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1.0
INTRODUCTION

This Chemicals of Concern Technical Memorandum is presented as part of the Baseline Risk
Assessment (BRA) for the 903 Pad, Mound Area, and East Trenches Area, otherwise known
as Operable Unit 2 (OU-2), located at Rocky Flats Plant. The BRA, which consists of the
Human Health Risk Assessment (HHRA) and the Environmental Evaluation, will be included
in the Phase I RCRA Facility Investigation/Remedial Investigation (RFI/RI) report for OU-2.
The RFI/RI is being conducted pursuant to the U.S. Department of Energy (DOE)
Environmental Restoration Program; a Compliance Agreement between DOE, the U.S.
Environmental Protection Agency (EPA), and the State of Colorado Department of Health
(CDH); and the Federal Facility Agreement and Consent Order (Interagency Agreement),
signed in 1991.

This technical memorandum has been developed to address the selection of chemicals of
concern to be evaluated in the BRA, in particular the HHRA. The identification of chemicals
of concern will also help focus the efforts of the environmental evaluation, environmental
transport modeling, description of the nature and extent of contamination, and remedy selection.

The HHRA will evaluate potential human health risks for on-site and off-site receptors under
current land use and probable future land use conditions, assuming no remedial action takes
place at OU-2. Chemicals of concern are organic chemicals, metals, or radionuclides that are
site-related (i.e., potentially related to releases of wastes or waste sources in OU-2), that exceed
background range, and that could be a significant threat to human health or the environment
under the exposure conditions evaluated. Chemicals of concern are identified for each medium
(e.g, groundwater, soil) through which exposure to site-related chemicals could occur.
Therefore, the selection of chemicals of concern supports the quantification of risk from
exposure to chemicals via the exposure pathways identified in the Exposure Scenarios Technical
Memorandum No. 5 (DOE 1993a).

This technical memorandum focuses on selecting chemicals of concern in groundwater,
subsurface soil, and surface soil, which were the media sampled during the Phase I and Phase 11
RFI/RI at OU-2. Indirect exposure to OU-2 contaminants can also occur through air and
surface water if soil or groundwater contaminants are released to these media. Concentrations
of chemicals of concern in air and surface water will be estimated using fate and transport
modeling.
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This technical memorandum describes the process for selecting chemicals of concern detected
in groundwater, subsurface soil, and surface soil at OU-2 and summarizes the chemicals of
concern for each medium. The general process to select potential chemicals of concern is
described in Section 2.0. Sections 3.0, 4.0, and 5.0 present decision criteria specific to each
medium and identify the chemicals of concern selected for each medium. References used in
this document are listed in Section 6.0.

Appendix A, "Background Comparison for Metals and Radionuclides," describes the statistical
methodology used to compare OU-2 data to babkground data and includes tables showing the
results of the statistical tests. Statistical tests were used to identify metals and radionuclides
whose concentrations exceed background levels and which may therefore be site-related. These
metals and radionuclides are retained for further evaluation as potential chemicals of concern.

Appendix B, "Risk-Based Evaluation of Infrequently Detected Chemicals," presents the
screening of infrequently detected compounds (<5 percent detection frequency) to identify
those that merit further evaluation as special-case chemicals of concern.

Appendix C contains a copy of the OU-2 report titled "Domestic Water Supply Simulations,"
September 10, 1992. This document supports evaluating the No. 1 Sandstone lithologic unit for
hypothetical on-site ingestion of groundwater. Other lithologic units (alluvium, colluvium, and
valley fill) have insufficient water to support a domestic well.

Appendix D, "Dissolved Metals and Radionuclides, No. 1 Sandstone, Background Comparison,"
contains results of the statistical comparison to background data for dissolved metals and
radionuclides in the No. 1 Sandstone groundwater. These results are used to support the
discussion of the significance of certain total (unfiltered) metals results from this unit.
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2.0
CHEMICALS OF CONCERN SELECTION PROCESS

The general methodology for selecting chemicals of concern for OU-2 is presented in Figure 2-1,
Criteria for Identifying Chemicals of Concern. The process is intended to identify chemicals
in each medium that appear to be associated with waste releases or sources in OU-2 that could
have adverse impacts on public health under exposure scenarios involving that medium. In this
way, the risk assessment is focussed on OU-2 constituents that are potential health hazards.
Inorganic compounds whose concentrations are within background range or that are minor
constituents (e.g., rarely detected and/or of low toxicity) are excluded from the risk assessment.
Organic compounds that would contribute negligibly or not at all to overall risk are identified
but are not included in the quantitative risk assessment. It is important that the chemicals of
concern be carefully selected so that risk is not underestimated and so as not to distract from
the dominant risks associated with the OU.

This selection process was based on guidance presented in Risk Assessment Guidance for
Superfund, Volume I, Human Health Evaluation Manual, Part A (EPA 1989). The background
comparison methodology was based on the Final Background Geochemical Characterization
Report, Rocky Flats Plant (EG&G 1992) and on standard statistical evaluation techniques.

The steps shown in Figure 2-1 and described in the following sections were applied to select
chemicals of concern for all three media sampled during the remedial investigation
(groundwater, subsurface soil, and surface soil). Details of the application of the process for
each medium are presented in Sections 3.0 (groundwater), 4.0 (subsurface soil), and 5.0 (surface
soil).

The individual steps shown in Figure 2-1 are identified below. Each step is described in more
detail in Subsections 2.1 through 2.5.

Step 1 - Site-Specific Chemical Analysis Roster
Table 2-1 is the Site-Specific Chemical Analysis Roster (SSCAR) for the Phase II sampling
program at OU-2. Analytical results for all detected compounds in the following analyte groups

are included in the data set for evaluation as potential chemicals of concern for risk assessment:
metals (target analyte list and "other metals"), radionuclides, and organics.
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Step 2 - Data Evaluation

The analytical results from the OU-2 sampling program were reviewed and compiled in a
database by the validation contractor. Data validation was performed for some but not all of
the data prior to use. The database was then reviewed for its suitability for selecting chemicals
of concern. For example, data qualifiers were considered and quality control samples were
removed from the database.

Step 3 - Background Comparison (Metals and Radionuclides)

Analytical results for metals and radionuclides were compared to background levels derived
from data for groundwater and subsurface soils reported in the Background Geochemical
Characterization Report (EG&G 1992) and from background surface soil samples collected in
the Rock Creek area during the 1991 OU-1 Phase III investigation and the 1993 OU-2 Phase
II investigation. Metals and radionuclides whose concentrations did not exceed background
levels were eliminated from further consideration as potential chemicals of concern. The
following criteria were used to evaluate whether a metal or radionuclide exceeded background
levels:

a. Analytical results for metals and radionuclides were compared to the 95 percent
upper tolerance limit (95% UTL) of the background data. If less than 5 percent
of the results exceeded the 95% UTL, the constituent was considered to be within
background range. Analysis of variance (ANOVA) was used to confirm this
assessment.

b. The OU-2 data for metals and radionuclides were compared to background data
using parametric or nonparametric ANOVA. If no statistical difference was found,
the analyte was considered to be within background range.

C. Spatial/temporal evaluation of analytes that appeared to exceed background by

one or more of the statistical tests was performed to identify analytes that are
unlikely to be OU-2 contaminants.
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Step 4 - Eliminate Essential Nutrients and Anions

Constituents such as calcium, potassium, iron, and carbonate were eliminated from further
consideration as chemicals of concern due to low toxicity and because they are usually not
waste-related.

Step 5 - Detection Frequency

All detected organic target analytes were separated into two groups based on detection
frequency. Compounds detected at 5 percent or greater detection frequency were evaluated

further in Step 6. Contaminants detected below 5 percent frequency were evaluated in Steps 8
and 9.

Step 6 - Concentration/Toxicity Screen

A concentration/toxicity screen, using maximum detected concentrations and EPA-established
toxicity factors, was performed for all organic chemicals with a detection frequency equal to or
greater than 5 percent, and for metals and radionuclides that exceed background levels. The
concentration/toxicity screen identified those compounds that are likely to contribute 99 percent

or more of the total risk. These compounds are identified as chemicals of concern for

-quantitative evaluation in the risk assessment.

EPA-established toxicity factors are not available for some of the target analytes. Therefore,
these analytes cannot be included in the concentration/toxicity screens, in other toxicity-based
screens, or in the quantitative risk assessment. OU-2 contaminants without toxicity factors were
identified for each medium (surface and subsurface soil and groundwater) and are listed in each
section. The potential impact of these compounds on overall risk will be addressed qualitatively
in the human health risk assessment.

Step 7 - Chemicals of Concern
Organic compounds, metals, and radionuclides that contribute to 99 percent of a total risk

factor, based on Step 6, were retained as chemicals of concern for quantitative evaluation in the
human health risk assessment.
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Step 8 - Evaluation of Infrequently Detected Compounds

The maximum concentration of each organic compound detected at less than 5 percent
frequency was compared to a screening-level concentration equivalent to 1000 times a health
risk-based concentration (RBC). This step identifies infrequently detected compounds that
could contribute significantly to risk if exposure were to occur.

Step 9 - Spatial and Temporal Evaluation of Infrequently Detected but Potentially Hazardous
Compounds

Infrequently detected organic compounds whose maximum concentration exceeded 1000 times
the RBC were evaluated for spatial and temporal distribution of the detected values. If the
compounds appeared to be related to waste sources or if spatial and temporal distribution
indicated that the constituent is of potential concern for current or future exposures, these

chemicals were retained as "special-case" chemicals of concern.
Step 10 - Special Case Chemicals of Concern

Compounds whose maximum concentration exceeded the screening values (Step 8) and with
significant spatial and temporal distributions (e.g., detected in association with elevated
concentrations of other chemicals of concern) (Step 9), as well as certain inorganic compounds
with highly localized, source-related occurrences of concentrations above background, were
retained as "special case” chemicals of concern. Their impact on overall risk will be addressed
separately in the risk assessment.

Step 11 - Professional Judgment

Chemicals or radionuclides that were eliminated as chemicals of concern by the above criteria
may be retained on the basis of professional judgment.

2.1 DATA EVALUATION
2.1.1 Media-Specific Data Sets
Analytical data from environmental samples collected during OU-2 field sampling programs and

RFP site-wide sampling programs were used to characterize contamination in OU-2. Table 2-2,
OU-2 Analytical Data File Summary, presents the data files used to select chemicals of concern
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for OU-2. The data sets used for evaluation of groundwater, subsurface soils, and surface soils
are described below:

Groundwater

Groundwater samples are collected from RFP monitoring wells on a quarterly basis under a
plant-wide groundwater sampling program. For the plant-wide monitoring program, samples
were collected from a large group of accessible wells in OU-2, including wells installed during
OU-2 Phase 1 and Phase II investigations, and wells installed during other investigations
conducted in 1986 and 1989.

Lithologic identifications for the groundwater monitoring data were determined, and only wells
completed in the Upper Hydrostratigraphic Unit (UHSU) were included in the groundwater
data set for the selection of chemicals of concern. The UHSU includes the alluvium, colluvium,
valley fill, the uppermost Arapahoe Sandstone (No. 1 Sandstone) and weathered claystone of
the Arapahoe and/or Laramie formations. The OU-2 bedrock investigation (DOE 1993b) will
address any potential contamination of the Lower Hydrostratigraphic Unit (LHSU). Chemicals
of concern for assessing human health risk from on-site groundwater ingestion were selected
from analytes detected in the No. 1 Sandstone. This approach is based on the finding,
presented in the OU-2 Water Supply Simulations document (Appendix C), that the No. 1
Sandstone is the only lithologic unit within the UHSU that could support a domestic water well.
Groundwater data from all units in the UHSU were used for evaluating migration of
contaminants in groundwater to potential exposure points in Woman Creek and Walnut Creek.

The data used for evaluation of contaminant concentrations in the UHSU were taken from
samples collected from the second quarter of 1991 through the third quarter of 1992, and
received from RFEDS by March 15, 1993. The second quarter of 1991 was the first quarterly
groundwater sampling event for which SOPs and a validation criteria were in place. Samples
collected prior to the second quarter of 1991 were inconsistently collected and validated. In
general, the groundwater samples were analyzed for volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), pesticides/PCBs, metals, radionuclides, and water-
quality parameters.

Subsurface Soils

Data used to evaluate OU-2 contamination in subsurface soils were taken from four sources:
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- OU-2 Phase I field investigation conducted in 1987

- OU-2 Phase II field investigation conducted in 1991 to 1993

- Boreholes drilled for a seismic evaluation conducted in 1989

- Well abandonment and replacement program conducted in 1992

Available analytical results from the above field investigations received from RFEDS by
March 15, 1993 have been used in characterizing OU-2 contamination. For the background
comparison and selection of chemicals of concern, results from subsurface soil samples collected
below the water table (high groundwater levels) were not included in the data set in order to
avoid including constituents present due to cross-contamination by groundwater.

Surface Soils
Data used to evaluate OU-2 contamination in surface soils were taken from two sources:

- OU-2 Phase II investigations in 1991 (CDH and modified RFP methods)
- OU-2 Phase II investigations in 1993 (RFP method)

The surface soils collected in 1991 were analyzed for radionuclides only. Those samples
collected using the CDH method were analyzed for americium, plutonium, and uranium.
Surface soils collected during the 1991 sampling event using the modified RFP method were
analyzed for americium and plutonium.

Samples collected during the 1993 field investigation using the RFP method were analyzed for
metals, radionuclides (exept for americium, plutonium, and uranium), SVOCs, and
pesticides/PCBs. '

2.1.2 Data Review and Editing

Some chemical analytical results received from Rocky Flats Environmental Data System
(RFEDS) had not been validated. Nonvalidated data were integrated with validated data
received from Quantalex Laboratory. If nonvalidated and validated data for the same sample
were found in the database, the nonvalidated data were eliminated. Data that had not yet been
through the validation process were used if no validated data were available.
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The next step in the data evaluation process was to remove quality control samples, such as
blanks, spikes, and rinsates, from the database. Data qualifiers for chemicals (e.g., B, E, D and
R) were identified and the following revisions to the database were made:

. E qualified data (exceeded calibration range) were replaced with the associated
D qualified data (diluted to within calibration range). The E qualifier for metal
analytical results indicates that the reported value was estimated due to
interference. These data were used as reported.

. The B qualifier for a metal result signifies that the reported concentration is
greater than the instrument detection limit but less than the Contract Required
Quantitation Limit (CRQL) for that analyte. These data were used as reported (B-
qualified organic data are addressed separately in Section 2.1.3.)

o R-qualified data (not usable according to EPA criteria) were eliminated. R-
qualified results represent a very small fraction of the entire data set and only
appear in validated data.

Data qualified with J or U were used as follows:

. Analytical results were J qualified if the compound was positively identified below
the quantitation limit. The result was considered an estimate because of the
uncertainty associated with detected concentrations at low levels. Data qualified
with a J were used as reported.

. A U qualifier assigned to an analytical result indicates that the analyzed chemical
was not detected above the sample quantitation limit. The U qualifier was the
primary mechanism used for evaluating detection frequency for the organic and
inorganic constituents. The U-qualified data were used as nondetects for detection
frequency determination, but one-half the reporting limit was used as the
concentration in the statistical evaluations (background comparison).

Sometimes multiple analytical results for a given sample were reported in the RFEDS database.

Circumstances that may have resulted in multiple results being reported and the action taken
during review of the database include:
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o Validated and nonvalidated results were reported for the same sample: In all
cases where a validated and nonvalidated sample result were reported, the result
from the validated record was retained in the database.

. Multiple validated results received for the same sample: The record that
contained the most information or had the most recent validation date was
retained.

. Results from multiple dilutions were reported for the same sample: Multiple

dilutions were reported for the analyses for volatile and semivolatile organics due
to one or more analytes exceeding the calibration range for the initial analysis. In
cases where the result was flagged with an E qualifier by the laboratory, the action
taken was as described above. In cases where nondetects were reported for an
analyte in both the initial and diluted samples, the value with the lower detection
limit was retained. In cases where the results were reported as detected in both
the initial and diluted samples, the higher value was retained in the database.

d Results from both an initial analysis and a re-analysis or re-extraction were
reported for the same sample: For nonvalidated results, the reason for the re-
analysis or re-extraction were not reported (e.g., calibration, surrogates, internal
standard errors) and it was not possible to determine if the problem requiring the
re-analysis was corrected or if the re-analysis was performed within holding times.
Therefore, in cases where nondetects were reported for an analyte in both the
initial and re-analyzed samples, the value with the lower detection limit was
retained. In cases where the results were reported as detected in both the initial
and re-analyzed samples, the higher value was retained in the database. .

For radionuclides, negative values were considered nondetect (and set equal to zero), and values
less than the laboratory reporting limit were used as positive results or nondetects in accordance
with qualifiers assigned during data validation.

2.13 Use of B-Qualified Results for Organics

The B qualifier assigned to an organic compound (volatile, semivolatile, pesticide, or
polychlorinated biphenyl [PCB)) signifies that the compound was found in both the sample and
the associated laboratory blank. For validated data, if the reported sample concentration of a
compound that is not a common laboratory contaminant was greater than five times the
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concentration in the blank, the sample result was used as reported. If less than five times the
blank concentration, the sample result was qualified with a U by the validation contractor and
the result reported as nondetect at the reported value. If the sample concentration of a
compound that is a common laboratory contaminant (e.g., acetone, methylene chloride, 2-
butanone, bis([2-ethylhexyl]) phthalate) was greater than ten times the concentration in the
blank, the analytical result was used as reported. If not, the result was qualified with a U by the
validation contractor and the result reported as nondetect at the reported value.

Nonvalidated, B-qualified sample results were also contained in the original database received
from the validation contractor. However, data for the associated laboratory blanks or rinsate
blanks were not included or received during development of the working database for selection
of chemicals of concern. Because the effect of blank contamination on the B-qualified results
could not be assessed, the nonvalidated B-qualified results were not included in the working
database for selection of chemicals of concern. The exclusion of these nonvalidated B-qualified
results from the working database does not adversely affect the usability of the data for selection
of chemicals of concern for the following reasons:

(1) Relatively few results were excluded (388 results, or less than 1 percent of the total number
of analytical results).

(2) About 85 percent of the nonvalidated B-qualified results were for the common laboratory
contaminants acetone, methylene chloride, and phthalates; about 10 percent of the B-qualified
results were for other volatile organics in groundwater samples that were also detected in
laboratory or rinsate blanks; and about S5 percent were B-qualified results for
N-nitrosodiphenylamine in subsurface soils. Therefore, most of the removed results are for
compounds that are not likely to be chemicals of concern in risk assessment.

(3) In the validated data set, most B-qualified results for common laboratory contaminants were
changed to U-qualified results (nondetect) during validation. Therefore, it is probable that most
of the other B-qualified results for these compounds would also be qualified as nondetect.

The largest effect of removing the nonvalidated B-qualified results from the database for
selecting chemicals of concern is to change the frequency of detection of compounds that are
common laboratory contaminants by a small percentage because the total number of results for
each analyte is reduced by the number of nonvalidated B-qualified results excluded from the
working data set. This is not considered to adversely affect the identification of site-related
chemicals of concern for risk assessment.
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Further assessment of the excluded B-qualified data was undertaken by the remedial
investigation contractor to verify this conclusion and to assign an arbitrary data qualifier to each
nonvalidated B-qualified result reflecting whether the result was assessed to be nondetect (ND)
or a real value (RV). The results of this assessment are summarized in Table 2-3. The
assessment of these sample results was made on the basis of blank data, when available; when
blank data were not available the assessment was based on comparison to nominal detection
limits. As discussed below, the assessment supports the conclusion that exclusion of the
nonvalidated B-qualified results has no effect on the selection of COCs for OU-2.

The nonvalidated B-qualified results were assessed using the following criteria:

. Where method blank data were available, the sample concentration was compared
to the amount reported in the blank. For common laboratory contaminants
(acetone, methylene chloride, 2-butanone, and the phthalates), if the sample
concentration exceeded ten times the concentration in the blank, the chemical was
deemed to be present in the sample and was assigned the code RV. If the sample
concentration was less than ten times the blank concentration, the sampie
concentration was attributed to laboratory contamination and was assigned the
code ND. For chemicals other than common laboratory contaminants that were
detected in the associated method blank, the same assessment procedure was
applied except that a factor of five instead of ten was used; the codes ND and RV
were assigned as appropriate.

. The method blanks and their associated samples were matched primarily by
laboratory batch ID, test code, and analysis date. In cases of multiple result
records in the method blank data set, the highest reported concentration was used
to compare to the B-qualified sample result. An analysis time was not provided
in the method blank data set, and in some cases the analysis dates were not an
exact match. In these cases, a method blank with an analysis date one day before
or one day after the sample date was chosen, and if necessary, the highest
reported concentration was used.

. Where method blank data were not available, the nominal detection limit for the
chemical in question was assumed as the concentration present in the associated
blank and the "times ten" and "times five" rules were applied as described above.
Sample results were then assigned the codes ND or RV as appropriate. The
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nominal detection limits were taken from General Radiochemistry and Routine
Analytical Services Protocol or GRRASP (EG&G 1991).

Nonvalidated B-qualified results consisted of VOCs analyzed by EPA Method 502.2 for UHSU
groundwater (there is no established validation procedure for this method), VOCs analyzed by
CLP/SOW methodology for the 1991, 1992, and 1993 boreholes, and SVOCs for the 1987
boreholes. Validation cannot be performed for the method 502.2 VOC results and is not
expected to be performed for the 1987 borehole data (the Rocky Flats quality assurance
program had not been established at that time).

As shown in Table 2-3, the assessment of the UHSU groundwater data resulted in 12
occurrences of common laboratory contaminants (4 acetone results and 8 methylene chloride
results) that were assessed as nondetect (ND). There were also 7 occurrences of other
chemicals that were attributed to laboratory contamination and assessed as nondetect; these
included 3 occurrences each of chloroform and trichloroethylene (TCE) and 1 occurrence each
of carbon tetrachloride and hexachlorobutadiene.

Other nonvalidated B-qualified results in groundwater samples consisted of 35 occurrences of
other organic contaminants (chlorinated solvents, alkylated benzenes, and styrene) that were
deemed to be present in the sample and assessed as RV. These included 8 occurrences
tetrachloroethane (PCE), 5 occurrences of TCE, 12 occurrences of sec-butylbenzene, and 1
occurrence each of 1,1-dichloroethene, 1,2-dichloroethane, 1,2,3-trichlorobenzene, n-
butylbenzene, tert-butylbenzene, and styrene. The concentration range for these chemicals in
the nonvalidated B-qualified results are shown in Table 2-4. These few results do not
significantly affect the frequency of detection of potential chemicals of concern, and the
concentrations of the chlorinated solvents are lower than the maximum concentrations in other
samples used in the screening process to identify chemicals of concern. Therefore the absence
of these samples from the working data base does not influence the results of the selection
process. The alkylated benzenes do not have EPA toxicity factors; compounds without these
factors are addressed qualitatively in the risk assessment.

The assessment of the soil borehole VOC data resulted in 160 occurrences of acetone and
methylene chloride that were deemed not present in the samples (assigned code ND), and 3
occurrences of acetone and 2 occurrences of methylene chloride that were not attributed to
laboratory contamination (assigned code RV).
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Finally, the assessment of 1987 soil borehole data resulted in 168 occurrences of bis(2-
ethylhexyl)phthalate, di-n-butylphthalate, and N-nitrosodiphenylamine that were deemed not
present in the samples (assigned code ND) and 1 occurrence of bis(2-ethylhexyl)phthalate that
was not attributed to laboratory contamination (assigned code RV).

In summary, assessment of the nonvalidated B-qualified data support the conclusion that their
exclusion from the working data set has no effect on the selection of chemicals of concern for
OU-2. As shown in Table 2-3, most of the results were for common laboratory contaminants,
and most of the results, whether common laboratory contaminants or not, were assessed as
nondetect (ND) based on the criteria described above. Thirty-five B-qualified results in
groundwater were for potential chemicals of concern, such as chlorinated solvents, and were
assigned the code RV (i.e., positive results not attributable to laboratory contamination). These
solvents were detected in other groundwater samples and were therefore included in
concentration/toxicity screens or other risk-based screens to identify chemicals of concern for
quantitative risk assessment. The concentrations of these chemicals in the nonvalidated
B-qualified samples were lower than those detected in other samples, and therefore the
excluded nonvalidated B-qualified results has no effect on the selection of COCs.

2.2 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS

OU-2 sample results for metals and radionuclides in soil and groundwater were compared to
background data to determine which inorganic constituents exceeded background range and,
therefore may be related to waste sources in OU-2. (Essential nutrients, such as iron,
potassium, calcium, sodium, and magnesium, and anions with low toxicity, such as carbonate,
bicarbonate, chloride, sulfate, nitrate, fluoride, bromide, silica, ammonium, and orthophosphate,
were eliminated from consideration as potential chemicals of concern and were not included in
the background comparison.) Appendix A describes the details of the approach used to
compare OU-2 sample results with background concentrations. The results of the statistical
comparison are presented in Tables A-1 through A-16 in Appendix A.

