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4. NATURE AND EXTENT OF CONTAMINATION
4.1 INTRODUCTION

Section 4 describes the type, concentration, and spatial distribution of contamination at
WAG 6, as developed from RFI data, ORNL RCRA compliance monitoring data, and data
from previous investigations. Past waste disposal activities in WAG 6 created a complex
contaminant source through which releases occur to the surrounding environment.
Environmental media have become contaminated, resulting in contaminants, in many cases,
migrating beyond their original disposal areas. The information in this section forms the
basis for the assessment of human health and environmental impacts; it also contributes to
the definition of the scope of site closure and corrective action alternatives.

Section 4.1 provides an overview of WAG 6 RFI environmental data, in:luding a
description of the WAG £ data base and an evaluation of data quality. Environmental data
consist of results from che..ical or radiological analysis of samples from various media.
Section 4.1 also identifies specific contaminants detected and describes general observations
made regarding tiie data. Inventory information related to source areas is summarized in
Sect. 4.2, Section 4.3 presents the nature and extent of on-WAG contamination by
environmental media (groundwater, surface water, sediments, and soil). Section 4.4
summarizes potential off-WAG migration of contaminants along the WAG boundary.
Appendix 4A is an assessment of contaminant sampling and data analysis quality.

4.1.1 WAG 6 RFI Environmental Data
4.1.1.1 Data base

The WAG 6 analytical data base consists of two elements: the environinental data base,
which contains the actual analytical data, and the sample tracking record. The WAG 6 RFI
environmental data base is recorded in the Technical Memorandums associated with this RFI
report. Table 4.1 lists the Technical Memorandums in which data are presented.

The two categories of analytical data collected are radiological and chemical.
Radiological data include gross alpha and gross beta activity, tritium, and specific
radionuclide isotopic analyses. Chemical data consisted of analytical results for TCL organic
compounds and TAL inorganic analytes; selected samples were analyzed for RCRA Appendix
IX analytes. TAL, TCL, and Appendix IX analytes are listed in Sect. 2,

Radiological data for liquid samples are reported in pitocuries per liter (pCi/L). For
solid samples, data are reported in picocuries per gram (pCi/g). Both units are measurements
of the level of radioactivity. Radioactivity is determined as tae rate at which a radionuclide
decays, or disintegrates. One picocurie is equivalent to 2.2.) dpm. A direct equivalence
between radioactivity and chemical concentration (i.e., the concentraticn of the radionuclide
on a weight basis) can be calculated only on a radionuclide-specific basis.

Radiological results are generally reported with an accompanying error factor that
represents a statistical value equal to two standard deviations of the sample’s activity.
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Absence of the error term mears that the reported radiological result is the Minimum
Detectable Activity (MDA) for that analyte in that sample. The actui activity is sowe value
less than the MDA. The MDA is a function of the measurement instrument background and
will vary from sample to sample. The best estimate of the radioactivity in a sample is the
reported value. The range of what that value may be, with 95% confidence, can be
estimated by adding the error factor to the reported value to obtain the upper limit, and
subtracting the error factor from the reported value to obtain the lower limit. For example,
if the results are reported as 10+ 5 pCi/g, the best estimate for the value is 10 pCi/g, and
the range of what that value may be, with 95% confidence, is 5 to 15 pCi/g. If the error
factor is greater than the reported valuc, the activity of that radionuclide is statistically
indistinguishable from zero and the result is considered a non-detect. In the analyses of
radiological samples at ORNL, laboratory background concentrations of the radionuclide
being analyzed for are subtracted from the analytical result. This may result in negative
concentrations of a radionuclide being reported, indicating that the radiological sample in
question may contain an amount of that radionuclide indistinguishable from background
concentrations. ‘

Chemical data for liquid samples, such as samples of groundwater or surface water, are
presented in units of micrograms of the analyte per liter of liquid (ng/L). Chemical data for
solid samples, such as samples of soil or sedimeat, are presented in units of micrograms of
the analyte per kilogram of solid (ug/kg) on a dry weight basis. Both pg/L and ug/kg are
approximately equivalent to one part in a billion parts (ppb) by weight. Where appropriate,
chemical data for liquids and solids are also reported in milligrams per liter (mg/L) and in
milligrams per kilogram (mg/kg), respectively. Both mg/L and mg/kg are approximately
equivalent to one part in a million parts (ppm) by weight.

Frequently, a concentration of an organic constituent is reported as, for example,
"<5 ug/L." This indicates that the constituent was not detected at or above the detection
limit for that constituent (in this case, 5 ug/L).

4.1.1.2 Data quality assessment

An assessment of the quality of WAG 6 RFI environmental data was performed to
provide data users with insight regarding the usability of the data. This quality assessment
does not address data generated by the ORNL RCRA compliance monitoring program, which
is discussed in subsequent sections. Both chemical and radiological RFI data were evaluated
by assessing the following data quality indicators: precision, accuracy, representativeness,
completeness and comparability (PARCC) (EPA Guidelines for Dara Useability in Risk
Assessment 1990a). A detailed presentation of the findings and conclusions of this
assessment appears in Appendix 4A.

All chemical data generated during the WAG 6 RFI were submitted for validation. Any
problems associated with the analytical procedure that were felt to affect the integrity of the
data were dealt with through the use of reviewer qualifiers. Qualifiers revealed problems
associated with the analysis such as blank contamination, violation of holding times, poor
analytical accuracy, and low precision. In the validation process, trip blank and method
blank contamination were evaluated to ensure that false positive detects would not be
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reflected in the analytical data. Spike recoveries and relative percent differences (RPD)
between duplicate analyses were used to evaluate accuracy and precision. The guidance
documents used in the assessment and qualification of chemical data are the Laboratory Data
Validation Functional Guidelines for Evaluating Inorganics Analyses and the Laboratory Data
Validation Functional Guidelines For Evaluating Organics Analyses (EPA 1988b, c).
Validated data that were rejected or deemed unusable were not included in this report.

Subsequent to the validation and PARCC review of RFI chemical and radiological data,
limitations or uncertainties associated with the data were evaluated. This evaluation was
performed to determine whether deficiencies identified would have a significant impact on
the ability to characterize and quantify the contaminants present on-WAG. Based on this
evaluation (Appendix 4A), it was determined that there were sufficient chemical and
radiological data of known quality to describe the nature and extent of contamination and to
perform the base line risk assessment,

4.1.2 Contaminants Detected

Tables 4.2, 4.3, 4.4, 4.5, 4.6 and 4.7 summarize the concentration range (by medium)
of TCL organic compounds, TAL inorganic analytes, Appendix IX constituents, and
radiological constituents that were detected at least once in environmental samples, either as
part of the WAG 6 RFI or the ORNL RCRA compliance monitoring program, These tables
also summarize the total number of times a given compound or analyte was detected and the
number of times it was analyzed for. Reference sample results are included in the tables.
Rejected data and tentatively identified compounds (TICs) are not included in the summaries.
TICs are not included because there are no bases for comparison in either environmental
criteria or reference samples. Subsequent sections of Sect, 4 do present results for TICs
whenever their nature and extent are important considerations. One example is ethyl ether,
a TIC which is included in the groundwater discussion because it is a component of
scintillation fluids.

In Tables 4.2 through 4.7, minimum and maximum concentrations for both reference and
site samples are listed by medium for comparison to each other and various environmental
and health-based criteria. For radionuclides, these health-based, criteria-derived
concentrations correspond to a one-in-a-million (i.e., 1 x 10®) excess total lifetime cancer
risk and are based on pathway-specific unit risk factors provided for drinking water and soil
in EPA’s Health Effects Assessment Summary Tables (EPA 1990b). For chemical and
radionuclide contaminants, the foilowing criteria arc also included:

Safe Drinking Water Act (SDWA) Maximum Contaminant Limits (MCLs)
Proposed SDWA MCLs

Tennessee Secondary Drinking Water Standards

Federal Ambient Water Quality Criteria for the protection of freshwater organisms
Proposed RCRA Subpart S, Appenriix A action levels for water and soil

The RCRA action levels are derived from those given in Appendix A of proposed RCRA
Subpart S (EPA 1990b). The assumptions, methodology, and health-based criteria (slope
factors, reference doses) used to derive the Appendix A values are given in Appendixes D,
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E, and F, respectively, of proposed Subpart S. These health-based criteria were checked
against those published by CRNL in Toxicity Values from the U. S. EPA Integrated Risk
Information System and Heulth Effects Assessment Summary Table (ORNL 1991a). If a

~ health-based criterion for a compound had changed, the RCRA Action Level was recalculated

using the Subpart S Appendix D and E assumptions and methodology with the new health-
based criterion.

From evaluation of Tables 4.2 through 4.7, it is evident that although a large number of
contaminants were detected in WAG 6 samples, many were ¢letected only once or at
concentrations below criteria and in concentrations reported as estimated below the method
detection limit. To identify contaminants for evaluation during the nature and extent analysis,
a three-part screening methodology was employed. Thxs methodology is described in the
following paragraphs.

First, a statistical comparison was made to determine which contaminants were present
at statistically greater concentrations in WAG 6 samples as compared to reference samples.
(The reference sampling program is described in Sect. 2.) Any contaminant present at a
statistically greater concentration in the on-WAG samples for a given medium was included
for consideration in the nature and extent analyses. The statistical comparison was limited
to those sampling locations and samples used in the human risk assessment (Sect. 6). For
on-WAG, this included 34 of 45 monitoring wells, all of the base flow surface water results,
all of the shallow (0 to 6 ft.) soil samples, and sediment samples from the EWB. The
monitoring wells not included were the four deep wells (no contaminants detected), one well
where no sampling was performed, three shallow wells which were always dry, one well
north of the EWB, and two wells east of the branch of WOUC along the eastern side of
WAG 6 meant to detect cross-stream movement of contaminants. The statistical analysis is
described further below.

Second, because the statistical comparison did not include all data collected for WAG 6,
an additional comparison was made to ensure that no contaminants that should be evaluated
for nature and extent were excluded by the statistical comparison. This comparison included
all data collected for WAG 6 and involved a simple comparison of the maximum
concentration for each contaminant with the maximum reference value for that contaminant.
If the maximum concentration was more than one order of magnitude greater than the
maximum reference value for a given contaminant, that contaminant was included for
consideration in the nature and extent analysis.

Third, various environmental criteria and health-based, criteria-derived concentrations
were compared. (The criteria used were explained previously in this section and are included
in Tables 4.2 through 4.7). A contaminant was included in the group to be evaluated during
the nature and extent analysis if its maximum concentration was greater than any of the
criteria or criteria-derived values. Table 4.8 summarizes the results of the contaminant
screening for WAG 6 groundwater, surface water, soils, and sediments.

During the nature and extent analysis, irorganics were further screened by removing
from the evaluation those constituents that are essential human nutrients (Table 4.8). The
naturally occurring radionuclides were retained in the group because concentrations detected
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in the environment are often greater than the health-based, criteria-derived concentrations.
However, because only thorium-230 is statistically greater than reference, discussion of these
constituents will be limited in the nature and extent evaluation.

The chemicals detected in each of the four environmental media were evaluated to
determine their distribution (i.e., normal, log-normal).. Contaminant concentrations were
generally found not to be normally distributed. The data evaluation also indicated that the
occurrences of VOCs, SVOCs, and inorganic compounds and herbicides at detected
concentrations on WAG 6 are sporadic.

These results directed the selection of the statistical method used to test for differences
between reference and WAG 6 chemical concentration levels. - Chemicals found to have
statistically significant differences between the site and reference concentrations were
included in the list of contaminants for the nature and extent evaluation and the risk
assessment.

In cases where data are not normally distributed, alternative estimators and tests are
based on rank statistics. "Rank" (or "order" or "nonparametric") statistics use the rank of
an observed concentration rather than the reported value. The rank is defined as the number
associated with the observation when all measurements have ordered in increasing value. For
example, in the following sequence of ordered observations, the ranks range from 1.to 7,
where 7 equals the number of observations:

Concentration: 1.5 37 81 97 293 379 556
Rank: 1 2 3 4 5 6 7

Because nonparametric tests rely on ranks rather than absolute values, no assumptions
about the distribution of the underlying observations are made. This feature makes
nonparametric methods extremely useful where data are not normally distributed.

The Mann-Whitney test, a nonparametric statistical test, was used to compare WAG 6
data against reference data. The Mann-Whitney test relies on the "rank" (or "order") of a
set of concentrations for a specific analyte. Specifically, the Mann-Whitney test compares
the WAG 6 and reference data and determines if the ranks represented by one of the data sets
is significantly higher than the ranks found in the other set. Statistical significance, it is
assumed, indicates that the contaminant is present on WAG 6 at concentrations elevated
above reference concentrations. The level of significance (alpha) of the test was 0.05. Alpha
is normally fixed at 0.05 per the Risk Assessment Guidance for Superfund (EPA 1989b).
This means that there is a 5% (1 in 20) chance that it will be concluded that concentrations
of contaminants are higher than reference when they actually are not (a false positive result).
The chemicals not found to be of statistically significant difference were not automatically
excluded from the evaluation for nature and extent and the risk assessment, but they, in some
cases, were subjected to a more detailed evaluation (see Sects. 4 and 6).
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The Mann-Whitney test consists of assigning the ranks across all observations, summing
the ranks in the two groups, and testing the sum against a critical value to determine the
probability that the rank sums from the two groups could have occurred strictly by chance.
For example, in the seven observations shown above, if the first four concentrations
(representing ranks 1 through 4) had come from reference well samples and the largest three
concentrations (ranks 5 through 7) had come from WAG 6 samples, the Mann-Whitney test
would have concluded that reference and WAG 6 sample results were statistically
significantly different at a probability level of 0.034. That is, the ranks indicated from the
samples would have arisen in the samples from two populations which are not significantly
different only 3.4 out of 100 times.

While the Mann-Whitney test is a reliable alternative to the t-test for non-normally
distributed data, the test is sensitive to "tied ranks." When ties (multiple observations at the
same concentration) occur, ranks are found by assigning the average rank to all of the values.
For example, in the following, the ranks range from 1 to 7, but because six of the values
occurred at 5, the six lowest values share the averagerank (1 + 2 + 3 + 4 + 54+46)/6=
3.5, and the maximum value carries the rank of 7:

Concentration: 5 5 5 5 5 5 550
Rank: 35 35 35 35 35 35 7

The extent to which ties may bias the results from the test depends on the number of
observations from the two sampled populations, The effect of ties increases with increasing
difference in the number of samples collected in the two areas. The Mann-Whitney test
statistic can be adjusted for the number of ties in the data set. Adjustments for ties have been
made where necessary.

Specific sample locations used in the Mann-Whitney test are indicated on Table 4.9.
Tables 4.10 through 4.13 present the Mann-Whitney test results from the comparisons of
reference and WAG 6 samples for groundwater, surface water, soil, and sediment chemicals,
respectively. The chemicals evaluated for nature and extent and included in the risk
assessment from this list have an alpha of less than 0.05.

The resulting VOCs, SVOCs, and inorganic analytes and radiological constituents
evaluated for nature and extent are presented in Table 4,14, Most of the contaminants listed
in Table 4.14 are discussed in the remainder of this section. Those not discussed were found
to be of little significance to the nature and extent discussion.

The base line human health evaluation (Sect. 6) and the base line environmental
evaluation (Sect. 7) produced their own lists of contaminants for consideration in their
respective analyses. These are presented in the respective sections.
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4.1.3 General Observations Pertaining to Nature and Extent

During compilation and analysis of site data to develop an understanding of the nature
and extent of contamination, certain fundamental observations regarding the data were noted.
These observations and general comments regarding data interpretation are described here
to provide a framework for understanding data presented in subsequent sections.

4.1.3.1 On-WAG contamination and off-WAG migration

Environmental sampling during the WAG 6 RFI focused on assessing both on-WAG
contamination and potential off-WAG contaminant migration at the WAG 6 boundary. The
characterization of the nature and extent of on-WAG contamination provides the basis for the
assessment of human health and environmental impacts to on-WAG receptors. Additionally,
it supports scoping of alternatives for closure and corrective action by delineating primary
release areas and areas where contaminant concentrations may exceed action levels.

Characterization of off-WAG migration of contaminants provides the basis for assessment
of the contribution of contamination from WAG 6 to adjacent WAG 2 (WOC drainage basin)
and allows an assessment of potential human health and environmental impacts to receptors
located at the WAG 6 boundary and beyond. In addition, description of the off-WAG
migration of contaminants supports regulatory compliance program monitoring.

Data collected during the WAG 6 RFI and previous investigations clearly indicate the
release of contaminants from source areas to the environment on-WAG and the subsequent
migration of some of these contaminants off-WAG.

