potential effects of the Plant’s decommissioning may have
on threatened and endangered species is an important aspect of the project.

Westinghouse Proprietary Class 2(R) 21
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8.0

9.0

Threatened and endangered species are protected under federal and state statute
and threatened and endangered species are often key indicators to the overall
health of an ecosystem.

CONCLUSIONS

Based on the HSA the potential sources of contamination are the burial pits, the lagoons,
and soil contamination remaining after years of operation. TCE from the site is migrating
off site and does pose a threat to human health and the environment. The approximately
eight (8) acres surrounding the site are considered impacted with the remaining property
classified as non-impacted.

There are numerous unknowns associated with the burial pits. This HSA provides a
detail description of the site history and has provided valuable insight for the
decommissioning planning; however, the detailed information on the pits for safe and

effective remediation planning is not available. Further site characterization is needed to
determine the content and extent of contamination associated with the burial pits.
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Appendix A

Memoranda for Burial
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C ORPORATIO PAGE 1 OF 3

EFFECTIVE 10/17/69

SUBJECT: Burial of Residues and Contaminated Material

ISSUED 10/17/69

SUPERSEDES 7/ 18/ 65

. The following i1s a summary of the eriteria for burial of low level wastes
and contaminated cquipment,

Y. Burial Pit Requirements

A,

c.

D.

Maximum quantity per burial pit:(50 millicuries)

Enrichment Grams U

>50 - 100% 790 ) -
225 - <50 2000 ' S H
»20 - <25 - 5000
>15 - <20 " 6000
>0 - <15 .. 8000 '
>6 - <10 12000

‘5 22000

4 . 26000

3 : 32000

2 40000

1 . 59000

~lotural sand-Bepleted “150600
. Thorium ; : 450000

If more than one enrichment is involved in the burial then the
quantity of uranium of each enrichment buried must be limited such
that:

14 %2 a4+ % o o100
Axl sz . ,A:gn .

Whero: X, X _, x is the quantity of U (1n grams) of oach enrich-
ment ¢o b8 buried. Ax_, Ax Ax d1s the allowable quantity
to bury of the corresp%nding enrfchuent ,

Burial Depth: All paterial buried must be 2 minimum of 4 feet
below grade, ’ .

Burial Frequency: 12 pits per calendar year, maximum, (no size
restriction), C

Soparation of Burial Pits: A minimum of six feet between pits.,

Il. Material Reguirements

A,

Lach item buried shall be tagged showin* enrichment, total U or U-230
content.
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EFFECTIVE 10/17/69

ap—

*  SUBJECT:Burial of Residues and Contaminated Material

ISSUED  10/17/69

SUPERSEDES 7/19/65

IX.

i1,

laterinl Requirements (continuad) -

B,

c.

n.

E,

SOP for Particulsr Types of Material

All burisls must be documented. This record will list the R
ipdividual items buried, total U or U-235 content and date

of burial.

Process residues (such as acid insolubles), MSA filters, con-
taminated trash, etc., will be packaged in suitable containers
to prevent the spread of radioactive contamination during the
burial process. .

Visible contamination on external surfaces of all containers
or equipment shall be removed.

The uranium content of each item buried shall be determined by
eiiuzr sample and chemical apalysis, garma counting or engineering

estixate.

Ao

B,

c.

D,

Genera)l Trash from plant .area.

This includes paper, rags, empty bottles, etc. ' Package in poly
bags and gamma count. ILess than or equal 1 gm. 93% enriched U (or
equivalent) per bag: bury. Greater than j grams 93% per bag:

1, IXf concentrated - locate and remove. .

2, If dispersed - bury.

Process Equipment

1. Remove visible external contamimation.

2. Remove internal accumulations as practical. e -

3, lake engineering estimate of total U or gamma count.

4. Dispose of through AEC licensed commercial bur1a1 tacilities
or scrap dealers.

Non-Process Equipment from Plant Arcas (piping, furnace coils,
insulation from noa-process piping, etc.)

1. Remove visible contamination and bury. Assume no U value.

Glass from Chem, Lab

1. Rinse and collect in 55 gallon cdrum., Kecp separate from
other trash. BDury assuming no U value.
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El

F.

_Acid Insolubles, }MSA Filters, other Solid Process Residues

). Determine U content and bury within AEC limits listed in
+ Section 1 sbove or forward to licensed conmercial burial
facilities.

Ot_hcr

Items not specifically fitting the above listed catagories wi11'
be evaluated as they occur and dispositioned by the scrap engineer.
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Appendix B

Burial Log Excerpts
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1.0 INTRODUCTION

The Westinghouse Electric Corporation, LLC (Westinghouse) nuclear fuel manufacturing
facility at Hematite, Missouri ceased operation in June 2001 after nearly 47 years under various
owners and operators. Westinghouse now seeks to decommission the plant and release the
property. The United States Nuclear Regulatory Commission (NRC) is the primary agency for
the plant decommissioning. The Missouri Department of Natural Resources (MDNR) is the
primary regulatory agency for the remedial investigation/feasibility study (RI/FS) that is being
performed in accordance with the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) and the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP). Both agencies are expected to provide critical roles in defining the regulatory path
to decontamination and decommissioning, site assessment and remediation, and eventual release.

This gamma walkover survey was conducted as an initial phase of the RI/FS at the site
and, as such, MDNR provided oversight for this work. MDNR representatives were on-site on a
daily basis, attended the daily meetings, and observed work being performed. Typically there
was only one representative present at a time and there were times when activities were
occurring in more than one location.

The plant is located on approximately 228 acres of property (Property) that is currently
owned by Westinghouse. The plant and production related activities are located on
approximately 8 acres of the Property.

1.1 SURVEY PURPOSE

Science Applications International Corporation (SAIC) performed a Gamma Walkover
Survey (GWS) at the Hematite Facility (Figure 1) during the period April 7-24, 2003 in
accordance with the Gamma Survey Plan for the Hematite Site (Survey Plan (Rev 0)). The
purpose of the GWS was to identify the presence of low level gamma radiation that could
indicate the presence of uranium including natural uranium, low enriched uranium (LEU), high
enriched uranium (HEU), and thorium 232 (Th-232) and progeny in surface soils. For the
purposes of this report, surface soils are defined as the thickness of soil that can be measured
using direct measurement or scanning techniques (MARSSIM). Typically, this layer is
represented as the top 15cm (6 inches) of soil (40 CFR 192). This information will be used to
aid in area classification and future characterization planning at the site.

The survey was conducted with the intent of maximizing the use of all data collected in
future site evaluations, specifically the Remedial Investigation/Feasibility study (RI/FS). The
GWS has been designed to follow the guidance for scoping surveys presented in Section 5.2 of
the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). Although this
survey was conducted to aid in classification of site areas as impacted or non-impacted, all
available data must be evaluated prior to classification of the site. The GWS detection ability is
limited to the gamma signature of site specific radionuclides and is typically limited to surface
soils.



! 1.2 SURVEY SCOPE

S
The GWS data will assist Westinghouse in verifying the conclusions of previous
Historical Site Assessments (HSA) and provide input for identifying potential sample locations
as part of the Remedial Investigation (RI). Other uses of the survey data include:
1. Determining the magnitude of surface contamination in the soils immediately
surrounding the plant area.
2. Determining the lateral extent of surface contamination extending out from the
plant.
"
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Figure 1. Westinghouse Property Map
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