23 FREQUENCY OF DETECTION

All detected volatiles, semivolatiles, pesticides, and PCBs were evaluated for frequency of
detection. Compounds detected at a frequency of 5 percent or greater were considered
potential chemicals of concern. These compounds were included in concentration/toxicity
screens to identify compounds that could contribute significantly to total risk (see Section 2.4).
Compounds detected at less than 5 percent frequency (for example, in fewer than 2 of 40
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samples or in fewer than 5 of 100 samples) can be eliminated from further consideration
because the compound is not characteristic of site contamination and the potential for exposure
is low. Nevertheless, concentrations of infrequently detected organic compounds were further
evaluated as described in Section 2.5 (and Steps 8, 9, and 10 of Figure 2-1) to identify those that
could contribute significantly to risk if routine exposure were to occur.

2.4 CONCENTRATION/TOXICITY SCREEN
Concentration/toxicity screens were performed for each chemical detected at 5 percent

frequency or greater in each medium of concern (groundwater, subsurface soils, and surface

soils). The purpose of applying the screen is to focus the risk assessment on the chief

‘contributors to potential risk. To perform the screen, each chemical in a medium (such as

groundwater) is scored according to its maximum detected concentration and toxicity to obtain
a risk factor. The risk factor for noncarcinogenic effects is the maximum concentration divided
by the EPA Reference Dose (RfD) for that chemical. The risk factor for carcinogenic effects
(and for radionuclides) is the concentration (activity) multiplied by the EPA cancer slope factor
for that chemical. The chemical-specific risk factors are summed to calculate total risk factors
for the noncarcinogenic, carcinogenic, and radioactive chemicals of potential concern in each
medium. The ratio of the risk factor for each chemical to the total risk factor is called a risk
index and approximates the relative risk associated with each chemical in the medium. Separate
concentration/toxicity screens are performed for carcinogenic and noncarcinogenic effects of
organic compounds and metals and for carcinogenic effects of radionuclides.

EPA-recommended toxicity factors (RfDs and cancer slope factors) were used in the
concentration/toxicity screens (Step 6, Figure 2-1) and in the calculation of risk-based
concentrations (Step 9, Figure 2-1). Slope factors and RfDs were determined from IRIS
(EPA 1993a), and HEAST (EPA 1993b and earlier editions in special cases) and are listed in
Tables 2-5 and 2-6. Chemicals of potential concern that do not have EPA-established toxicity
factors cannot be evaluated quantitatively in the concentration/toxicity screens or in the risk
assessment. These are listed in each section for each medium. However, their potential
contribution to risk will be evaluated qualitatively in the risk assessment.

Chemicals with very low risk indexes compared to other chemicals in the medium were
eliminated from further consideration because of their very low potential to contribute to overall
risk. In this step of the selection process, all chemicals that comprise 99 percent of the total risk
factor were considered chemicals of concern for evaluation in the quantitative risk assessment.
This approach greatly reduces the number of chemicals to be carried through a risk assessment.
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However, the approach is conservative (health protective) because it retains some chemicals that
contribute as little as 1 percent of the total potential risk. In most cases, only a few chemicals
contribute the majority of risk from each medium.

2.5 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS

Chemicals detected infrequently (in less than 5 percent of all samples in the medium) can
usually be eliminated from consideration as chemicals of concern because they are not
characteristic of site contamination and the potential for exposure is low. However, these
compounds were further screened so as not to neglect an infrequently detected compound that
could contribute significantly to risk if routine exposure were to occur. In this analysis,
maximum measured concentrations were compared to screening levels equivalent to 1000 x
RBCs. This analysis, summarized below, is presented in detail in Appendix B.

For screening purposes, RBCs were defined as chemical concentrations associated with an
excess cancer risk of 10° (1 in 1 million) or a hazard index for noncarcinogenic effects of 1.0,
assuming residential exposures. Any infrequently detected chemical measured at a
concentration greater than 1000 times the respective RBC was identified as representing a
potentially significant health threat if exposure were to occur and was included in the list of OU-
2 "special case" chemicals of concern for evaluation in the risk assessment.

RBCs were calculated assuming a residential exposure scenario, using conservative exposure
assumptions, and using standard toxicity values (RfDs and SFs) published by EPA. RBCs for
chemicals in surface and subsurface soils were calculated assuming multiple pathway exposure
(ingestion, dermal contact, and inhalation of particulates). RBCs for chemicals in groundwater
were calculated based on ingestion only, since this was assumed to be the chief groundwater
exposure route. The exposure parameters used to calculate RBCs are presented in Appendix B.
They are the same as those presented in the Exposure Scenarios Technical Memorandum No. 5
(DOE 1993a). Toxicity values used to calculate RBCs are listed in Table 2-5.
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TABLE 2-1

ROCKY FLATS PLANT OU-2

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER
PHASE II OU-2 SAMPLING PARAMETERS

TOTAL METALS
Target Analyte List
Soil
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Tron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

OTHER METALS
Soil

Molybdenum
Strontium

Cesium

Lithium

Tin

OTHER INORGANICS
Soil

EH

ulfide

Nitrate-Nitrite (as N)
Percent Solids
Cyanide

Moisture Content
Orthophosphate
Bromide

Ammonium

Silica (as Si and Si02)

(4040-1200-0066-810) (TBL2-1.XLS) (12/6/93 8:52 PM)

INDICATORS

Soil

Dissolved Organic Carbon
Total Organic Carbon

OTHER PARAMETERS
Total Petroleum Hydrocarbons

METALS
Target Analyte List

Groundwater
(Total and Dissolved Metals)
Aluminium
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

OTHER METALS
Groundwater
Molybdenum
Strontium

Cesium

Lithium

Tin

FIELD PARAMETERS
Groundwater

pH

Specific Conductance
Temperature

Dissolved Oxygen

INDICATORS
Groundwater

Total Organic Carbon
Dissolved Organic Carbon
pH

ANIONS

Groundwater
Carbonate

Bicarbonate
Chloride

Sulfate

Nitrate (as N)

Cyanide

Fluoride

Bromide

Silica (as Si and SiO2)
Ammonium
Orthophosphate

OTHER PARAMETERS
Total Petroleum Hydrocarbons

Sheet 1 of 3



/ ' ; R
{ X

N -
K «

e
~

TABLE 2-1
(Continued)

ORGANICS: VOLATILES
Target Compound List
Soil and Groundwater
Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Acetone

Carbon Disulfide
1,1-Dichlorocthene
1,1-Dichloroethane

Total 1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
Trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1.1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
Bromoform

2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Xylenes

(4040-1200-0066-810) (TBL2-1.XLS) (12/3/93 2:10 PM)

ORGANICS: PESTICIDES/PCBs
Target Compound List
Soil and Groundwater
alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptchlor Epoxide
Endosulfan I

Dieldrin

4.4'-DDE

Endrin

Endosulfan 11
4,4'-DDD

Endosulfan Sulfate
4,4'-DDT

Endrin Ketone
Methoxychlor
alpha-Chlordane
gamma-Chlordane
Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

SURFACE SOIL PARAMETERS
Total Organic Carbon

Carbonate

pH

Specific Conductance
Plutonium-239 and 240
Americium-241

TOTAL RADIONUCLIDES
Soil .

Gross Alpha

Gross Beta

Uranium-233, 234, 235, and 238
Americium-241
Plutonium-239 and 240
Tritium

Strontium-89,90

Cesium-137

Radium-226, 228

DISSOLVED RADIONUCLIDES
Groundwater

Gross Alpha

Gross Beta

Uranium-233, 234, 235, and 238
Tritium

Strontium-89, 90

Cesium-137

Radium-226 and 228

Tritium

TOTAL RADIONUCLIDES
Groundwater

Plutonium-239 and 240
Americium-241

Tritium
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TABLE 2-1
(Concluded)
ORGANICS: SEMI-VOLATILES
Target Compound List
Soil and Groundwater
Phenol Hexachlorobutadiene N-nitrosodiphenylamine

bis(2-Chloroethyl)ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl)ether
4-Methylphenol
N-Nitroso-Dipropylamine
Hexachloroethane
Nitrobenzene

Isophorone

2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline

: W
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4-Chloro-3-methylphenol(para-chloro-

2-Methylnapthalene
Hexachlorocylopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthlene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl Phenyl Ether
Fluorene

4-Nitroaniline
4.6-Dinitro-2-methylphenol

4-Bromophenyl Phenyl Ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene

Butyl Benzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
bis(2-ethylhexyl)phthalate
Chrysene '
Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene
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TABLE 2-3
ASSESSMENT OF NONVALIDATED B-QUALIFIED DATA
~UHSU
Groundwater
(2nd 91 - 3rd 92) Borehole
Volatile Organics
Total Nonvalidated B Results 54 165
Assessment Code
ND 19 160
RV 35 5
Acetone ND 4 77
Acetone RV 0 3
MeCl2 ND 8 83
MeCI2 RV 0 2
Other ND 7 0
Other RV ** 35 0
Semivolatiles
Total Nonvalidated B Results 0 169 *
Assessment Code
ND 168
RV 1
BEHP ND 85
BEHP RV 1
DNBP ND 63
DNBP RV 0
Other ND (N-nitrosodiphenylamine) 20
Other RV 0
* 1987 borehole data.
b Data Summary for Non Laboratory Contaminants is shown in Table 2-4.
B Blank qualified non-validated result.
ND Not detected.
RV Real value.

BEHP Bis(2-ethylhexyl)phthalate.
DNBP  di-n-Butylphthalate

(4040-1200-0066-810) (TBL2-3.XLS) (12/6/93 7:36 PM)
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TABLE 2-4
DATA SUMMARY FOR CHEMICALS OTHER THAN
LABORATORY CONTAMINANTS REPORTED IN NON-VALIDATED
B-QUALIFIED GROUNDWATER SAMPLES (1)

Nonvalidated Number of Concentration
B-Qualified Positive Range

Chemical Results (1) ug/L

tetrachloroethene 8 0.28 - 1200
trichloroethene 5 4.2 - 140
sec-butylbenzene 12 0.4-370
1,1-dichloroethene 1 3.9
1,2-dichloroethane 1 85
1,2,3-trichlorobenzene 1 0.28
n-butylbenzene I 250
tert-butylbenzene 1 170
styrene 1 10

(1) "Other RV" results for UHSU Groundwater shown in Table 2-3.

(4040-1200-0066-810) (TBL2-4.X1.S) (12/3/93 2:14 PM)
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TABLE 2-5

ROCKY FLATS OU-2
TOXICITY FACTORS FOR
ORGANIC COMPOUNDS AND METALS

Oral Slope Chronic Inhalation Slope Chronic EPA Cancer
Factor Oral RfD Factor Inhalation RfD Weight of
Analyte 1/(mg/kg/day) (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
1,1,1,2-Tetrachloroethane 2.6E-02 (1) 3.0E-02 (1) 2.6E-02 (1) - C
1,1,1-Trichloroethane - 9.0E-02 (4) _— 3.0E-01 (4) -
1,1,2,2-Tetrachloroethane 2.0E-01 (1) - 2.0E-01 (1) - C
1,1,2-Trichloroethane 5.7E-02 (1) 4.0E-03 (1) 5.7E-02 (1) - C
1,1-Dichloroethane - 1.0E-01 (2) - 1.4E-01 (3) C
1,1-Dichloroethene 6.0E-01 (1) 9.0E-03 (1) 1.7E-01 (1) - C
1,2,3-Trichloropropane - 6.0E-03 (1) - - -
1,2,4-Trichlorobenzene - 1.0E-02 (1) - 3.0E-03 (3) -
1,2-Dibromo-3-chloropropane 1.4E+00 (2) - 6.9E-07 (2) 5.0E-05 (1) B2
1,2-Dibromoethane 8.5E+01 (1) - 7.6E-01 (2) - B2
1,2-Dichlorobenzene - 9.0E-02 (1) - 4.0E-02 (4) -
1,2-Dichloroethane 9.1E-02 (1) - 9.1E-02 (1) - B2
1,2-Dichloroethene - 9.0E-03 (2) - - -
cis-1,2-Dichioroethene - 1.0E-02 (2) - - -
trans-1,2-Dichloroethene - 2.0E-02 (1) - - -
1.2-Dichloropropane - - - 1.0E-03 (1) -
1,2-Dimethylbenzene (o-xylene) - 2.0E+0 (1) - - -
1,3-Dimethylbenzene (m-xylene) - 2.0E+0 (1) - - -
cis-1,3-Dichloropropene* 1.8E-01 (2) 3.0E-04 (1) 1.3E-01 (2) 5.0E-03 (1) B2
1,4-Dichlorobenzene 2.4E-02 (2) - - 2.0E-01 (2) C
2-Butanone - 6.0E-01 (1) - 3.0E-01 (1) -
4,4-DDT 3.4E-01 (1) 5.0E-04 (1) 3.4E-01 (1) - B2
4-Methyl-2-pentanone - 5.0E-02 (2) - 2.0E-02 (3) -
Acenapthene - 6.0E-02 (1) - - -
Acetone - 1.0E-01 (1) - - -
Anthracene - 3.0E-01 (1) - - -
Antimony - 4.0E-04 (1) - - -
Aroclor-1254 7.7E+00 (1) - - - B2
Arsenic 1.7E+00 (1) 3.0E-04 (1) 1.5E+01 (1) - A
Barium - 7.0E-02 (1) - 1.4E-04 (3) -
Benzene 2.9E-02 (1) - 2.9E-02 (2) - A
Benzo(a)anthracene 7.3E-01 (6) - - - B2
Benzo(a)pyrene 7.3E+00 (6) - 6.1E+00 (2) - B2
Benzo(b)fluoranthene 7.3E-01 (6) - - - B2
Benzo(k)fluoranthene 7.3E-01 (6) - - - B2
Benzoic acid - 4.0E+00 (1) - - -
Beryllium - SE-1 (2) 8.4E-10 (1) - B2
Bis(2-ethylhexyl)phthalate 1.4E-02 (1) 2.0E-02 (1) - - B2
Bromodichloromethane 6.2E-02 (1) 2.0E-02 (1) - - B2
Bromoform 7.9E-03 (1) 2.0E-02 (1) 3.9E-03 (2) - B2
Butyl benzylphthalate - 2.0E-01 (1) - - -
(4040-1200-0066-810) (TBL2-5.XLS) (12/3/93 4:46 PM) Sheet 1 of 3
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TABLE 2-5
(Continued)
Oral Slope Chronic Inhalation Slope Chronic EPA Cancer
Factor Oral RfD Factor Inhalation RfD Weight of
Analyte 1/(mg/kg/day) (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
Cadmium (food) - 1.0E-03 (1) 6.3E+00 (1) - Bl
Cadmium (water) - 5.0E-04 (1) 6.3E+00 (1) - Bl
Carbon tetrachloride 1.3E-01(1) 7.0E-04 (1) 5.2E-02 (1) - B2
Chlorobenzene - 2.0E-02 (1) - 5.0E-03 (3) -
Chloroethane - - - 3.0E+00 (1) -
Chloroform 6.1E-03 (1) | 1.0E-02 (1) 8.0E-02 (1) - B2
Chloromethane 1.3E-02 (2) - 6.3E-03 (2) - C
Chlorotoluene,o- - 2.0E-02 (1) - - -
Chromium IIT - 1.0E+00 (1) - - -
Chrysene 7.3E-02 (6) - - - B2
Cumene - 4.0E-02 (1) - 3.0E-03 (2) -
Cyanide - 2.0E-02 (1) - - -
Di-n-butylphthalate - 1.0E+01 (1) - - -
Di-n-octylphthalate - 2.0E-02 (2) - - -
Dibromomethane - 1.0E-02 (5) - - -
Dichlorodifluoromethane - 2.0E-01 (1) - 5.0E-02 (3) -
Diethyl phthalate - 8.0E-01 (1) - - -
Ethylbenzene - 1.0E-01 (1) - 3.0E-01 (1) -
Fluoranthene - 4,0E-02 (1) - - -
Fluorene - 4.0E-02 (1) - - -
Heptachlor epoxide 9.1E+00 (1) 1.3E-05 (1) 9.1E+00 (1) - B2
Hexachlorobutadiene 7.8E-02 (1) 2.0E-04 (2) 7.8E-02 (2) - C
Hexachloroethane 1.4E-02 (1) 1.0E-03 (D) 1.4E-02 (D) - C
Indeno(1,2,3-cd)pyrene 7.3E-01 (6) - - - B2
Manganese (food) - 1.4E-01 (2) - 1.1E-04 (1) -
Managanese (water) - 5.0E-03 (2) - - -
Mercury - 3.0E-04 (2) - 9.0E-05 (2) -
Methylene chloride 7.5E-03 (1) 6.0E-02 (1) 1.6E-03 (1) 9.0E-01 (2) B2
Molybdenum - 5.0E-03 (1) - - -
N-nitrosodiphenylamine 4 9E-03 (1) - - - B2
Naphthalene - 4.0E-02 (8) - - -
Nickel - 2.0E-2 (2) - -
Pentachlorophenol 1.2E-01(D) 3.0E-02 (1) - - B2
Pyrene - 3.0E-02 (1) - - -
Selenium - 5.0E-3 (2) - - -
Silver - 5.0E-03 (1) - - -
Strontium - 6.0E-01 (2) - - -
Styrene - 2.0E-01 (1) - 3.0E-01 (1) -
(4040-1200-0066-810) (TBL2-5.XLS) (12/3/93 4:46 PM) Sheet 2 of 3



N K 4 S NN

TABLE 2-5 .
(Concluded)
Oral Slope Chronic Inhalation Slope Chronic EPA Cancer
Factor Oral RfD Factor Inhalation RfD Weight of
Analyte 1/(mg/kg/day)  (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
Tetrachloroethene 5.2E-02 (7) 1.0E-02 (1) 2.0E-03 (7) - B2
Thallium (oxide) - 7.0E-05 (2) - - -
Tin - 6.0E-02 (2) - - -
Toluene - 2.0E-01 (1) - 1.1E-01 (1) -
Trichloroethene 1.1E-02 (7) - 6.0E-03 (7) - B2
Xylene, p-** - 2.0E+00 (1) - - -
Vinyl chloride 1.9E+0 (1) - 3.0E-01 (1) - A
Zinc - 9.0E-01(4) - 3.0E-01 (4) -
Sources:
1=1RIS
2 =HEAST 1993

~ 3=HEAST 1993 Table 2
4= HEAST 1992

5=HEAST 1991

6 = EPA Region IV Guidance, February 1992
7 = Joan S. Dollarhide, Superfund Health Risk Technical Support Center. "Carcinogenicity Characterization of
Perchloroethylene (PERC) and Trichloroethylene (TCE) (Luke Air Force Base. Arizona). ECAO.
8 = Provisional value. USEPA. ECAQ.

* Values are for 1,3-dichloropropene. No data for individual isomer.

** 0- and m-xylenes are listed as 1,2- and 1,3-dimethylbenzene.

A = Human carcinogen

Bl = Probable human carcinogen (limited human data)

B2 = Probable human carcinogen (animal data only)
C = Possible human carcinogen

- = Not classifiable or not carcinogenic

(4040-1200-0066-810) (TBL2-5.XLS) (12/3/93 4:46 PM)
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TABLE 2-6
ROCKY FLATS PLANT OU-2
SLOPE FACTORS
FOR RADIONUCLIDES
Oral Inhalation Slope External Slope EPA Cancer
Slope Factor Factor Factor Weight of
Analyte {Risk/pCi) (Risk/pCi) (Risk/yr/pCi/g) Evidence
Americium-241 2.4E-10 3.2E-08 4.9E-09 A
Cesium-134 4.1E-11 2.8E-11 5.2E-06 A
Cesium-137 +D 2.8E-11 1.9E-11 2.0E-06 A
Plutonium-238 2.2E-10 3.9E-08 2.8E-11 A
Plutonium-239 2.3E-10 3.8E-08 1.7E-11 A
Plutonium-240 2.3E-10 3.8E-08 2.7E-11 A
Radium-226 +D 1.2E-10 3.0E-09 6.0E-06 A
Radium-228 +D 1.0E-10 6.6E-10 2.9E-06 A
Strontium-89 3.0E-12 2.9E-12 4.7E-10 A
Strontium-90 +D 3.6E-11 6.2E-11 0.0E+00 A
Tritium 5.4E-14 7.8E-14 0.0E+00 A
Uranium-233,234 * 1.6E-11 2.6E-08 3.0E-11 A
Uranium-235 +D 1.6E-11 2.5E-08 2.4E-07 A
Uranium-238 +D 2.8E-11 5.2E-08 3.6E-08 A
Source: HEAST 1993.
A =Class A (human) carcinogen.
* = Slope factors shown are for U-234,
+D = Risks from radioactive decay products included.
(4040-1200-0066-810) (TBL2-6 XLS) (12/3/93 2:48 PM) Sheet 1 of 1
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30
GROUNDWATER CHEMICALS OF CONCERN

3.1 DATA EVALUATION

Chemicals of concern in groundwater were selected using the data sets identified in Table 2-2.
Samples collected in the 2nd through 4th quarter 1991 and the 1st through 3rd quarter 1992
were used to evaluate volatile organic compounds, pesticides, PCBs, metals, and radionuclides.
Samples collected in the 4th quarter 1992 and the 1st and 2nd quarters 1992 were used to
evaluate semivolatile organic compounds (semivolatile data were not available prior to 4th
quarter 1991; no 3rd quarter 1992 data were received for semivolatiles). Monitoring well
locations are shown in Figure 3-1.

The data received from RFEDs were reviewed and edited using the steps and criteria outlined
in Section 2.1 to develop a data set of environmental samples for further evaluation.
Groundwater data were then divided into two sets for selection of chemicals of concern: (1)
analytical results from wells screened in the No. 1 Sandstone and (2) analytical results from all
UHSU wells (i.e., wells screened in alluvium, colluvium, valley fill, and the Arapahoe No. 1
Sandstone and weathered claystone). The No. 1 Sandstone could support a drinking water well;
under a hypothetical future residential development scenario, future residents could be exposed
to OU-2 contaminants through ingestion of water from the No. 1 Sandstone. Therefore,
analytical results from the No. 1 Sandstone are used to select chemicals of concern for an on-
site residential groundwater ingestion scenario to be evaluated in the risk assessment.

The alluvium, colluvium, and valley fill are relatively thin and discontinuous, and colluvium
occurs only on slopes; these units have low yields and are only intermittently saturated (see
Appendix C). These units cannot provide drinking water and were therefore not included as
exposure media for on-site residential groundwater ingestion exposures. However, analytical
results from samples collected from monitoring wells in the alluvium, colluvium, valley fill, and
the Arapahoe No. 1 Sandstone and weathered claystone were used to evaluate contaminant
migration through groundwater to surface water in Woman Creek and Walnut Creek.

A note on methylene chloride: Methylene chloride was detected in about 26 percent of the
groundwater samples in concentrations ranging from 0.2 pg/L to 3900 pug/L. Review of
analytical results for methylene chloride in groundwater suggests that methylene chloride is not
an environmental contaminant at the high concentrations reported for some samples.

(4040-1200-0066-810) (TM-9) (12/06/93 9:33pm) 3-1



Methylene chloride is a common laboratory contaminant, as is acetone and bis(2-
ethylhexyl)phthalate. The methylene chloride results are given special attention since the
compound is relatively toxic and could be identified as a chemical of concern if included in a
concentration/toxicity screen. If the identification were inaccurate (i.e., if the methylene
chloride probably results from laboratory procedures rather than waste sources), this could
result in omitting other compounds from the risk assessment that are actual environmental
contaminants.

The highest results for methylene chloride were reported from 1991 wells sampled in the 4th
quarter 1991 and 1st quarter of 1992. These samples were analyzed by EPA Method 502.2, but
the data were not validated because of the absence of an established validation process for this
method. Concentrations in these samples ranged from approximately 4 to 3900 pg/L. In
subsequent sampling rounds in these wells, methylene chloride was either nondetect or, in a few
cases, detected at much lower concentrations. For example, in samples from well 7391
methylene chloride was reported at 3900 ug/L in 1st quarter 1992 and at 8 ug/L in 2nd quarter
1992 (both analyzed by Method 502.2). In samples from well 11691, it was reported at 3000
pg/L in 1Ist quarter 1992 but was nondetect in the 3rd quarter 1992 (detection limit = 0.2
pg/L). In two samples from well 12691 collected in 1st quarter 1992, methylene chloride was
reported at a concentration of 140 pg/L in one sample and was nondetect in the other
(detection limit = 0.01 pg/L). This pattern is consistent for most of the wells sampled and
analyzed by this method.

Because methylene chloride was usually not detected in subsequent sampling rounds where a
previous high concentration was reported, methylene chloride is not considered a groundwater
contaminant in these wells. There is no evidence of a plume of methylene chloride
contamination, because other positive results are not spatially related. In order to address the
possibility that methylene chloride is a local contaminant in some source areas, methylene
chloride is included in concentration/toxicity screens to identify chemicals of concern using the
maximum concentration reported in a well where methylene chloride was detected in more than
one sampling round (but excluding the results from well 7391, which were 3900 ug/L in one
sampling round and 8 ug/L the next). The concentration used in the concentration/toxicity
screen is 38 pg/L, detected in well 3687 in the 1st quarter 1992. Methylene chloride was
reported in subsequent samples from this well at concentrations of 5 and 11 pg/L.