4.1.3.2 Vertical distribution of contamination

The data indicate that there is very little radiological contamination of surface soils at
WAG 6. The radiation walkover survey conducted for SWSA 6 and the EWB areas
indicated only isolated surface soil "hot spots," defined as radiation readings three times
above background levels. (The on-WAG 6 "hot spots" were removed as part of site
preparation activities for construction of the ICM caps; the EWB hot spots were flagged by
survey personnel and the areas were roped off by ORNL ES&H personnel.) The observed
absence of radiologica! contamination of the ground surface at WAG 6 is consistent with site
waste disposal methods and practices. That is, wastes were disposed below ground level in
trenches and auger holes in a controlled manner and subsequently covered with a soil cover
several feet thick.

The primary zone of contamination at WAG 6, therefore, is the zone below the surface
soil cover (i.e., below about 3 ft), including the regolith in both the saturated and unsaturated
zones and the shallow bedrock—primarily at locations downgradient to waste disposal areas.
Numerous groundwater samples and subsurface soil samples indicate radiological and
chemical contamination in these zones. There are discernible areal patterns to the
contamination, as discussed subsequently. A significant observation regarding subsurface
contamination is the decrease in contamination with depth. This trend is most apparent in
groundwater, as exemplified in Fig. 4.1, which plots tritium concentrations with depth.
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(Tritium is by far the most ubiquitous and mobile contaminant at WAG 6.) This trend is
consistent with the understanding of the WAG 6 hydrogeologic system, which is described
in Sect. 3 and in which active groundwater flow is local and restricted to the uppermost
saturated interval in regolith and bedrock.

4.1.3.3 Variation of groundwater contaminant concentrations with time

As described in Sect. 2, the majority of WAG 6 groundwater monitoring wells have been
sampled at least four times. Reviews of analytical results for these wells have identified no
clearly defined temporal trends or relationships to physical variations in the hydrogeologic
system (such as seasonal and episodic water level fluctuations, increased leaching associated
with precipitation, etc.). Rather, contaminant concentrations show an apparently random
fluctuation from sampling event to sampling event.

The lack of temporal trends and patterns is consistent with the conclusions drawn by
Solomon et al. (1988), who noted that, upon repeated sampling of leachate from selected
trenches, there were large and erratic variations in radionuclide concentrations within a given
trench. It is likely that the variations noted in trench leachate concentrations are related to
the sporadic breakdown of waste disposal containers and varying rates of water infiltration
into the trenches.

4.1.3.4 Delineation of contaminant plumes

A contaminant plume is a discrete zone of contamination that typically results from the
flow of subsurface water through a source area. Contaminants are transported from the
source in the direction of subsurface flow; the resulting zone of subsurface contamination—
the contaminant plume-—develops a geometry that is controlled by site-specific conditions
including, most importantly, the site hydrogeologic regime.

Contaminant data collected during the RFI and presented in this section indicate
widespread contamination of shallow groundwater on-WAG, generally at low concentrations.
Within this shallow groundwater system, there are discernible areas where particular
contaminants predominate and there are areas of relatively elevated contaminant
concentrations.

As described in Sect. 3, the hydrogeologic framework of WAG 6 is complex.
Groundwater flow is local, with short flow paths from recharge points in higher elevation
areas to discharge points along site streams and low areas or to WOL. Groundwater flow
is controlled by a combination of prevailing hydraulic gradient and primary or relict fractures
in the bedrock and regolith. Groundwater flows along fractures from areas of higher head
to areas of lower head. Fracture orientations and density are variable both laterally and
vertically at WAG 6. This results in tortuous flow paths (stair-stepping in three dimensions),
thereby precluding prediction of groundwater flow directions and rates with any certainty on
a local (i.e., point-to-point) basis. Further, the complexity imposed by the fracture network
results in highly discrete contaminant transport along fractures that cannot be predicted from
well to well. Consequently, detection of contamination in a given monitoring well
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(regardless of screen length) is extremely fortuitous and probably does not correlate to
adjacent wells that may or may not have intercepted the same fracture network.

Therefore, precise delineation of plumes is not feasible; however, areas of concern have
been identified. Should collection of contaminated groundwater at WAG 6 be required, it
should be possible to use available data to develop a remedial design that accommodates
potential deviations from expected conditions.

4.1.3.5 Intermedia transfer of contaminants

An understanding of intermedia transfer of site contaminants (e.g., transfer of
contaminants from leachate to groundwater to surface water) is a prerequisite for the effective
identification, definition, and evaluation of remedial alternatives. Considerable discussion
related to this topic and based upon data gathered during the RFI is presented in the analysis
of contaminant fate and transport (Sect. 5). The primary interactions discussed are the
leaching of contaminants from buried wastes to groundwater; the discharge of contaminated
groundwater to surface water; and the transfer of contaminants between surface water and
sediments.

4.2 SOURCE AREAS

Appendix 1A presents information regarding WAG 6 source areas, including information
on waste disposal units and locations, waste types and packaging, and available waste
inventory data. As a precursor to discussion of site contamination, the following paragraphs
recap key information and concepts regarding source areas.

The ORNL Waste Disposal Log documents the radionuclide contents of each disposal
trench and auger hole; however, the activities entered into the log generally represent
estimated values only, The waste disposal log indicates that, as of December 1990, greater
than 85% of the waste disposed of at SWSA 6 was disposed of in auger holes.
Consequently, from a radiological perspective, SWSA 6 may be viewed as consisting of
several small areas of high-activity waste (primarily auger holes), which are located in a
much larger area containing low-activity waste (primarily trenches) (ORNL 1986).
Figure 4.2 illustrates the major classifications of radiological waste disposal areas and repeats
the labeling of waste disposal areas and -drainages empioyed in this report.

Chemical wastes are known to have been disposed of both in auger holes and trenches.
Oils, cleaning solutions, alcohols, paint thinners, kerosene, jet fuel, acids, sodium, and
miscellaneous solvents and other cher~’.als were disposed of in a set of auger holes classified
as "solvent auger holes" (ORNL 1986). Some chemical wastes were poured into the auger
holes and others were placed in the auger holes in containers ranging from small bottles to
55-gal drums. The exact nature and volume of waste disposed in each solvent auger hole is
unknown,

Limited waste disposal records indicate that biological trenches were known to have
received waste scintillation fluids, which are composed of various aromatic hydrocarbons.
Records indicate that from 1972 through May 1983, approximately 48,000 liters of
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scintillation fluids were disposed. Thirty-five biological trenches are identified in waste
disposal records as having received scintillation fluids. Figure 4.3 illustrates areas where
chemical wastes are known to have been disposed.

Trench leachates sampling has been conducted in past environmental sampling to aid in
chemical and radiological characterization of source areas. Previous investigations conducted
at WAG 6 that involved trench leachate sampling are summarized in Appendix 1B, Key
previous investigations that produced radiological data relevant to characterization of source
term concentrations are summarized below.

e Tamura et al, (1980) sampled leachate from 26 trenches and analyzed the leachate for
strontium-90, cobalt-60, and cesium-137.

¢ Solomon et al. (1988) sampled leachate from eight trenches and analyzed the samples for
tritium, strontium-20, cobalt-60, and cesium-137,

e Davis et al. (1989) collected soil samples from five trenches located in the northeastern
portion of WAG 6 (19 Trench area), Soils were analyzed for cobalt-60, cesium-137, and
strontium-90.

* Ashwood and Spalding (1990) collected trench leachate samples from 26 intratrench
piezometers in the eight ICM capped areas. Samples were analyzed for gross alpha,
gross beta, tritium, strontium-90, cesium-137, and cobalt-60.

Past environmental sampling to aid in chemical characterization of source areas has also
been limited primarily to sampling of trench leachates or trench bottom soils.

e Solomon et al. (1988) sampled leachate from eight trenches and analyzed the samples for
the EPA TCL. Ten VOCs and six SVOCs were identified.

e Ashwood and Spalding (1990) analyzed samples collected from 26 intratrench
piezometers for TCL VOCs and SVOCs and TAL metal...

¢ Davis et al, (1989) analyzed four trench bottom soil samples collected in the 19 Trench
area for VOCs and SVOCs.

Trench leachate and trench soil sampling results are discussed where appropriate in the
remainder of this section. Trench leachate concentrations should be interpreted with the
following caution: trench leachate data collected by Solomon et al. (1988) showed large and
erratic variations in radionuclide concentrations with changing hydraulic conditions.
Furthermore, the data indicated no correlation between the concentrations detected in trench
leachates and the concentrations reported for those trenches in the ORNL waste disposal log.
The variability of trench leachate data with time, combined with the large number of trenches
at WAG 6, led Solomon et al. (1988) to conclude that trench leachate sampling was not a
reliable method of characterizing source term for modeling.
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Release rates will likely increase or decrease unpredictably in the future for different
contaminants in different areas of SWSA 6. These variations would correspond to the
unpredictable rates at which different types of waste packages deteriorate. Based on ORNL
experience at SWSA 4, it may be anticipated that, on a site-wide basis, WAG 6
environmental contamination will continue to increase in the near term (assuming no closure
or corrective action), In the very long term (i.e., hundreds of years), however, radioactive
decay and chemical decomposition will result in lowered concentrations.

4.3 NATURE AND EXTENT OF ON-WAG CONTAMINATION BY MEDIUM

This section presents findings relatcd to the investigation of the nature and extent of
radlonuclide and chemical contamination in WAG 6 groundwater, surface water, sediments,

‘and soil. At the end of the discussion for each medium, a summary presents the major

findings for that medium,
4.3.1 Groundwater
4.3.1.1 Previous investigations

Since 1976, there have been numerous groundwater investigations at WAG 6.
Table 4.15 lists WAG 6 groundwater investigators, the wells that were involved, and the
dates the investigations occurred. Table 4,16 presents the constituents that were analyzed for
during each of the studies. Appendix 1B summarizes the scope of previous groundwater
studies and presents data collected during the investigations,

4.3.1.2 Radiological contamination

Both man-made and naturally occurring radionuclides have been detected in groundwater
samples from wells at WAG 6. Detected man-made radionuclides include tritium, cobalt-60,
strontium-90, cesium-137, and transuranics, which include americium-241, curium-244,
plutonium-238, and plutonium-239/240, Naturally occurring radionuclides detected in
groundwater samples at WAG 6 include potassium-40 and radionuclides belonging to the
uranium series (uranium-238, thorium-234, uranium-234, thorium-230, radium-226) and the
thorium series (thorium-232, radium-228, thorium-228, radium-224),

. Concentration standards for drinking water for types of radioactivity (alpha or beta
radiation) as well as for several specific radionuclides have been established by the Safe
Drinking Water Act (52 FR 25690 1987). MCLs have been established for gross alpha (15
pCi/L), tritium (20,000 pCi/L), strontium-90 (8 pCi/L), radium (5 pCi/L, includes sum of
radium-226 and radium-228 concentrations), and man-made beta (4 mrem per year). For
other man-made radionuclides, a 4-mrem-per-year MCL exists. Naturally occurring
radionuclides that do not have MCLs promulgated have been compared to background
concentrations to determine if detected concentrations are indicative of contamination. [The
MCL for radium is currently under review at EPA. Consideration is being given to raising
the MCL to 40 pCi/L for the sum of radium-226 and radium-228 (20 pCi/L each)].
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4.3.1.2.1 Nature of radiological contamination

Gross alpha and gross beta. Gross alpha and gross beta activity was detected in all
wells sampled. Both naturally occurring and man-made radionuclides, including transuranir
radionuclides, contribute to either gross alpha and/or gross beta concentrations. Figures 4.4
through 4.7 show the variability in gross alpha and gross beta concentrations detected ir
WAG 6 RFI and ORNL RCRA compliance wells. (For ease of display, ORNL RCRA
results are presented separately from RFI results. This is the case for other radionuclides,
also.)

Gross alpha concentrations analyzed in groundwater samples from ORNL RCRA
compliance wells did not exceed 15 pCi/L except in two wells (wells 832 and 857). In these
two cases, the error terms associated with these measurements exceeded the measurement and
for practical purposes can be considered non-detected measurements,

Although not pervasive, gross alpha concentrations exceeding 15 pCi/L were detected in
groundwater samples collected during ORNL RCRA monitoring and the RFI. In some cases,
naturally occurring radionuclides accounted for the gross concentrations exceeding 15 pCi/L.
These are discussed more fully below (see Naturally occurring radionuclides).

Man-made radionuclides. Tritium was detected in a majority of groundwater samples
collected at the site (Figs. 4.8 and 4.9) and exceeded the 20,000 pCi/L MCL in numerous
wells. Concentrations ranged from non-detectable levels to over 4,000,000 pCi/L.
Cesium-137, cobalt-60, and strontium-90 also have been detected in groundwater samples at
// WAG 6, but none of these radionuclides are widely distributed in groundwater.

Mw’f/j

' The Safe Drinking Water Act MCL for strontium-90 in groundwater is 8 pCi/L. Other
an-made, beta-emitting radionuclides are limited in acceptable concentrations equal to a
se of 4 mrem per year, To determine if cobalt-60 or cesium-137 concentrations detected
he site exceeded the 4 mrem per year dose level, a concentration expressed in pCi/L equal
a dose of 4 mrem per year was calculated, assuming drinking 2 liters of water each day
“one year (EPA 1989b). Concentrations in pCi/L that equal 4 mrem/year exposure for
+ubalt-60 and cesium-137 were calculated to be 203.3 pCi/L and 109.6 pCi/L, respectively.
Maximum detected concentration for cesium-137 did not exceed the 4 mrem per year MCL.
The maximum detected concentration for cobalt-60 exceeded the 4 mrem per year MCL in
samples from only one well, Well 842, and was exceeded consistently throughout the well’s
sampling history. The 8 pCi/L MCL for strontium-90, including total radioactive strontium,
was exceeded in six wells at the site (846, 848, 850, 858, 1225, nd 1237). However, in
wells 846, 850, and 858, only the first sampling event exhibited concentrations exceeding 8
pCi/L. In subsequent sampling events, strontium-90 was not detected, suggesting that
previous results were anomalous.

The range in concentrations observed for cesium-137, cobalt-60, and total strontium
(including strontium-90) in groundwater samples has been observed to vary over time. This
variation is displayed in Figs. 4.10 through 4.16). While the range in variability is not as
great for total strontium, the apparent variability present in cobalt-60 and cesium-137
concentrations is due primarily to concentrations that also have large error terms-—most of
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which were collected during the January/February 1989 sampling period. In most instances,
the asspciated error terms for cobalt-60 and cesium-137 during that sampling period indicate
overlapping concentration ranges with lower concentrations, which suggests the elevated
concentrations may not be an accurate indication of conditions actually present in these
groundwater samples.

Transuranic radionuclides. An analysis of the nature and extent of transuranic
radionuclides in groundwater at WAG 6 is based on analyses conducted in RFI wells and
RCRA compliance wells sampled by the RFI team during this investigation only (see
Sect. 2). Not all ORNL RCRA compliance wells were sampled for transuranic
radionuclides; therefore, their extent at WAG 6 may be underestimated. Transuranics
detected include americium-241, curium-244, plutonium-238, and plutonium-239/240.

Naturally occurring radionuclides (gros: lpha and radium). Groundwater samples
from ORNL RCRA compliance wells were not analyzed for naturally occurring radionuclides
except for total radium concentrations, which includes the sum of radium-224 and radium-
226. Total radium concentrations do not display large variations by well or among wells
(Fig. 4.16). Total radiumn (radium-224 and radium-226) concentrations reported in ORNL
RCRA monitoring data, did not exceed the 5 pCi/L MCL,; however, when radium-226 and
radium-228 were analyzed for during RFI sampling the 5 pCi/L MCL was exceeded in some
wells.

Naturally occurring radionuclides of the uranium and thorium series, which are primarily
alpha emitters, were analyzed for to determine if gross alpha concentrations exceeding
15 pCi/L could be attributed to the presence of naturally occurring radionuclides. In some
instances, the higher gross alpha concentrations could be attributed to radium-224 which was
detected at concentrations approaching that of the gross alpha concentrations. In other
instances in which gross alpha concentrations exceeded 15 pCi/L, radionuclides analyzed for
were not detected in sufficient concentrations to account for the increased alpha activity.
These occurrences are discussed below.

4.3.1.2.2 Extent of radiological contamination

Naturally occurring radionuclides (gross alpha and radium). Monitoring wells in
which maximum detected gross alpha concentrations exceed 15 pCi/L are presented on
Fig. 4.17. The wells in which naturally occurring radionuclides account for concentrations
exceeding 15 pCi/L are also presented but are not considered to be contaminated by site
operations.

The wells in which gross alpha concentrations have not been accounted for by naturally
occurring radionuclides are wells at the high-activity and low-activity trench areas of the
central waste disposal area, and wells adjacent to the biological trench area of the west waste
disposal area (Fig. 4.17). Except for two wells (Wells 1228 and 849), man-made transuranic
radionuclides have been detected in groundwater samples from these wells. It is not known
if additional man-made radionuclides are present or that naturally occurring radionuclides
attribute to higher alpha concentrations.