(4040-1200-0066-810) (TM-S) (12/06/93 8:32pm) 3-2



32 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS

The comparison of OU-2 data for metals and radionuclides detected in groundwater to
background data is presented in Appendix A.  The results are summarized in Tables 3-1
through 3-4. Tables 3-1 and 3-2 show the results for total (unfiltered) metals and radionuclides
in the OU-2 No. 1 Sandstone compared to data from bedrock background wells (see explanation
in Appendix A). Tables 3-3 and 3-4 show the results for dissolved (filtered fraction) metals and
radionuclides in the OU-2 UHSU compared to data from UHSU background wells. Total
inorganics in No. 1 Sandstone were evaluated as potential chemicals of concern for risk
associated with on-site groundwater ingestion, and dissolved inorganics were evaluated in the
UHSU for migration of contaminants in groundwater. Metals and radionuclides that exceeded
background and that were identified as probable OU-2 contaminants based on data evaluation
were included in concentration/toxicity screens to select chemicals of concern for use in risk
assessment.

Metals and radionuclides were eliminated from further consideration (i.e., were considered to
be within background range) if less than 5 percent of the OU-2 data exceeded the 95% UTL
of background and if the parametric or nonparametric ANOVA analysis showed no significant
difference from background (p < 0.05). Metals and radionuclides that appeared to exceed
background by one or both of the tests were retained for further evaluation of the spatial and
temporal distribution of elevated concentrations to identify probable OU-2 contaminants. This
was done in order to eliminate analytes from further consideration that are not actual site
contaminants. It is important that risk assessment and the selection of remedies be focussed
on actual site contaminants that could threaten public health or the environment rather than
on naturally occurring elements or trace contaminants that may be detected infrequently at
elevated concentrations but are not characteristic of site contamination.

3.2.1 No. 1 Sandstone

Tables 3-1 and 3-2 show the results of the background comparison for total (unfiltered) metals
and radionuclides in the No. 1 Sandstone. The total fraction is assessed for this unit because
the No. 1 Sandstone groundwater is evaluated for direct ingestion exposures and EPA guidance
recommends using concentrations measured in unfiltered samples to assess risks for
groundwater ingestion.
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Total Metals

Table 3-1 shows the results of the background comparison for total metals in No. 1 Sandstone.
On the basis of both statistical tests, the following metals were concluded not to exceed
background levels: antimony, beryllium, cadmium, cesium, chromium, cobalt, copper, lithium,
molybdenum, nickel, selenium, silver, thallium, tin, vanadium, and zinc. Cyanide was retained
for further evaluation although it may not be a waste-related contaminant. Cyanide
concentrations in the No. 1 Sandstone exceeded the background UTL of 6 ug/L (background
maximum = 8.5 ug/L) in 7 of 59 samples (12 percent). The observed concentrations were
relatively low, ranging from 7 pg/L to 20.7 ug/L; only three of these results exceeded the
background maximum. The seven slightly elevated concentrations were detected once each in
seven separate wells (that is, other sampling rounds at these wells did not show elevated
concentrations of this ion). The evidence to support identifying cyanide as a potential OU-2
contaminant is not strong. Nevertheless, cyanide is included in a concentration/toxicity screen

to identify chemicals of concern for quantitative risk assessment.

On the basis of spatial, temporal, and other data evaluation, the following inorganic compounds
are not considered contaminants in the No. 1 Sandstone: aluminum, arsenic, barium, lead,
manganese, mercury, and strontium. The reasons are discussed below.

No. 1 Sandstone
Total Metals Eliminated as Contaminants
on the Basis of Spatial/Temporal Evaluation

Aluminum: Elevated concentrations of total aluminum (up to 128,000 ug/L) were detected in
numerous samples from wells screened in the No. 1 Sandstone. Aluminum is a ubiquitous and
naturally occurring element in soils and water. Many of these samples also contained elevated
concentrations of iron and other rock-forming elements. The elevated aluminum concentrations
are probably associated with the physical characteristics of the samples (e.g., suspended solids)
rather than to chemical releases in OU-2 because the dissolved-phase concentrations (see
Appendix D) were below background range. Since there is no evidence of a dissolved-phase
plume, aluminum is not considered a contaminant in the No. 1 Sandstone groundwater.

Arsenic: Arsenic was detected in 77 percent of the No. 1 Sandstone unfiltered groundwater
samples. Arsenic is a common, naturally occurring constituent in soils and groundwater.

Arsenic was detected in concentrations above the background UTL of 7 ug/L in only 5 of 79 -
samples from the No. 1 Sandstone (the background maximum is also 7 ug/L). Concentrations
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above the background UTL ranged from 8 to 11.4 ug/L; these are not greatly above background
levels. The maximum concentration of 11.4 ug/L was observed in a sample from well 12191,
which is located in the Northeast Trenches Area near Trench T-3 (IHSS 110). Arsenic was also
detected above the background UTL in two other samples from wells that are in the Northeast
Trenches Area but are not associated with trenches: wells 3691 (8.3 pg/L) and well 3791
(8 ug/L). However, concentrations above background UTL in these wells were observed in only
one of six sampling rounds and are, therefore temporally isolated. Furthermore, arsenic was
not detected above background in well 3391, which is located downgradient of well 12191 and
upgradient of wells 3691 and 3791. The other detection of arsenic above the background UTL
was at well 10991 (9.4 ug/L). This well is located in the East Spray Fields. This is the only No.
1 Sandstone well in the area. Alluvial wells in the area did not contain elevated concentrations
of arsenic (with the exception of a temporally isolated observation of 9 ug/L in well 5191).
Based on the spatial and temporal distribution and infrequency of observations above the
background UTL, arsenic is not considered a contaminant in No. 1 Sandstone groundwater.

Barium: Barium appears to exceed background levels by both statistical comparisons (UTL and
nonparametric ANOVA). It was detected in unfiltered samples from the No. 1 Sandstone in
concentrations ranging from 99 to 3,090 pg/L (background 95% UTL = 1,050 pg/L and
background maximum = 1,810 ug/L) and was found in elevated concentrations in several wells
located near source areas. Barium is a naturally occurring constituent of native soil and rock,
and it is unlikely that barium in groundwater is due to leaching from barium-containing wastes
(no evidence of barium-containing wastes was found in subsurface soil investigations in OU-2).
It is possible, though, that under some environmental conditions, barium might leach from
native materials in the presence of an organic contaminant plume; if so, it could be considered
a waste-related potential chemical of concern. The association of elevated barium
concentrations with organic contamination was evaluated to assess this possibility. The
evaluation was performed for filtered and unfiltered sample results for all UHSU wells; the
results are summarized in Table 3-3A. The table shows that the percentage of barium results
that exceeded the background UTL are approximately the same in wells in areas associated with
VOC plumes and in wells outside the areas associated with VOC plumes. For example, in
filtered samples, elevated barium results occurred in 39 percent of the wells with VOC
contamination and in 44 percent of the wells with little or no organic contamination. Results
in unfiltered samples show a slightly higher occurrence of elevated results in wells that have
VOC contamination (18 percent vs. 9 percent). This variation in the unfiltered results is not
considered significant.
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Since elevated barium concentrations are nearly as likely to occur in areas not associated with
VOC contamination as in areas that have VOC contamination, barium is not considered a site-
related chemical of concern and is eliminated from further evaluation. The cause of the
apparent differences between background and OU-2 barium concentrations is uncertain;
however, it may result from the particular physical and perhaps chemical characteristics of the
native material in which many of the OU-2 wells are screened.

Lead: Elevated concentrations of total lead (up to 171 pg/L) were detected in samples from
several wells screened in the No. 1 Sandstone in the Northeast Trenches Area, in the Mound
Area, and west of the 903 Pad. However, most of these samples also contained elevated

concentrations of total iron, aluminum, and lithium, which are common rock-forming elements.
Dissolved concentrations of these elements were not elevated above background levels (see
Appendix D), and there is no evidence of a dissolved-phase plume. For example, at two wells
with elevated total lead concentrations (well 11891 at 171 ug/L and in well 3691 at 86 ug/L),
dissolved lead was not detected at a reporting limit of 3 ug/L. In addition, lead concentrations
are within background levels in soils (see Tables 4-1A and 5-2). The elevated total lead
concentrations in the groundwater samples are likely to be naturally occurring and related to
suspended solids in the water samples rather than to leaching resulting from OU-2
contamination because there is no evidence of a dissolved-phase plume or of elevated lead
concentrations in soils.

Manganese: Manganese appears to exceed background levels by both statistical comparisons.
It was detected in unfiltered samples from the No. 1 Sandstone in concentrations ranging from
9 to 4,920 pg/L (background 95% UTL = 438 ug/L and background maximum = 710 pg/L)
and was found in elevated concentrations in several wells located near source areas. Manganese
is a common constituent of native soil and rock, and manganese oxide precipitates are
observable in soil and rock at Rocky Flats. Although it is unlikely that manganese in
groundwater is due to leaching from wastes, it is possible that under some environmental
conditions manganese might leach from native materials in the presence of an organic
contaminant plume; if so, it could be considered a waste-related potential chemical of concern.
An evaluation like that done for barium (described above) was performed to assess the
association of elevated manganese concentrations with organic contamination. Table 3-3A
shows that the percentage of manganese results in UHSU wells that exceeded the background
UTL are approximately the same in wells in areas associated with VOC plumes and in wells
outside areas associated with VOC plumes. For example, in filtered samples, elevated
manganese results occurred in 26 percent of the wells with VOC contamination and in 12
percent of the wells with little or no organic contamination. Only 13 percent and 7 percent of

(4040-1200-0066-810) (TM-9) (12/06/93 8:32pm) 3-6



the samples with and without VOC contamination, respectively, had concentrations above two
times the background UTL. In unfiltered samples with and without VOC contamination, 15

percent and 12 percent, respectively, had concentrations exceeding two times the background
UTL.

Since elevated manganese concentrations occur in areas of no VOC contamination as well as
in areas that have VOC contamination, manganese is not considered a site-related chemical of
concern and is eliminated from further evaluation. The cause of the apparent differences
between background and OU-2 manganese concentrations is uncertain; however, it may result
from the particular physical and perhaps chemical characteristics of the native material in which
the OU-2 wells are screened. It is interesting to note that manganese concentrations above the
background UTL are also found in the Lower Hydrostatic Unit (which is not being evaluated
in the risk assessment), where little or no VOC contamination is found (DOE 1993c).

Mercury: Mercury was detected in 15 percent of the samples analyzed (maximum concentration
= 0.8 ug/L). The maximum concentration was detected in well 5691 in the NE Trench Area.
The background UTL is 0.2 pg/L. Mercury was also detected in three wells (2387, 1791, and
1491) in the Mound Area, in concentrations ranging from 0.27 to 0.62 pg/L; these wells are
screened in the No. 1 Sandstone. However, the upper paired wells were nondetect for mercury
at a reporting limit of 0.2 ug/L. Dissolved-phase mercury was not elevated above background
levels, and there is no evidence of a contaminant plume. Mercury is not considered a
contaminant in groundwater because (1) the elevated concentrations are low (0.25 to 0.8 ug/L),
(2) dissolved-phase concentrations are within background levels, (3) elevated concentrations
occur in some wells screened at the base of the No. 1 Sandstone but not in paired wells
screened near the top of the sandstone, and (4) only one well (11691 in the NE Trench Area)
had mercury detected in more than one sampling event.

Strontium: Concentrations for total strontium were somewhat elevated in 6 percent of the
samples collected from wells screened in the No. 1 Sandstone. Elevated concentrations ranged
from 1010 pug/L to 1370 pg/L (background UTL = 921 pg/L). Strontium was detected at
somewhat elevated concentrations in some wells potentially related to source areas. These latter
wells include well 1491 at the 903 Pad (1040 pg/L) and well 291 near the inner East Gate
(1070 pg/L). Comparable concentrations also occur in wells that are unrelated to source areas
(such as wells 286 and 41591, both at Indiana Avenue). The filtered fraction was also elevated
in most samples where total strontium was elevated. Because strontium is found in wells
unrelated to source areas at concentrations comparable to those found near source areas,
maximum concentrations are only somewhat above background, and there is no evidence of a
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total or dissolved-phase plume, strontium is not considered a contaminant in No. 1 Sandstone
groundwater.

Radionuclides

Table 3-2 summarizes the background comparison for total radionuclides in the No. 1
Sandstone. Radionuclides considered to be OU-2 contaminants in the No. 1 Sandstone based
on the statistical comparison to background data are americium-241 and plutonium-239,240.

Cesium-137 was detected at activities above the background UTL of 0.83 pCi/L in 7 of 49 (14
percent of) No. 1 Sandstone unfiltered groundwater samples analyzed for this radionuclide.
However, the nonparametric ANOVA does not show a significant difference between
background and OU-2 data. Further review of the analytical results supports the conclusion that
cesium-137 is within background levels. The "elevated" results only slightly exceed the UTL.
For example, the maximum activity of 1.66 pCi/L (well 12191 at Trench T-3) is only twice the
UTL and is not much higher than the background maximum of 1.35 pCi/L. Other elevated
levels ranged from 0.9 to 1.2 pCi/L, which are below the background maximum and only slightly
exceed the background UTL. Activities above the UTL were detected only once in three to five
sampling events, except in well 12491, where two of five samples had activities (0.9 and 1.2
pCi/L) that exceeded the background UTL. Well 12491 is located northeast of the Northeast
Trenches and is screened at the base of the No. 1 Sandstone. Wells upgradient of 12491 did
not contain elevated activities of this radionuclide, indicating that there is not an upgradient
source for cesium-137 in this well. Because the cesium-137 activities do not significantly exceed
the background UTL, the maximum OU-2 and background activities are comparable, and
elevated levels are usually not found in more than one sampling event, cesium-137 is not
considered to exceed background levels and is not considered an OU-2 contaminant.

Total (unfiltered) concentrations of radium-226, strontium-89,90, and the uranium isotopes do
not exceed background levels in the No. 1 Sandstone using both statistical tests, and these are
not considered groundwater contaminants. Only four unfiltered samples were analyzed for the
uranium and strontium isotopes.

32.2 UHSU

Tables 3-3 and 3-4 show the results of the background comparison for dissolved metals and
radionuclides in the UHSU, including the No. 1 Sandstone. Dissolved-phase constituents are
assessed in the UHSU rather than total (unfiltered) results because dissolved-phase
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contaminants may be transported in groundwater to exposure points in Woman or Walnut
Creeks.

Dissolved Metals

On the basis of the statistical tests, the following metals were concluded not to exceed
background levels: aluminum, arsenic, beryllium, cadmium, cesium, cobalt, copper, lead, lithium,
mercury, molybdenum, selenium, silver, thallium, tin, and vanadium. On the basis of spatial and
temporal evaluation, the following metals are not considered site-related contaminants in the
UHSU: antimony, barium, chromium, manganese, nickel, strontium, and zinc. The reasons are
discussed below.

UHSU
Dissolved Metals Eliminated as Contaminants
on the Basis of Spatial/Temporal Evaluation

Antimony: Antimony concentrations are evenly distributed and unrelated to source areas.
Detected concentrations range from 8 to 88 pug/L; the maximum value was detected at well 286
at Indiana Street. Other detected values were below the 95% UTL of background (46 ug/L)
and appear to have no relationship to source areas.

Barium: Although barium appears to exceed background levels by the statistical comparisons,
the concentrations of this element detected in UHSU wells are probably naturally occurring and
are not likely to be related to groundwater contamination. As shown in Table 3-3A, elevated
concentrations occur with approximately the same frequency in wells associated with VOC
contamination and those not associated with VOC contamination. Barium is therefore
eliminated from further consideration as a chemical of concern in groundwater. The reasoning
and evidence for this conclusion are discussed in more detail in the previous section 3.2.1 for
Total Metals in the No. 1 Sandstone wells.

Chromium: Only six percent of the results exceeded the background UTL of 14 ug/L and
chromium did not exceed background by the nonparametric ANOVA test. The OU-2 maximum
detected value of 23 ug/L is equivalent to the background maximum (also 23 ug/L), and the
background mean (6 pg/L) exceeds the OU-2 mean (5 ug/L). Five samples with concentrations
above the UTL (15 to 23 pg/L) were from wells in the NE Trenches Area (wells 2587, 3686,
3687, 4286). However, only well 3687 had more than one sampling event with a concentration
that exceeded the background UTL, there is no evidence of a plume of elevated chromium, and
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all concentrations are relatively low and are below the maximum value detected in background

samples. Therefore, chromium is not retained as a potential chemical of concern in the UHSU.

Manganese: Although manganese appears to exceed background levels by the statistical
comparisons, the concentrations of this element detected in UHSU wells are probably naturally
occurring and unrelated to groundwater contamination. As shown in Table 3-3A, elevated
concentrations occur with approximately the same frequency in wells associated with VOC
contamination and those not associated with VOC contamination. Manganese is therefore not
considered a waste-related contaminant and is eliminated from further consideration as a
chemical of concern in groundwater. The reasoning and evidence for this conclusion are
discussed in more detail in the previous section 3.2.1 for Total Metals in the No. 1 Sandstone
wells.

Nickel: Eight sample results (6 percent) exceeded the background UTL of 25 ug/L. Elevated
concentrations of nickel were detected in four samples from well 2987 (239 to 1210 ug/L), one
sample each from well 3686 (287 ug/L) and well 6586 (65 ug/L), and in two samples from well
286 at Indiana Street (46 and 50 ug/L). The elevated concentrations do not appear to be

associated with source areas in OU-2 or with a contaminant plume. Other detected values
ranged from 2 to 25 pug/L, which are equal to or below the background UTL of 25 pg/L.
Because elevated concentrations occurred in only three wells within OU-2 (not counting well
286 at Indiana Street), all of which are screened in the colluvium or valley fill, and because
elevated concentrations do not appear to be associated with source areas, nickel is not
considered a contaminant in the UHSU.

Strontium: Only 2 percent of the strontium results exceeded the background UTL of
2148 pg/L (background maximum = 8730 ug/L). The highest concentrations of strontium were
detected in samples collected from wells 286 and 41591 at Indiana Street (2000 to 2290 ug/L),
in well 7391 near a source trench (about 3000 pg/L in two samples), and in well 3686 (2020
pg/L), which is screened in the valley fill in Walnut Creek. Strontium is otherwise evenly
distributed throughout OU-2 in concentrations of less than 1000 pg/L.. Because strontium was
detected in comparable concentrations in wells near source areas and at locations distant from
source areas, it is not considered an OU-2 contaminant.

Zinc: Zinc was detected above the background UTL concentration of 51 ug/L in only 3 of
nearly 200 samples, and zinc does not exceed background by the UTL comparison. The
maximum concentration of 759 pg/1. was observed in well 05691. This extreme concentration
appears to have biased the nonparametric ANOVA. Other elevated concentrations were
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56 ug/L in well 2387 and 157 g/L in well 12987; these concentrations are near or below the
background maximum of 137 ug/L. Concentrations exceeding the UTL were observed only
once in several sampling rounds and do not appear to be related to known source areas. Zinc
is not considered a contaminant in groundwater in OU-2.

Dissolved Radionuclides

Table 3-4 summarizes the background comparison for dissolved radionuclides in the UHSU.
For a number of the analytes, few background data were available for comparison. Americium-
241 and plutonium-239,240 are considered potential contaminants in UHSU groundwater.

Other radionuclides were eliminated from further consideration for the reasons discussed below.

UHSU
Dissolved Radionuclides Eliminated as Contaminants
on the Basis of Spatial/Temporal or Other Data Evaluation

Cesium-137: Cesium-137 was detected in only 2 of 11 filtered samples at activities of
0.25 pCi/L (well 11691) and 0.5 pCi/L (well 3091). No filtered background results are available
for comparison. The few OU-2 data available do not support identifying cesium-137 as a
groundwater contaminant. (The background UTL calculated for total [unfiltered] cesium-137
in the No. 1 Sandstone is 0.83 pCi/L. The filtered sample results are below this value,
suggesting that dissolved-phase cesium-137 is not a groundwater contaminant).

Radium-226: Radium-226 was detected in UHSU groundwater (filtered fraction) in activities
ranging from 0.15 to 2.8 pCi/L. The background UTL is 1.8 pCi/L and the background
maximum value is 3 pCi/L. Only 2 percent of the OU-2 data (i.e., one result) exceeded the
background UTL, but this result (2.8 pCi/L) was below the background maximum. Therefore,
radium-226 is not considered an OU-2 contaminant.

Strontium-89.90: Strontium-89,90 was detected in UHSU groundwater (filtered fraction) in

activities ranging from 0.009 to 2.1 pCi/L. Seven percent of the sample results exceeded the
background UTL of 0.82 pCi/L. Activities exceeding the background UTL occurred in only one
of several sampling events per well. Because the occurrences of elevated concentrations are
temporally isolated events, this radionuclide is not considered a contaminant in OU-2
groundwater. '

(4040-1200-0066-810) (TM-9) (12/06/93 8:32pm) 3-11



Tritium: Tritium occurs both in background water samples and in OU-2 samples. It was
detected above the background UTL of 334 pCi/L in 14, or approximately 8 percent, of the
OU-2 samples. The tritium activities above the background UTL were widely distributed across
OU-2. Nine of the 14 elevated results were below the background maximum of 561 pCi/L. In
the other S samples, tritium levels ranged from 607 pCi/L to 2,641 pCi/L. The highest activities
were observed in September 1991 sampling round in well 1587 (east of the 903 Pad) and in well
1487 (near Woman Creek). The elevated levels of tritium were observed during only one
sampling event at all wells, with the exception of well 3586, located west of the B series ponds,
where two samples had activities of 350 and 439 pCi/L, which slightly exceed the background
UTL of 334 pCi/L. Since somewhat elevated tritium levels were scattered across OU-2 and

with one exception, were only observed in a single sampling round at each well, tritium is not
considered to be a site-related contaminant in OU-2.

Uranjum-233.234: Uranium-233,234 did not exceed background by either statistical test.
Dissolved-phase U-233,234 was detected in UHSU groundwater in activities ranging from 0.18
to 43 pCi/L. None of these results exceed the background UTL of 53 pCi/L. The background
maximum was 200 pCi/L, but most background sample results were less than 18 pCi/L. OU-2
data are consistent with the background data, in that most of the OU-2 results were below
11 pCi/L, with four results in the 20 to 24 pCi/L range, and the maximum at 43 pCi/L.
U-233,234 results appear to be within background levels and the isotopes are not considered

contaminants in groundwater.

Uranium-235: Uranium-235, like uranium-233,234, was not detected in any sample above the
background UTL of 1.7 pCi/L. The background maximum was 4.8 pCi/L, but most background
activities were less than 1 pCi/L. The OU-2 maximum was 1.5 pCi/L, but most OU-2 activities
were also less than 1 pCi/L. Uranium-235 appears to be within background levels and is not
considered a contaminant in groundwater.

Uranium-238: Uranium-238 did not exceed background levels by either statistical test. It was
detected above the background UTL of 37 pCi/L in only one sample from well 7391 (76 pCi/L).
This well is located south of Trench T-2. Background maximum result is 136 pCi/L (all
background results greater than 16 pCi/L were measured in well 205589). Since only a single
result exceeded the background UTL, U-238 is not considered a site-related contaminant in
ou-2.
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33 FREQUENCY OF DETECTION

Organic compounds detected at a frequency of 5 percent or greater were considered potential
chemicals of concern. These compounds are listed in Tables 3-5 (No. 1 Sandstone) and 3-6
(UHSU) and are included in the concentration/toxicity screens for groundwater. Frequency of
detection was evaluated separately for the No. 1 Sandstone and UHSU for consistency with the
evaluation of metals and radionuclides.

Infrequently detected compounds (detected at less than 5 percent frequency) are listed in
Tables 3-7 and 3-8. Concentrations of infrequently detected organic compounds were further
evaluated as described in Section 3.5 to identify "special case" chemicals of concern for
evaluation in the risk assessment.

3.4 CONCENTRATION/TOXICITY SCREENS

Concentration/toxicity screens were used to identify chemicals of concern in groundwater to be
evaluated in the quantitative human health risk assessment. The screening process permits
selecting chemicals, based on concentration and toxicity, that could contribute significantly to
risk and identifies chemicals that can be eliminated from further consideration because they
contribute insignificantly to overall risk. The screen was performed for all inorganic constituents
identified as potential contaminants after the background comparison and spatial/temporal
assessment discussed in Section 3.2 and for all organic compounds detected at a frequency of
5 percent or greater. The concentration/toxicity screen process was explained in Section 2.4.
In performing the concentration/toxicity screens for organic compounds detected in
groundwater, if both inhalation and oral toxicity factors were available for organic compounds,
the toxicity value that resulted in the highest relative risk value (or "risk index") was used. For
evaluation of metals and radionuclides in groundwater, only oral slope factors were used
because they do not volatilize and, therefore are not inhaled.

Results of the screen for the No. 1 Sandstone are shown in Tables 3-9 (Noncarcinogenic
Effects), 3-10 (Carcinogenic Effects), and 3-11 (Radionuclides). Results of the screen for the
UHSU are shown in Tables 3-12 (Noncarcinogenic Effects), 3-13 (Carcinogenic Effects), and
3-14 (Radionuclides). All chemicals that comprise 99 percent of the total risk factor are
identified as chemicals of concern to be evaluated in the risk assessment.

Carbon tetrachloride, chloroform, tetrachlorethene, trichloroethene, americium-241, and
plutonium-239,240 were identified as chemicals of concern in groundwater for both the No. 1
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Sandstone and the UHSU as a whole. 1,1-Dichloroethene is an additional chemical of concern
in the UHSU.