[T ' . .
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Figure 4.17 shows wells in v.ch the sum of radium-226 and radium-228 exceeded

5 pCi/L. These are Well 1241 located south of the EWB, Well 1225 located west of the high

activity trench area of the central waste disposal area, Well 1233 located west of the

49 Trench area, and Well 1229 located east of the biological trenches of the west waste

disposal area. Except for radium-228, which was detected at 860 pCi/L in Well 1225,

radium-226 concentrations in the other wells exceeded 5 pCi/L. Radium-228 was not

detected or was very close to the detection limit (3 pCi/L) in the other wells. Highest

radium-226 concentration was 113 pCi/L in Well 1129. Concentration levels in other wells
were below 17.3 pCi/L.

Man-made radionuclides—tritium. Tritium has been analyzed for and detected in
numerous groundwater samples during ORNL RCRA compliance monitoring, the RFI
monitoring, and in numerous independent studies conducted by ORNL researchers such as
Poreda, Cerling, and Soloman 1988; Boegly 1984; Doyle and Taylor 1986; Davis et al.
1989; Solomon et al. 1988; Yager and Craig 1989; Ashwood 1989; Vaughan et al. 1982;
Dreier and Toran 1989; and Morrissey 1990—to name a few. Tritium is the most widely
distributed man-made radionuclide at the site.

The Safe Drinking Water Act maximum concentration level (MCL) for tritium is
20,000 pCi/L. Figure 4.18 presents analytical results on tritium levels. The maximum
concentration detected at any location is represented by a dot whose relative size indicates
a concentration range (see figure legend). The smallest dot corresponds to non-detected
levels or to detected levels below the 20,000 pCi/L MCL.

Tritium has been detected above the MCL in groundwater samples from wells adjacent
to nearly all waste disposal areas at WAG 6. Groundwater samples from up-gradient wells
on the northwest perimeter of the site and from wells located at the southwest section have
not contained concentrations exceeding the MCL. There are also wells located in the interior
of WAG 6 in which elevated concentrations of tritium have not been detected.

Highest concentrations of tritium appear to be associated with the high- and low-activity
trench areas; tritium levels exceeding the MCL have also been detected in groundwater
samples adjacent to biological trenches. Maximum detected levels of tritium in groundwater
samples from wells adjacent to biological trench areas have not exceeded 100,000 pCi/L.
Tritium concentrations exceeding 100,000 pCi/L have been detected in groundwater samples
in wel's adjacent to the high-activity trench areas of the central waste disposal area, the 19
Trench area, the northern half of the east disposal area, the low-activity trench area of the
central waste disposal area, the low-activity trench area of the west waste disposal area, and
the Tumulus area (Fig. 4.18). Tritium concentration levels exceeding 1,000,000 pCi/L have
been detected in groundwater sampies from wells located at the northern-most trench areas
and the low-level trenches of the central waste disposal area.

Tritium has been detected in groundwater samples from the TARA-series wells, in the
northeastern part of the WAG at concentrations up to 7,290,000 pCi/L (Davis et al. 1989).
This area also has the highest potential for migration of tritium off-WAG. Davis et al.
(1989) sampled the TARA-series wells at the 19 Trench area and identified a tritium plume
emanating from this area. ORNL RCRA compliance wells in the area confirm the elevated
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concentrations. Highest detected concentrations occur nearest to the trench area and to the
southeast toward Drainage B. Concentrations generally decrease to the north and northwest
towards the EWB, although concentrations exceeding 100,000 pCi/L have been detected in
surface water samples collected from the EWB.

The northeast auger hole area of the east waste disposal area also contains levels of
tritium above the MCL. A tritium plume appears to be migrating easterly-southeasterly
towards the unnamed tributary. Wells to the south of the auger hole area generally contain
low levels of tritium. Tritium from the auger hole area could be reaching groundwater in
Well 1244, located approximately 300 ft east and separated by the unnamed tributary. This
well may also be receiving tritium from adjacent WAG 7 located to the east of the well.
Well 1244 has been sampled once, and 51,200 pCi/L tritium was detected.

Groundwater samples collected from some wells at the low-activity trench areas in the
central part of WAG 6 also contain levels of tritium exceeding 100,000 pCi/L. Two wells
(Wells 848 and 849) at the low-level trenches of the central waste disposal area contain levels
of tritium exceeding 1,000,000 pCi/L. The high levels observed at the 49 Trench area of
the central waste disposal have not been detected in wells located to the west across Drainage
FB, except for Well 854, which probably intercepts high levels of tritium from the
low-activity trenches of the west waste disposal area. Surface water samples collected
adjacent to the 49 Trench area from Drainage FB have had tritium concentrations detected
in excess of 400,000 pCi/L. Water collected from the outfall of the French Drain have
contained the highest concentration detected on site (14,000,000 pCi/L) strongly suggesting
that the 49 Trench area is a major source area of tritium.,

Independent studies conducted by Yager and Craig (1989) and Ashwood (1989) at the
Tumulus area have identified high levels of tritium associated with Well 1036 (Fig. 4.18).
Increasing concentrations of tritium have been detected in groundwater samples from
Well 1036, which is located on the eastern side of the Tumulus area. From 11 samples
collected between June 1987 and May 1990, tritium concentrations have increased from a low
of 486 pCi/L to a high of 226,800 pCi/L. Reportedly, tritium has not been disposed of in
this area. All the other wells except for Well 1039, which is located to the west along strike
to Well 1036, have had concentrations below 11,000 pCi/L with no discernible trends.
Concentration levels have been increasing in Well 1039 also, but to date have remained
below the MCL. A possible source of the tritium could be the outfall from the French Drain
area located northeast of the Tumulus area. Because none of the Tumulus wells south of
Well 1036 have displayed increasing trends in tritium concentration, it appears that along-
strike migration may be a primary pathway.

On occasion, tritium has been detected in groundwater samples from wells located along
the southeastern and southern boundary of WAG 6 at concentrations exceeding 20,000 pCi/L.
The monitoring network in this area presently suggests that this area is not receiving releases
of tritium in excess of the MCL.

Man-made radionuclides—cesium-137, cobalt-60, and strontium-90. Cesium-137 has
been detected in groundwater samples from four wells at WAG 6. These are wells 846, 856,
836, and 860 (Fig. 4.19). Wells 846 and 856 are reference wells located upgradient from
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waste disposal sites. Well 836 is located at the southern waste disposal area, and Well 860
is located in the southwest corner of WAG 6 over 700 ft west of the nearest waste disposal
area. Except for Well 836, cesium-137 was detected in the first sampling event of these
wells, but subsequent sampling events have not detected cesium-137. Cesium-137 was
detected in a third sampiing event of Well 836, but previous and subsequent sampling events
did not detect cesium-137. Figure 4.10 (ORNL RCRA monitoring results) and Fig. 4.11
(RFI results) illustrate the range in variation of cesium-137 analyses. Cesium-137 was not
detected in RFI monitoring wells.

Concentrations of cobalt-60 and strontium-90 detected in groundwater samples from a
few wells were significantly above the level at which the majority of other sample
concentrations were detected (Figs. 4.12 through 4.15). The associated error terms for the
higher concentrations indicate a high degree of certainty for the detection.

Occurrences of cobalt-60 and strontium-90 are limited to the north and northeast sections
of WAG 6. In particular, the high-activity trench area and the eastern half of the central

‘waste disposal area, the 19 Trench area, and the central part of the east waste disposal area

contain wells in which strontium-90 and cobalt-60 have been detected in groundwater samples
(Fig. 4.19).

Cobalt-60 distribution in groundwater is presently confined to the vicinity of the
19 Trench area and the central part of the east waste disposal area (Fig. 4.19).
Concentrations detected in Well 843, located to the east of the 19 Trench area, have been
marginally elevated from what has typically been observed at the site overall (Figure 4.12).
Data collected by Davis et al. (1989) from TARA wells located adjacent to the site indicate
low levels of cobalt-60, below the magnitude of that detected in Well 843 (Fig. 4.20). This
may reflect a temporal difference for the TARA data, which were collected only once in
1987. Groundwater samples from adjacent Well 844, which monitors a zone deeper than
Well 843, have not had cobalt-60 detected. Migration is most likely southerly and easterly
towards discharge points along Drainage B, and possibly off-WAG through the groundwater
system.

Cobalt-60 concentrations are highest along the eastern boundary of WAG 6, adjacent to
the east waste disposal area (having been detected in wells 842 and 1243—Fig. 4.19). It is
doubtful that cobalt-60 detected in groundwater samples from this area originated from the
19 Trench area, because of the distance from the 19 Trench area to monitoring wells at the
east waste disposal area and because Drainage B separates the two areas. Therefore, it
appears that the auger hole area of the eastern waste disposal area is a separate source.
Cobalt-60 occurrence is presently confined to the upper part of the groundwater system; it
has not been detected in deeper Well 841, which is adjacent to Well 842. Cobalt-60 was not
detected in wells located south of Well 1243 (Fig. 4.21). Migration of cobalt-60
contaminated groundwater off-WAG 6 to the east is likely.

Strontium-90 has been detected in groundwater samiples from three wells (1225, 1237,
and 848). Groundwater samples from Well 1225, located on the western boundary of the
high-activity trench area of the central waste disposal area (Fig. 4.19), has had the highest
concentrations of strontium detected (up to 5400 pCi/L). Strontium-90 was not detected in
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Well 847, located to the east of the high-activity trench area. Downgradient wells to the
south are possibly too deep to detect any possible plume moving in that direction (Fig. 4.22).

Well 848 is located south of the low-activity trenches of the eastern part of the central
waste disposal area. Strontium-90 has been detected in adjacent Drainage DB to the east.
Fig. 4.23 illustrates strontium-90 occurrences with depth in this area.

Strontium-90 has also been detected in Well 1237, located upgradient to the west waste
disposal area. This well has been sampled only once; wells paired with 1239 have not had
strontium-90 detected.

Transuranic radionuclides. Transuranics, consisting of americium-241, curium-244,
plutonium-238, and plutonium-239/240, were detected in groundwater samples from five
wells located at the high-activity trench area and the 49 Trench area of the central waste
disposal area; the west waste disposal area (in both upgradient and downgradient wells at the
low-activity trenches the biological trench area), and the auger hole area of the east waste
disposal area (Fig. 4.24). Concentrations are generally low in most wells (below 3 pCi/L)
but are higher in Well 1225, where americium-241 was detected at 23.9 pCi/L.
Americium-241 occurrences in groundwater samples from wells 1227, 1233, 1237, and 1242
are questionable.  Previous analytical results from wells 1227 and 1233 indicated
americium-241 not present above the detection limit of 1 pCi/L. Wells 1237 and 1242 have
been sampled only once. Well 1237 is also located upgradient to any waste disposal area.
Plutonium-238 was detected in groundwater samples from wells 1225 and 1229, and
curium-244 was detected in Well 1225.

Relatively higher concintrations of transuranic radionuclides were detected in
groundwater samples from Well 1225, located on the western perimeter of the high-activity
trench area (Fig. 4.24). Strontium-90 and tritium exceeding MCL concentrations have also
been detected in groundwater samples from this well. Americium-241, curium-244,
plutonium-238, and plutonium-239/240 were detected. Gross alpha concentrations observed
in groundwater samples from adjacent Well 847, located on the eastern side of the high-
activity trench area, suggest that transuranics, if present, do not contribute significantly to
alpha activity in the groundwater (maximum detected gross alpha in Well 847 was
10.8 pCi/L, which is within background concentration ranges).

4.3.1.3 Chemical contamination
4.3.1.3.1 Nature of chemical contamination

This section is subdivided into a discussion of the inorganic and organic constituents
analyzed in groundwater. These constituents include metals, VOCs, SVOCs, pesticides,
PCBs, organophosphorus pesticides, dioxins, furans, and herbicides. Of the organic
compounds detected, the VOCs comprise the largest group, and consequently much of the
discussion is devoted to them. Of the inorganic compounds, the only group discussed are
the metals. Miscellaneous inorganic parameters, such as pH, conductivity, etc., are not
addressed as they are indicators of natural groundwater geochemistry.
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Volatile organic compounds. VOCs were detected in a majority of groundwater
samples collected from ORNL RCRA compliance and RFI monitoring wells at WAG 6.
Some occurrences can be attributed to common laboratory contaminants or field sampling
induced contamination and have been eliminated from further consideration. Common
laboratory compounds have been identified in disposal trench leachate samples at WAG 6
(Soloman 1989) and may have entered the groundwater system. Therefore, when these

- compounds have been detected and cannot be identified as induced contamination, their

presence in the groundwater is credible.

The VOCs detected in groundwater samples collected from ORNL RCRA compliance and
RFI monitoring wells included two TICs that are components of scintillation fluids disposed
of at the site. Numerous other TICs have been detected and have undergone data validation
procedures; most have been identified as laboratory-induced contamination (Appendix 4A)
and are subsequently not discussed.

Table 4.2 lists the VOCs detected in groundwater at the site. The compounds most
frequently occurring by well include tetrachloroethene (12 wells), 1,2-dichloroethene (10
wells), trichloroethene (10 wells), chloroform (10 wells), methylene chloride (8 wells), and
benzene (6 wells). All other VOCs were detected in five wells or less.

Of the VOCs detected, MCLs exist for eight (Table 4.17). Six compounds were detected
that exceed MCLs; these are (the first number in parenthesis following the VOC is the MCL
for that compound, the second number is the maximum detected concentration in ug/L):
trichloroethene (5/1300), trichloromethane (100/190), benzene (5/110), viny! chloride (2/88),
1,2-dichloroethane (5/44), and carbon tetrachloride (5/96). Compounds detected for which
MCLs are defined but will not become effective until January 30, 1992, include toluene,
ethyl benzene, 1,2-dichloroethene, and tetrachloroethene. Concentrations  of
1,2-dichloroethene and tetrachloroethene have exceeded the to-be-effective MCLs. Ethyl
benzene has been detected at its MCL.

VOC concentrations ranged from a low of 0.4 ug/L 1,1,1-trichloroethane in Well 843
to a high of €800 ug/L tetrachloroethene in Well 1233. The maximum detected
concentrations for all compounds detected in any single well, including results from all
sampling events, have been summed to present a "worst case" condition for that well
(Table 4.17). Comparisons with other wells are made using this value because all wells were
not samnled concurrently, and in some instances data are available from five to six sampling
events for a well, and no concentration trends are apparent in the data.

The wells with the greatest surimed VOC concentrations (as presented in Fig. 4.25) are:
Well 1233 (8326 ug/L) located just west of the central waste disposal area; Well 849
(1661 pg/L) located south of Well i233 at the central waste disposal area; Well 850
(6778 ng/L) located east of the biological trench area of the east waste disposal area,
Well 842 (808.5 ug/L) located east of the auger hole area of the east waste disposal area; and
Well 648 (4545 pug/L) located south of the high activity trench area of the central waste
disposal area. All other summed VOC concentrations did not exceed 400 pug/L.
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Semivolatile organic compounds. SVOCs were detected in groundwater samples from
wells analyzed during detection/compliance monitoring and the RFI. Many of these
compounds can be attributed to contamination through the sampling and/or analysis
procedures—having been detected in various blanks. Several SVOCs were detected that
could not be directly attributable to the sampling or analysis procedures but which are
common laboratory and environmental contaminants, These compounds are bis(2-
ethylhexyl)phthalate, di-n-butyl phthalate, and diethyl phthalate. Phthalates are plasticizers
that have been identified as common laboratory contaminants (EPA 1990). The maximum
detected concentration level for any of the phthalates was estimated at 7 pg/L. SVOCs
present in groundwater at the site include 2-methyl phenol, dimethyl benzene, and
naphthalene. Their occurrence is limited to wells 852 and 1228, located at the biological
trench area of the v.est waste disposal area, and Well 852, located southwest of the biological
trench area of the central waste disposal area. Maximum detected concentrations ranged
from an estimated low of 1 ug/L for naphthalene in Well 852 to a high of 1000 ug/L for
naphthalene in Well 850. Maximum summed SVOC concentrations ranged from an estimated
low of 7 ug/L in Well 1228 to a high of 1022 pg/L in Well 850.

Other chemical compoun Is. The herbicides 2,4,5-TP (Silvex), 2,4,5-T, and 2,4-D have
been detected in groundwater samples during ORNL RCRA compliance sampling. The
introduction of herbicides to groundwater at WAG 6 has been attributed to localized land
applications prior to installation of caps on the wells (ORNL 1989).

Except for two occurrences of the PCB arochlor 1254, at levels estimated at 1 pg/L or
lower, no other PCBs were detected at the site. Compounds analyzed for but not detected
at the site include dioxins, furans, and organophosphorus pesticides.

Metals. Metals occur naturally in the groundwater environment and were detected in
every groundwater sample analyzed for metals. To determine if any metals were present in
concentrations indicative of releases to the environment or in concentrations harmful to
human health and the environment, comparisons were made to reference conditions at the site
and to other criteria, such as the Safe Drinking Water Act MCLs. For the purposes of this
study, the only metals of concern are metals for whict MCLs or RFI guidance health-based
criteria exist. After these comparisons were made, it was determined that three metals are
present in groundwater at levels of concern: barium, cadmium, and lead. The maximum
concentrations detected for these metals are as follows (the first number in parenthesis
represents the MCL reported in micrograms per liter, the second is maximum concentration):
barium (1000/27,100), cadmium (10/94.5), lead (50/100). Arsenic, mercury, and silver were
also detected above their respective MCLs: however, detections greater than MCLs were
sporadic and were localized. All other metals were detected at levels that did not
significantly exceed background concentrations (generally less than 1 order of magnitude) or
did not exceed MCLs.

4.3.1.3.2 Extent of chemical contamination

The discussion on extent of chemical contamination in groundwater at WAG 6 is
presented by analyte type. First is a discussion of the organic chemicals, of which the VOCs
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constitute the major group. The VOC discussion is followed by discussion of SVOCs,
herbicides, and metals,

Volatile organic compounds. Groundwater monitoring wells in which VOCs were
detected are presented in Fig. 4,25, which shows a graphical representation (rose diagram)
of the various VOCs detected and their maximum concentration, Each segment of the rose
diagram represents a distinct VOC; the distance radially represents the maximum
concentration observed for that constituent for that well. The concentration scale is
logarithmic.

Specific VOCs plotted on the rose diagram are: 1,2-dichloroethene, trichloroethene,
tetrachloroethene, chloroform, total xylenes, toluene, benzene, and acetone. The primary
VOCs were chosen based on frequency of occurrence. An additional segment includes a sum
of the remaining constituents detected in that well and is labeled as "others." These other
compounds include: 1,1-dichloroethene, 1,1-dichloroethane, 1,2-dichloroethane, carbon
tetrachloride, methylene chloride, 1,1,1-trichloroethane, vinyl chloride, ethyl benzene,
dichloromethane, 2-butanone, trichloromethane, carbondisulfide, 1,1,2,2-tetrachloromethane,
1,1,2-trichloroethane, and ethyl chloride, including ethyl ether, diethyl ether, and
1,4-dioxane, which are TICs. The VOCs have been arranged to discern distribution patterns.
Generally, chlorinated alkenes occupy the right side of the rose; aromatics occupy the left.
The order of arrangement of VOCs is consistent from one rose to the other.

Releases of VOCs from some of the areas have VOC suites distinctly different from those
of other areas. Scintillation fluids (commonly various aromatic hydrocarbons) have been
disposed in biological trenches, and typical components of these fluids have been detected
in groundwater in the vicinity of the biological trenches (located in the southern sections of
the west waste disposal area and the central waste disposal area). On the other hand, the
low- and high-activity trench areas and the auger hole areas contain a different suite of
VOCs, dominated by the chlorinated alkenes trichloroethene, tetrachloroethene, and
1,2-dichloroethene. Some aromatic compounds are present at auger hole areas.

The discussion on extent of VOC contamination is presented by proximity to drainage
features, generally from an upgradient to downgradient position at the site. The discussion
starts with the northernmost waste disposal unit of the central waste disposal area (the high-
activity trench area) and proceeds southward along the FB drainage to the south waste
disposal area. The discussion continues with the northeastern half of the WAG (the
19 Trench area) southward across Drainages B and C to the east waste disposal area
(Fig. 4.25).

° Drainage FB—north high activity trench area. The high-activity trench area is the
northernmost waste disposal area adjacent to drainage FB. Here, VOCs have been
detected in monitoring wells located to the west (Well 1225) and to the south (Well 648)
(Fig. 4.25). Ten different VOCs were detected in Well 648, which is downgradient from
a field of solvent auger holes. Concentrations ranged from 6 ug/L xylenes to 2323 ug/L
trichloroethene (Solomonet al. 1988). MCLs for 1,1-dichloroethene, 1,2-dichloroethane,
trichloroethene, and benzene were exceeded. Groundwater from Well 648 may be
influenced by materials released from the high-activity trench area in addition to the



421

releases from the solvent auger holes, Only three VOCs (tetrachloroethene,
1,2-dichloroethene, and acetone) were detected in Well 1225, The highest concentration
detected was 120 ug/L of acetone.

Known vertical distribution of VOCs in this area is presented in Figs, 4.26 and 4.27.
Although VOCs have not been detected to the east of the high-activity trench area in
Well 847, this well is screened in the shallow bedrock approximately 15 ft below the
base of Well 1225 and does not intersect the water table (Fig. 4.26). Its screen may be
too deep to intercept VOCs migrating to the east. The VOC 4-methyl-2-pentanone has
been detected in upgradient Well 846; however, the concentration at which it was
detected, 2 pg/L, is very low and has not been detected elsewhere on WAG 6.

A cluster of three wells (HHMS-7A, HHMS-7B, and HHMS-7C) are south of the
high-activity trench area and downgradient, but these have not been sampled for VOCs
(Fig. 4.27). VOCs are known to occur at least as deep as Well 648 extends, which is
45 ft below the surface (778 ft above mean sea level). Based on the understanding of
site hydrogeology (described in Sect. 3), groundwater is expected to flow towards
Drainage FB. Surface water samples collected southwest of the solvent auger hole area
in Drainage FB have had 1,2-dichloroethene, tetrachloroethene, and trichloroethene
detected (Sect, 4.3.2.3).

Drainage FB—49 Trench area, VOCs have been detected in groundwater samples from
wells located at the 49 Trench area of the central waste disposal area. Maximum
concentration levels ranged from a low of 1 pg/L for chloroform, 1,1-dichloroethene,
trichloromethane, and ethyl chloride to a high of 6800 ug/L tetrachloroethene. MCLS
were exceeded for trichloroethene and vinyl chloride in Wells 849 and 1233, Well 1232
has been dry since installation, The MCL for benzene was exceeded in Well 849,
MCLs that become effective January 30, 1992, for tetrachloroethene and
1,2-dichloroethene were also exceeded.

Lateral extent of VOCs detected in these wells appears to be bounded by Drainage FB.
Surface water samples collected adjacent to Well 1233 have had several VOCs detected.
Wells on the western side of drainage FB, while having VOCs detected in groundwater
samples from them, contain different suites of VOCs except for the occurrence of
trichloroethene at very low levels.

Eastern migration of VOCs from the 49 Trench area in groundwater is most likely
intercepted by the French Drain, Water samples from the outfall of the French Drain
have contained relatively high concentrations of similar VOCs detected in upgradient
wells and surface water locations (Sect. 4.3.3.3). Known vertical distribution of VOCs
at the 49 Trench area is presented in Figs. 4.28 and 4.29,

Drainage FB—west waste disposal area. The west waste disposal area can be divided
into the northern section, consisting of low-activity trenches, and a southern section
consisting of biological trenches (Fig. 4.25). Five ORNL RCRA compliance and RFI
monitoring wells are adjacent to the low-activity trenches, Wells 1226, 1237, and 1238
are located upgradient. Well 1226 has been dry since installation. Except for carbon
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disulfide, which was detected once at 22 pg/L in Well 1237, no other VOCs were °
detected in these wells, Downgradient to the low activity trenches, Wells 853 and 854
have had no other VOCs detected in groundwater samples, except for one occurrence of
methylene chloride in each well at 25 and 20 ug/L, respectively.

Analyses of groundwater samples collected from wells 851, 852, 1228, and 1229 indicate
that the biological trenches of the west waste disposal area have released components of
scintillation fluids (benzene, toluene, xylenes, 1,4-dioxane, and diethyl ether) along with
acetone and minor amounts of 1,2-dichloroethene, tetrachloroethene, chloroform,
methylene chloride, viny! chloride, and possibly 2-butanone (Fig. 4.25). The greater
concentrations were detected in Well 852 (393 pg/L maximum summed VOC
concentration) and Well 1228 (294 ug/L maximum summed VOC concentration) located
at the southwestern tip of the biological trench area.

Low concentrations of VOCs have been detected in groundwater samples from wells 851
and 1229, which are located in close proximity to each other. Well 851 contained the
scintillation fluid components 1,4-dioxane (160 ug/L) and ethyl ether (8 ug/L), while
1229 contained tetrachloroethene and possibly 2-butanone, each at 2 ug/L (which is
below sample quantification limits for these compounds). Of the VOCs detected, only
benzene in Well 852 exceeded any primary MCL (detected at 110 ug/L). Benzene was
also detected in Well 1228 at a maximum concentration of 1 ug/L. Groundwater samples
from monitoring wells 745 and 833, located approximately 300 ft south of wells 1228
and 852, do not appear to be affected by VOC releases from the biological trench area.
Except for a one-time detection of 1,1-dichloroethene in Well 833 at an estimated level
of 1 ug/L (Fig. 4.30), no other VOCs have been detected. However, these wells are
completed in bedrock and not the saturated overburden. They are positioned on the west
side of the FA drainage system, possibly precluding them from intercepting any VOC
plume migrating southward from the west waste disposal area. It is probable that VOCs
are migrating towards the FB or FA drainage systems, which surface water sampling
results suggest.

South waste disposal area. The south waste disposal area consists of biological trenches
to the west and low-level trenches to the east (Fig. 4.25). This waste disposal area is
located near the southern boundary of WAG 6 just north of WOL. Three compliance
wells (835, 836, and 837) monitor groundwater conditions in the unconsolidated zone.
Groundwater samples from Well 837 have not contained detectable concentrations of
VOCs. Groundwater samples from Well 835 have contained levels of trichloroethene
and benzene below the MCL in addition to other components of scintillation fluids
(1,4-dioxane and ethyl ether), Well 836 has contained low to moderate concentrations
of chloroform and tetrachloroethene, which on one occasion was detected at 5 ug/L,
equal to the MCL effective January 30, 1992 (Fig. 4.31). Trench leachate analysis has
indicated the presence of various VOCs, of which components of scintillation fluids were
detected at highest concentrations (i.e., xylenes 3696 pug/L, toluene 2,500 ug/L). No
primary MCLs have been exceeded. Considering the wells’ proximity to the WAG
boundary, it is probable that VOCs are migrating off-WAG,
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Southwestern area of WAG 6. VOCs have been detected sporadically and at low
concentrations in Well 859 in the extreme southwest corner of WAG 6 (Fig. 4.25). Well
859 is completed in the overburden and is paired with 860, which monitors the bedrock.
Ethyl benzene, toluene, and xylenes—the typical suite of VOCs assoclated with blological
trench leachate—were detected occaslonally during January and May 1989. Occurrences
of these volatiles were not repeated in a sampling event that occurred one year later
(May 1990).

19 Trench area. The 19 Trench area is located in the northeastern part of WAG 6 on
high ground between two small drainages: Drainage A to the northwest and Drainage B
to the southeast (Fig, 4.25). In this area, relatively low levels of VOCs have been
detected in groundwater samples from compliance wells 843 and 844, Between
June 1988 and May 1990, ORNL sampled and analyzed groundwater from these wells
five times, Maximum summed VOC concentrations were 20.9 ug/L for Well 843 and
14 ug/L for Well 844, No primary MCLs were exceeded In these wells,

Low levels (4 to 11 ug/L) of 1,2-dichloroethene were detected in shallow Well 843 for
each sampling event except the last (in May 1990). In April 1989, four other VOCs
were detected in Well 843, but at levels below the sample quantification limit, Results
from the May 1990 sampling indicate a presence . low levels of chlorinated organics
in deeper Well 844 for the first time. VOCs have not been detected north of the 19
Trench area in Well 1241, Three sides of the 19 Trench area are bounded by streams,
and it is likely that contaminated groundwater from the area flows toward these drainages
and discharges groundwater to them, Samples fron: RFI monitoring Well 1242, located
approximately 300 ft southwest of Wells 843 and 844 and across a drainage divide
(Drainage B), did not reveal detectable levels of VOCs the one time it was sampled
(Fig, 4.32). :

East waste disposal area, South of the 19 Trench area is the east waste disposal area,
which is bounded by Drainage B to the north, Drainage DB to the southwest, and the
unnamed tributary to the east (Fig. 4.25). This waste disposal area is divided into a
northern section that consists primarily of high-activity auger holes (including a group
of solvent auger hole areas) and a southern section consisting of asbestos waste trenches.
Separating the two major areas is a narrow zone of biological trenches and additional
auger holes.

As shown in Fig. 4.32, VOCs at elevated concentrations have been detected in
groundwater samples from several compliance monitoring wells located immediately
downslope of the solvent auger hole area. Summed maximum VOC concentration is
greatest in shallow Well 842 (808.5 ug/L), compared with 54 ug/L in the deeper adjacent
Well 841, Both of these wells are completed in bedrock. MCLs for carbon
tetrachloride, 1,2-dichloroethane, and trichloroethene have been exceeded in Well 842,
The MCL for trichloroethene was also exceeded in Well 841, The MCL for
tetrachloroethene, effective January 30, 1992, was exceeded in both wells. Well 841
exhibits a subset of the suite of VOCs detected in Well 842 and generally in lesser
concentrations, Well 845, located immediately southwest of the high-activity auger hole
area, has shown low levels of 1,2-dichloroethene in groundwater samples. Wells to the
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south and east of the waste disposal area (1243, 1249, 1234, and 840), have not exhibited
VOCs in groundwater samples except for Well 840, in which trichloroethene was
detected once in five sampling events at a level of 1 ug/L and chloroform at 2 ug/L
(Fig. 4.32) ,

It appears that the plume emanating from the solvent auger hole area is migrating
southeastward toward WOC. Off-WAG migration to the east of Well 841 and 842 is
likely considering the length of time VOCs have been detected in these wells (over 2
years) and the concentrations at which they have been detected, Wells 1244 and 1245
were installed east of the solvent auger hole area on the eastern side of the unnamed
tributary (Fig, 4.25) to aid in defining the extent of VOC contamination. With the
exception of chloroform, detected at an estimated 3 ug/L in Well 1244, no other VOCs
have been detected. VOC-contaminated groundwater is likely discharging to the
unnamed tributary in this area.

Central waste disposal area—eastern section, Varying concentrations of VOCs have
been detected in RCRA compliance wells located at the eastern part of the central waste
disposal area east of the 49 Trench area (Fig. 4.25). This area consists primarily of low-
level trenches with an area of biological trenches to the south, followed by a thin zone
of more low-activity trenches, This area is bounded to the west by the French Drain,
to the east by Drainage DB, and to the south by Drainage DA, Near the northern low-
level trenches, low concentrations of VOCs consisting of acetone, 1,1-dichloroethane,
1,2-dichloroethene, 1,1,1-trichloroethene, and 1,4-dioxane have been detected in
Well 848, which monitors the bedrock/unconsolidated zone. Maximum summed VOC
concentration was 59.7 ug/L. It is possible that the VOC plume coming from these
trenches could be discharging to Drainage DB to the east, the French Drain to the west,
or may be attenuated by the time water from this reaches other monitoring wells.
Figure 4,33 illustrates the known vertical distribution of VOCs in the low-activity trench
area,

VOCs have been detected at high concentrations (up to 3800 ug/L) in ORNL RCRA
compliance Well 850, located southeast of the biological trenches of the central waste
disposal area, Groundwater samples collected from Well 850 contain typical components
of scintillation fluids (toluene, xylenes, ethylbenzene, and benzene) with occurrences of
chloroform, acetone, and trichloroethene., The second highest summed total VOC
concentration for the site (6778 ug/L) was obtained from this well. MCLs for benzene
and trichloroethene were exceeded. VOCs that exceeded MCLs that become effective
January 30, 1992, include chloroform, ethyl benzene, and toluene.

Wells 1231, 838, and 839 are located downgradient of the biological trenches and the
thin zone of low-level trenche’,, VOCs have been detected in each of these wells. VOCs
detected in Well 1231, located due south of the biological trenches, include
trichloroethene and tetrachloroethene. The MCL for trichloroethene has been exceeded
in groundwater samples from this well, Tetrachloroethene was also detected at levels
greater than the MCL effective January 30, 1992, in Well 1231, However, the
components of scintillation fluid that were detected in upgradient Well 850 have not been
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detected in Well 1231, It is possible that outfall from the French Drain (located to the
west) is the source of VOC contamination in this well,

Wells 838 and 839 are southeast of the blological trenches and south of the low-activity
trenches, Relatively low concentrations (15 ug/L or less) of VOCs (chloromethane and
tetrachloroethene) have been detected (Fig. 4.34), If migration of VOCs in this region
is primarily along strike, as may be indicated by the presence of VOCs in Well 850 and
a different suite of VOCs in Well 1231, discharge of contaminated groundwater may be
to Drainage DB. This creek is dry, however, for most of the year. During these times,
discharge may occur to WOC, which is off-WAG.