3.5 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS

As stated in Section 3.2, compounds detected at less than 5 percent frequency can usually be
eliminated from further consideration because the potential for exposure is low. However, these
compounds were further screened so as not to neglect infrequently detected compounds that
could contribute significantly to risk if exposure were to occur. In this screen, maximum
concentrations of infrequently detected compounds were compared to risk-based screening
values using the approach outlined in Section 2.5 and described in greater detail in Appendix
B. Complete results of the evaluation are shown in Table B-6. The evaluation shows that the
following three infrequently detected compounds have maximum concentrations that exceeded
the screening values used in the analysis:

1,2-dibromoethane
cis-1,3-dichloropropene
vinyl chloride

The compound 1,2-dibromoethane was detected in 2 of 170 groundwater samples at
concentrations of 1.8 ug/L (well 6691 in the 903 Pad) and at 13 ug/L (well 7391, THSS 109,
south of the 903 pad). Well 6691 is screened in the Rocky Flats alluvium, and well 7391 is
screened in the colluvium. Both wells are in or near contaminant source areas where other
solvents have been detected. The samples with positive results were collected in May 1992.
These wells were also sampled in November 1992 (4th quarter) and 1,2-dibromoethane was not
detected, although reporting limits were elevated, so the results are inconclusive. 1,2-
Dibromoethane is not characteristic of groundwater contamination at OU-2 because it is so
infrequently detected. However, it is identified as a special-case chemical of concern and its
potential impact on overall risk will be evaluated in the risk assessment.

Vinyl chloride was detected at approximately 4 percent frequency of detection (10 samples out
of about 280). The highest concentrations (380 to 860 ug/L) were detected in several samples
collected at well 3586. This well is located at the northern boundary of OU-2 near the discharge
from the Protected Area and near a seep that is being investigated under a separate program.
Vinyl chloride was not detected in OU-2 upgradient of this well. Therefore, vinyl chloride
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detected in this well is probably not related to source areas in OU-2. Vinyl chloride was
detected in much lower concentrations (2 to 3 ug/L) in samples from well 7391, where it is co-

located with other solvents. Vinyl chloride is included as a special-case chemical of concern for
ou-2.

The compound cis-1,3-dichloropropene was detected in three of 281 samples at concentrations
of 0.56 pg/L (well 6691 in the 903 Pad), 13 ug/L (well 12691 in the Northeast Trenches Area),
and 1700 pg/L (well 7391 south of the 903 Pad). The samples with positive results were
collected in the first quarter of 1992. This compound was nondetect in subsequent sampling
rounds. Nevertheless, it will be evaluated in the risk assessment as a special-case chemical of
concern.

3.6 SUMMARY OF CHEMICALS OF CONCERN IN GROUNDWATER

Summary lists of chemicals of concern identified by the concentration/toxicity screens are shown
in Tables 3-15 (No. 1 Sandstone) and 3-16 (UHSU).

Some chemicals detected in groundwater do not have EPA-established toxicity factors and
cannot be evaluated in the concentration/toxicity screen or other risk-based screening for
infrequently detected compounds. These chemicals are listed in Table 3-17. They will be
evaluated qualitatively in the risk assessment.
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TABLE 3-3A
BARIUM AND MANGANESE EXCEEDANCES OF BACKGROUND
UTL IN UHSU WELLS

Filtered Samples Unfiltered Samples

In Outside In Outside

VOC Plume VOC Plume * VOC Plume VOC Plume *

Barium Number of results 158 41 153 34
% results < UTL 61 56 82 91
% results > UTL 39 44 18 9
% results > 2 X UTL 1 0 9 6
Manganese  Number of results 158 41 150 33
% results < UTL 76 88 70 82
% results >VUTL 26 12 30 18
% results > 2 X UTL 13 7 15 12

* Wells with little or no VOC contamination are 6191, 3986, 6291, 6391, 6491, 0386, 0286, 6786, 2591,
13391, 41591, 2987, 1491, 12091, 1391, 1791, 1891, 12291, 2387, and 4386.
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TABLE 3-5
ROCKY FLATS PLANT OU-2

ORGANIC COMPOUNDS DETECTED AT

NO. 1 SANDSTONE GROUNDWATER

5% OR GREATER FREQUENCY

Maximum Detection
Concentration Frequency
Chemical mg/L %
1,1,1,2-Tetrachloroethane 0.0026 6
1,1,1-Trichloroethane 0.13 39
1,1,2,2-Tetrachloroethane 0.0024 6
1,1-Dichloroethane 0.0034 26
1,1-Dichloroethene 0.036 34
1,1-Dichloropropene 0.0016 5
1,2-Dichloroethene 0.054 39
cis-1,2-Dichloroethene 0.3 51
trans-1,2-Dichloroethene 0.025 13
Acetone 0.16 9
Benzene 0.001 6
Bromochloromethane 0.03 5
Bromodichloromethane 0.018 9
Carbon tetrachloride 45 63
Chloroform 1.1 65
Methylene chloride 3 40
Naphthalene 0.044 10
n-Butyl benzene 0.0013 5
p-Cymene 0.00076 6
Tetrachloroethene 13 79
Toluene 0.013 11
Trichloroethene 94 72
Bis (2-ethylhexyl) phthalate 0.017 33
Benzoic acid 0.056 6
Diethyl phthalate 0.31 26
Di-n-butyl phthalate 0.003 6
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TABLE 3-6
ROCKY FLATS PLANT OU-2

ORGANIC COMPOUNDS DETECTED AT 5%

OR GREATER FREQUENCY
UHSU GROUNDWATER
- Maximum Detection
Concentration Frequency
Chemical mg/L %
1,1,1-Trichloroethane 0.54 24
1,1-Dichloroethane 0.19 15
1,1-Dichloroethene 0.26 23
1,2-Dichloroethene 0.17 32
cis-1,2-Dichloroethene 1.4 46
trans-1,2-Dichloroethene 0.03 11
Benzene 0.005 5
Bromodichloromethane 0.02 7
Carbon tetrachloride 17 57
Chloroform 1.7 58
Methylene chloride 3.9 26
Tetrachloroethene 13 67
Toluene 0.01 9
Trichloroethene 94 62
Bis(2-ethythexyl)phthalate 0.017 38
Diethylphthalate 0.31 20
Naphthalene 0.09 13
Heptachlor epoxide* 0.00007 *

* Reported in 1 of 2 samples analyzed.
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ORGANIC COMPOUNDS DETECTED AT

TABLE 3-7
ROCKY FLATS PLANT OU-2

LESS THAN 5% FREQUENCY
NO. 1 SANDSTONE GROUNDWATER

Maximum Detection
Concentration Frequency

: mg/L %
1,1,2-Trichloroethane 0.0006 3
1,2,3-Trichlorobenzene 0.00003 3
1,2,4-Trichlorobenzene 0.0003 1
1,2-Dichloroethane 0.001 3
cis-1,3-Dichloropropene 0.013 2
1,3-Dimethylbenzene 0.0002 3
1,2,4-Trimethylbenzene 0.0001 3
1,3,5-Trimethylbenzene 0.00009 3
4-Methyl-2-pentanone 0.01 4
Carbon disulfide 0.0008 4
Chlorobenzene 0.016 2
Chloroethane 0.043 2
Chloromethane 0.00029 2
Dibromomethane 0.065 2
Dichlorodifluoromethane 0.00058 3
Ethylbenzene 0.015 2
Hexachlorobutadiene 0.0012 4
sec-Butylbenzene 0.00024 3
Styrene ©0.014 3
Total xylene 0.053 3
Trichlorofluoromethane 0.00057 4
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TABLE 3-8
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT

LESS THAN 5% FREQUENCY
UHSU GROUNDWATER
Maximum Detection
Concentration Frequency
Chemical mg/L %
1,1,1,2-Tetrachloroethane 0.003 3
1,1,2,2-Tetrachloroethane 0.18 3
1,1,2-Trichloroethane 0.02 2
1,1-Dichloropropene 0.002 2
1,2,3-Trichlorobenzene 0.0003 2
1,2,3-Trichloropropane 0.002 2
1,2,4-Trichlorobenzene 0.002 2
1,2-Dibromoethane 0.01 1
1,2-Dichlorobenzene 0.0001 <1
1,2-Dichloroethane 0.0073 3
1,2-Dichloropropane 0.02 <1
1,2-Dimethylbenzene (o-xylene) 0.0002 3
1,2,4-Trimethylbenzene 0.0001 2
1,3-Dichlorobenzene 0.002 2
1,3-Dichloropropane 0.0003 1
cis-1,3-Dichloropropene 1.7 1
1,3-Dimethylbenzene (m-xylene) 0.0003 2
1,3,5-Trimethylbenzene 0.001 1
1,4-Dichlorobenzene 0.0003 1
2-Hexanone 0.005 2
4-Methyl-2-pentanone 0.01 2
Acetone 0.16 4
Benzoic acid 0.056 4
Bromobenzene 0.0003 1
Bromoform 0.006 1
n-Butylbenzene 0.001 2
Chlorobenzene 0.02 1
Chloroethane 0.04 1
Chloromethane 0.005 1
o-Chlorotoluene 0.003 <1
p-Chlorotoluene 0.0003 <1
p-Cymene 0.0008 4
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TABLE 3-8
(Concluded)
Maximum Detection
Concentration Frequency
mg/L %
Dibromomethane 1.7 2
Dichlorodifluoromethane 0.0006 1
Ethylbenzene 0.02 2
Hexachlorobutadiene 0.0012 3
1,2-Dibromo-3-chloropropane 0.004 1
sec-Butylbenzene 0.2 3
sec-Dichloropropane 0.01 1
Styrene 0.01 3
tert-Butylbenzene 0.0004 1
Vinyl chloride 0.86 3
Di-n-butylphthalate 0.003 4
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TABLE 3-9

ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN
NO. 1 SANDSTONE GROUNDWATER

NONCARCINOGENS
(Organics and Total Metals)
Max Valu Inhalation Oral Risk Risk Cumulative
Chemical (mg/L) RID RID Factor Index Rank Percent
carbon tetrachloride 45 n/a 7.0E-04 6.4E+03 8.1E-01 1 81.5
tetrachloroethene 13 n/a 1.0E-02 1.3E+03 1.6E-01 2 98.0
chloroform 1.1 n/a 1.0E-02 1.1E+02 1.4E-02 3 99.4
cis-1,2-dichloroethene 0.3 n/a 1.0E-02 3.0E+01 3.8E-03 4 99.8
1,2-dichloroethene 0.054 n/a 9.0E-03 6.0E+00 7.6E-04 5 99.8
1,1-dichloroethene 0.036 n/a 9.0E-03 4.0E+00 5.1E-04 6 99.9
acetone 0.16 n/a 1.0E-01 1.6E+00 2.0E-04 7 99.9
1,1,1-trichloroethane 0.13 3.0E-01 9.0E-02 1.4E+00 1.8E-04 8 99.9
trans-1,2-dichloroethene 0.025 n/a 2.0E-02 1.3E+00 1.6E-04 9 99.9
naphthalene 0.044 n/a 4.0E-02 1.1E+00 1.4E-04 10 99.9
cyanide 0.02 n/a 2.0E-02 1.0E+00 1.3E-04 11 100.0
bromodichloromethane  0.018 n/a 2.0E-02 9.0E-01 1.1E-04 12 100.0
bis(2-ethylhexyl)phthalate 0.017 n/a 2.0E-02 8.5E-01 1.1E-04 13 100.0
methylene chloride 0.04 9.0E-01 6.0E-02 6.7E-01 8.5E-05 14 100.0
diethyl phthaiate 0.31 n/a 8.0E-01 3.9E-01 4.9E-05 15 100.0
toluene 0.013 1.1E-01 2.0E-01 1.2E-01 1.5E-05 16 100.0
1,1,1,2-tetrachloroethane 0.0026 n/a 3.0E-02 8.7E-02 1.1E-05 17 100.0
1,1-dichloroethane 0.0034 1.4E-01 1.0E-01 3.4E-02 4 3E-06 18 100.0
benzoic acid 0.056 n/a 4.0E+00 1.4E-02 1.8E-06 19 100.0
di-n-butylphthalate 0.003 n/a 1.0E+01 3.0E-04 3.8E-08 20 100.0
Total Risk Factor 7.9E+03
RiDs are in units of mg/kg-day. See Table 2-5 for references.
1/a = not available.
Sheet 1 of 1
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TABLE 3-10
ROCKY FLATS OU-2
CONCENTRATION/TOXICTY SCREEN

NO. 1 SANDSTONE GROUNDWATER

CARCINOGENS
(Organics and Total Metals)
Max Value  Inhalation Oral Risk Risk Cumulative
Chemical (mg/L)  Slope Factor Slope Factor Factor Index Rank  Percent
trichloroethene 9% 6.0E-03 1.1E-02 1.OE+00  4.3E-01 1 43.0
tetrachloroethene 13 2.0E-03 5.2E-02 6.8E-01 2.8E-01 2 71.1
carbon tetrachloride 4.5 5.3E-02 1.3E-01 5.9E-01 2.4E-01 3 954
chloroform 1.1 8.0E-02 6.1E-03 8.8E-02 3.7E-02 4 99.0
1,1-dichloroethene 0.036 1.8E-01 6.0E-01 2.2E-02 9.0E-03 5 99.9
bromodichloromethane 0.018 n/a 6.2E-02 1.1E-03 4.6E-04 6 100.0
methylene chloride 0.04 1.6E-03 7.5E-03 3.0E-04 1.2E-04 7 100.0
bis(2-ethylhexyl)phthalate 0.017 n/a 1.4E-02 2.4E-04 9.9E-05 8 100.0
1,1,1,2-tetrachloroethane 0.0026 2.6E-02 2.6E-02 6.8E-05 2.8E-05 9 100.0
benzene 0.001 2.9E-02 2.9E-02 2.9E-05 1.2E-05 10 100.0
Total Risk Factor 2.4E+00
Slope factors are in units of 1/(mg/kg-day). See Table 2-5 for references.
n/a = not available.
Sheet 1 of 1
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TABLE 3-11
ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN
NO. 1 SANDSTONE GROUNDWATER

TOTAL RADIONUCLIDES
Max Value Inhalation Oral Risk Risk Cumulative
Chemical (pCi/L)  Slope Factor  Slope Factor Factor Index Rank Percent
plutonium-239,240 5.02 n/a 2.3E-10 1.2E-09 8.2E-01 1 815
americium-241 1.09 n/a 2.4E-10 2.6E-10 1.8E-01 2 100.0
Total Risk Factor 1.4E-09

Slope factors are in units of 1/pCi. See Table 2-6 for references.
n/a = not applicable.

Sheet 1 of 1
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- TABLE 3-12

ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN
UHSU GROUNDWATER
NONCARCINOGENS
(Organics and Dissolved Metals)

Max Value Inhalation Oral Risk Risk Cumulative
Chemical (mg/L) RD RID Factor Index Rank Percent
carbon tetrachloride 17 n/a 7.0E-04 2 4E+04 9.3E-01 1 93.1
tetrachloroethene 14 n/a 1.0E-02 1.4E+03 5.4E-02 2 98.4
chloroform 1.7 n/a 1.0E-02 1.7E+02 6.5E-03 3 99.1
cis-1,2-dichloroethene 1.4 n/a 1.0E-02 1.4E+02 5.4E-03 4 99.6
1, 1-dichloroethene 0.26 n/a 9.0E-03 2.9E+01 1.1E-03 5 99.9
1,1,1-trichloroethane 0.54 3.0E-01 9.0E-02 6.0E+00 2.3E-04 6 100.0
naphthalene 0.09 n/a 4.0E-02 2.3E+00 8.6E-05 7 100.0
1,1-dichloroethane 0.19 1.4E-01 1.0E-01 1.9E+00 7.3E-05 8 100.0
trans-1,2-dichloroecthene  0.03 n/a 2.0E-02 1.5E+00 5.8E-05 9 100.0
bromodichloromethane 0.02 n/a 2.0E-02 1.0E+00 3.8E-05 10 100.0
cyanide 0.02 n/a 2.0E-02 1.0E+00 3.8E-05 11 100.0
bis(2-ethylhexyl)phthalate 0.017 n/a 2.0E-02 8.5E-01 3.3E-05 12 100.0
methylene chloride 0.04 9.0E-01 6.0E-02 6.7E-01 2.6E-05 13 100.0
diethyl phthalate 0.31 na 8.0E-01 3.9E-01 1.5E-05 14 100.0
toluene 0.01 1.1E-01 2.0E-01 9.1E-02 3.5E-06 15 100.0
Total Risk Factor 2.6E+04
RfDs are in units of mg/kg-day. See Table 2-5 for references.
n/a = not available.
Sheet 1 of 1
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TABLE 3-13
ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN

UHSU GROUNDWATER
CARCINOGENS
(Organics and Dissolved Metals)
Max Value Inhalation Oral Risk Risk Cumulative
Chemical (mg/L) Slope Factor  Slope Factor Factor Index Rank  Percent
trichloroethene 94 6.0E-03 1.1E-02 1.0E+00 4.1E-01 1 41.2
tetrachloroethene 13 2.0E-03 5.2E-02 6.8E-01 2.7E-01 2 68.1
carbon tetrachloride 4.5 5.3E-02 1.3E-01 5.9E-01 2.3E-01 3 91.4
1,1-dichloroethene 0.2 1.8E-01 6.0E-01 1.2E-01 4.8E-02 4 96.2
chloroform 1.1 8.0E-02 6.1E-03 8.8E-02 3.5E-02 5 99.7
bromodichloromethane 0.1 n/a 6.2E-02 6.2E-03 2.5E-03 6 99.9
1,1,1,2-tetrachloroethane 0.05 2.6E-02 2.6E-02 1.3E-03 5.2E-04 7 100.0
methylene chloride 0.04 1.6E-03 7.5E-03 3.0E-04 1.2E-04 8 100.0
bis(2-ethylhexyl)phthalate 0.017 n/a 1.4E-02 2.4E-04 9.5E-05 9 100.0
benzene 0.005 2.9E-02 2.9E-02 1.5E-04 .= 5.8E-05 10 100.0
Total Risk Factor 2.5E+00

Slope factors are in units of 1/(mg/kg-day). See Table 2-5 for references.
1/a = not available."

Sheet 1 of 1
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TABLE 3-14
ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN

UHSU GROUNDWATER
DISSOLVED RADIONUCLIDES
Max Value Inhalation Oral Risk Risk Cumulative
Chemical (pCi/L) Slope Factor  Slope Factor  Factor Index Rank Percent
americium-241 213 n/a 2.4E-10 5.1E-09 9.7E-01 1 96.5
‘plutonium-239,240 0.8 n/a 2.3E-10 1.8E-10 3.5E-02 2 100.0
Total Risk Factor 5.3E-09

Slope factors are in units of 1/pCi. See Table 2-6 for references.
n/a - not applicable.

(4040-1200-0066-810) (TBL3-14.XLS) (12/6/93 8:26 PM) Sheet 1 of 1



TABLE 3-15
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN
NO. 1 SANDSTONE GROUNDWATER

Organic Compounds Radionuclides
Carbon tetrachloride Americium-241
Chloroform Plutonium-239,240
Tetrachloroethene
Trichloroethene

(4040-1200-0066-810) (TBL-315) (12/03/93 4:22pm)
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TABLE 3-16
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN

UHSU GROUNDWATER

Organic Compounds

Radionuclides

Carbon tetrachloride
Chloroform
1,1-Dichloroethene
Tetrachloroethene

Trichloroethene

Americum-241

Plutonium-239,240

SPECIAL CASE CHEMICALS OF CONCERN (1)

1,2-Dibromoethane
cis-1,3-Dichloropropene
Vinyl chloride

(1) Special case chemicals of concemn are infrequently detected and are not OU-2-wide contaminants, but they
occur in potentially hazardous concentrations in highly localized waste-related areas. These were identified
using the risk-based screen for infrequently detected organic compounds described in Appendix B. Special case
chemicals of concern and their impact on overall risk will be evaluated separately in the risk assessment.

(4040-1200-0066-810) (TBL-316) (12/6/93 9:49 pm)
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TABLE 3-17

ROCKY FLATS PLANT
DETECTED ORGANIC COMPOUNDS
WITHOUT EPA TOXICITY FACTORS

GROUNDWATER

1,1-Dichloropropene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
2-Hexanone
Bromochloromethane
n-Butylbenzene
n-Propylbenzene
p-Phlorotoluene
p-Cymene
Phenanthrene
sec-Butylbenzene
sec-Dichloropropane
Tetrabutylbenzene

(4040-1200-0066-810) (TBL-317) (12/3/93 4:06 pm)
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4.0
SUBSURFACE SOIL CHEMICALS OF CONCERN

4.1 DATA EVALUATION

Chemicals of concern in subsurface soil were selected using the data set identified in Table 2-2.
This includes borehole samples collected in 1987 under the OU-2 Phase I investigation and in
1991-1992 under the OU-2 Phase II investigation. Borehole samples were analyzed for VOCs,
SVOC:s, pesticides, metals, and radionuclides. Borehole locations are shown in Figure 4-1.

The data received from RFEDs were reviewed and edited using the stefs and criteria outlined
in Section 2.1 to develop a data set for further evaluation. The data set used to identify
potential chemicals of concern for exposure to subsurface soils was restricted to samples
collected above the water table to avoid the possibility of including chemicals that result from
cross-contamination by groundwater. (However, the Phase II RFI/RI report describes the
extent of contamination in the entire soil column, including the saturated zone.)

Several common laboratory contaminants detected in subsurface soil samples (bis(2-
ethylhexyl)phthalate, di-n-butylphthalate, methylene chloride, and acetone) were evaluated to
judge whether their occurrence may be due to cross-contamination from sampling or analytical
procedures. If these compounds are found in consistently low concentrations regardless of
sampling location, it is likely that they are not related to chemical releases from plant operations
but are field or laboratory contaminants and can be eliminated from further consideration as
chemicals of concern. The evaluation of these compounds follows:

Bis(2-ethylhexyl)phthalate and di-n-butylphthalate: Bis(2-ethylhexyl)phthalate (BEHP) was
detected in 47 percent of the subsurface soil samples, and di-n-butylphthalate (DNBP) was

detected in only 10 percent of the samples. Although in many cases the concentrations were
estimated values below the detection limit (330 ug/kg), in other cases, elevated concentrations
of BEHP ranging from 400 to 12,000 ug/kg were detected in spatially related sampling locations,
suggesting that BEHP may be an environmental contaminant in these areas. For example,
BEHP was consistently detected in a series of borings in the Mound Area (borings 3287, 3287,
3387, 3487, 3587, 3687, 3787, and 3887). DNBP was also detected in a number of these borings,
but in much lower concentrations (40 to 100 ug/kg).

(4040-1200-0066-810) (TM-9) (12/06/93 8:32pm) 4-1



BEHP was consistently detected in three borings in the Northeast Trenches Area: boring 10191
in Trench T-3 (5500 ug/kg), boring 4387 in Trench T-4 (360 and 420 ug/kg), and boring 4587
(770 and 880 pug/kg). BEHP was also consistently detected in several borings in and south of
the 903 Pad, in concentrations ranging from 540 to 1600 ug/kg.

The 1987 borehole data have not been validated. Therefore, it is not known whether the BEHP
and DNBP detected in these samples result from field or laboratory contamination. Because
of this uncertainty, BEHP and DNBP are considered to be possible OU-2 contaminants in
subsurface soil and are included in concentration/toxicity screens for. this medium.

Methylene Chloride: Methylene chloride was detected in about 30 percent of the subsurface
soil samples. Detected concentrations range from 1 ug/kg to 37 ug/kg. About two-thirds of the
results were B or J qualified (typical reporting limit was 5 ug/kg; some samples with positive
results had reporting limits of 25 ug/kg)..

At these low concentrations, methylene chloride is not of particular concern for adverse health
effects, and its presence may or may not be due to environmental contamination in OU-2.
Nevertheless, it is included in the concentration/toxicity screens to identify chemicals of concern
for subsurface soils. Based on the screens (Tables 4-5 and 4-6) methylene chloride is not a
chemical of concern in soils in OU-2.

Acetone: Concentrations of acetone ranging from 3 to 340 ug/kg (and one J-qualified result
of 26,000 pug/kg) were observed in subsurface soil samples collected in the Northeast Trenches
Area. Acetone was also detected in concentrations ranging from 19 to 500 pg/kg (reporting
limit = 25 pg/kg) in numerous subsurface soil samples in the Mound Area. However, most of
these samples did not contain measurable concentrations of other VOCs, and, therefore acetone
is considered to be a probable laboratory contaminant in these samples.

Historical information indicates that acetone still bottoms were located in the 903 Pad Area.
However, acetone was detected in only a few samples taken from this area at concentrations

at less than 50 ug/kg. Therefore, it is unlikely that acetone is an environmental contaminant
in the 903 Pad.

In conclusion, acetone appears to be a minor contaminant, and may be a result of laboratory
contamination. For example, it is detected in a number of samples where no other VOCs are
detected; this suggests the possibility of laboratory contamination. In some areas (e.g,
Southeast Trenches and Mound Area) it is detected in fairly consistent concentrations regardless

(4040-1200-0066-810) (TM-9) (12/06/93 8:32pm) 4-2



of depth (data not shown). This pattern is not indicative of a concentration gradient resulting
from chemical releases. The single high detection of 26,000 pg/kg (reporting limit =
25,000 pg/kg) was in a sample that was diluted 5000 times because of high concentrations of
chlorinated solvents. The acetone reported in this sample could be due to laboratory
contamination (although the result was not B qualified).