Semivolatile organic compounds. SVOC contamination of the groundwater is not
extensive at WAG 6. The occurrences of SVOCs have been associated with releas¢s of
VOCs and are apparently confined to the blological trench areas of the west waste digposal
area and the central waste disposal area. Groundwater samples from Wells 1228 and 852,
located at the biological trenches of the west waste disposal area, have containgd low
concentrations of dimethyl benzene and naphthalene, Concentration levels have been below
detection limits and are therefore estimated values. Groundwater samples from Well 850,
located east of the biological trenches of the central waste disposal area, contain higher
concentrations of SVOCs. Naphthalene is the most prevalent, having been detected during
several sampling events, The maximum detected concentration of naphthalene, for which
there is no MCL, was 1000 ug/L. Other SVOCs dstected include 2-methy! phenol and total
recoverable phenolics, seen at levels below 30 ug/L. SVOCs as a group are generally less
mobile than VOCs, and therefore probably have not migrated far from source areas.

Herbicides.  Groundwater samples from 16 wells have contained detectable
concentrations of herbicides (Table 4,18), The herbicide 2,4-D was detected most frequently
in these wells; concentrations ranged from 0.3 to 12 ug/L, The herbicides 2,4,5-T and
2,4,5-TP were detected in one and four wells, respectively. Concentrations did not exceed
any MCLs for any of the herbicides detected.

Metals. Occurrences of metals in groundwater samples from WAG 6 in concentrations
exceeding established MCLs, as determined by total metal analyses, are not extensive and
are confined to eight wells adjacent to four waste disposal areas (Fig. 4,35): (1) the high-
activity trench area of the central waste disposal area, (2) the 49 Trench area of the central
waste disposal area, (3) the biological trench area of the west waste disposal area, and (4) the
biological trench area of the east disposal area, Lead was detected at levels exceeding the
MCL in one groundwater sample from Well 857, located in the westernmost section of WAG
6 and not associated with any known waste disposal areas,

Barium has been detected exceeding 1000 ug/L at all the above-mentioned sites except
the high-activity trench area, It appears to be associated with possible releases from the
biological trench areas of these sites. Lead and cadinium have also been detected in these
disposal sites. Mercury and silver were detected above their respective MCLs at one location
each.
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Comparlison of corresponding filtered metals analyses to the unfiltered results and with
other results collected during the RFl or RCRA compliance monitoring suggest that some
unfiltered (total) results are anomalous and may be a result of analyzing turbld samples
(Table 4,19). Only barium, in Well 852, has consistently exceeded the MCL In both filtered
and unfiltered analyses. Fiitered results for barlum exceeding the MCL have also been
detected In wells 850, 1228, and 1233 however, other results have not, generally suggesting
anomalous results, During one sampling event of five, a filtered cadmium result exceeded
the MCL in Well 1225, For all other corresponding filtered results, the MCL was not
exceeded,

4.3.1.4 Summary of groundwater contamination

Radionuclides, Both man-made and naturally occurring radionuclides were detected in
groundwater samples at WAG 6, Of these radionuclides, tritium was the most prevalent.
Except for wells located along the western boundary, tritium has been detected at levels
exceeding the 20,000 pC.’/L MCL in groundwater samples from wells adjacent to all major
waste disposal areas, Concentrations have exceeded 1,000,000 pCi/L in a few wells, The
highest concentration detected has been over 4,000,000 pCi/L. Off-WAG migration of
tritium in the groundwater system is probable because this radionuclide has been detected in
close proximity to WAG 6 boundaries. Tritium is most likely migrating off-WAG along the
northern and eastern boundaries,

Additional man-made radionuclides detected in WAG 6 groundwater samples include
cobalt-60, strontium-90, cesium-137, and the transuranic radionuclides americium-241,
curium-244, plutonium-238, and plutonium-239/240, These radionuclides have been detected
at relatively low concentrations (typically less than 20 pCi/L) compared to tritium, and have
not been detected in many groundwater samples. Waste disposal areas in the northeastern
section of WAG 6 appear to have released cobalt-60 to the groundwater system. Releases
of strontium-90 have been detected in groundwater samples from the northern-most waste
disposal area. There have been other isolated occurrences of strontium-90 and cesium-137;
however, detection of these radionuclides has been sporadic. All four transuranic
radionuclides have been detected in groundwater samples from one well located in the
northwestern part of WAG 6. Americium-241 has been detected in four other on-WAG wells
but in low concentrations (2.39 pCi/L or less).

Chemicals. Organic compounds. both VOCs ard €VQCs, have been detected in
groundwater samples from WAG 6. SDWA MCLs for . vOCs have been exceeded in
various wells, The distribution of VOCs is similar to that of tritium, having been detected
in wells adjacent to all major waste disposal areas. Highest concentrations of VOCs have
been associated with solvent auger hole areas and biological trench areas, VOCs have also
been detected in groundwater samples from some upgradient wells: however, concentrations
have been low (22 ug/L or less), are usually estimated values below 5§ ug/L, and in two
instances have been common laboratory contaminants, Few SVOCs have been detected
(limited to three compounds). and these have been detected in groundwater samples in which
VOCs have also been detected. Off-WAG migration of organic compounds in groundwater
is likely along the northern, eastern, and southeastern boundaries of WAG 6.
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Metals have been detected exceeding various criteria in a limited number of wells at
WAG 6. Of these metals, lead and barium are the most widely detected. Wells in which
metals concentrations exceeded various criteria are located in the interior of WAG 6. 1t
appears that migration of metals in the groundwater system has not advanced far beyond the
boundaries of the waste disposal areas near which they were detected.

4.3.2 Surface Water

Approximately 70% of the surface area of WAG 6 lies within four main basin areas with
associated intermittent streams (FA, FB, DA, and DB, as shown in Fig. 4.36). In addition,
three small, ephemeral drainages (A, B, and C) drain the northeastern portion of the site,
All of the surface water runoff eventually flows off WAG 6 to WOC and WOL.

As described in Sect. 2 during the WAG 6 RFI, surface water grab samples were
collected from all drainages in WAG 6 in six separate sampling events over an 8-month
period in 1989. In addition, the outfall from the 49 Trench area French Drain and the EWB
were sampled. Table 4.20 summarizes these sampling events. Samples were generally
analyzed for radionuclides, VOCs, SVOCs, and metals.

Continuous surface water sampling was performed during two storm events in April-May
1990 at flumes constructed in Drainages DA, DB, FA, and FB (Fig. 4.36). The purpose of
this sampling was to characterize contaminant flux off-WAG and for calibration of the
surface water and subsurface water contaminant transport model. This sampling effort and
its results are discussed in greater detail in Sect. 5.

4.3.2.1 Previous investigations

This section provides an overview of previous investigations conducted at WAG 6 that
yielded surface water quality analytical data. The actual data and sampling locations are
presented in Appendix 1B. Table 4.21 lists WAG 6 surface water investigations, the
locations sampled, and the constituents that were analyzed for during each of the studies.
As appropriate, specific data from these investigations are integrated into the discussion on
the nature and extent of contamination.

Surface water samples were collected from Drainages FAA and FAB between October
1980 and March 1983 by Davis et al. (1984) as part of the performance assessment of
selected site characterization techniques. Sampies were analyzed for tritium, cobalt-60,
strontium-90, and cesium-137.

Between February and April 1987, pre-ICM, storm flow surface water samples were
collected by Davis et al. (1987) from Drainages DA, DB, FA, and FB. These samples were
analyzed for tritium.

During a performance assessment of the 49 Trench area French Drain, conducted by
Davis and Marshall (1988), samples were collected from the southern outflow of the French
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Drain and from a seep adjacent to the 49 Trench area, in Drainage FB. Samples were
analyzed for tritium, cobalt-60, strontium-90, and cesium-137,

Miller, Black, and Craig (1989) performed an extensive surface water sampling effort
for major drainages in WAG 6. Samples were collected from October 1988 to June 1989
and analyzed for tritium, cobalt-60, strontium-90, and cesium-137.

4.3.2.2 Radiological contamination in surface water
4.3.2.2.1 Nature of radiological contamination

The radionuclides detected in surface water samples from WAG 6 are listed in Table 4.6.
Tritium and strontium-90 were detected more frequently and at higher levels than any other
radionuclide. Tritium and strontium-90 occurred at levels above MCLs at 12 of 15 and §
of 12 locations sampled, respectively. The highest detected level of tritium was
14,000,000 pCi/L, which occurred at the outfall of the 49 Trench area French Drain. All
sampling locations in Drainage FB had strontium-90 levels over the MCL. The highest level
of strontium-90 in WAG 6 surface water, 10,222 pCi/L, occurred at the headwaters of
Drainage FB. The distribution of tritium, cobalt-60, and strontium-90 is shown in Fig. 4.37.
The transuranic radionuclides plutonium-239/240, curium-242, and curium-244 have also
been detected.

4.3.2.2.2 Extent of radiological contamination

Drainages A and B. Radionuclide concentrations in Drainages A and B are low
compared to concentrations elsewhere at WAG 6. Tritium concentrations in these drainages
ranged from 2550 pCi/L to 30,000 pCi/L—approximately 1% to 10% of levels in other
surface water samples from WAG 6. The MCL for tritium (20,000 pCi/L) was exceeded
only in Drainage B. Strontium-90 was detected at 11.2 pCi/L in one sample from
Drainage A. However, this was the only time strontium-90 or any other radionuclide other
than tritium was detected in either of these drainages.

Emergency Waste Basin. Both times the EWB was sampled during the RFI, tritium was
detected in surface water at concentrations exceeding the MCL. Concentrations were
190,000 pCi/L and 160,000 pCi/L. Strontium-90 was also detected (7.5 and 5.1 pCi/L);
however, these concentrations are below the strontium-90 MCL of 8 pCi/L. Surface water
sampled below the EWB in Drainage A indicated tritium concentrations below the MCL;
strontium-90 was not detected.

Drainage C. Only one sample was collected from Drainage C, this during a storm flow
event when the water table was high. The drainage was diy during all other sampling
events. Tritium was detected above the MCL at 190,000 pCi/L. Wells adjacent to
Drainage C have also contained comparable levels of tritium exceeding the MCL (Fig. 4.18).
No strontium-90 was detected in this sample; however, cobalt-60 was detected at
550 pCi/L—the only time cobalt-60 was detected in any WAG 6 surface water sample.
Cobalt-60 was alsc detected in Well 842 (267-351 pCi/L) and Well 1243 (1880 pCi/L)
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located to the north and south, respectively, of Drainage C (Fig. 4.19). Groundwater in this
area flows in a south/southeasterly direction; therefore, the most probable source of the
cobalt-60 is the northeast auger hole area, which is known to contain cobalt-60.

Drainage DA. Surface water samples were collected at sampling point WDAI in
Drainage DA (Fig. 4.37). Samples were also collected at the effluent point, W49TS, for the
49 Trench area French Drain that flows into Drainage DA. Tritium was detected at
concentrations of 4,270,000 pCi/L to 14,000,000 pCi/L from samples collected from the
49 Trench area French Drain. These levels greatly exceed the MCL. Davis and Marshall
(1988) also detected comparable concentrations of tritium from samples collected at the
outfall, Similar concentrations of tritium were detected at sampling station WDAL in
Drainage DA. Well 1231, located east of the outfall of the French Drain (Fig. 4.18), has
shown tritium concentrations exceeding the MCL (51,000-83,000 pCi/L). Comparable
concentrations near WDA1 were also found by Davis et al. (1987) and Miller, Black, and
Craig (1985). The tritium levels found during the RFI at the WDAI1 location were
approximately an order of magnitude below the levels found at the W49TS location.

Strontium-90 was detected only once in four sampling events at both the French Drain
outfall and in Drainage DA samples. Concentrations have not exceeded the MCL. Davis
and Marshall (1988) have detected strontium-90 in French Drain outfall samples.

It appears that the 49 Trench area French Drain is providing a direct conduit for the
migration of contaminants leaching from the low-activity trenches of the central waste
disposal area to the DA drainage, WOC, and WOL.

Drainage DB. This drainage is frequently dry; therefore, few samples were collected
during the RFI. Surface water samples collected during a high groundwater storm event
contained tritium at a concentration of 73,000 pCi/L, which exceeds the MCL (Fig. 4.37).
Strontium-90, detected at 6 pCi/L, was below the MCL. Strontium-90 was also detected in
Well 848 located west of WDB2 adjacent to the central waste disposal area (Fig. 4.19).

Drainage FA. Drainages FAA and FAB combine to form Drainage FA. Drainage FAA
has had enough flow to sample only during periods of high groundwater after storm events.
Its one sampling location was located near the confluence of drainages FAA and FAB.
Tritium was detected at 1,500 pCi/L—which is well below the MCL. Plutonium-239/240
was detected in a surface water sample collected from WFAB2 at a concentration of 1.1
pCi/L.

Tritium concentrations in Drainage FAB are about two orders of magnitude higher than
in FAA near the meeting point of the two drainages (WFABI1) (Fig. 4.37). Davis et al.
(1984) also found the same relationship of tritium concentrations in these two drainages.
Tritium levels near the head of Drainage FAB (WFAB2) are low and did not exceed
19.7 pCi/L. This fact indicates that FAB is gaining tritium-contaminated groundwater
between WFAB2 and WFAB1. The source of the tritium contamination is most likely the
west waste disposal area. This is supported by the fact that the wells directly downgradient
of the west waste disposal area also have elevated levels of tritium (Fig. 4.18).
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Samples collected tcyond the point where drainages FAA and FAB meet to form
Drainage FA (WFBA1 sampling location) indicate concentrations of tritium that are slightly
less than those seen upstream at WFAB! (Fig. 4.37). However, the concentration levels still
exceed the MCL.

Drainage FB. Samples from surface water sampling point WFBB3, located at the
headwaters of Drainage FB and west of a high-activity trench area, have had concentrations
of tritium and strontium-90 exceeding both MCLs. Tritium was detected in concentrations
up to 190,000 pCi/L. Strontium-90 concentrations were as high as 10,222 pCi/L.
Well 1225 is located between WFBB3 and the high-activity trench area and shows tritium and
strontium-90 (Fig. 4.19) at similar concentrations. Curium-242 and curium-244 were
detected at WFBB3 at 7.88 and 134.7 pCi/g, respectively. These radionuclides were not
detected in any downstream sampling locations. Curium-244 was also detected in Well 1225.
It appears that radionuclides leaching from the high-activity trench area are being discharged
to Drainage FB in the vicinity of WFBB3.

Although the results from downstream sampling location WFBB2 show lower levels of
tritium and strontium-90 than found at WFBB3, levels still exceed the MCL. Tritium levels
at this sampling point increase generally by a factor of 2 to 3 times from those detected in
upstream location WFBB2—which iniplies a new source area. Groundwater wells in the
vicinity of WSP1, located east toward the 49 Trench area (Fig. 4.18) have been shown to
contain tritium in concentrations up to 770,000 pCi/L. Strontium-90 concentrations at WSP1
are not as high as upstream concentrations, possibly suggesting that no additional sources are
originating from the 49 Trench area. Drainage FB appears to be losing water from sampling
point WFBB2 to downstream location WSP1. This loss is evident because surface water
leveis have not been adequate to collect samples at WSP1 during any of the base flow
sampling events; however, water levels were adequate to collect a sample at the WFBB2
point that lies approximately 350 ft upstream from WSP1,

Sampling point WFBBI has consistently shown order of magnitude higher concentrations
of tritium (up to 3,910,000 pCi/L) when compared with upstream samples. Strontium-90
levels have remained fairly consistent with upstream levels. This difference in tritium
concentrations appears to be due to a seep directly west of Well 849, Sampling of Well 849
have confirmed comparable levels of tritium in the groundwater. This area is underlain by
the geologic contact between the Nolichucky Shale and Maryville Limestone, which may
provide a conduit for east/west groundwater flow instead of the southerly flow that might be
expected. The most probable source of the tritium contamination is the 49 Trench area.
Sampling of a seep adjacent to the 49 Trench area was performed by Davis and Marshall
(1988). Results of this sampling indicated tritium and strontium-90 entering Drainage FB
from this seep. The Miller, Black, and Craig (1989) study confirmed tritium entering
Drainage FB in this area.
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4.3.2.3 Chemical contamination in surface water

4.3.2.3.1 Nature of chemical contamination

VOCs were detected in surface water samples collected from WAG 6 (Table 4.2).
Trichloroethene, 1,2-dichloroethene, and tetrachloroethene represent 98% of the VOCs
detected. The distribution of these VOCs is shown in Fig. 4.38. Drinking water MCLs
were exceeded by trichloroethene, 1,2-dichloroethene, tetrachloroethene (MCL effective
1/30/92), and vinyl chloride.

SVOCs were detected in very few surface water samples (Table 4.2). Most of the
SVOCs were detected at extremely low levels and were either phthalates or phthalate
derivatives, both of which are common laboratory contaminants.