Even though it is uncertain whether acetone is a site-related contaminant in OU-2, it is included
in the concentration/toxicity screen for noncarcinogenic effects at its maximum reported
concentration of 26,000 ug/kg. This is a highly conservative approach, because this
concentration is not characteristic of subsurface soils. Based on the results of the
concentration/toxicity screen, acetone is not a chemical of concern in subsurface soils in OU-2.

42 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS

Tables 4-1A, B and C, and 4-2 summarize the results of comparing concentrations of metals and
radionuclides in borehole samples to background levels. Metals and radionuclides that did not
exceed background levels were eliminated from further consideration as potential chemicals of
concern. The background comparison process is described in Appendix A.

42.1 Metals

On the basis of the statistical tests, the following metals do not appear to exceed background
levels (i.e., the metal did not exceed background by using both the UTL and nonparametric
ANOVA tests): aluminum, barium, beryllium, chromium, cobalt, copper, lead, lithium,
manganese, nickel, selenium, silver, tin, vanadium, and zinc. Antimony, arsenic, cadmium,
cesium, mercury, molybdenum, strontium, and thallium appear to exceed background by one or
both tests.

Of the metals mentioned above, only strontium is retained as a probable OU-2 contaminant and
included in a concentration/toxicity screen to identify chemicals of concern. Strontium was
detected in 12 subsurface soil samples above the background UTL of 127 mg/kg.
Concentrations of strontium above the background UTL ranged from 133 to 246 mg/kg. The
maximum concentration was detected in borehole 319789 from a depth of 0 to 3 feet. Eight of
the 12 strontium detections above background were obtained from boreholes in the Southeast
Trenches Area from a depth of less than 10 feet (the approximate maximum depth of a trench).
Two strontium detections were obtained from boreholes located beneath the 903 Pad (IHSS
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112) and the other two detections were located in the Mound Area (IHSS 113). All elevated
results were in samples collected from a depth of less than 10 feet.

Although strontium did not have a high frequency of detection, it was detected in several
samples in both 1987 and later boreholes at concentrations above the background UTL in
known disposal trenches. Therefore, strontium is considered a potential OU-2 contaminant in
subsurface soils.

Subsurface Soils
Metals Eliminated as Contaminants
on the Basis of Data Evaluation

Antimony, cesium, mercury, molybdenum, and thallium exceeded background by one statistical
test but not by another. These metals are eliminated from further consideration for the reasons
outlined below. Arsenic and cadmium concentrations exceed background levels in numerous
samples. However, data review strongly suggests that these metals may be waste-related in only
a few instances. The distribution of arsenic and cadmium in subsurface soils is also discussed
below.

Antimony: Antimony was detected at concentrations above the background UTL of 12 mg/kg
in only two subsurface soil samples collected in the 903 Pad area. Detected concentrations were
16 and 24 mg/kg. Background maximum was 16 mg/kg, with a detection frequency of 16
percent. Based on the overall low frequency of detection (4 percent), the fact that only two
results exceeded the background UTL, and that antimony did not exceed background by the
ANOVA test, antimony is not considered an OU-2 contaminant in subsurface soils.

Arsenic: Arsenic was detected in 42 OU-2 subsurface soil samples above the background UTL
of 12 mg/kg. (The background maximum was 42 mg/kg; all but two of the background sample
results were at or below 11 mg/kg.) Concentrations of arsenic in OU-2 samples above the UTL
ranged from 13 to 37 mg/kg. Distribution of elevated concentrations of arsenic in subsurface
soils is shown by THSS area in Figures 4-2 through 4-5. Some elevated concentrations may be
related to metal-bearing wastes deposited in trenches. For example, the maximum arsenic
concentration of 37 mg/kg was detected at a depth of 0 to 2 feet in Trench T-3 in the Northeast
Trenches Area (BH3987, IHSS 110); arsenic at a concentration of 25 mg/kg was also detected
in this borehole at a depth of 14.5 to 17 feet. Elevated arsenic concentrations (23 to 30 mg/kg)
were also detected in three samples from Trench T-7 (IHSS 111.4) and one sample from Trench
T-8 (IHSS 111.5) in the Southeast Trenches Area.
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Other occurrences of elevated arsenic concentrations are scattered throughout OU-2. Data
review suggests that the apparent widespread occurrences of elevated arsenic concentrations
may not be associated with contamination but may be related to unknown characteristics of the
1987 sampling and analysis program. Nearly all of the elevated arsenic results (38 results out
of 42) were observed in samples collected in 1987 sampling program; these data are unvalidated
because the Rocky Flats quality assurance program had not yet been established. Only 4
elevated arsenic results were observed in post-1987 sampling. This information is summarized
in Table 4-1B. Post-1987 samples collected near locations previously sampled during the 1987
sampling program did not confirm the presence of elevated concentrations. Furthermore, where
several samples in a borehole have concentrations above the background UTL, concentrations
tend to be relatively constant with depth (up to 32 feet), indicating the absence of localized
contaminant sources (e.g., at the surface or buried within trenches). In addition, some of the
highest concentrations were detected at depths of 20 to 44 feet, which are probably below
potential sources in trenches (trenches are estimated to have depths of 5 to 10 feet). It is also
noteworthy that arsenic was not identified as a contaminant in groundwater.

It is concluded that most of the occurrences of elevated arsenic concentrations are probably not
associated with waste releases in OU-2 and may be an artefact of the 1987 sampling and
analytical program. However, at a few specific locations (Trenches T-3 and possibly T-7 and
T-8), arsenic may be related to disposal of metal-bearing wastes and therefore arsenic should
be evaluated as a potential special-case chemical of concern. Special-case chemicals of concern
are identified by comparing the maximum concentration to a risk-based screening value (see
Appendix B). If the maximum concentration exceeds the screening value, the contaminant
could pose a significant health risk if exposure were to occur and would be evaluated in the risk
assessment. Results of the screen are shown in Table B-7 and B-8. Since the maximum
concentration did not exceed the screening values, arsenic is not identified as a special-case
chemical of concern and is not evaluated further in the risk assessment.

Cadmium: Cadmium was detected in approximately 40 percent of the OU-2 subsurface soil
samples in concentrations above the background UTL of 1 mg/kg. Concentrations above
background UTL ranged from 1.1 to 10 mg/kg. The maximum concentration of cadmium (10
mg/kg) was detected in borehole 10291 (Trench T-4, IHSS 111.1) at a depth of 2 to 8 feet. It
is possible that cadmium is elevated in this interval due to deposits of metal-bearing wastes
(several other metals were also elevated in this sample).
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However, as with arsenic, most occurrences of apparently elevated cadmium are probably not '
waste-related and cadmium is not considered a chemical of concern for OU-2. Cadmium results
above background UTL are displayed by IHSS area in Figures 4-2 through 4-5. Cadmium
detections above the background UTL occurred predominantly in the 1987 borehole samples
and in very few of the post-1987 samples. Cadmium was detected above the background UTL
in 65 to 91 percent of the 1987 borehole samples, depending on the IHSS area, but in only 2
to 9 percent of the post-1987 samples (see Table 4-1C). In most boreholes, cadmium
concentrations were fairly constant with depth (up to 50 feet), indicating that the cadmium
concentrations are not related to localized surface sources or to waste materials in trenches,
which have estimated depths of 5 to 10 feet.

It is concluded that most of the occurrences of elevated cadmium concentrations are probably
not associated with waste releases in OU-2 and may be an artefact of the 1987 sampling and
analytical program. However, at a few specific locations, such as Trench T-4, cadmium may be
related to disposal of metal-bearing wastes. Therefore cadmium is evaluated as a potential
special-case chemical of concern. Special-case chemicals of concern are identified by comparing
the maximum concentration to a risk-based screening value (see Appendix B). If the maximum
concentration exceeds the screening value, the contaminant could pose a significant health risk
if exposure were to occur and the contaminant would be evaluated in the risk assessment.
Results of the screen are shown in Tables B-7 and B-8. Since the maximum concentration of
cadmium did not exceed the screening values, it is not identified as a special-case chemical of
concern and is not evaluated further in the risk assessment.

Cesium: Cesium is eliminated from further consideration because it is below background by
the ANOVA test, and the results that exceeded the background UTL were non-detect (one-half
reporting limits).

Mercury: Mercury was detected in about 20 percent of the samples analyzed, in concentrations
ranging from 0.06 to 0.49 mg/kg (detection limit = 0.1 mg/kg), with one elevated concentration
of 114 mg/kg detected in a 0 to 10-foot composite sample from borehole 2987. This borehole
is located west of the 903 Pad and is unrelated to known source areas. Background UTL is 1
mg/kg and the background maximum is 6 mg/kg. Because all OU-2 results are below the
background UTL, except for the one extreme value (unvalidated 1987 data) at a location
unrelated to known source areas, mercury is not considered a contaminant in OU-2.
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Molybdenum: Molybdenum is eliminated from further consideration because it is below
background by the ANOVA test and the results that exceeded the background UTL were non-
detect (one-half reporting limits).

Thallium: Thalliuvm is eliminated from further consideration as a contaminant in subsurface
soils because all of the results were below the background UTL of 3 mg/kg and the OU-2 mean
concentration of 1 mg/kg is comparable to the background mean of 0.8 mg/kg.

4.2.2 Radionuclides

Table 4-2 summarizes the background comparison radionuclides in subsurface soils. For a
number of the analytes, few background data were available for comparison. Radium-226,
strontium-89,90 and strontium 90 did not exceed background based on both statistical
comparisons and were eliminated from further consideration on that basis. Americium-241,
plutonium-239,240, and cesium-137 are probable contaminants based on the percentage of
results (33% to 78%) that exceed the background UTLs. Nearly all elevated tritium results (17
samples) occurred in trenches in the Southeast Trenches Area or at the 903 Pad; therefore,
tritium is retained as a probable contaminant in subsurface soils. For the reasons outlined
below, uranium-233,234, uranium-235, and uranium-238 were retained as special-case
contaminants, and radium-228 was eliminated from further consideration.

Uranium-233,234: Uranium-233,234 was detected in two borehole samples (1 percent) above
the background UTL of 2.5 pCi/g. Activities above background UTL ranged from 14.35 to
191.7 pCi/g. The maximum activity was obtained from borehole 10291 from a depth of 2 to 8
feet. Source borehole 10291 is located in Trench T-4 (IHSS 111.1). Borehole 10191, which is
located in Trench T-3 (IHSS 111.0), had a level of 14.35 pCi/g from a depth of 4.2 to 8.0 feet.
Review of the data indicates that uranium-233,234 is not a contaminant characteristic of OU-2

soils. However, it may be a local contaminant in Trenches T-3 and T-4 and is retained as a

special-case chemical of concern for evaluation in the risk assessment.

Uranium-235: Uranium-235 was also detected in two borehole samples above the background
UTL of 0.2 pCi/g. Uranium-235 activities in boreholes 10191 and 10291 were 0.75 pCi/g and
11.5 pCi/g, respectively. Both detections were from the uppermost composite sample. Due to
the low frequency of elevated activities, it is not considered a contaminant characteristic of
subsurface soils in OU-2. However, uranium-235 may be a local contaminant in Trenches T-3
and T-4 and is retained as a special-case chemical of concern for evaluation in the risk
assessment.
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Uranium-238: Although only a small percentage (3%) of results for uranium-238 exceeded the
background UTL (1.5 pCi/g), the elevated concentrations ranged from 2 to 133 pCi/g and were
detected in the 903 Pad Area and at Trenches T-3 and T-4 in the Northeast Trenches Area;
therefore, uranium-238 is retained as a special-case chemical of concern at these Trenches.

Radium-228: Radium-228 was detected in six borehole samples (9 percent) above the
background UTL of 2.0 pCi/g. Activities above background UTL range from 2.044 to 2.6
pCi/g. Because the maximum level (2.6 pCi/g) is not substantially higher than the background
UTL (2.0 pCi/g) or the background maximum (2.2 pCi/g), radium-228 is not considered a
contaminant in subsurface soil in OU-2.

43 FREQUENCY OF DETECTION

Organic compounds detected at a frequency of 5 percent or greater were considered potential
chemicals of concern and are listed in Table 4-3. These compounds are included in the
concentration/toxicity screens for subsurface soils (Section 4.4).

Compounds detected in subsurface soils at less than 5 percent frequency are listed in Table 4-4.
The potential for exposure to infrequently detected compounds is low. Nevertheless,
concentrations of infrequently detected organic compounds were further evaluated as described
in Section 4.5 to identify those that could contribute significantly to risk if exposure were to |
occur.

44 CONCENTRATION/TOXICITY SCREENS

Concentration/toxicity screens were used to identify chemicals, based on concentration and
toxicity, that could contribute significantly to risk and to eliminate chemicals from quantitative
evaluation in the risk assessment that contribute insignificantly to risk. The screen was
performed on chemicals detected above background and at a frequency of 5 percent or greater.
The concentration/toxicity screen process was explained in Section 2.4. Results of the screen
for borehole data are shown in Tables 4-5 (Noncarcinogenic Effects), 4-6 (Carcinogenic Effects),
and 4-7 (Radionuclides). Chemicals of concern are summarized in Table 4-8. All chemicals
that comprise approximately 99 percent of the total risk factor are identified as chemicals of
concern to be evaluated in the risk assessment.

Compounds without EPA-established toxicity factors cannot be assessed and are not included
in the concentration/toxicity screen. Table 4-9 identifies the compounds for which EPA has not
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established toxicity factors. These compounds will be addressed qualitatively in the risk
assessment.

4.5 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS

Compounds detected at less than 5 percent frequency may be eliminated from further
consideration because the potential for exposure is low. However, these compounds were
further screened so as not to neglect infrequently detected compounds that could contribute
significantly to risk if exposure were to occur. In this screen, maximum concentrations of
infrequently detected compounds were compared to risk-based screening values using the
approach outlined in Section 2.5 and described in greater detail in Appendix B.

Results of the comparison are shown in Tables B-7 and B-8. No infrequently detected
compounds in subsurface soils were present at concentrations greater than the screening values
used in the analysis.

4.6 SUMMARY OF CHEMICALS OF CONCERN IN SUBSURFACE SOIL

OU-2 chemicals of concern in subsurface soil identified by the approach described above are
listed in Table 4-8. These are tetrachloroethene, americium-241, and plutonium-239,240.
Special-case chemicals of concern are uranium-233,234, uranium-235, and uranium-238, based
on the occurrence of elevated concentrations in samples from 903 Pad Area, the Northeast
Trenches Area.

(4040-1200-0066-810) (TM-9) (12/06/93 9:56pm) 4.9



1Jo [ 19y4S ONd 8T8 £6/9/TT) (STIX Tr~181) (018-9900-002 1-0v0F)

$0'0 > d pue "L} %56 SP330X2 B1Bp %5 < (¥)
$0°0 < d pue [0} %S6 SP39Xa BIEp 9%6>  (£)

"UBIW Z-[1() SPa99Xa 10 0} Jenba s1 ueaw punosgyoeg Juedyuds parapisuod st g0 >d "g1-voiqel, ()
§0'0 > d 10 1N %G6 SPAAOXD BIEP %S< IOUNT |, 'Sy ajqeLwory (1)
ON X #S0°0> [4 urz
ON X *$0°0> 0 winipeuep
ON X 1€°0 0 ul]
ON "¢ ="1LN Puyq T = Xew Z-NO A €O0> 0 wnijeyp
sax SBJIe 30INOS Ul JUBUTUIRIUOD 3]qeqoid X +S0°'0> S wnnpuong
ON X *S0°0> 1 I2ATIS
ON X *$0°0> 0 Wniuaeg
ON X *$0°0> Yo [OIN
ON “(aruary “39p Jrey) 10939p-uou a1k L )< SHNSY A SL0 L WNUIPGAION
ON “LL PWiQq 2A0Qe )Y € PA S0'0> I Amorop
ON X 160 I asoue3uepy
ON X 160 1 wmnnpry
ON X *S0°0> 1 pea]
ON X £S0°0> 1 1addo)
ON X *$0°0> (4 eqo)
oN X *S0'0> 1 wnruory’y
ON "(Jruat] )9p Jrey) 109)9p-uou 5k “LL() PUq < SINSNY A *S0°0> L umisay)
SoX X *$0°0> 9¢ wnmpe)
ON X *S0°0> vo umiiiog
ON X *S0'0> [4 wnueq
SaA X X SO'0> 11 dasry
ON 11N PUQ < symsa1 g Aousnbaiy uonoaop % €40 S Auowrnuy
ON X £9°0 0 wnurmpy
JRETEY: (o 9g) () (©) (D d (I A feuy
Iapisuo)y yo/eiodurs | /enedg saX ON VAONVY  "LLN %86 <
JIUBUTIRIuO)) [ENUS104 eedq %

Sy/3w “TIOS AOVAUNSANS NI STVLINW
NOSRIVAINOD ANNOIOMIVE 40 AIVININNS
10 INV'1d SLVId AMD0Y
1-¥ T1aVL



TABLE 4-1B
ARSENIC IN SUBSURFACE SOILS

1987 Post 1987
903 Pad Samples Samples
Number of samples 34 107
Number of detects 32 99
Number of results above background 95% UTL 3 1
[Percent of results above background 95% UTL 9 1]
Range of values above 95% UTL, mg/kg 14-20 14
Mound Area
Number of samples 39 11
Number of detects 39 6
Number of results above background 95% UTL 7 1
[Percent of results above background 95% UTL 18 9|
Range of values above 95% UTL, mg/kg 13-20 13
Northeast Trenches
Number of samples 61 43
Number of detects 54 38
Number of results above background 95% UTL 14 0
[Percent of results above background 95% UTL 23 0}
Range of values above 95% UTL, mg/kg 13-37 -
Southeast Trenches
Number of samples 69 84
Number of detects 64 73
Number of results above background 95% UTL 14 2
{Percent of results above background 95% UTL 20 2
Range of values above 95% UTL, mg/kg 13-31 18
Totals
Number of samples 206 245
Number of detects 192 215
Number of results above background 95% UTL 38 4
[Percent of results above background 95% UTL 18 24
Range of values above 95% UTL, mg/kg 13-37 13-18

95% UTL of background = 12 mg/kg.
Background maximum = 42 mg/kg.

Detection frequency in background samples = 68 percent.

Reporting limit = 2 mg/kg.
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TABLE 4-1C

CADMIUM IN SUBSURFACE SOILS

903 Pad 1987 post 1987
Number of samples 34 96
Number of detects 30 8
Number of results above background 95% UTL 31 9
[Percent of results above background 95% UTL 91 9|
Range of values above 95% UTL, mg/kg 1.2-5.4 1.3-1.4
Mound Area

Number of samples 39 11
Number of detects 27 1
Number of results above background 95% UTL 27 1
[Percent of results above background 95% UTL 67 9|
Range of values above 95% UTL, mg/kg 1.1-3.7 14
Northeast Trenches

Number of samples 61 39
Number of detects 51 10
Number of results above background 95% UTL 51 1
[Percent of results above background 95% UTL 84 3]
Range of values above 95% UTL, mg/kg 1.1-6.2 10.5
Southeast Trenches

Number of samples 69 58
Number of detects 48 1
Number of results above background 95% UTL 46 1
[Percent of results above background 95% UTL 65 2|
Range of values above 95% UTL, mg/kg 1.1-5.6 1.4
Totals

Number of samples 206 204
Number of detects 159 18
Number of results above background 95% UTL 155 12
[Percent of results above background 95% utl 75 6
Range of values above 95% UTL, mg/kg 1.1-6.2 1.3-10.5

95% UTL of background = 1 mg/kg (reporting limit).
Detection frequency in background samples = 6 percent.
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TABLE 4-3
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
5% OR GREATER FREQUENCY
SUBSURFACE SOIL

Maximum Detection Frequency

Concentration, mg/kg %
Acetone 26 34
Methylene chloride 0.037 32
1,2-Dichloroethane 0.120 12
2-Butanone 0.15 7
1,1,1-Trichloroethane 13 7
Trichloroethene 120 5
Toluene 1.1 34
Tetrachloroethene 13000 11
Total xylenes 0.23 5
Bis(2-ethylhexyl)phthalate 12 47
N-Nitrosodiphenylamine 0.37 18
Di-n-butyl phthalate 3.4 10
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TABLE 4-4
ROCKY FLATS PLANT OU-2

ORGANIC COMPOUNDS DETECTED AT

LESS THAN 5% FREQUENCY

SUBSURFACE SOIL

Maximum Concentration Detection Frequency

mg/kg %
1,1,2-Trichloroethane 0.027 0.7
1,1-Dichloroethane 0.008 03
1,2-Dichloroethane 0.09 2
2-Chloroethylvinylether 0.031 0.7
Benzene 0.012 0.3
Bromomethane 0.006 03
Carbon tetrachloride 140 4
Chloroethane 0.050 0.3
Chloroform 8.8 3
Cis-1,3-dichloropropene 0.006 0.3
Ethylbenzene 0.78 1
Styrene 0.17 0.3
Aroclor-1254 8.9 2
44°-DDT 0.14 0.35
Pentachlorophenol 0.095 0.7
1,4-Dichlorobenzene 0.043 04
Fluoranthene 1.0 1.8
Pyrene 13 22
Di-n-octyl phthalate 0.26 04
Phenanthrene 2.7 1.8
2-Methylinaphthalene 8.1 1
Acenaphthene 0.28 0.7
Benzo(a)pyrene 0.48 0.7
Chrysene 042 0.7
Naphthalene 2.0 0.7
Benzoic Acid 04 04
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CONCENTRATION/TOXICITY SCREEN

TABLE 4-5
ROCKY FLATS PLANT OU-2

SUBSURFACE SOIL

NONCARCINOGENS

(Organics and Metals)

Max Value Inhalation Oral Risk Risk Cumulative
Chemical (mg/kg) RID RID Factor ~ Index Rank Percent
tetrachloroethene 13000 n/a 1.0E-02 1.3E+06 1.0E+00 1 99.9
bis(2-ethylhexyl)phthalate 12 n/a 2.0E-02 6.0E+02 4.6E-04 2 99.9
strontium 246 n/a 6.0E-01 4.1E+02 3.2E-04 3 100.0
acetone 26 n/a 1.0E-01 2.6E+02 2.0E-04 4 100.0
1,1,1-trichlorethane 13 3.0E-01 9.0E-02 1.4E+02 1.1E-04 5 100.0
toluene 14 1.1E-01 2.0E-01 1.3E+01 9.8E-06 6 100.0
2-butanone 0.21 3.0E-01 6.0E-01 7.0E-01 5.4E-07 7 100.0
methylene chloride 0.037 9.0E-01 6.0E-02 6.2E-01 4.7E-07 8 100.0
di-n-butylphthalate 34 n/a 1.0E+01 3.4E-01 2.6E-07 9 100.0
total xylenes 0.23 n/a 2.0E+00 1.2E-01 8.8E-08 10 100.0
Total Risk Factor 1.3E+06
RfDs are in units of mg/kg-day. See Table 2-5 for references.
n/a = not available.
Sheet 1 of 1
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TABLE 4-6

ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN
SUBSURFACE SOIL

CARCINOGENS

(Organics and Metals)

Max Value Inhalation Oral Risk Risk Cumulative
Chemical (mg/kg) Slope Factor  Slope Factor Factor Index Rank Percent
tetrachloroethene 13000 1.8E-03 5.2E-02 6.8E+02 1.0E+00 1 99.8
trichloroethene 120 6.0E-03 1.1E-02 1.3E+00 1.9E-03 2 100.0
bis(2-ethylhexyl)phthalate 12 n/a 1.4E-02 1.7E-01 2.5E-04 3 100.0
1,2-dichloroethane 0.12 9.1E-02 9.1E-02 1.1E-02 1.6E-05 4 100.0
N-nitrosodiphenylamine 0.37 n/a 4.9E-03 1.8E-03 2.7E-06 5 100.0
methylene chloride 0.037 1.6E-03 7.5E-03 2.8E-04 4.1E-07 6 100.0
Total Risk Factor 6.8E+02

Slope factors are in units of 1/(mg/kg-day). See Table 2-5 for references.
n/a = not available.
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TABLE 4-7
ROCKY FLATS OU-2
CONCENTRATION/TOXICITY SCREEN

SUBSURFACE SOIL
RADIONUCLIDES
Max Value Inhalation Oral Risk Risk Cumulative
Chemical (pCi/g) Slope Factor  Slope Factor Factor Index Rank Percent
plutonium-239/240(1) 68 3.8E-08 2.3E-10 2.6E-06 9.2E-01 1 91.8
americium-241(1) 7 3.2E-08 2.4E-10 2.3E-07 8.2E-02 2 100.0
tritium (1) (pCi/L) 1500 7.8E-14 5.4E-14 1.2E-10 4.2E-05 3 100.0
cesium-137(1) 24 1.9E-11 2.8E-11 6.7E-11 2 4E-05 4 100.0
Total Risk Factor 2.8E-06
Slope factors are in units of 1/pCi. See Table 2-6 for references.
(4040-1200-0066-810) (TBL4-7.XLS) (12/3/93 3:39 PM) Sheet 1 of 1
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TABLE 4-8
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN
SUBSURFACE SOIL

Organic Compounds Radionuclides

Tetrachloroethene Americium-241
Plutonium-239,240

SPECIAL CASE
CHEMICALS OF CONCERN (1)

Compound Location

Uranium-233,234 Trenches T-3 and T-4
Uranium-235 " Trenches T-3 and T4
Uranium-238 903 Pad and Trenches T-3 and T4

(1) Special case chemicals of concern are infrequently detected and are not OU-2 wide contaminants.
The uranium isotopes were identified as special case chemicals of concern because the infrequent
elevated concentrations were located near source areas and because uranium is a potential
significant contributor to risk. The effect of uranium at these locations on overall risk will be
evaluated separately in the risk assessment.
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TABLE 4-9
DETECTED COMPOUNDS WITHOUT EPA
TOXICITY FACTORS
SUBSURFACE SOIL

2-Methylnaphthalene
4-Methylphenol
Benzo(ghi)perylene

(4040-1200-0066-810) (TBL-49) (12/3/93 4:12 pm)
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5.0
SURFACE SOIL CHEMICALS OF CONCERN

5.1 DATA EVALUATION

Chemicals of concern in surface soil were selected using the data set identified in Table 2-2.
This includes surface soil samples collected in 1991 (radionuclides only) and in 1993. Surface
soil samples were analyzed for semivolatiles, pesticides, metals, and radionuclides. Sampling
locations are shown in Figures 5-1 through 5-3.

The occurrences of benzoic acid, polycyclic aromatic hydrocarbons (PAHs), and bis(2-
ethylhexyl)phthalate detected in surface soil samples were evaluated to judge whether or not
their presence is likely to be due to waste releases in OU-2. This evaluation is described below.

. Benzoic Acid

Benzoic acid was detected in 88 percent of the surface soil samples obtained within OU-2.
Benzoic acid concentrations were all estimated at well below the reporting limit of
1,600 ug/kg. Benzoic acid results range from about 40 to 700 ug/kg (most fell between
100 and 300 ug/kg) and are evenly distributed across OU-2 with no relationship to source
areas (see Figure 5-3). In addition, benzoic acid was also detected in 58 percent of the
background data within the range of 40 to 230 ug/kg. The range of concentrations of
benzoic acid in OU-2 is similar to the range of background concentrations. It is probable
the reported results in background and OU-2 samples are laboratory artifacts. False
positives for this compound are common due to cross-contamination from glassware and
the chromatographic instruments, and this chemical has been removed from the CLP

Statement of Work. Benzoic acid is not considered as a waste-related contaminant in QU-
2.

o PAHs

Several polycyclic aromatic hydrocarbons (PAHs) were detected in many of the 39 surface
soil samples collected in OU-2. Of the 40 samples, 6 were at biased sampling locations
(IHSSs) and 34 were random (grid-based) samples collected across OU-2. The sampling
locations and concentrations are shown in Figure 5-3. Concentrations of PAHs measured
in the biased samples were comparable to those measured in the random samples. For

(4040-1200-0066-810) (TM-9) (12/06/93 9:44pm) 5-1



example, Table 5-1 shows that benzo(a)anthracene ranged from 41 to 130 in pg/kg in the
random samples and from 51 to 160 pg/kg in the biased samples. The ranges are similar
for other PAHs detected in OU-2 surface soil samples (see Table 5-1).

PAHs are common products of hydrocarbon combustion, including vehicle emissions and
burning of coal, wood, tobacco, and petroleum-based fuels. Because similar PAHs levels
are found in random and in biased samples, the detected PAHs are probably related to
normal activities that occur at any developed industrial area and are not related to waste
disposal activities in OU-2, with the possible exception of PAHs detected in the former
Reactive Metal Destruction Site (IHSS 140, sample plot 376, S5200193). At this location,
individual PAHs were detected in concentrations ranging from 69 pg/kg (benzo(k)-
fluoranthene) to 390 pg/kg (fluoranthene). Random sample plot 45 (SS200093) is located
approximately 200 feet west of the old Pallet Burn Site (IHSS 154); PAHs detected there
may or may not be related to historic burns at the THSS.

Since PAHs might be related to waste-disposal activities at one or two locations in OU-2,
they were evaluated in the risk-based screen (Appendix B) to identify special-case
chemicals of concern, which are infrequently detected waste-related contaminants that
could contribute significantly to risk if exposure were to occur. The results of the screen
are shown in Tables B-7 and B-8. The evaluation shows that maximum concentrations of
PAHs detected in OU-2 samples do not exceed risk-based screening levels. Therefore
none of the PAHs are special-case chemicals of concern.

Bis(2-ethylhexyl)phthalate

Bis(2-ethylhexyl)phthalate was detected in 9 of 40 (23 percent of) surface soil samples
widely distributed across OU-2, including locations distant from source areas.
Concentrations in most samples ranged from 49 to 110 pg/kg (detection limit = 330
1g/kg), and one sample had a concentration of 510 ug/kg. In background samples, bis(2-
ethylhexyl)phthalate was detected in 22 percent of the samples in concentrations ranging
from 35 to 140 ug/kg. Since the distribution of OU-2 results and background results are
similar, and since this compound is a common field and laboratory contaminant, it is
concluded that bis(2-ethylhexyl)phthalate in OU-2 samples is not related to waste releases,
and it is not considered an OU-2 contaminant.
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52 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS

Tables 5-2 and 5-3 summarize the results of comparing concentrations of metals and
radionuclides in OU-2 surface soil samples to background levels. Background surface soil data
consist of analytical results from samples collected at 18 locations in the Rock Creek area. Nine
of the sites were sampled in February 1992 and the remaining nine sites were sampled in March
1993. All background samples were collected using the RFP method, a composite method in
which the top 2 inches of soil are collected. The OU-2 samples were collected during three
sampling events. Samples analyzed for uranium were collected during Summer 1991 by the
CDH method, a method in which the top 1/4 inch of soil is collected. Samples analyzed for
plutonium and americium were collected in Fall 1991 using the RFP method. Additional
samples for other radionuclides and metals were collected by the RFP method in March 1993.
Metals and radionuclides that did not exceed background levels were eliminated from further
consideration as potential chemicals of concern. The background comparison process is
described in Appendix A.

5.2.1 Metals

Most metals do not exceed background using both statistical tests (UTL and ANOVA; see Table
5-2), and these are not considered further. However, beryllium, cadmium, selenium, thallium,
and tin appear to exceed background by the ANOVA test. Nevertheless, these metals are not
considered to be OU-2 contaminants in surface soils for the reasons outlined below.

Beryllium: Beryllium was detected in 1 of 40 samples (3 percent detection frequency) at a
concentration of 1.3 mg/kg, which is below the background maximum of 2.5 mg/kg, and below
the background UTL of 3.56 mg/kg. Therefore, beryllium is not considered a contaminant of
concern in surface soils in OU-2.

Cadmium: Cadmium was detected in 5 of 40 samples. None of the cadmium results exceeded
the background UTL of 3.4 mg/kg, and the maximum cadmium concentration detected in OU-2
samples (2.2 mg/kg) is below the background maximum (2.5 mg/kg).

Selenium: Selenium was detected in 3 of 40 samples. Only one selenium result (0.9 mg/kg)
exceeded the background UTL of 0.8 mg/kg, and the maximum detected concentration
(0.9 mg/kg) is less than the background maximum (1.0 mg/kg). Therefore, selenium is not
considered a contaminant in OU-2 surface soil.
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Thallium: Thallium is not considered an OU-2 contaminant because it was detected in only 1
of 40 samples (3 percent detection frequency) at a concentration of 0.5 mg/kg, which is below
the background UTL of 1.1 mg/kg and below the background maximum of 1 mg/kg.

Tin: Tin was detected in 16 of 40 samples. In one of the 16 samples it was detected at a
concentration of 93 mg/kg, which is above the background UTL of 56 mg/kg. This sample was
collected near Indiana Street. Therefore, tin is not considered a contaminant in OU-2 because
the only sample result that exceeded the background UTL was detected at a location unrelated
to source areas.

In conclusion, metals are not considered contaminants in surface soils in OU-2.
§5.2.2 Radionuclides

The radionuclides cesium-137, radium-228, and strontium-89,90 do not exceed background levels,
based on results of both statistical tests (Table 5-3). The radionuclides americium-241 and’
plutonium-239 are considered OU-2 contaminants. Radium-226 is not considered an OU-2
contaminant (see below). The uranium isotopes (233, 234, 238, and 239) are considered further
as possible OU-2 contaminants based on spatial evaluation of the data, as described below.

Radium-226: Radium-226 was detected in all 24 surface soil samples analyzed for radionuclides,
but only one sample had an activity (11.8 mg/kg) that exceeded the background UTL of
1.3 mg/kg. This sample was collected in plot 8180 near Indiana Street, distant from OU-2
source areas. Because the elevated level found in only one sample distant from OU-2 source
areas, radium-226 is not considered an OU-2 contaminant.

Uranium isotopes: The uranium isotopes exceed background levels by the UTL comparison
(over 20 percent of the data exceeded background UTLs), but population differences between
OU-2 data and background were not significant by the ANOVA test (p < 0.05). Spatial
evaluation shows that elevated activities of the analytes uranium-233,234, -235, -238, and -233
238,239 occur in an area east of the 903 Pad. These are considered potential OU-2
contaminants and are retained for further evaluation as potential chemicals of concern in a

concentration/toxicity screen.
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53 FREQUENCY OF DETECTION

Of the organic analytes, benzoic acid, bis(2-ethylhexyl)phthalate, and the PAHSs
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene,
phenanthrene, and pyrene were detected in surface soils at a frequency of 5 percent or greater.
These compounds are listed in Table 5-4. None of these compounds are likely to be related to
waste sources in OU-2, as described in Section 5.1, and, therefore are not considered to be
OU-2 contaminants.

Organic compounds detected in surface soils at less than 5 percent frequency are listed in Table
5-5. These include benzo(ghi)perylene, benzo(k)fluoranthene, indeno(1,2,3-cd) pyrene, PCBs,
DDT, and delta-BHC. The potential for exposure to infrequently detected compounds is low.
Nevertheless, concentrations of these compounds were further evaluated in a risk-based screen
as described in Section 5.5.

54 CONCENTRATION/TOXICITY SCREENS

No site-related organic compounds or metals were identified in surface soils with the exception
of the infrequently detected organic compounds that are evaluated in Section 5.5 and chromium
(a "special case" chemical of concern). Therefore, a concentration/toxicity screen was
performed only for radionuclides of potential concern. The concentration/toxicity screen
process was explained in Section 2.4. Results of the screen for radionuclides in surface soil are
shown in Table 5-6. Plutonium-239,240 contributes over 98 percent of the total risk factor.
Americium-241 contributes approximately 1 percent of the total risk factor. The uranium
isotopes contribute insignificantly to the total risk factor and are eliminated as chemicals of
concern in surface soils. Table 5-7 summarizes the chemicals of concern in surface soils. All
chemicals that comprise 99 percent of the total risk factor are identified as chemicals of concern
to be evaluated in the risk assessment.

5.5 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS

Compounds detected at less than 5 percent frequency may be eliminated from further
consideration because they are not characteristic of contamination and because the potential
for exposure is low. However, these compounds were further screened so as not to neglect
infrequently detected compounds that could contribute significantly to risk if exposure were to
occur. In this screen, maximum concentrations of infrequently detected compounds (4,4-DDT,
benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene, and PCBs) were compared to risk-based
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screening values using the approach outlined in Section 2.5 and described in greater detail in
Appendix B. Complete results of the evaluation are shown in Tables B-7 and B-8. The
infrequently detected compounds in surface soils were not present at concentrations greater
than the screening values, and therefore they do not warrant inclusion in the risk assessment.
Benzo(ghi)perylene and delta-BHC are not included in the risk-based screen because the EPA
has not established toxicity factors for these compounds.

5.6 SUMMARY OF CHEMICALS OF CONCERN IN SURFACE SOIL
Chemicals of concern in surface soils in OU-2 are plutonium-239, 249 and americium-241. The

concentration/toxicity screen shows that uranium isotopes contribute an insignificant fraction
of potential overall risk and they are eliminated from further evaluation in risk assessment.

(4040-1200-0066-810) (TM-9) (12/06/93 9:07pm) 5-6



TABLE 5-1
ROCKY FLATS PLANT OU-2

CONCENTRATION RANGES OF SELECTED PAHs AT

RANDOM AND BIASED SURFACE SOIL
SAMPLING LOCATIONS

Detected Concentrations® pg/kg

Random Biased

(grid-based) (IHSSs)
Benzo(a)anthracene 41 - 130 51-160
Benzo(a)pyrene 48 - 140 68 - 160
Benzo(b)fluoranthene 90 - 200 38 - 240
Pyrene 54 - 260 98 - 350

MDetected concentrations are all estimated values below the reporting limit (330 ug/kg).

Source: Figure 5-3
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TABLE 54
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
5% OR GREATER FREQUENCY
SURFACE SOIL

Maximum Detection

Concentration Frequency
(mg/kg) %
Benzo(a)anthracene | 0.16 17
Benzo(a)pyrene 0.16 17
Benzo(b)fluoranthene 0.24 17
Benzoic Acid 0.7 88
Bis(2-ethylhexyl) phthalate 0.51 21
Chrysene 0.2 23
Fluoranthene ' 0.39 38
Phenanthrene 0.23 25
Pyrene 0.35 46
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TABLE 5-5
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
LESS THAN 5% FREQUENCY
SURFACE SOIL

Maximum - Detection

Concentration Frequency
mg/kg %
Benzo(g,h,i)perylene 0.061 4
Benzo(k)fluoranthene 0.076 4
Di-n-butyl phthalate 1.0 2
Indeno(1,2,3-cd)perylene 0.83 4
4,4-DDT 0.026 2
Aroclor-1254 0.97 4
Aroclor-1260 0.66 4
delta-BHC 0.023 2
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CONCENTRATION/TOXICITY SCREEN

TABLE 5-6

ROCKY FLATS OU-2

SURFACE SOIL
RADIONUCLIDES
Max Value Inhalation Oral Risk Risk Cumulative
Chemical _(pCi/g) Slope Factor  Slope Factor Factor Index Rank Percent
plutonium-239,240 7300 3.8E-08 2.3E-10 2.8E-04 9.9E-01 1 98.6
americium-241 110 3.2E-08 2.4E-10 3.5E-06 1.3E-02 2 99.8
uranium-233,238,239 7.74 2.7E-08 1.6E-11 2.1E-07 7.4E-04 3 999
uranium-238 7.26 2.4E-08 1.6E-11 1.7E-07 6.2E-04 4 100.0
uranium-233,234 3.58 2.7E-08 1.6E-11 9.7E-08 3.4E-04 5 100.0
uranium-235 0.68 2.5E-08 1.6E-11 1.7E-08 6.0E-05 6 100.0
Total Risk Factor : 2.8E-04

Slope factors are in units of 1/pCi. See Table 2-6 for references.
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TABLE 5-7
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN
SURFACE SOIL

Plutonium-239,240
Americium-241

(4040-1200-6600-810) (TABLE.-57.XLS) (12/6/93 6:12 PM)
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APPENDIX A
BACKGROUND COMPARISON
FOR METALS AND RADIONUCLIDES

Concentrations of metals and radionuclides detected in groundwater, subsurface soil, and
surface soil in OU-2 were compared to background concentrations to help distinguish inorganic
compounds that are naturally occurring in OU-2 from those that occur in elevated
concentrations due to chemical releases in OU-2. Background concentrations for groundwater
and subsurface soil were taken from the Final Background Geochemical Characterization
Report, Rocky Flats Plant (EG&G 1992). Background concentrations for surface soil were
determined from samples collected in the Rock Creek area in 1991 and 1993.

The procedures applied in the background comparison are shown in the flow chart in Figure
A-1. Each step is described below.

Step 1 - Categorize OU-2 Samples and Background Data

For the groundwater, OU-2 results and background results were classified by the lithologic unit
in which the well screen was set so that a background comparison could be made for the UHSU
as a whole and for the Arapahoe No. 1 Sandstone separately. The OU-2 UHSU is comprised
of Rocky Flats Alluvium (RFA), Valley Fill Alluvium (VFA), colluvium, Arapahoe No. 1
Sandstone and weathered claystone of the Arapahoe and/or Laramie Formations. The UHSU
is the principal pathway of potential contaminant migration in groundwater to surface seeps and
to potential exposure points in Woman Creek and Walnut Creeks. The aggregated OU-2
UHSU results were compared to aggregated background groundwater results collected from the
Rocky Flats Alluvium, Valley Fill Alluvium, colluvium, and Arapahoe/Laramie sandstones and
claystones as reported in the Background Geochemical Characterization Report (EG&G 1992).
Dissolved-phase metals and radionuclides were used in this comparison.

The No. 1 Sandstone in OU-2 is the only lithologic unit within the UHSU that has sufficient
yields to support a domestic water well (see Appendix C). Therefore, the No. 1 Sandstone
portion of the UHSU is considered the exposure medium for hypothetical on-site groundwater
ingestion. The No. 1 Sandstone is a channel deposit of limited depositional extent, which is not
present in the designated background area. Therefore, OU-2 No. 1 Sandstone results were
compared to background groundwater results collected from the Arapahoe/Laramie sandstones
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and claystones. Total (unfiltered) results for metals and radionuclides were used in this
comparison.

For subsurface soils, all OU-2 borehole soil results collected above the water table were
aggregated and compared to an aggregated background borehole data set consisting of all
background subsurface soil results. OU-2 samples collected below the water table were not
included in the data set for background comparison in order to avoid including inorganic
constituents resulting from cross-contamination by groundwater.

The OU-2 surface soil data collected using the RFP method during the 1991 and 1993 sampling
events were used for the background comparison with the exception of the uranium isotope
data. The OU-2 RFP method data were used in order to be comparable with the background
soil data, which was collected using the RFP method. Uranium isotope data collected using the
CDH method during the 1991 sampling event were used in the background comparison because
no uranium results for RFP-method data were available.

Step 2 - Comparison to Background Tolerance Limits.

Analytical results for each detected inorganic analyte were compared to the 95% upper
tolerance limit (UTL) of the background results. If 5 percent or more of the data exceeded the
UTL, the compound was retained for further evaluation. If less than 5 percent of the data
exceeded the UTL, the compound was considered to be within background range, although
further evaluation by analyses of variance (ANOVA) may be performed. Tolerance limits
define a range that contains at least P percent of a population with a probability (p) (level of
confidence). A probability is associated with the tolerance limits since they are estimated from
the data set and, therefore, have some level of uncertainty associated with them. For the
tolerance limit to be useful in decision making, both "p" and "P" are chosen to be large, in this
case p=0.95 and P=95 percent. A one-sided tolerance limit is appropriate for analytes for
which an increase over background may be indicative of potential contamination. If less than
5 percent of the OU-2 results for a given analyte exceeded the upper 95% tolerance limit (UTL)
of the background results, then the OU-2 and background populations were considered to be
similar. Consequently, these analytes can be deleted from the list of potential contaminants
based on background comparison. If 5 percent or more of the OU-2 results exceed the
background UTL, Step 3 is performed. The comparison to UTL was performed using one-half
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the detection limit as the concentration in samples in which the compound was reported as
nondetect.

Step 3 - Percentage of Nondetections

If there are more than 50% nondetections in the grouped background and OU-2 observations,
the Wilcoxon Rank Sum test or the Kruskal-Wallis test is an appropriate analysis. The Kruskal-
Wallis test is an extension of the Wilcoxon Rank Sum test to more than one population.

Step 4 - Wilcoxon Rank Sum Test

The Wilcoxon Rank Sum test or the Kruskal-Wallis test may be used if there are more than
50% nondetections in the grouped background and OU-2 data. In the background comparison
performed for this technical memorandum, data were evaluated using either the nonparametric
ANOVA (Kruskal-Wallis) or the parametric ANOVA (Steps 5 through 8). ANOVA requires
at least three observations from the nonbackground area.

Step 5 - Distribution of Data

Were the data normally distributed? In using ANOVA it is necessary to identify sample
distributions (Step 5) and equality of variances (Step 6) to determine whether nonparametric
(Step 7) or parametric (Step 8) ANOVA methods should be used. Nondetections were included
using a value equal to one-half of the detection limit.

The distribution of the data was evaluated using the Shapiro-Wilks test or the Lilliefors
variation of the Kolmogov-Smirnoff test. If the data were normally distributed, Step 6 was
performed next. If the data were not normally distributed, a logarithmic transformation was
performed and the distribution test was applied to the transformed data. If the transformed
data were normally distributed, the parametric ANOVA was used to assess difference from
background. If the transformed data were not normally distributed, then nonparametric
statistical methods (Step 7) were used for evaluating the data. Variance is a measure of
dispersion of a set of observations around the mean of a random variable. If the variances of
the background and OU-2 populations are equal, and the data are normally distributed (Step
5), then parametric one-way ANOVA tests are used.
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Step 6 - Equality of Variance

Are the variances of the background and the OU-2 data equal? (This step only applies to
normally distributed data.)

Step 7 - Nonparametric Test

If data are not normally distributed or the variances are not equal, the Kruskal-Wallis
nonparametric ANOVA is used. The nonparametric ANOVA evaluates differences in the mean
rankings of the data (rather than the raw data or transformations of the raw data).

Step 8 - Parametric Test

If both the background and OU-2 data are normally distributed and the variances are equal,
then a parametric ANOVA test is used.

Use of Nondetect Values in Calculations: For metals, the UTL and ANOVA tests were
performed using one-half the detection limit as the concentration in samples in which the

analyte was not detected. For radionuclides, zero values and negative results were not included
in the calculation.

The tables on the following pages present the results of the background comparisons for metals
and radionuclides in groundwater, subsurface soil, and surface soil.

Table A-1 95% UTL Comparison: Dissolved Metals in Groundwater

Table A-2 95% UTL Comparison: Total Metals in Groundwater (No. 1 Sandstone only)
Table A-3 95% UTL Comparison: Total Radionuclides in Groundwater (No. 1 Sandstone)
Table A-4 95% UTL Comparison: Dissolved Radionuclides in Groundwater (UHSU)
Table A-5 95% UTL Comparison: Metals in Subsurface Soil

Table A-6 95% UTL Comparison: Radionuclides in Subsurface Soil

Table A-7 95% UTL Comparison: Metals in Surface Soil

Table A-8 95% UTL Comparison: Radionuclides in Surface Soil

Table A-9 ANOVA Comparison: Total Metals in Groundwater (No. 1 Sandstone)
Table A-10 ANOVA Comparison: Dissolved Metals in Groundwater (UHSU)

Table A-11 ANOVA Comparison: Total Radionuclides in Groundwater (No. 1 Sandstone)
Table A-12 ANOVA Comparison: Dissolved Radionuclides in Groundwater

Table A-13 ANOVA Comparison: Metals in Subsurface Soil
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Table A-14 ANOVA Comparison: Radionuclides in Subsurface Soil
Table A-15 ANOVA Comparison: Metals in Surface Soil
Table A-16 ANOVA Comparison: Radionuclides in Surface Soil
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TABLE A-1
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
TOTAL METALS IN GROUNDWATER, pg/L
NO. 1 SANDSTONE

OU-2 Detected Bknd Background % of QU-2 data

Analyte Min Max ApproxDF %  Max 95% UTL(1) > 95% UTL (2)
Aluminum 870 128,000 100 7,000 6,262 82
Antimony 10 297 20 1,610 933 0
Arsenic 1 11 77 7 7 6
Barium 99 3,090 100 1,810 1,050 12
Beryllium 1 19 63 160 89 0
Cadmium 1 11 36 1,720 951 0
Cesium 30 80 9 500 (ND) 800 0
Chromium 4 209 75 1,590 881 0
Cobalt 3 99 68 1,620 905 0
Copper 4 206 83 1,750 972 0
Cyanide 1 21 44 8 6 12
Lead 1 171 99 15 10 65
Lithium 4 84 93 100 89 0
Manganese 9 4,920 100 710 438 40
Mercury 0 1 15 ND 0 15
Molybdenum 3 26 49 1,600 915 0
Nickel 4 188 85 1,660 925 0
Selenium 1 6 50 80 49 0
Silver 2 4 13 300 163 0
Strontium 262 1,370 99 1,110 921 6
Thallium 1 3 15 2 8 0
Tin 14 87 21 100 (ND) 168 0
Vanadium 7 345 100 1,670 929 0
Zinc 14 839 98 1,800 1,023 0

(1) Calculated using data from Arapahoe/Laramie formation wells reported in the Background

Geochemical Characterization Report, Rocky Flats Plant, EG&G, 1992.
(2) UTL comparison is performed using one-half the detection limit for results reported as non-detect.
Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background even
though the UTL comparison shows that a certain percentage of OU-2 data (i.e., reporting limits for
non-detects) exceeds the 95% UTL of background.
DF = Detection frequency based on edited database of August 1993. DF is approximate

because continuing quality review of the database may result in minor changes to the number

of results.
ND = Not detected
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TABLE A-2
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
TOTAL RADIONUCLIDES IN GROUNDWATER, pCi/L
NO. 1 SANDSTONE

QU-2 Detected Bknd  Bknd 95% % of OU-2 data
Analyte Min Max Approx. DF Max UTL (1) >95% UTL
Americium-241 0.001 1.09 86/93 0.08 0.044 12
Cesium-137 0.04 1.66 49/49 0.89% 0.83 14
Plutonium-239, 240 0.0005 5.02 100/102 0.009 0.007 64
Strontium-89, 90(2) 0.39 0.39 1/4 0.17 0.44 0
Tritium ND - 0/12 1350 2786 0
Uranium-233, 234 3.7 82 4/4 17.5 24 0
Uranium-235 0.06 0.28 4/4 0.75 1.05 0
Uranium-238 2 6.4 4/4 10.6 2.5 0

(1) Calculated using data from Arapahoe/Laramie formation wells reported in the Background Geochemical
Characterization Report, Rocky Flats Plant, EG&G 1992.