Results from metals analyses were compared to the following water quality criteria:
MCLs found in the SDWA, RFI Guidance Health Based Criteria, and Tennessee Water
Quality Control Board standards. Results from only two surface water samples exceeded
water quality limits for metals. The barium MCL of 1000 pg/L was exceeded by a
2400 pg/L concentration level at WFABI in Drainage FAB. The cadmium MCL of 10 pg/L
was exceeded by a factor of three from a sample collected at WFAAI1 in Drainage FAA.
Concentrations of these metals did not exceed MCLs during any other sampling events at
these locations. Therefore, the high concentrations are believed to be outliers and do not
accurately represent metal concentrations at these locations.

4.3.2.3.2 Extent of chemical contamination

Drainages A, B, C, and DB. No VOCs were detected in samples from Drainages A,
B, C, and DB, with the exception of 2 ug/L of trichloroethene detected in one sample from
SWAL in the A drainage. Therefore, none of these drainages currently represent a
significant pathway for off-WAG migration of VOCs.

Emergency Waste Basin. VOCs were not detected in samples collected from the EWB,
except for 2-hexanone, which was detected once at an estimated 1 pg/L.

Drainage DA. Surface water samples collected at sampling point WDA1 indicated
virtually no VOCs. However, upstream samples collected at W49TS, the outfall of the 49
Trench area French Drain, showed highly elevated levels of VOCs. As pointed out in
Sect. 4.3.2.2.2, dilution appears to occur between W49TS and WDA1. A combination of
dilution and air stripping would account for VOCs not appearing in the WDAI1 samples.

Surface water samples collected from Drainage DA contained few VOCs (chloroform at
15 ug/L and 2-butanone at 2 ug/L) and one SVOC, bis(2-ethylhexyl)phthalate, detected at
3 ug/L. These concentrations are low and all three compounds are common laboratory
contaminants.
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In contrast to samples from Drainage DA, samples collected from the outfall oi the
49 Trench area French Drain have contained various VOCs, VOCs detected that have
exceeded MCLs include 1,2-dichloroethene and trichloroethene. The MCL for
tetrachloroethene (5 ug/L) will be effective January 30, 1992, and it was exceeded in samples
from the outfall of the French Drain, Although 1,1-dichloroethane and 1,2-dichloroethane
were detected, they were present in relatively lower concentrations.

Drainage FA. Tetrachloroethene, trichloroethene, and 1,2 dichloroethene were detected
at sampling point WFAA1 in Drainage FAA. The MCL for trichloroethene was equalied in
the one sampling event of Drainage FAA. The concentration at which tetrachloroethene was
detected (70 ug/L) exceeds the MCL that will be effective in 1992. Except for
tetrachloroethene, which was detected once at an estimated concentration of 1 g/L, no VOCs
have been detected in Drainage FAB.

Although VOCs were detected in Drainage FA, none were detected upstream in samples
from FAA and FAB. The compounds—acetone, toluene, 2-butanone, methylisobutyl ketone,
and 1,1,2,2-tetrachloroethane—all were detected at estimated concentrations. Except for
1,1,2,2-tetrachloroethane, all other compounds are common laboratory contaminants.

Drainage FB. Drainage FB exhibits the greatest diversity in VOCs of all drainages at
WAG 6, and the MCLs for trichloroethene and vinyl chloride were exceeded. The MCLs
for 1,2-dichloroethene and tetrachloroethene (effective January 30, 1992) were also exceeded
at various sampling points along the drainage. The MCL for trichloroethene was equalled
at the most downstream sampling point.

Upstream sampling point WFBB3 contained the VOCs trichloroethene and
1,2-dichloroethene in relatively low concentrations compared with elsewhere in the drainage.
Downstream sampling locations WFBB2 and WSP1 each contained trichloroethene,
1,2-dichloroethene, and tetrachloroethene, all in excess of their respective MCLs., Vinyl
chloride, chlorobenzene, toluene, benzene, and 1,1-dichloroethene also were detected. The
MCL for vinyl chloride was exceeded at sampling location WPBB2. Vinyl chioride was
detected at a maximum concentration of 11 ug/L. Downstream sampling point WFBB1
contained trichloroethene, 1,2-dichloroethene, and tetrachloroethene, and exhibited one detect
of 2-butanone. ~

Surface water sampling point WFBB2 is located in a position that may be intercepting
water that has flowed through the solvent auger hole area. Elevated levels of chlorinated
hydrocarbons and radionuclides were detected during several sampling events. A comparison
between points WFBB2 and (upstream location) WFBB3 (Fig. 4.39) indicates a net loss of
radionuclides from WFBB3 to WFBB2 and a net gain of chlorinated hydrocarbons. Well
1225 has a high concentration of radionuclides and a low concentration of organics and Well
648 displays the opposite concentrations of contaminants. One can assume that the surface
water, as it moves away from its radionuclide source near WFBB3 and toward a primarily
organic source near Well 648, should show lower values of radionuclides and higher values
of organics (contamination originating from one source is diluted and the contamination from
the other source begins to contribute).

Lo
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Once the VOCs enter Drainage FB between WFBB3 and WFBB2, concentrations
downstream decrease. This indicates that there are not any other VOC sources contaminating
Drainage FB.

4.3.2.4 Summary of surface water contamination
Radionuclides. Both man-made and naturally occurfing radionuclides have been detected

in surface water samples from WAG 6. Naturally occurring radionuclides do not exceed
reference (background) concentrations. Of the man-made radionuclides detected, tritium and

- strontium-90 are the most prevalent and have been detected at concentrations exceeding their

respective MCLs. The highest concentration of tritium detected on-WAG (14,000,000
pCi/L) was collected from the outfall of the 49 Trench area French Drain. Tritium has been
detected in all drainages at WAG 6, and in the majority of samples the MCL has been
exceeded.

Cobalt-60 was detected only once—in a surface water sample from Drainage C, located
in the northeastern section of WAG 6 adjacent to where cobalt-60 was detected in
groundwater and soil samples. The concentration at which cobalt-60 was detected exceeded
the MCL. Strontium-90 was detected at concentrations exceeding the MCL in several
drainages at WAG 6. Highest concentrations were detected in surface water samples
collected from Drainage FB, which flows nearly the whole length of WAG 6 from narth to
south, Strontium-90 was also detected in groundwater from Well 1225 located near the
headwaters of Drainage FB. Transuranic radionuclides were detected, but in only two
samples.

Chemicals. VOCs and SVOCs were detected in surface water samples from WAG 6.
MCLs were exceeded for some VOCs. Of the VOCs detected the most common were 1,2-
dichloroethene, tetrachloroethene, and trichloroethene, Concentrations were generally less
than 200 ug/L, except in samples collected from the outfall of the 49 Trench area French
Drain, where tetrachloroethene was detected at 2,200 ug/L. Organic compounds detected
in downstream samples were generally lower in concentration than upstream samples.

The SVOCs that were detected were generally at low concentrations and are common
laboratory contaminants. The SVOCs are not considered to be significant contaminants in
surface water at WAG 6.

Barium and cadmium concentrations exceeded reference or MCL values but in only two
samples.

4.3.3 Sediments

Thirty sediment samples were collected from drainages in WAG 6 and the EWB area
during the RFI. These sample locations are shown in Figs. 4.40 and 4.41. The WAG 6
samples were collected in mid-February 1990 and the EWB samples were collected in mid-
February through early-March 1990. These samples were analyzed for volatile and
semivolatile organics, metals and radionuclides. From these analyses an assessment of the
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nature and extent of sediment contamination is presented below. These results are grouped
by drainages from which the samples were collected.

4.3.3.1 Previous investigations

The following paragraphs provide an overview of previous investigations conducted at
WAG 6 that yielded sediment data. The actual data and sampling locations are presented in
Appendix 1B.

Cerling and Spalding (1981) completed a comprehensive assessment of cobalt-60,
strontium-90, and cesium-137 concentrations in streambed gravel from contaminated
drainages to WOC. This study included sampling locations in Drainages DA, DB, and FB
drainages in WAG 6 and locations along the unnamed tributary along the east side of
WAG 6.

A study performed by Cerling and Huff (1985) measured cobalt-60, strontium-90, and
cesium-137 concentrations in streambed gravel for major tributaries to WOC., Samples were
collected during July and August 1985 from: Drainage F, downstream from where Drainages
FA and FB combine; Drainage D, downstream from where the DA and DB drainages
combine; and in the unnamed tributary along the east side of WAG 6.

Sediment samples were collected by Huff (1986) from Drainages DA, DB, and F in
WAG 6, from the unnamed tributary to the east of WAG 6, and from the marshy area near
where the unnamed tributary enters WOC. These samples were analyzed for cobalt-60,
strontium-90, and cesium-137. The samples from the unnamed tributary were collected from
a location due east of the northeast auger holes.

The most extensive sediment sampling of the WAG 6 drainages for cobalt-60, cesium-37,
and strontium-90 was performed by Miller, Black, and Craig (1989). Sampling was
conducted in Drainages DA, DB, F, FA, and FB from October 1988 to April 1989,

Table 4.22 lists WAG 6 sediment investigators, the locations sampled, and the dates the
investigations occurred. Table 4.23 presents the constituents analyzed for during the studies.

4.3.3.2 Radiological contamination in sediments
4.3.3.2.1 Nature of radiological contamination

Both naturally occurring and man-made radionuclides have been detected in sediment
samples collected at WAG 6 (Table 4.7). Naturally occurring radionuclides include
potassium-40, radionuclides belonging to the uranium series (uranium-2”8, thorium-234,
uranium-234, thorium-230, radium-226), and the thorium series (thorium-232, radium-238,
thorium-228, radium-224). No transuranic radionuclides were detected, Naturally occurring
radionuclides were within background ranges and were analyzed to account for gross
radiation concentrations. These radionuclides are not addressed in extent.
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Man-made radionuclides detected in sediment samples include tritium, cobalt-60,
strontium-90, and cesium-137, Tritilum was detected in 13 of 30 sediment samples. The
highest level of tritlum detected was 840 pCi/g in Drainage FB at a point just before it
combities with Drainage FA, Cesium-137 wus the most frequently detected radionuclide in
WAG 6 sediment samples, detected at 22 of 30 locations sampled. Concentrations of
cesium-137 ranged from 0,244 to 2,14 pCi/g. Cobalt-60 and strontium-90 were detected at
three locations each. Cobalt-60 was analyzed for at all 30 locations. Strontium-90 was only
analyzed for three times.

4.3.3.2.2 Extent of radiological contamination

Analytical results for radionuclides detected in the EWB and WAG 6 drainages are
presented in Figs, 4.40 and 4.41, respectively.

Drainage A and the Emergency Waste Basin. Tritium was detected only in sediment
samples EWB02, EWBO0S, and EWB08 from the EWB., The EWB is both fed and drained
by Drainage A. The first two of these three samples were upgradient to EWB, while the
third sample was collected below the point where Drainage A is intercepted by EWB
(Fig. 4.40). Tritium concentrations ranged from 197 pCi/g in the first sample to 518 pCi/g
and 453 pCi/G in the other two samples. Tritium was not detected in sample SWAI
collected from Drainage A.

Cesium-137 was detected in 11 of the 15 samples collected from the EWB and in the one
sample from Drainage A. In these samples, cesium-137 was detected at concentrations levels
ranging from just above the detection limit (0.2 pCi/g) to 4.57 pCi/g (in sample EWB18 from
the northeast side of EWB). There was no apparent pattern to the distribution of cesium-137
contamination in the EWB,

Cobalt-60 was detected once at 0.0775 pCi/g in sample EWBO0S. Strontium-90 was
detected at EWBI14 (1.49 pCi/g) and SWAL1 (0.79 pCi/g).

Drainage B. Tritium and cesium-137 were the only man-made radionuclides detected
in Drainage B. The concentration of tritium detected was 153 pCi/g. [Tritium was also
detected in surface water samples (2700 to 30,000 pCi/L)).

Drainage C. Analysis of sediment sample SWC1 collected from Drainage C near the
edge of WAG 6 detected tritium at 71 pCi/g, cesium-137 at 2.14 pCi/g, and cobalt-60 at
53.3 pCi/g—the highest concentration of cobalt-60 detected in sediment samples during the
RFI. Tritium and cobalt-60 were also detected in the only surface water sample collected
from Drainage C. As stated in Sect, 4.3.2.2.2, the most likely source for this contamination
is the northeast auger hole area. Miller, Black, and Craig (1989) collected one sediment
sample from the unnamed tributary just north of Drainage C and detected cobalt-60 in their
analysis. Cerling and Spalding (1981) also found high levels of cobalt-60 in the same area.

Drainage DA. Cesium-137 was the only man-made radionuclide detected in sediment
sample W49TS, collected from the southern end of the 49 Trench area French Drain. It is
unusual that no tritium was detected in this sample because the surface water samples
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collected from this location showed the highest tritium levels (up to 14,000,000 pCi/L) found
on WAG 6. However, in sediment sample WDA1, collected near the flume on Drainage DA
downgradient from the 49 Trench area, tritium was detected at 414 pCi/g and cesium-137
was detected at 1,12 pCi/g. Miller, Black, and Craig (1989) detected cesium-137 and
cobalt-60 near the WDA! sampling location but did not analyze for tritium in sediment
samples.

Drainage DB, The analysis of sediment sample WDB2 from Drainage DB detected
tritium at 66.7 pCi/g and cesium-137 at 0,797 pCi/g, just above detection limits, Surface
water samples also indicated tritium levels in this drainage to be only slightly higher than at
other locations in WAG 6. Miller, Black, and Craig (1989) detected higher concentrations
of strontium-90 and cesium-137 in this drainage than detected during the RFI and also
detected cobalt-60,

Drainage FA, Four sediment samples were collected along Drainage FA at WBAB2,
WBABI1, WBAAI1, and WFBA1. These samples were collected in the order listed from the
upper reach of Drainage FA to the point where Drainage FA combines with Drainage FB
near the southern boundary of WAG 6.

Tritium was detected in sediment sample WBAB2 at 312 pCi/g and at 78.8 pCi/g in
sample WFBA1, However, it was not detected in downstream samples WBAB] and
WBAA1, Cesium-137 was detected in samples WBAB1 and WBAA1 at 0.368 pCi/g and
0.748 pCi/g, respectively, but was not detected in upstream sample WBAB2 or downstream
sample WFBA1. Cesium-137 was also detected near WFBA1 by Miller, Black, and Craig
(1989). However, the highest level detected was low (0.3 pCi/g).

Drainage FB.  Four sediment samples were collected along Drainage FB. These
samples, WFBB3, WFBB2, WSP1, and WFBBI1, were collected in the order listed—from
the upper reach of Drainage FB near the northern boundary of WAG 6, to the lower end of
Drainage FB near the southern boundary of WAG 6.

Tritium levels in upstream samples WFBB3 and WFBB2 were 70.6 pCi/g and below the
detection limit, respectively, However, in samples from the lower portion of drainage FB
(WSP1 and WFBBI), tritium was detected at 551 pCi/g and 840 pCi/g, respectively. This
trend of decreasing tritium levels from WFBB3 to WFBB2 and increasing levels from
WFBB2 to WFBB3 is consistent with the same trend observed in surface water samples.

Cesium-137 was detected at 1.13 pCi/g in sample WFBB2, at 0.652 pCi/g in sample
WSPI1, and at 0.46 pCi/g in sample WFBBI1, but was below detection in sample WFBB3
from the upper reach of Drainage FB. Sample WFBB3 indicated a gross beta concentration
of 508 pCi/g. The FOF confirmed a high gross beta count on this sample. Strontium-90
was not analyzed for in this sample; however, WFBB3 is located downgradient from the
high-activity trench area, which is believed to be leaching strontium-90, Strontium-90 was
detected in the farthest downstream sample, WFBBI, at 25.5 pCi/g, which exceeds HEAST
ingestion limits. Relatively high levels of strontium-90 were detected in surface water
samples collected at WFBB3, Miller et al. (1989) detected high levels of strontium-90
entering Drainage FB in this area.
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4.3.3.3 Chemical contamination in sediments
4.3.3.3.1 Nature of chemical contamination

The most frequently detected VOCs in scdiment samples collected from WAG 6 are
trichloroethene, chloroform, and toluene (Table 4.3). All other VOCs were detected in 20
or fewer samples. No occurrence exceeded any environmental or health-based criteria, The
highest detected concentrations of trichloroethene, chloroform, and toluene were 17 ug/kg,
64 ngl/kg, and 5 pg/kg, respectively,

TCL SVOCs were detected in very few sediment samples with the exception of
bis(2-ethylhexyl)phthalate (Table 4.3). This SVOC is a common laboratory contaminant and
is not believed to be associated with detected contaminants found at WAG 6. Due to the low
number of SVOCs in sediment samples, they are not discussed further,

Reference samples for sediments and solls were combined to establish a statistically
appropriate range for metals concentrations in sediment samples. When sediment sampling
results were compared to this range, no sample indicated any metal concentrations
significantly above reference levels.

4.3.3.3.2 Extent of chemical contamination

Because of the lack of diversity in VOCs detected in WAG 6 sediments, a general
WAG-wide overview of extent will be presented, Figures 4.42 and 4.43 illustrate VOC
occurrence in sediment at the EWB and WAG 6,

" In nearly all drainages, either trichloroethene, chloroform, or toluene were detected.
Combinations of the three were also very common, Only in Drainage B, in the northeast
section of the WAG 6, were no VOCs detected. Sediment samples from drainages on the
eastern side of WAG 6 did not contain any VOCs other than trichloroethene, chloroform, or
toluene, except for a single occurrence of xylenes (2 ug/kg) detected in Drainage DA.
Highest concentration for any VOC did not exceed 17 ug/kg, which is approximately four
orders of magnitude below any environmental or health-based criteria.

Sediment samples from drainages on the west side of WAG 6 revealed the same VOCs
as the east side, with the addition of tetrachloroethene, propylene dichloride,
1,2-dichloroethene, ethylbenzene, and methyl bromide, Except for methyl bromide, these
additional VOCs have been detected in sediments adjacent to the 49 Trench area. In samples
of other media (groundwater and surface water) from the same area, VOCs also have been
detected, strongly implicating this region as a VOC source,

Toluene and chloroform have been detected in sediment samples from the EWB,
However, trichloroethene was detected in one sample only. Acetone was also detected in
sediment samples in concentrations not exceeding 11 pg/kg. Although acetone was not
detected in laboratory blariks associated with analyses of the sediment samples, acetone is a
common laboratory contaminant and occurrence of low concentrations should be considered
tenuous,
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4.3.3.4 Summary of sediment contamination

Radionuclides, Both man-made and naturally occurring radlonuclides were detected in
sediment samples from WAG 6, Naturally occurring radionuclides were detected at
concentrations within reference (background) ranges and are not considered site
contaminants. Of the man-made radionuclides detected (cobalt-60, strontlum-90, cesium-137,
and tritium), ceslum-137 was detected most frequently. Except for one detection of
strontium-90 and cobalt-60, which exceeded HEAST soil ingestion limits, concentrations of
the other radionuclides in other samples did not exceed any action levels (Table 4.7).
Transuranic radionuclides were not detected in any sediment samples that were analyzed.
The potential for off-WAG migration of strontlum-90 in sediment from Drainage FB does
exist. Strontlum-90 was detected in the sample location closest to the southern boundary of
WAG 6.

Chemicals. Except for one sampling location, organic compounds—primarily VOCS—
were detected in every sediment sample collected at WAG 6. The most frequently detected
VOCs include chloroform, acetone, and toluene in ‘sediments from the EWB, and
trichloroethene, toluene, and chloroform from sediment samples collected in drainages from
WAG 6. The SVOCs that were detected were few and consisted of common laboratory
contaminants. HEAST soll ingestion concentrations for VOCs were not exceeded in any
sample, Surface water detects for VOCs have been adjacent to locations where VOCs have
been detected in relatively high concentrations in groundwater,

Sediment sampling results indicated no metals present in concentrations significantly
above reference concentrations.

4,3.4 Soil

The objectives of the WAG 6 RFI solls investigation were: (1) to identify areas of gross
soil contamination that might represent potential secondary source areas, (2) to aid in location
of areas of contaminant release, and (3) to provide geological and soil engineering data to
ald in understanding site physical characteristics. The scope of the soils investigation is
described in greater detail in Sect, 2. (Secondary source areas are defined as areas having
contaminants in sufficient quantity and concentration to act as a source reservoir for
contaminant migration. The presence of a secondary source may require the extension of a
cap or other remedial action targeted for the primary source areas—trenches and auger
holes.)

For collection of soil samples, boring locations were chosen along the perimeter of
disposal areas to define the extent of the secondary sources. As illustrated in Fig. 4.44, soil
borings were generally arranged around the perimeter of the major waste disposal areas, and
were frequently within 10 to 15 ft of waste disposal trenches. Specific areas were the
19 Trench area and the EWB, the central waste disposal area, the western waste disposal
area, the southwestern region of WAG 6, the southern waste disposal area, and the eastern
waste disposal area (as shown in Fig. 4.44 and lisied or Table 4.24). The Tumulus area is
presented as a separate area. No RFI soil investigations were conducted for the Tumulus
area; however, previous investigations have characterized this site and are discussed below.
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Eighty soil samples were analyzed from 61 soil borings completed to auger refusal at
WAG 6 as part of the RFI effort between December 1988 and March 1990 (Fig. 4.44).
Borings were drilled to auger refusal (typically the top of bedrock), from which one to three
samples were usually collected for analysis, Field screening and RFI CSL screening resulted
In some samples from some borings requiring no further analysis due to a lack of identifiable
contamination, Soil samples were also collected at off-WAG locatlons and analyzed to
develop background data, The results of these analyses are presented in Technical
Memorandum 06-15, The detalls of the methods and procedures for radionuclide analysis
of soll samples and detailed soil boring logs are presented in Technical Memorandums 06-12
and 06-12A. The results of the investigation for radiological and chemical contamination in
solls are discussed below and are presented in Figs. 4.44 through 4.50.

4.3.4.1 Previous investigations

Previous investigations conducted at WAG 6 have yielded soil sample analytical data.
Principal sources of analytical data from previous investigations are reported in Davis et al.
(1989) and Yager and Craig (1989). Table 4.25 summarizes the scope and timing of these
soil investigations and the analytes of concern,

As part of the site characterization investigation of the TARA area in the extreme
northeastern part of WAG 6, Davis et al, (1989) coilected soil samples from 22 soil borings
around the waste disposal trenches. Soil samples were collected from the soil borings every
18 in, to a total depth of 15 ft. Soil samples were also collected from the bottoms of
trenches at 15 locations, All soil samples were analyzed for radionuclides, and selected
samples were analyzed for VOCs.

Yager and Craig (1989) presented quarterly analytical data for soils collected as part of
the environmental monitoring for the Tumulus Demonstration Project. Soil samples were
collected from the uppermost 7 to 10 in. of soil at 11 sampling locations around the Tumulus
pad between February 1987 and July 1988, These soil samples were collected and analyzed
for radionuclides to evaluate the potential spread of contaminants as a result of the Tumulus
project,

4.3.4.2 Radiological contamination in soils
4.3.4.2.1 Nature of radiological contamination

Table 4.7 lists the radionuclides detected during RFI sampling at WAG 6, Both naturally
occurring and man-made radionuclides were detected. Naturally occurring radionuclides
detected were within concentration ranges detected in reference samples and therefore are not
discussed further, No transuranic radionuclides were detected, Man-made radionuclides that
were detected include cobalt-60 and strontium-90, These occurrences are discussed below.
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4.3.4.2.2 Extent of radiological contamination

Because man-made radionuclides were detected in only a few soil samples, an area-by-
area discussion, as presented for other media, will not be presented here. Instead, the
discussion will focus directly on the occurrence of the specific man-made radionuclide.

Strontium-90. Strontlum-90 was detected at concentrations exceeding background at the
following locations: (1) SBO7 located north of the EWB (Fig. 4.45); (2) SCA19 located west
of the solvent auger hole area of the central waste disposal area (Fig. 4.46); and
(3) location 1243 located east of the biological trenches of the eastern disposal area
(Fig. 4.49)., Maximum detected concentration above backgrounds was 8.54 pCi/g at SB07.

A region of suspected radiological contamination was identified during a surface
radiological investigation conducted in the vicinity of the EWB during December 1989
(Technical Memorandum No. 06-04A). Soil sample SB07 was collected and the 2 to 4 ft
interval was analyzed. Only strontium-90 was detected at concentrations above referenced.
This concentration (8.54 pCi/g) is below HEAST soll ingestion limits (Table 4.7).

At location 1243 (Fig. 4.49), strontium-90 was detected at 6,22 pCi/g from the 0 to 2 ft
interval, Soil samples to the west and south (SCCOS and 1234) did not have strontium-90
detected. Strontium-90 was also detected in the 20 to 22 ft interval from location SCA19
(Fig. 4.46). The concentration (1.10 pCi/g) is slightly higher than the maximum detected
reference concentration of 0.8pCi/g.

Cobalt-60. Cobalt-60 has been detected in the following soil borings: (1) SCA17
located west of the low-activity trenches of the central waste disposal area; (2) SCC4 located
at the high-activity auger holes of the east disposal area; and (3) SCC9 located west of the
low-activity trenches of the east waste disposal area.

The concentration of cobalt-60 at SCA17 (0.06 pCi/g), from the 6 to 12 ft interval, is
low and barely above detectable concentrations. Other media sampled in the area did not
have cobalt-60 detected. In contrast, a sample from the 12 to 18 ft interval of SCC4 at the
east waste disposal area had cobalt-60 detected at 7.96 pCi/g. Cobalt-60 has been detected
in both groundwater and surface water and sediments in the area. Soil sample location
SCC9, located southwest of SCC4, also had cobalt-60 detected in a sample from the 0 to 6
ft interval. Cobalt-60 has not been detected in other media from this area; however,
groundwater samples from Well 848 (Fig. 4.19) contained strontium-90.

Yager and Craig (1989) report low levels of cesium-137 (up to 0.4 pCi/g), cobalt-60 (up
to 0.08 pCi/g), gross aipha (up to 37 pCi/g), and gross beta (up to 46 pCi/g) in shallow soils
(0 to 6 in.) in the vicinity of the Tumulus. Yager and Craig further report that the
concentration of radionuclides in shallow surficial soils in the Tumulus Pad area are
comparable to other soils within SWSA 6. The results indicate no difference between
preoperational and operational periods for the Tumulus I facility; data show a great deal of
random variation with no discernible trends or patterns in radionuclide concentration.
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4.3.4.3 Chemical contamination in soils
4.3.4.3.1 Nature of chemical contamination

Analyses were performed on soil samples for VOCs, SVOCs, and metals. Table 4.3 lists
the chemicals detected in soil samples.

Volatile organic compounds. VOCs detected include acetone, toluene, 2-butanone, and
methylene chloride, which are common laboratory contaminants. While acetone and toluene
have been detected in trench leachate samples and in groundwater samples from wells
adjacent to biological trenches, the nearly ubiquitous detection of these two VOCs in soil
samples is very suspect except where they have been detected in other media within the
vncmlty

Methylene chloride and 2-butanone must also be considered suspect in WAG 6 soils
primarily because they have been detected frequently and in no obvious correlation with
releases detected in other media and because they are commonly induced contaminants.

Various SVOCs were also detected, among which bis(2-ethylhexyl)phthalate is the most
common. Its detection should also be considered suspect because it is widely distributed
vertically and laterally in WAG 6 soils and is a common laboratory contaminant.

Metals. Metals detected in WAG 6 soils are listed in Table 4.5. Concentrations vary
in some instances by orders of magnitude for both on-WAG and reference soil samples.
Variations both vertically and laterally must also be considered in evaluating metals due to
different soil types developed in various strata at WAG 6. Taking into account these
considerations and the analytical procedure used (which can produce anomalous results), the
metals that have been detected at WAG 6 that are discussed in detail include arsenic, cobalt,
lead, and mercury.

4.3.4.3.2 Extent of chemical contamination

Emergency Waste Basin and 19 Trench area. Relatively low levels of VOCs and
SVOCs were detected in soil samples collected from the EWB and the 19 Trench area
(Fig. 4.45). Other media sainpled in the area indicate comparable levels of organics. VOC
concentrations did not exceed environmental or health-based criteria. Lead was detected at
an estimated concentration of 125 ug/kg at soil sample location 1241. This occurrence
should be considered suspect due to laboratory quality control problems encountered during
the analysis.

Central waste disposal area—northern region. This area includes the high-activity
trench area and the solvent auger hole area to the south. VOCs and some SVOCs have been
detected in soil samples at relatively higher concentrations than other waste areas. Soil
samples collected from the east and west sides of the high-activity and low-activity trenches
(SCA20 and SCAOQ2) contained greater concentrations of VOCs and SVOCs than soil samples
tc the north and south. The relatively high levels of VOCs detected in boring location
SCA20 are consistent with concentrations detected in groundwater in Well 1225 (Fig. 4.25).
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This supports the contention that the high-activity trench area is a source for organic
contamination. Soil samples from boring location SCAQ2, located east of the high-activity
trenches and adjacent to low-activity trenches, contained a greater diversity of VOCs than
boring location SCA20. Acetone, common to samples from both borings, was detected in
SCAO02 at concentrations generally an order of magnitude less than SCA20. Ethylbenzene,
trichloroethene, and 1,2-dichloroethene were detected in SCA02 and not in SCA20,
suggesting an additional source. Groundwater sampling in Well 847 (Fig. 4.25), located near
boring SCAOQ2 revealed no VOCs. This well is screened in the bedrock, however, and not
across the water table, where VOCs are more likely to be detected if present.

Samples from other borings indicate lower levels of VOCs than detected in SCA20 and
SCAQ02. Concentrations did not exceed levels presented in proposed RCRA Subpart S.

Central disposal area—southern region. Analyses of soil samples from borings in this
area indicated VOCs; however, concentrations were relatively low and did not exceed levels
presented in proposed RCRA Subpart S.

Higher concentrations of VOCs have been detected at the western boundary of the low-
activity trenches (Fig. 4.47). VOCs were also detected in groundwater samples along the
western boundary surface water samples from Drainage FB.

The highest concentration of arsenic (195 pg/kg) was detected in a sample from location
SCA18. This concentration exceeds the next highest concentration by an order of magnitude
and also exceeds the proposed RCRA Subpart S (80 ug/kg) concentration criteria. In
addition to arsenic, lead and cobalt were detected at the highest concentrations observed at
WAG 6 (200 and 120 pg/kg, respectively) at soil sample location SCA12. Both of these
concentrations are estimated and should be considered suspect due to laboratory quality
control problems encountered during analysis.

Western waste disposal area. VOCs have been detected in soil samples from borings
from the northern and southern sections of the west waste disposal area (Fig. 4.48). VOCs
have also been detected in groundwater and surface water samples in the western waste
disposal area (Figs. 4.25 and 4.38, respectively). Ethylbenzene and acetone have been
aetected most frequently. Concentrations of other VOCs are frequently below the detection
limit and estimated values. Naphthalene, an SVOC, has also been detected in groundwater
samples from wells located at the biological trenches.

VOCs and SVOCs detected in samples from borings SDMS1 and 1236, located in the
southwestern part of WAG 6 (Fig. 4.48) are anomalous. No waste disposal activities have
been conducted in these areas. Trichloroethene, detected in samples throughout boring 1236
(down to 48 ft), suggests a localized problem possibly associated with the sample collection.
Trichloroethene has not been commonly detected in soil samples closer to known waste
disposal areas, although it has been detected in groundwater samples. The VOC
1,1,2,2-trichloroethene was detected at an estimated 1700 ug/L. The occurrences of acetone,
toluene, and xylenes are also anomalous because SDMS1 is located in an area not known to
have received organic wastes.



4-43

East waste disposal area. VOCs have been detected in soil samples collected from
borings adjacent to the east waste disposal area (Fig. 4.49). Acetone is the most widely
distributed. Concentrations for all detected compounds are below proposed RCRA Subpart S
concentration criteria.

Soil samples from boring SCCO03, located southeast of a solvent auger hole area in the
northern section of the waste disposal area, has had a greater diversity of VOCs detected in
it than other borings at this disposal area. Concentrations do not exceed 65 ug/L for any
compound detected, however. Groundwater samples from wells {ota®G o the east
(Fig. 4.25) of the solvent auger hole area have also had VOCs detected.

South waste disposal area. VOCs have been detected in soil samples collected from
borings adjacent to the south waste disposal area. These occurred at relatively low
concentrations and diversity compared with other borings at the site (Fig. 4.50). Acetone

" is the most widely distributed VOC detected. Concentrations of all VOCs detected did not

exceed proposed RCRA Subpart S concentration criteria. Mercury. was detected at the
highest concentration on-WAG (252 ug/kg) at soil sample location 1235, located northeast
of the south waste disposal area. The next highest mercury concentration detected on-WAG
was 0.7 ug/kg. The proposed RCRA Subpart S concentration criteria for mercury (20 ug/kg)
was exceeded by an order of magnitude, Laboratory quality control protocols appear to have
been in order during the analysis. The occurrence of mercury at location 1235 is anomalous
because of its distance from any identified disposal area and the depth from which it was
detected (30-36 ft).

4.3.4.4 Summary of soils contamination

Contaminant concentrations vary considerably from one soil horizon to another and from
one location to another. Results indicate that maximum concentrations typically occur at
depths in the range of 12 to 20 ft. This is to be expected since the waste is buried to similar
depths.

Radionuclides. Radiological contamination detected in RFI soil samples is limited to the
man-made radionuclides strontium-90 and cobalt-60. Areal extent of each radionuclide was
limited to three soil borings each. The maximum concentration detected for strontium-90 and
cobalt-60 did not exceed HEAST soil ingestion limits (Table 4.7).