(2) Only 3 background data points and 4 OU-2 data points (3 of the 4 are ND)

DF = Detection frequency (no. detects/no. samples), based on edited database of August 1993.

ND = not detected
- No data
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TABLE A-3
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED METALS IN GROUNDWATER, ug/L
USHU
OU-2 Detected “Bknd  Background % of OU-2 data

Analyte Min Max Approx. DF % Max 95% UTL(1) >95% UTL (2)
Aluminum 20 367 74 8610 1318 0
Antimony 8 88 17 60 (ND) 46 9
Arsenic 1 8 11 15 T 1
Barium 23 675 100 203 169 40
Beryllium 1 3 4 5 (ND) 3 0
Cadmium 1 98 11 9 5 2
Cesium 30 120 20 2500 (ND) 1177 0
Chromium 3 23 24 23 14 6
Cobalt 3 13 6 50 (ND) 28 0
Copper 1 19 25 25 (ND) 17 2
Lead 1 10 6 64 13 0
Lithium 2 127 79 281 149 0
Manganese 1 3940 73 934 216 23
Mercury 021 032 3 12 0.38 0
Molybdenum 2 67 45 114 61 1
Nickel 2 1210 31 40 (ND) 25 6
Selenium 1 168 36 607 290 0
Silver 2 25 9 13600 2133 0
Strontium 240 3040 99 8730 2148 2
Thallium 1 2 6 328 4 0
Tin 12 89 10 8830 1367 0
Vanadium 3 12 69 57 28 0
Zinc 1 759 67 137 51 3

(1)  Calculated using data from RFA, VFA, colluvial, and Arapahoe/Laramie formation wells
reported in the Background Geochemical Characterization Report, Rocky Flats Plant,
EG&G 1992,
{2)  UTL comparison is performed using one-half the detection limit for results reported as non-detect.
Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background
even though the UTL comparison shows that a certain percentage of OU-2 data exceeds the
95% UTL of background.
DF = Detection frequency based on edited database of August 1993. DF is approximate
because continuing quality review of the database may result in minor changes to
the number of resuits.
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TABLE A-4

ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCi/L

UHSU
OU-2 Detected Bknd Bknd 95% % OU2 data

Analyte Min Max  Approx. DF Max UTL (1) > 95% UTL
Americium-241 0.001 213 10/10 0.28 0.10 30
Cesium-137 0.25 0.53 2/11 - NE *
Plutonium-239, 240 0.0003 0.81 10/10 0.11(2) NE *
Radium-226 0.12 13 52/53 3.0 1.84 0
Strontium-89,90 0.009 1.8 165/184 15 0.82 6.5
Tritium 0.96 1753 181/181 561 333 8
Uranium-233, 234 0.18 42.62 230/230 199.5 53 0
Uranium-235 0.02 12 179/197 4.8 1.7 .0
Uranium-238 0.17 22.2 224/224 135.6 37 0

(1) Calculated using data from RFA, VFA, colluvial, and Arapahoe/Laramic formation wells reported in the
Background Geochemical Characterization Report, Rocky Flats Plant, EG&G 1992.

(2) One data point .

DF = Detection frequency (no. detects/no. samples), based on edited database of August 1993.
NE = not evaluated. Data insufficient to calculate 95% UTL.

* Comparison cannot be made
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TABLE A-5
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
METALS IN SUBSURFACE SOIL, mg/kg

OU-2 Detected Bknd Background % of OU-2 data
Analyte Min Max  Approx. DF % Max 95% UTL(1) > 95% UTL (2)
Aluminum 1,190 27,900 100 102,000 31,979 0
Antimony 4 24 4 16 12 5
Arsenic 1 37 94 42 12 11
Barium 10 589 83 777 270 2
Beryllium 0 23 47 24 13 04
Cadmium 1 10 45 2 1 36
Cesium 1 5 91 274 208 7
Chromium 2 127 98 176 61 1
Cobalt 1 78 55 30 15 2
Copper 3 132 84 123 35 1
Lead 1 86 99 40 27 1
Lithium 1 25 91 83 24 1
Manganese 4 1,610 100 3,330 822 1
Mercury 0 114 20 6 1 1
Molybdenum 1 19 33 68 31 7
Nickel 4 63 79 193 57 0.4
Selenium 0 2 7 14 4.5 0
Silver 1 96 13 41 22.5 1
Strontium 4 246 82 242 127 5
Thallium 0 1 12 10 3 0
Tin 22 53 24 441 268 0
Vanadium 4 53 97 283 80 0
Zinc 4 437 98 486 131 2

(1) Calculated using borchole data reported in Background Geochemical Characterization Report,
Rocky Flats Plant, EG&G 1992. ’

(2) UTL Comparison is performed using one-half the detection limit for results reported as non-detect.
Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background even
though the UTL comparison shows that a certain percentage of OU-2 data (i.e., reporting limits for
non-detects) exceeds the 95% UTL of background.

DF = Detection frequency based on edited database of August 1993. DF is approximate because
continuing quality review of the database may result in minor changes to the number of results.
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TABLE A-6

ROCKY FLATS PLANT OU-2

95% UTL COMPARISON
RADIONUCLIDES IN SUBSURFACE SOIL, pCi/g

OU-2 Detected Bknd Bknd 95% % of OU-2 data
Analyte Min Max Approx. DF % Max UTL (1) >95% UTL
Americium-241 0.0009 22 83 0.01 0.01 61
Cesium-137 0.005 2.4 66 0.2 0.3 44
Plutonium-239,240  0.006 68 78 0.03 0.02 53
Radium-226 0.32 1.9 90 1.3 1.3 3
Radium-228 0.52 2.6 100 22 2.0 8
Strontium-89, 90 0.002 0.8 73 1.2 0.9 0
Strontium-90 0.01 1.1 100 - - 5Q@)
Tritium (pCi/L) 9.63 1500 74 440 366 10
Uranium-233,234 0.04 192 100 8.9 2.5 2
Uranium-235 0 11.5 88 0.3 0.2
Uranium-238 0.09 113 100 32 1.5

(1) Calculated using borhole data reported in Background Geochemical Characterization Report,
Rocky Flats Plant, EG&G, 1992
(2) 5% of the strontium-90 data points exceeds the 95% UTL concentration for strontium-89,90.
However, there is no signficiant difference between the strontium-89,90 maximum (1.1 pCi/g)
and the background levels for strontium-89,90 (95% UTL = 0.9 pCi/g).
DF = Detection frequency based on edited database of August 1993. DF is approximate because
continuing quality review of the database may result in minor changes to the number of results.

- No Data
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TABLE A-7
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
METALS IN SURFACE SOIL, mg/kg

OU-2 Detected Bknd Bknd 95% % of OU-2 data
Analyte Min Max Approx. DF%  Max UTL (1) >95% UTL(2)
Aluminum 6,170 17,900 100 21,800 22,514 0
Antimony ND - 0 25 16.16 0
Arsenic 1.5 6.1 100 8.7 10.13 0
Barium 71.7 190 100 470 405.96 0
Beryllium * 1.3 3 25 3.56 0
Cadmium 13 22 13 2.5 3.44 0
Cesium ND - 0 - 250 198.92 0
Chromium 8.5 29.5 100 22 23.46 4.8
Cobalt 43 9.6 100 24 17.10 0
Copper 5 16.4 100 24 24.18
Lead 147 63.4 100 51 53.53 4.8
Lithium 45 22.9 100 18 18 48
Manganese 192 1,110 100 12,220 1,327.28
Mercury ND - 0 0.1 0.17
Molybdenum * 53 3 20 27.76
Nickel 6.1 21.6 100 19 21.04 2.4
Selenium 0.47 0.9 8 1 0.8 2.4
Silver ND - 0 5 3.33 0
Strontium 15 100 100 109 81.55 4.8
Thallium * 0.5 3 1 1.14 0
Tin 24 933 40 50 56.74 24
Vanadium 17.5 51.1 100 47 50.63 24
Zinc 338 893 10 94 92.78 0

D Calculated using data from samples collected in the Rock Creek area in 1991 and 1993.

2) UTL comparison is performed using one-half the detection limit for results reported as non-detect.
Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background
even though the UTL comparison shows that a certain percentage of OU-2 data (i.c., reporting limit
for non-detects) exceeds the 95% UTL of background.

DF = Detection frequency based on edited database of August 1993. DF is approximate
because continuing quality review of the database may result in minor changes
to the number of results. '

ND = not detected.

* Only detected in 1 of 40 samples. Result is shown as maximum.
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TABLE A-8

ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
RADIONUCLIDES IN SURFACE SOIL, pCi/g

QU-2 Detected Bknd Bknd 95% % of QU-2 data
Analyte Min Max Approx. DF% Max UTL (1) >95% UTL
Americium-241 0.01 110 43 0.04 0.042 95
Cesium-137 0.16 1.8 96 2.5 2.62 0
Plutonium-239, 240 0.3 7,300 52 0.1 0.10 100
Radium-226 0.6 11.8 100 1.1 1.28 12
Radium-228 1.3 3.5 100 2.9 3.57
Strontium-89/90 0.2 35 96 1.0 1.46
Uranium-233, 234 0.8 3.6 99 1.47 1.50 28
Uranium 235 0.01 0.68 78 0.15 0.09 22
Uranium 238 0.89 7.3 78 1.52 1.62 23
Uranium 233, 238, 239 1.09 7.7 40 - NE *
(1) Calculated using data from samples collected in the Rock Creek area in 1991 and 1993.
DF = Detection frequency based on edited database of August 1993. DF is approximate because
continuing quality review of the database may result in minor changes to the number of results.
NE = Not evaluated. No background analysis for this analyte group.
* Comparison cannot be made.
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APPENDIX B
RISK-BASED EVALUATION OF INFREQUENTLY DETECTED CHEMICALS

B.1 PURPOSE AND APPROACH

The chemicals of concern evaluated in a quantitative human health risk assessment are the
subset of all site-related chemicals that are thought to pose the greatest potential risk to human
health. The determination that these chemicals may pose the greatest potential risk is generally
based on an evaluation of the following three criteria:

. The inherent toxicity of the chemical;
. The concentrations of the chemical found on-site; and
. The potential for human exposure to the chemical (e.g., whether or not the

chemical is widely distributed across the site or could readily migrate from the
site)

In general, compounds found at low frequency (<5% of all samples) are not included as
chemicals of concern because the potential for human exposure is limited. However, all
infrequently detected compounds were evaluated according to the procedures shown in
Figure 2-1 so as not to neglect infrequently detected chemicals that could contribute significantly
to risk if they were co-located with other potentially hazardous compounds at source areas or
at locations where routine exposure could occur.

This evaluation examines those organic chemicals that were initially excluded from the chemicals
of concern based on low frequency of detection, using a health-based screening approach. A
screening evaluation was performed for all low-frequency chemicals for which toxicity values
were available. Asa benchmark, it was assumed that any infrequently detected chemical whose
maximum concentration was greater than 1000 times a risk-based concentration (RBC) based
on a target hazard index (HI) of 1.0 or target excess cancer risk of 10 (1 in 1,000,000) warrants
further evaluation. The purpose is to identify those infrequently detected chemicals that may
pose an unacceptable health risk (cancer or non-cancer) if chronic exposure were to occur.
These chemicals are retained for separate evaluation in the risk assessment as "special case"
chemicals of concern. Since they are not characteristic of contamination in OU-2, risk will be
assessed separately at the locations where the special case chemicals are found.

(4040-1200-0066-810) (Apx.B) (12/06/93 9:22pm) B-1



RBCs were calculated assuming a residential exposure scenario, using site-specific exposure
assumptions, and using standard toxicity values (RfDs and SFs) established by EPA. For
surface soils and subsurface soils, multiple pathway exposure was assumed (ingestion, dermal
contact, and inhalation of particulates) in calculating RBCs. Exposure was evaluated for
ingestion only for groundwater, since this was assumed to be the only major groundwater
exposure route. The parameters used to evaluate potential exposure (and to calculate intake
factors) are presented in Tables B-1 through B-4. These parameters were presented in the
Exposure Assessment Technical Memorandum No. 5 (DOE 1993). Toxicity values were derived
from IRIS (EPA 1993) and HEAST (EPA 1991a, 1992a, 1993b), and are summarized in Tables
2-3 and 2-4. For purposes of calculating multiple-pathway RBCs, 10 percent is used as an
upperbound estimate of dermal absorption rate of organic compounds adhered to soil.
(Chemical-specific values will be used to estimate risks from dermal exposure to chemicals of
concern in the risk assessment for OU-2.) RBCs were then multiplied by 1000 to generate the
screening concentrations for use in the evaluation.

B2  GROUNDWATER

Twenty-six VOCs and SVOCs were reported at low frequency ( <5% detection) in groundwater
samples. Table B-6 presents a comparison of the maximum detected concentrations to the
health-based screening criteria (both cancer and non-cancer) and presents the equations used
to develop the screening concentrations. Chemicals whose maximum detected concentration
was greater than 1000 times either the cancer or non-cancer RBCs were retained for further
evaluation as potential chemicals of concern. Based on the comparison to screening-level
concentrations, two chemicals, 1,2-dibromoethane and vinyl chloride, were identified as requiring
further evaluation in the human health risk assessment as potential chemicals of concern (see
Section 3.5).

B3 SOIL

Potentially site-related organic compounds detected at less than 5 percent frequency in
subsurface soil samples and in surface soils are listed in Tables B-7 and B-8. Table B-7
(carcinogenic effects) presents a comparison of the maximum detected concentrations in
subsurface and surface soils to the health-based screening criteria (carcinogens) and presents
the equations used to develop the screening concentrations. Table B-8 presents a similar
comparison for noncarcinogenic effects.

{4040-1200-0066-810) (Apx.B) (12/06/93 9:22pm) B-2



As with groundwater, chemicals whose maximum detected concentration was greater than 1000
times either the cancer or noncancer risk-based screening concentration were retained for
further evaluation as potential chemicals of concern. Based on this evaluation, no infrequently
detected chemicals found in surface or subsurface soils failed the screening evaluation (i.e., none
were identified as special case chemicals of concern).
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TABLE B-1
ROCKY FLATS PLANT OU-2
UHSU GROUNDWATER INGESTION
HYPOTHETICAL FUTURE ON-SITE RESIDENT

Intake Factor = IRX EF X ED x FI

BW x AT
Parameter RME

IR : Intake rate (1/day)® 2.0
EF : Exposure frequency (days/year)® 350
ED: Exposure duration (years)® 30
FI: Fraction ingested from contaminated source 1.0
BW: Body weight (kg) 70
AT: Averaging time (days)

Noncarcinogenic 10,950

Carcinogenic 25,550
IF: Intake Factor (L/kg-day)

Noncarcinogenic 0.027

Carcinogenic ‘ 0.0117

® Source: EPA 1991c.
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TABLE B-2

ROCKY FLATS PLANT OU-2

SOIL INGESTION

HYPOTHETICAL FUTURE ON-SITE RESIDENT
(ADULT AND CHILD)®

Noncarcinogenic:

Intake Factor = (200 mg/day x 350 day/yr x 6 yr) (100 mg/day x 350 day/yr x 24 yr) x 0.5 x 107 kg/mg/30 yr

15 kg x 365 dayfyr 70 kg x 365 dayfyr

Carcinogenic
Intake Factor = (200 mg/day x 350 dayfyr x 6 yr) N (100 mg/day x 350 day/yr x 24 yr) x 0.5 x 1078 kg/mg/70 yr
15 kg x 365 dayfyr 70 kg x 365 dayfyr
Parameter RME
Adult Child
IR: Ingestion rate (mg/day)® 100 200
FI: Fraction ingested from contaminated source®® 0.5 0.5
ME: Matrix effect® 1.0 1.0
EF: Exposure frequency (days/year)® 350 350
ED: Exposure duration (years)® 24 6
CF: Conversion factor (kg/mg) 10 10
BW: Body weight (kg) 70 15
AT: Averaging time (days)
Noncarcinogenic 10,950
Carcinogenic 25,550
IF: Intake Factor (kg/kg-day)
Noncarcinogenic 1.8x 10°¢
Carcinogenic 7.8 x 107

S The calculation of a 30-year residential exposure to soil is divided into two parts. First, a six-year exposure duration is
evaluated for young children, and this accounts for the period of highest soil ingestion (200 mg/day) and lowest body weight
(15 kg). Second, a 24-year exposure duration is assessed for older children and adults by using a lower soil ingestion rate
(100 mg/day) and an adult body weight (70 kg) (EPA 1991c).

@ The FI assumes that 50 percent of the soil ingested daily is from the contaminated source.

& The matrix effect describes the reduced availability due to adsorption of chemicals to soil or food compared to the same dose
administered orally in solution. Therefore, the soil matrix has the effect of reducing the intake of the compound. A matrix
effect of 1.0 (100 percent absorption) is used as a conservative value for screening purposes.

@ BPA 1%91c.

)]

Thirty-year residential exposure. EPA 1991c.
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TABLE B-3
ROCKY FLATS PLANT OU-2
DERMAL CONTACT WITH SURFACE SOIL
HYPOTHETICAL FUTURE ON-SITE RESIDENT

Intake Factor = SAX AB x AFx FC x EF x ED x CF

BWx AT
Parameter RME
SA: Surface area (cm?)® 2,910
AB: Absorption factor® 0.1
AF: Adherence factor (mg/cm?)® 0.5
FC: Fraction contacted from contaminated source® 0.5
EF: Exposure frequency (days/year)® 350
ED: Exposure duration (years)® 30
CF: Conversion factor (kg/mg) 10
BW: Body weight (kg) 70
AT: Averaging time (days)
Noncarcinogenic : 10,950
Carcinogenic 25,550
IF: Intake Factor (kg/kg-day)
Noncarcinogenic 1.0 x 10°
Carcinogenic 43 x 107
o The surface area is equivalent to face, forearms, and hands, or 15 percent of total body surface (EPA 1989).
@ Dermal absorption of metals from a soil matrix is considered negligible. For screening purposes, the
absorption factor for semivolatiles, volatiles, and other organics is assumed to be 10 percent (see Table
B-8).
® Source: Sedman 1989.
@ The FC assumes that residents are at home for 16 hours per day and are at work, school, or other locations
for 8 hours per day.
® Assumes that residents take 15 days per year vacation (EPA 1991c).
@ Source: EPA 1991c.
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TABLE B-4
ROCKY FLATS PLANT OU-2
INHALATION OF PARTICULATES
HYPOTHETICAL FUTURE ON-SITE RESIDENT

Intake Factor = IR x ET x EF x ED x DF

BW x AT
Parameter RME

IR = Inhalation rate (m*/hr)® 0.83
ET =  Exposure time (hours/day) 24
EF = Exposure frequency (days/year)® 350
ED =  Exposure duration (years)® 30
DF =  Deposition factor® 0.75
BW =  Body weight (kg) 70
AT = Averaging time (days)

Noncarcinogenic 10,950

Carcinogenic 25,550
IF: Intake Factor (m®/kg-day)

Noncarcinogenic : 2.0 x 107

Carcinogenic 8.8 x 107

o Equivalent to 20 m*/day (EPA 1991c).

@ EPA 1991c.

® Seventy-five percent of inhaled particles are deposited and remain in the lung; it is assumed that all
chemicals in that fraction are absorbed (Cowherd 1985).

(4040-1200-0066-810)(TABLE B-4)(12-06-93(9:59pm) Sheet 1 of 1



1 3o [ 9yg (W4 s¥:6 €6/2/21) (STXOE-TEL) (018-9900-00ZT-0¥0F)

ON [€0-300°€  [$0+39°E - T0+99°€ 20-4LT - TOFALT'T | 10+30°T - aepepyditing-u-1p|
SAX 10-309'8 - WAy - W0-3LT SO-S°y 0-3L1Y - 00+36'1 pHOiP KU
ON Z0-900'T  |€o+dEL - 00+3€°L 20-3LT - zo-aLry | 10390 - udil}s
ON €0-307°¥ - 0419 - 03L'T S0-41°9 20-ALT'T - 00341 auedosdouofyd-g-owouqip-7'1
ON €0-900'€  |Z0+3EL - 10-3€°L T0-9L°T - zo-aLt't | o030 - IN0}00{(2-0
ON €0-30C'1T  joo+aE'L | 00+3AVI | €0-BEL 0L €0-91°1 T0-ALIT | $0-90°T 70-98'L I PEINQOIOIPRIY
ON 20-300T  [€0+49°E - 00+39'€ | 20-AL7 - Zo-AL1T | 10-90°1 - ITUIGIALPS
ON +0-900'9  {€0+3€°L - 00+3€°L 20-AL'T - Zo-aLtt | 1090 - UNYRALCIONYLPOIOYOIP
ON 00+J0L'T  |To+39°¢ - 10-99°€ 20-ALT - 20-3L1'1 | 20901 - ABPAUOWOIIP
[ qoL' 1  [1o+aTT | v0-3Ly | zo-aArt LT vo-aAL'Y To-ALTT | $0-H30E 10-98°1 suadosdosoppip-¢'1-5p)|
ON £0-900'S - 00+39'9 - W0-ALT £0-19°'9 T0ALT'L - Z0-9€°1 sumpIwosofyd
ON 20-900'7  fTo+aC'L - 10-9€°L W0-ALT - Zo-ALT | T0-90T - HIZUIGOIO[D|
ON £0-3009  Jeo+FEL | 10+3T'T | 10-3€°L 0-9LT 0-91°1 T0-9L1°T | 7030 £0-36'L uLiojouiolq
ON T0-300°'T  {€0+38°1 - 00+38°1 20-3LT - zo-Lr't | zo-30s - suouwjuad-Z-Apaut-p
ON $0-300°€ - 00+39'¢ - W-ALT £0-99°'¢ TO-ALTT - WA WITUIQOIONAP-P']
ON $0-300'€  [FO+HEL - 10+3€°L 20-4LT - TO-ALLT | 00+90°C - (suatdx-w) suszuaqifipowrip-¢‘
ON Y0-200T  [v0+aEL - 10+3€°L 20-ALT - Z0ALT'T | 00+30°T - (3UaAx-0) dudzuaqAaIp-°]
ON €0-90€'L - 10-95°'6 - 20-9LT ¥0-3¥'6 0ALTT - 20-91°6 JusyROIOIYIIP-7°1
ON $0-300°'1T  |€0+dEE - 00+3€°€ WALT - ALty | zo-30'6 - ITUIqOIOIYIIP-T'T
STA 0-30€'T - £0-30'1 - 09LT 90-30'T T0-ALT'T - 10+35°8 aueyROWOIGIP-7']
ON €0-300'7  [20+39°€ - 10-99°€ W0-ALT - z0-4L1'1 | zo-30'1 - ITUIQOIOIPITT
ON €0-900°T  |T0+FTT - 10790 WAL - TO-ALYT | £0-H09 - auedasdosojorn-¢*7°1
ON z0-301T  JZo+3sT | oo+asT | 10951 20-9LT €0-3S'E zo-AL1T | €090 0-9L'S AUNYROIOYILN-T'T ‘]
ON 10-308°1 - 10-9€°y - 20-AL'T Y0-IEY 20-ALLT - 10-30'7 AMPOINPRENN-TTT 'L
< ew | suoud | soad | /sE | PIvI 67 POV | POUSM | 1-u(pByow) TVOINAHD
0D 200D X000 | x0001 | 2u-OEY | du-mmoy] o8 rwiog] | oA mo04s
WXy WIS -8 b aNe ]

T = [H e UOTRROUIOUCD Paseq YSTY = ou-Og Y (14 s1qe1) sueSourose) 50J JORE{ MNEW] [RIQ = O-[&I0]

WSL JAOURD S530XD 19318) 9 | 18 BOTIRIUIOUOD Paseg-Ysry = 2O 1 = xapu] prezey] 198581 = [H
950(] 20Ud32J0Y [BI0 = [N (woljjrw 1 ut [) -7 1 Jo [9Ad] STy Jooue)) PERL = sy

Jope] adol§ [8I0 = [eI04S UONRNUIOUOD) FUTUIRIOG PosE-NSTY JOOUBDUON = SU-5)

(1-d 9]qe.1) suaSouoreduoN Joj Jojoef W] [RI0) = JU-eI0d] UOEILIOU0D) UTUSAIOS Pasel-NsTy J0UR) = -5)
uo.-o-—k

Su-reto] / (m2o(Ry X IH) = du-sD)
(Tedo4§ X >-peacD) /WY =5)  suopenby

SLOFAAT DINTADONIDYVI-NON ANV JINIDONIDHVD
NOLLOALIA 40 AINANOTHA %S NVHL SSAT LV SANNOIINOD *HALVMANNOYD
SNOLLVIINIONOD ONINATIIS GISVE-MS OL NOSRIVdIWOD
94 ATAVL



130 [ 1294§ (ALY §1 6 6941 (STX LB TAL (0159900002 [-0¥00}

ON 70-9¢'8 €O+aTT 00+321'1 - 10-9¢’L 60-3¢'t 80-HL'E LO-H8L LO-HEY aua1kd(pa-¢ 7' r)ouspu}
ON 10-30°7 PO+AT'T T0+AT T - 70-9¢°L 60-d€€ 80-ALE L0-H8'L L0-dE'Y 2u3s1{yd|
ON 0°99°L €O+HAT'T 00+aT'I - 10-9€°L 60-3¢°€ 80-HL'E L0-A8'L L0-HdEY auagyuesony(F)ozuag]
ON 10-8T €O+ATT | 00+dTT - 10-3¢L 60-3¢°C 80-ALE 10-38°L L0-HE'Y susypuelon(gyozuaq)
ON 10-99°1 70+d1°1 10-91°1 - 00+HEL 60-d€ € 80-4L'E 16-98°L L0-dED auaild{ejozuaq|
ON 10-95°1 €0+AT 1 00+AT 1 - 10-3¢°L 60-HEE 80-HLE 10-98°L L0-HEY WIBIYIUE(E)0ZUI]
ON 20-49°C €0+abT 00+ar'T 10-8v'€ 0-ave 60-¢€°€ 80-4L°€ L0-8'L L0-HEY 14a- "
ON 10-99°9 70+d11 10-91°1 - 00+ALL 60-HE'€ 80-HL'€ L0-98'L L0-HEY 0921 101901V
ON 10906 T0+ATT 10-a11 - 00+AL'L 60-HE € 80-HLE 1098, L0-HED AR
(10 228Jing
ON 00+d6°8 0+d1°1 104Ut - 00+HLL 60-HE'E 80-HL'E LO-A8'L LO-AE Y PSTI-10[P01Y
ON 10-av'1 €0+a+'T 00+3¥'T 10-3¥'€ 10-9t°¢ 60-9€'E R0-ALE L0-H8L [0-FED 14a-+'r]
ON 10-HE'e [ tal 00+3p'1 - 10-98°C 60-3¢'€ 80-4L'€ L0-98°L L0-dEY auaild(pH-g 7 T)ouspul
ON 00+dT'1 YO+A6S 10+d6'S 08T 70-9t°1 60-HEE 80-HL'E L07A8'L L0-HEY aleqiacIoIBXaL}
ON 10-3L°T YO+AT' 1 To+d1 1 70-98°L 708, 60-H€’E 80-HLE 10-98°L L0-9EY auajpeInqolopyrexay}
ON 10-97'8 €O+AT'T 00+AL'1 - 10-9¢°L 60-dt ¢ 80-4L'E 10-a8'L L0-FE Y usyjueony(g)ozuaq)
ON T0-HE°C co+al’l 00+aT’1 - 10-HEL 60-dE°¢ 80-AL'E L0498 LO-HEV Juk I uE(E)oIU])
ON 103y yO+ai1 10+E11 - 70-9€°L 60-HE'€ 80-HL'E L0-H8L LO-HEY suaslag
ON 10-38°F 0+ T TO-HTT - 00+HEL 60-dE°¢ 80-HLE L0-ARL (0-HEV Juaild{e)ozuaq]
ON T0-HED YO+Av'E 10+ar'e - 0T 0 0 L0-d8'L L0-IEY UIZUIGOIOI Y PH°]
ON €0-40'9 €0+A9Y 00+39'% T0-HET 109871 0 0 L0-AR'L 10-3E'Y suadoadorolaip-¢* 1519
ON 70-95°6 YO+a69 10+46'9 - T0-HT [ 60-HEE 80-HLE LOAS'L LO-HEY Tousydoorperaad|
ON T0+AP'L €0+ar'9 00+dY°9 70-HE'S 10-9e°T 0 0 L0-A8L L0-HEY IpII0[YI81)3] UOQIED)|
ON 00+d8'8 SO+AY'1 T0+AP'T 70-90'8 €0-d19 0 0 LO-HRL (0-3EY uilejolofip]
ON 0T PO+ART 10+48°C 720-96C 70967 0 0 L0-AR'L [0-HEY auazuag
ON T0+A1T YOHEE Y 10+a6Y 00+HE'S - 60-HE'€ 80-4L'E LOH8'L 0 jwp
ON 10+3L°¢ TO+HE'L 10-3€°L 10-85°1 00+d8’T 60-d€°€ 80-HLE L6-98°L 0 audsIe
—_Ow 095.:-;9-.@
< Gam) | o | GWem | 1A Swem) | 1 Aep-avea) PINIA EVayex DI =T TVOINAHD
2u0) pw)  [(Ogd X 0001 Jol:t:| quw s Jedo S quid] 2ue) [esod] uLap ]
auITXely AWy D WNd Y Wd

(z-9 =191) Jowu] oeiy] [RIQ = [e10]]

"[oAS] YsU JooUed 1931€1 9- [ T8 UOIRNUAIU0D SUTUSRIDS paseq-yshy = Dy anar armsodxe uoneeyut 10 10138 odojg = Yut 4S
"uoueUOU0D I NJ ‘(p-d 21qe]) Iowe] aye] arnsodxy uoneeyu] = yund] Nd a1noi [ero 1oy Jope ado[g = [e1o 4§
(01N 2001 pawnsse ‘oywads-ais) ¢, w3 /¢ = 11y \d [oA3] Ysk Jeoured e ] = Ysry
(¢-g 21qe]) Jowe,] oxeiu] ainsodyr] [euLis(] = ULRP]] (33/3w) [10s UT UONRIIUIOUOD BUIUSRIOG = §))
RIGM
[(qoy S X quig1 Wd) +(edo JS X (WIRpJI+ [e1o))] / AsTY = 8D :uopenby
SLOAALE DINTDONIDA VO

AONINOTYA %§ NVHL SSAT LV SANNOJAOD “TIOS
SNOLLVYLNIINOD ONINTTYOS dASYE-ISIH OL NOSTIVdINOD
L4ATIdVL



130 1 9@ays NV 626 EG/9/Z11 (STX 88 18D (018-9900°00T1-0v0¥)

ON 10-30¢°¢ L0+3L0°T YO+dL0°1 70-400't 60-H6S"L 80-dOL’E 90-408'1 90-400°'1 wnuuhnﬂ
ON 10-406'¢ LOYHEY'] O+HEY'T T0-400't 60-46S°L 80-40L't 90-d08’'1 90-400°1 Juagiuesony
|10s 2d8)aNng
ON 10-d0v°'1 SO+d6LT 70+36L°1 +0-d00°S 60-465°L 80-30L°¢ 90-408°1 90-d00°1 LAd-+'?]
ON 10-90L°1 PO+APIT L 10+991°L $0-400'C 60-d6S°L 80-d0L€ 90-d08’1 90-400°1 AWIAPVINQOIO[YIBXIY
ON 00+d0T1°1 SO+HLSE W0+dLse £0-400°1 60-465°L 80-HOL'E 90-408'1 90-H00't oﬂa-_-we..e_._uﬂku.-_
oN 20-H07°S 80+3987 SO+E98 T T0-300°8 60-d65L | 80-HOL'E | 90-308'1 90-900°1 sweenud 1pew|
ON 10-307°¢ LO+EPT L PO+EPT L 10-900'T 60-d65°L 80-H0L'E 90-908°1 90-400'T aupeyigd [{zuaq _h:.n—
ON 10-309'T 80+HL0'1 SO+HLO'T 10-900°¢ 60-365°L 80-H0LE 90-408'1 90-H00'1 u..uoE._:_a—
ON 10-400'v 60+HeY' 1 90+HALY'T 00+H00YV 60-465°L 80-HOL'E 90-408'1 S0-H00'1 proe dpozuaqf
ON 00+300°C - LO+HEY'T PO+HHEY'T T0-H00°y 60-d65°L 80-4d0L°¢ 90-408'1 90-d00'1 auareqiydeu
ON 10-H09'T 90+dP1°'L £O0+APT L T0-400'T 60-465°L 80-HOL'E 90-4d08'1T 90-400°1 arereqyyd [5100-u-1p
ON 10-308°T LO+EPTT PO+EPIT 70-300°'9 60-H6S°L 80-30L'¢t 90-H08'1 90-400°1 auaqyydeuase
ON T0-30¢°v OT+8d$9'T LO+HPIT 10-400C 60-365°L 80-d0L'e 90-408°1 90-400°1 AUIZNIQOIO(YANP°]
ON 00+30¢°1 LO+HLO'T PO+HLO'T 70-300°¢ 60-468°L 80-d0L't S0-A08'1 90~400'1 W na‘
ON 00+H00°1 LO+HEY'T rO+det’1 70-4900°'v 60-d65°L 80-HOL'E S0-H08'L 90-400°1 JuayueIONy
ON T0-405°6 LOHHLO'T PYO+3.L0°1 70-400°¢ 60-d68°L 80-40L't 90-d08'1 90-300°1 10wy doso|qre3ud:
ON 70-400°6 9O+HITE 0TI e £0-d00°6 60-465°L 80-HOL'E 90-d08'1 90-400°1 AUYI0I01gNP-T°|
ON T0+d0Y'1 SO+H0S'T T0+408°T $0-300°L 60-H6S°L 80-d0L'E 90-H08'1 90-400°L 2pLIo[yae1)33 uoqued
ON T0-90L°1 LOYHET'L PYO+HET L 10-400'¢ 10-300°C 60-H6S°L 80-d0L'E 90-d08'1 90-400°1 w3117,
ON 10-308°L LOHHLS'E YO+dLS°E 10-400°¢ 10-300°'1 60-465°L 80-30L’t 90-308'1 90-200°1 ECELELTITE)
ON £0-300°9 SO+HLO'T T0+4L0°T £0-400°¢ $0-400'¢ 60-465°L 80-HOL'E 90-408°'1 90-400°T suadoadosorp-¢'1-s1
ON 00+308'8 90+dLSE £0+HLS'€ T0-H00'1 60-d65°L 80-HOL'E 90-408'1 90-400°1 unojolo[yd|
ON 70-400°S TI+866'C 80+dS6E £ 60-H6S 'L 80-30L°E 90-408'1 90-d00°1 auepR0I0Y
ON T0+4S0°1 SO+H9S'S 70+49¢5°¢ £0-H00°1 60-36S°L 80-40L°E 90-H08'1 0 fup
ON 10+90L°¢ SO+HLY'T T0+4L91 0-4300't 60-365°L 80-°40LE 90-408'1 4] duasse]
1108 28)ansqns
50 < (€57) (CET0) @/m) @y ad pEwE | SV p-BW (37 STVOINAHD
20 2u0) (294 X 0001) oqd uopejEyqu] 1810 quig] -2m0) leao ] wapdI
wampwyy wnmixegy 5 Wd v wd

UOLERUIOUOD 11e N X 10198] dYeju] ainsodxq uonejeyu] = Yuli] INd

*T=[H (3931e)) 1€ UOENUSOUOD BuTuaaIDS Paseq-YSh = DY 10)08] aYWu] aunsodxs [euira(] = WIIpP]

(OTIN %001 29 01 paumsse anjea oj1ads-ans) ¢, W/, ¢ = 11y W 10108] x|y [eI() = [eI0]]
Kep-By/3w ‘as0(] 35UISJRY Uohe[eyu] = QI (J1Y Yopu] prezep] R3] =[H

Kepy/Sur ‘as0(] 20U21ajaY [eI() = [BI0 (Y (8y/Bur) 105 W UoRENUIOUOD FUTUIAIIS = S7)

RIYM

[(yut @i / yuidl Wd) + (1220 QUY / (WaapAT + elodD)] / (IH) = 5D :uolyenbyg
SLOAAIH DINTDONIITVI"NON
AONINOAYA %S NVHL SSTT LV SANNOdINOD TI0S
SNOLLVAINIONOD ONINATUOS AASYE-MSTI O1 NOSTEVAWOD
$HATdVL



OU-2 DOMESTIC WATER SUPPLY SIMULATIONS

The results of computer simulations of domestic
water production capabilities from subsurface units beneath
OU-2 at the Rocky Flats Plant, Golden, Colorado

This work was performed by the Earth Resources Division
for the Remediation Programs Division
in support of risk analysis studies.

September 10, 1992




OU-2 Domestic Water Supply Simulations

INTRODUCTION

To investigate the water production capabilities of the near surface
hydrostratigraphic units beneath Operable-unit 2 at the Rocky Flats Plant several
transient pumping computer simulations were performed. These simulations were
designed to determine whether these units could produce sufficient water to supply
a hypothetical four-member household. A daily pumping requirement of 240 gallons
per day (gpd) was assumed based on a daily water requirement of 60 gallons per
person.

Independent simulations were performed for three different hydrostratigraphic
units. 'Models were constructed for the Rocky Flats Alluvium, hillslope colluvial
materials, and an unconfined Arapahoe sandstone unit representing the #1 sandstone
beneath OU-2. The Rocky Flats Alluvium and hillslope colluvial materials were not
considered reliable water sources but were included in the simulations since they
comprise the upper-most hydrostratigraphic units and have been impacted by plant
activities. The Arapahoe sandstone unit was included because it was considered to
be the best prospect for producing water from the Arapahoe Formation. The
claystones of the Arapahoe formation were not considered good prospects for water
and as such were not modeled.

METHOD

Simulations were performed using the USGS MODFLOW groundwater flow
simulation package (McDonald and Harbaugh, 1988). Input parameters common to
all simulations are listed in table 1. Separate simulations were done for the Rocky
Flats Alluvium, hillslope colluvium and the Arapahoe sand unit. A listing of the input
parameters for these simulations are givenin tables 2, 3, and 4. Simulations were run
using a daily time-frame until the pumping-well grid cell went dry or the end of the
simulation (365 days) was reached.

Each day of the transient simulation was divided into two periods and each
period was divided into two timesteps. The first 2.7 hours of each day was used as
a pumping period. It was assumed that the household maintained water storage
capabilities and that this pumping period was used to replenish the water storage
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system. A pumping rate of 1.5 gpm was used. This rate is below the 3-5 gpm rate
commonly used for domestic wells and as such is conservative. The pumping period
was based on the total daily water requirement (240 gal.) and the pumping rate (1.5

gpm)
240 gal/(1.5 gal/min ® 60 min/hr) = 2.7 hrs
The remaining 21.3 hours of each day allowed water level recovery to take place.

The pumping well was located at the center of the grid cell array. A variable
grid spacing ranging from 5 feet at the well to 50 feet at the boundaries was used to
provide realistic drawdown conditions near the well. The grid spacing for each
scenario are given in tables 2, 3, and 4.

Boundary conditions were either constant head (equal to the initial head) or no-
flow depending on the scenario. For the Rocky Flats Alluvium and hillslope colluvium
scenarios constant head boundaries were used at all boundaries. For the Arapahoe
sandstone simulation the modeling grid was intended to represent a discontinuous
channel sand deposit. To implement. this configuration no-flow boundaries were
placed along two parallel sides of the grid with constant head boundaries along the
other two sides.

Table 1
Modeling parameters common to all scenarios

PARAMETER VALUE SOURCE
Water Requirement 240 gpd - Based on 60 gal/person/day
Pumping Rate 1.5 gpm Assumed
Pumping Time per Day 2.7 hrs Based on pumping rate
X to Y Anisotropy 1 (isotropic) Assumed
2
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ROCKY FLATS ALLUVIUM SCENARIO

Scenario specific parameters for the Rocky Flats Alluvium simulation are given
in table 2. The modeling grid for this scenario consisted of a 19 by 19 grid cell array
with the pumping well at the center of the grid and constant head boundaries (equal
to the initial head) along each edge of the grid. The grid spacing in feet for the x and
y directions increased from the well as follows 5, ,-7-10-15-25-35-50-50-50-50,4ynqary
(see figure 1). The hydraulic conductivity value comes from the recent OU-2 aquifer
pump testing program. The value used represents the geometric mean of the results
from two test locations. The specific yield came from lab analyses of core samples
and example values from the literature for fine-grained materiais (Fetter, 1980, pg.
68). The initial saturated thickness represents the historical average for well 1787
which is within OU-2. During initial pump test planning this well was observed to
have the greatest alluvial saturated thickness and therefore should represent the most
reliable OU-2 alluvial water source.

Table 2
Modeling Parameters for Rocky Flats Alluvium

PARAMETER VALUE SOURCE
Hydraulic Conductivity 1.6 ft/day OU-2 pumping test
Specific Yield 0.10 Lab analyses/literature
Grid Spacing (variable) from 5 to 50 ft Assumed
Hydrogeologic Unit Condition Unconfined On-site observation
Initial Saturated Thickness 7.2 ft Observation wells
Boundary Conditions Constant head Assumed

Results

For the Rocky Flats Alluvium scenario the pumping-well grid cell went dry
within one to two hours after pumping started on the first day of the simulation.
These resuits are consistent with the low pumping rates (0.3 - 0.056 gpm) required
during field pump testing to avoid excessive drawdown.



OU-2 Domestic Water Supply Simulations

50

S0

35

25

15

10
7

S
oo ve, ¥ 5 710 15 25 35 50 50

Figure 1. Figure shows 1/4 (upper right-hand quadrant) of an example model grid.
In model well is at center of grid. Grid spacings in feet. The number of grid nodes
for each model may differ, but grid spacings are similar. Not to scale.
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HILLSLOPE COLLUVIUM SCENARIQ

Scenario specific parameters for the hillslope colluvium simulation are given in
table 3. The modeling grid for this scenario consisted of a 19 by 19 grid cell array
with the pumping well at the center of the grid and constant head boundaries (equal
to the initial head) along each edge of the grid. The grid spacing in feet in the x and
y directions increased from the well as follows 5, 4-7-10-15-25-35-50-50-50-50,,n4ury
(see figure 1). Because there were no hydraulic conductivity values for OU-2
colluvium, data from slug-tests in colluvial material from OU-1 were used. These
values should be representative of conditions in OU-2 since OU-1 and OU-2 are
physically adjacent to each other. The specific yield came from lab analyses of core
samples and example values from the literature for fine-grained materials (Fetter,
1980, pg. 68). The initial saturated thickness represents the average for well 0687
which is within QU-2. Comparisons of water level data indicate this well has
historically had relatively large saturated thicknesses and would therefore represent
conditions most promising for OU-2 colluvial water production.

Table 3
Modeling Parameters for Hillslope Colluvium

PARAMETER VALUE - SOURCE

Hydraulic Conductivity 0.17 ft/day OU-1 field testing

Specific Yield 0.10 Lab analyses/literature

Grid Spacing (variable) from 5 to 50 ft | Assumed

Hydrogeologic Unit Character Unconfined | On-site observation “

Initial Saturated Thickness 3.6 ft Observation wells “

Boundary Conditions Constant head Assumed ||
Results '

For the hillslope colluvium scenario the pumping-well grid cell went dry within
one hour after pumping started on the first day of the simulation. This is consistent
with the low hydraulic conductivity and small saturated thickness observed for
colluvial materials.
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ARAPAHOE SANDSTONE SCENARIO

Scenario specific parameters for the Arapahoe Sandstone simulation are given
in table 4. The modeling grid for this scenario consisted of a grid cell array of 23
rows by 31 columns with the pumping well at the center of the grid. The rectangular
shape of the modeling grid represents the elongate physical shape of the sandstone
unit as reconstructed from borehole information. Constant head boundaries (equal to
the initial head) were used along the first and last columns of the grid with no-flow
boundaries set along the other two edges. The grid spacing in feet in the x and y
directions increased from the well as follows 5,,,-7-10-15-25-35-50-50- ... -50,4ndary
(see figure 1). The hydraulic conductivity value came from OU-2 aquifer pump
testing. The specific yield is assumed equal to the effective porosity computed for
this sandstone from the OU-2 tracer test program. The initial saturated thickness
represents the historic average for well 3687 which was included in the OU-2 aquifer
test program for the #1 Arapahoe Sandstone.

Table 4
Modeling Parameters for Arapahoe Sandstone

PARAMETER VALUE SOURCE

Hydraulic Conductivity 1.1 ft/day OU-2 field testing
Specific Yield 0.12 OU-2 tracer testing
Grid Spacing (variable) from 5 to 50 ft Assumed
Hydrogeologic Unit Condition Unconfined On-site observation
Initial Saturated Thickness 33.7 ft Observation wells
Boundary Conditions Constant head Assumed

& No flow
Results

For the Arapahoe Sandstone scenario the pumping well was able to meet the
water requirement without dewatering the pumping-well grid cell. The maximum draw
down observed at the pumping well after 365 days was 3.2 feet indicating that the
aquifer was not highly stressed at this pumping rate. These resuits are consistent

6
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with OU-2 aquifer testing that resulted in approximately seven feet of draw down
after five days of continuous pumping at 1.6 gpm.

SUMMARY OF FINDINGS

Based on groundwater flow simulation results neither the Rocky Flats Alluvium
nor the hillslope colluvium materials within OU-2 are capable of producing sufficient
water to support a four-member household consuming 240 gallons per day. Using a
2.7 hour daily pumping period and a rate of 1.5 gpm, both the alluvium and the
colluvium wells would be pumped dry within one day (table 5). In contrast, a well
within the Arapahoe sandstone beneath OU-2 would appear to provide a reliable water
resource at the required rates given above. The well grid-point in this simulation
experienced only minimal drawdown after one year of daily-pumping cycles.

Table b

Summary of simulation results

FORMATION . WATER
PRODUCTION
- DAYS
Rocky Flats Alluvium <1
Hillslope Colluvium <1
Arapahoe Sandstone >365

To investigate the water resource potential for the OU-2 Arapahoe sandstone
unit the total water available from this unit was computed (table 6). The average
spatial dimensions of the sandstone unit were taken from isopach maps constructed
from well and borehole information. The average saturated thickness is an assumed
value derived from observational water level data and sandstone thickness
information. The specific yield is assumed equal to the effective porosity as used

7
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above.

Assuming an annual water requirement of 2,920 cubic feet (equivalent to 60
gal/day ® 365 days) there appears to be sufficient water volume in the sand to
support ten four-person families for approximately 54 years (6,300,000 cu ft / (2,920
cu ft/person/year ® 40 persons) = 53.9 years). This assumes complete desaturation
of the aquifer (which is virtually impossible) and does not account for any external
recharge to the aquifer.

Table 6

Arapahoe Sandstone Water Resource Evaluation

DESCRIPTION VALUE UNITS
Length of sand 4,200 | ft
Width of sand 500 | ft
Sat. thickness of sand 25 | ft

Specific yield 0.12

Daily water need 60 | gal/person/day
Daily water need 8 | cu ft/person/day |
Annual water need 2,920 | cu ft/person/year
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TABLE D-1
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED METALS IN GROUNDWATER, pg/L
NO. 1 SANDSTONE

OU-2 Detected Bknd Background % of OU-2 data
Analyte Min Max Approx. DF Max 95% UTL(1) >95% UTL(2)
Aluminum 8.6 367 85 3,780 1,050 0
Antimony 9 56 15 36 44 2
Arsenic 1 1 6 15 8 0
Barium 82 352 100 182 152 59
Beryllium 1 3 5 3.5 4 0
Cadmium 1 98 13 7 4 2
Cesium 30 100 19 1,250 870 0
Chromium 3 23 19 16 11 5
Cobalt 3 1 25 40 0
Copper 2 19 175 55 0
Lead 1 5 22 10 0
Lithium 2 38 79 249 129 0 .
Manganese 1 1,240 68 440 158 20
Mercury 0.21 0.25 2 1.2 0.5 0
Molybdenum 3 16 36 114 125 0
Nickel 2 23 22 20 31 0
Selenium 1 10 48 76 31 0
Silver 2 4 7 12.5 12 0
Strontium 253 744 98 1,910 1,040 0
Thallium 1 2 6 5 8 0
Tin 14 34 7 100 137 0
Vanadium 10 76 25 35 0
Zinc 2 56 69 120 47 4

(1) Calculated using data from Arapahoe/Laramie formation wells reported in the Background
Geochemical Characterization Report, Rocky Flats Plant. EG&G 1992.
(2) UTL comparison is performed using the detection limit for results reported as non-detect.
Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background even thou
the UTL comparison shows that a certain percentage of OU-2 data exceeds the 95% UTL
of background.
DF = Detection frequency based on working database of August 1993. Detection frequency is

approximate because continuing qualtiy review of the database may result in

minor changes to the number of results.
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DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCi/L

TABLE D-2
ROCKY FLATS PLANT OU-2

95% UTL COMPARISON

NO. 1 SANDSTONE

OU-2 Detected (1) Bknd Bknd 95% % OU-2 data

Analyte Min Max DF Max UTL (2) > 95% UTL
Americium-241 0.005 0.04 4/4 - NE *
Cesium-137 0.6 0.5 2/4 - NE *
Plutonium-239,240 0.006 0.006 44 - NE *
Radium-226 0.3 1.0 19/19 2.9 3.86 0
Strontium-89,90 0.009 1.6 87/95 1.3 0.9 6.3
Tritium 6.7 736 73/73 413 357 11
Uranium-233,234 0.67 12 101/101 16 12.00 1
Uranium-235 0.02 0.43 75/81 04 0.33 2
Uranium-238 0.4 9.4 97/97 10 7.7 1

(1) Based on edited database of August 1993.

(2) Calculated using data from Arapahoe/Laramie formation wells reported in the Background Geochemical Char
Report, Rocky Flats Plant, EG&G 1992.

DF = Detection frequency (no. detects/no. samples), based on edited database of August 1993.

NE = not evaluated.. Data insufficient to calculate 95% UTL.
* Comparison cannot be made.
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