Chemicals. Although various organic compounds (both VOCs and SVOCs) have been
detected in soil samples from WAG 6, some of the compounds are suspected to be sampling-
or laboratory-induced contaminants. These compounds are acetone, 2-butanone, methylene
chloride, toluene, and bis(2-ethylhexyl) phthalate. Concentrations detected for these
compounds were typically below 100 ug/L. Proposed RCRA Subpart S concentration criteria
were not exceeded for any organic compound detected in soil.

Metal contamination in soils at WAG 6 appears to be very localized. Arsenic, lead,

mercury, and cobalt have been detected in a few samples at concentrations above
background.

T
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4.4 OFF-WAG MIGRATION

The preceding "medium by medium" discussion focused primarily on describing on-WAG
releases and contamination. The following conclusions regarding off-WAG migration of
contamination are determined primarily from inferences based on on-WAG sampling and are
summarized to support assessment of impacts to off-WAG receptors.

4.4.1 Summary of Off-WAG Transport Mechanisms

The primary media by which contaminants are transported off-WAG are groundwater and
surface water. There is some transport off-WAG via sediments, soils, and air; however,
these appear to be relatively minor pathways. Sediments, aithough contaminated, are not
transported off-WAG at significant rates due to the intermittent nature of the streams and
erosion control features implemented in conjunction with the RCRA ICM caps. Erosion of
surface soils off-WAG via surface water runoff from waste disposal areas is not considered
significant. The radiological walkover survey revealed minimal surface soil contamination,
and erosion is controlled by the regularly maintained vegetative cover over the waste
disposal areas and by the RCRA ICM caps. Air, although not sampled during the RFI, is
not expected to be a significant pathway due to the vegetative cover over the waste areas
(controlling suspension of soil particles) and the general absence of surface soil
contamination. Volatilization of contaminants from surface water may be a significant
pathway and is included in the fate and transport analysis (Sect. S.)

4.4.2 Off-WAG Migration Patterns

Figure 4.51 and associated Table 4.26 identify areas of the site perimeter where off-
WAG migation of radionuclides is likely. Figure 4.52 and Table 4.27 present the same
information for chemicals. The figures divide the perimeter of the site into three
classifications:

Areas where off-WAG migration is likely (designated by H)
* Areas where off-WAG migration is not likely (designated L)
* Areas of uncertainty for off-WAG migration

Areas where off-WAG migration is likely are defined as regions along the boundary of
WAG 6 where groundwater and/or surface water features in proximity to the boundary have
been shown to contain various contaminants. Unless downstream sampling indicated
otherwise, when contamination was detected upstream in any of the on-WAG drainages, it
was assumed that these contaminants are likely migrating off-WAG. If wells close to any
boundary contained contaminants and groundwater flow directions indicated possible off-
WAG flow, these areas were also labeled as areas of likely off-WAG migration.

Areas not likely for off-WAG migration are defined as those areas that lack any waste
disposal facility in the vicinity (such as the southwestern region of WAG 6); those that are
upgradient to any waste disposal facility and where samples collected from the area show
little, if any, contamination; and areas downgradient to waste disposal areas where sampling
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and an understanding of flow characteristics suggest that this area is not a possible exit point
from the WAG.

Areas of uncertainty for off-WAG migration of contaminants include regions along the
perimeter of WAG 6 downgradient of waste areas but where no direct evidence to support

off-WAG migration exists.



Section 4 Tables
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Table 4.1. WAG 6 RFI technical memorandums in which environmental data are recorded

Media sampled TM number and title
Groundwater 06-09; 06-09A  Groundwater Sampling at SWSA 6;
Surface water and sediment 06-05A Groundwater Sampling at WAG 6

Surface Water and Sediment Sampling
for the ORNL WAG 6 RFI

Soil 06-12; 06-12A  Phase 1 Soil Sampling for the ORNL
WAG 6 RFI; Soil Sampling for the
ORNL WAG 6 RFI (Activity 1,
Activity 2)
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Concentration oriteria®
™
Secondary
Drinking Freshwater Freshwater Proposed RCRA Reference Refe:
Proposed SDWA Water Organlsm Organlsm Subpart § sampling sam|
Analytes MCLs MCLs? Regulations | 24-h max.! max,/ water ! minlmum max]
(unfiltered) CAS to, (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (/L) (ug/L) (v
Todal Metals
Aluminfum 7429-90-8 s 87 750 %0 u 7
Antimony 7440-36-0 1o/s/ 10
Ansenlo 7440-38-2 50 : 190 360 MCL
Barium 7440-393 1000* 1000 MCL
Berylllum T440-41.7 1 0,008 0.3 u
Boron 7440-42-8
Cadmijum 7440-43-9 51 0,66 1.8 MCL 2 u
Calolum 7440-70-2 - 100 u 1800
Chromium 7440-47-3 100 (total) 1117 16/984 McCL/
v
Cobalt 7440-48-4 1.8 u
Copper 7440-50-8 1300™ 1000 6.54 9.22 6 u
[ron 7439-89-6 300 1000 V] k3
Lead 7439-92-1 5 50 1,32 33.8 MCL 20 ¥}
Magnesium 7439-95-4 990 54C
Manganese 7439-96-5 50 10 u 1
Mercury 7439-27-6 2 0,012 2.4 MCL 0.4 u
Nickel 7440-02-0 100 88 789 700 3.6 U
Potassium 7440-09-7
Selenium T782-49-2 50 5 20 ] u :
Silicon 7440-21-3 1620 14
Siiver 7440-22-4 50 90k 1.8 MCL
Sodium T440-23-5 690 187
Strontium 7440-26-6 5 u :
Titanium 7440-32-6 20 U 7
Varadium 7440-62-2 44 i
Zino 7440-66-6 5000 59 6S 74

“Proposed Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs), SWDA MCLs, and Tennesseo Secondary Drinking Water Regulations are taken

Safcty Rescarch Division, Oak Ridge Natlona! Laboratory, April 1991,
555 Federal Register 30370 (July 25, 1990) unless othorwise indicated.
€52 Federal Register 25690 (July 8, 1987),
“Chapter 1200-5-1,12 of the Rules of the Tennessee Department of Health and Envircnment.

*Fedoral Ambient Water Quality Criteria for protection of freshwater organiams, one-hour average concentration not to be exceedod more than once every 3 yeam, Ei
fFederal Amblent Water Quality Criteria for protection of freshwater organisms, four-day average concentration not to be exceeded more than once every 3 years, EP/

155 Federal Register 30865 (July 27, 1990) modified as described in toxt.

36 Federl Register 3526 (January 30, 1991). Final rule effective July 30, 1992,

{Level recommended to prevent post treatment precipitation in distribution system,

JEPA proposes two MCLs for public comment based on two practical quantitation limits,

k$6 Fedem! Register 3526 (January 30, 1990), The MCL has been reproposed.

156 Federal P-gister 3526 (January 30, 1990). The final MCL has been reproposed and supercedes the original MCL.
MS3 Foderal Reglater 31516 (August 18, 1988),

J—Estimated concentration,
U~—Not detected at indicated concentration,
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Table 4.4, Inorganic constituent concentration ranges in

groundwater and surface water samples

Gro'mdwater ! Surface water
08 Site Site Reference Reference Site Site
ling sampling sampling sampling sampling sampling sampling
um minimum maximum Total Total minimum maximum minimum maximum Total | Total
L) (/L) (ug/L) samples detects (ug/L) (ug/L) (ug/L) (ug/L) samples | deteots
2 “ u 115,000 161 12 $ 286 ) U | 400 19 | 113
k%) u 91,% 7} 4
2 u 66,51 162 % 2 u 15.9 18 10
1000 u 27,100 162 88 0 9 16,2 2600 120 120
s 030 U 87.10 161 ot 1 u 3.6 118 2
7 80 u 3810 81 3
3 2 u 94,50 2 30 2 u % 120 25
b} 100 u 649,000 170 169 34930 38200 102 u | 107,000 1o |- 117
10 u 216 ] 161 85 10 v 8.3 120 61
31 2 U 169 162 3 10 u a7 120 3
9 10 u 139 162 ) 10U 13 10 u 88.3 120 20
3 14 u 110,000 161 154 asou 4“7 10 u | 57,90 1o | 13
9 2 U 100 81 45 7 7 2 u L6 120 [
) 10 u 57,500 170 169 02 5110 11,400 u | 1450 119 118
9 u 17,400 J 161 153 2.1 113 2 u 3440 119 118
0.7 01 U 2401 | 158 17 0.2 u 0.67 119 15
2 5 ] %4 162 ) 2 v 9.7 120 12
844 U 86300 9 64 1000 u | 2760 119 %4
J - 2 u 2.3 9 2
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from Applicable or Relevant and Appropriate Reguirements (ARAR) and To-Be-Considored (TBC) Guidance, Blomedical and Environmeatal Information Analysis Section, Health and

« Region IV Criteria Chart, January 1991,
Region IV Criterin Chart, January 1991,
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Table 4.9. Risk assessment sample locations by matrix

Area

Sample locations

GROUNDWATER (41)°

Reference (7)

WAG 6 (29)

Auger (5)

SURFACE WATER (15)
Reference (2)

WAG 6 (12)

Emergency Waste Basin (1)

SOIL (27)

Reference (14)

WAG 6 (10)

Auger Area (3)

SEDIMENT (18)
Reference (4)

Emergency Waste Basin (14)

831, 832, 846, 855, 857, 858

1225, 1227, 1228, 1229, 1231, 1233, 1237, 1241, 1249, 745, 833, 835,
836, 837, 838, 839, 840, 843, 844, 847, 848, 849, 850, 851, 852, 853,
854, 859, 860

1242, 1243, 841, 842, 845

MBBA, MBBG

SWA1, SWB1, SWC1, WBABI, WBAB2, WDAI1, WDBI, WFBAL,
WFBB!, WFBB2, WFBB3, WSP1

WEWB

CML1, CML2, CMR1, CMR2, MBBA1, MBBA2, MBBA3, MBBA(,
MBBAS, MBBG1, MBBG2, MBBG3, MBBG4, MBBGS5

1236, 1239, 1240, 1241, SCA02, SCA06, SCA12,
SCA20, SCCO09, SCDO5

1234, 1242, 1243

BGO1, BG02, BG03, BGO4

EWB01, EWB02, EWB05, EWB06, EWB07, EWB08, EWB09, EWB14,
EWB16, EWB17, EWB18, EWB19

%Numbers in parentheses indicate number of samples.
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Table 4,10, Mann-Whitney comparisonst WAG 6 groundwater

Parameter CAS no. Probability reference/ WAG 6
METALS/INORGANICS

Vanadium 7440-62-2 0.003
Manganese 7439-96-5 0.003
Cobalt 7440-48-4 0.097
Nickel 7440-02-0 0.118
Sodium 7440-23-5 0.131
Chromium 7440-47-3 0.348
Iron 7439-89-6 0.138
Magnesium 7439-95-4 0.369
Strontium 7440-24-6 0.033
Calcium 7440-70-2 0.358
Mercury 7439-97-6 0.710
Thallium 7440-28-0 0.010
Cadmium 7440-43-9 0.679
Silver 7440-22-4 0.404
Titanium 7440-32-6 0.014
Aluminum 7429-90-5 0.434
Copper 7440-50-8 0.117
Arsenic 7440-38-2 0.624
Silicon 7440-21-3 0.172
Barium 7440-39-3 0.373
Beryllium 7440-41-7 0.214
Potassium 7440-09-7 0.147
Lead 7439-92-1 0.760
Zinc 7440-66-6 0.214
Boron 7440-42-8 0.573
Antimony 7440-36-0 0.931
Selenium . 7782-49-2 0.778
RADIOISOTOPES

Tritium 10028-17-8 0.000
Gross beta 12587-47-2 0.004
Gross alpha 12587-46-1 0.005
Cesium-137 10045-97-3 0.003
Cobalt-60 10198-40-0 0.561
Strontium-90 10097-97-2 0.006
Total radium 0.801
Radium-224 13233.32-4 NA
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Table 4,10, (continued)

Parameter CAS No. Prebability reference/ WAG 6
RADIOISOTOPES (continued)

Americium-241 14596-10-2 NA
Curium-244 13981-15-2 NA
Potassium-40 13966-00-2 NA
Plutonium-238 13981-16-3 NA
Plutonium-239/240 0-013 NA
Radlum-226 13982-63-3 NA
Radium-228 15262-20-1 NA
Thorium-228 14274-82-9 NA
Thorium-230 14269-63-7 NA
Thorium-232 7440-29-1 NA
Thorium-234 15065-10-8 NA
Uranium-234 13966-29-5 NA
Uranium-238 7440-61-1 NA
VOLATILE ORGANICS

Ethylbenzene 100-41-4 0.013
1,2-Dichloroethene 540-59-0 0.272
1,1-Dichloroethane 75-34-3 0.172
Trichloroethene 79-01-6 0.154
Methylene chloride 75-09-2 0.231
Toluene 108-88-3 0.595
Acetone 67-64-1 0.762
1,1,1-Trichloroethene 71-55-6 0.128
Vinyl chloride 75-01-4 0.439
Tetrachloroethene 127-18-4 0.315
Carbon tetrachloride 56-23-5 0.216
1,1,2-Trichloroethane 79-00-5 0.395
Total xylenes 1330-20-7 0.272
Chloromethane 74-87-3 1.000
Chloroethane 75-00-3 0.621
1,1,2,2-Tetrachloroethane 79-34-5 0.621
Carbon disulfide 75-15-0 0.565
1,2-dichloroethane 107-06-2 0.172
Chloroform 67-66-3 0.568
2-Butanone 78-93-3 0.841
Benzene 71-43-2 0.494
1,1-Dichloroethene 75-35-4 1.000
Trans-1,2-dichloroethene 156-60-5 0.044
2-Methy! naphthalene 91-57-6 0.125
Diethyl phthalate 84-66-2 0.673
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Table 4.10, (continued)

Parameter CAS No. Probability reference/ WAG 6
SEMIVOLATILE ORGANICS

Di-n-butyl,phthalate 84-74-2 0.052
Naphthalene 91-20-3 0.332
HERBICIDES/PCBs

2,4,5-TP 93-72-1 01.000

2,4,5-T 93-76-5 0.578

2,4-D 94-75-7 1,000

NA = Not applicable, analyte not detected in either reference or site samples,
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Table 4,11, Mann-Whitney comparisons: WAG surface water

Analytical parameter CAS no, Probability reference/ WAG 6
BASE NEUTRAL ORGANICS

Fluoranthene 206-44-0 0.008
Di-n-butyl phthalate 84-74-2 1.000
INORGANIC/METAL

Lead 7439-92-1 0.020
Silver 7440-22-4 0.029
Vanadium 7440-62-2 0.076
Barium 7440-39-3 0.081
Cadmium 7440-43-9 0.096
Zinc 7440-66-6 0.057
Aluminum 7429-90-5 0.105
Magnesium 7439-95-4 0.107
Potassium 7440-09-7 0.132
Calcium 7440-70-2 0.165
Beryllium 7440-41-7 0.220
Iron 7439-89-6 0.355
Sodium 7440-23-5 0.355
Nickel 7440-02-0 0.566
Manganese 7439-96-5 0.643
Copper 7440-50-8 0.927
Arsenic 7440-38-2 1.000
Mercury 7439-97-6 NA
RADIONUCLIDES

Tritium 10028-17-8 0.008
Gross beta 12587-47-2 0.008
Thorium-230 14269-63-7 0.031
Cesium-137 10045-97-3 0.242
Radium-228 15262-20-1 0.364
Gross alpha 12587-46-1 0.611
Uranium-234 13966-29-5 1.000
Radium-226 13982-63-3 1.000
Thorium-228 14274-82-9 1.000
Thorium-232 7440-29-1 1.000
Uranium-235/236 0-012 1.000
Uranium-238 7440-61-1 1.000
Uranium-234 13966-29-5 1.000
Radium-224 13233-32-4 NA
Thorium-234 15065-10-8 NA
Plutonium-238 13981-16-3 NA
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Table 4,11, (continued)

Analytical parameter CAS no. Probability reference/ WAG 6

RADIONUCLIDES cont'd

Plutonium-238/239 0-013 NA
Strontium-90 10098-97-2 NA
Curium-244 13981-15-2 NA
Americium-241 14596-10-2 NA
Curlum-242 15262-20-1 NA
VOLATILE ORGANICS

2-Butanone 78-93-3 0.268
1,2-Dichloroethene 540-59-0 0.465
Trichloroethene 79-01-6 0.562
Carbon disulfide 75-15-0 0.705
Acetone 67-64-1 1.000
Tetrachloroethene 127-18-4 1.000
2-Hexanone 591-78-6 o NA

NA = Not applicable, analyte not detected in either reference or site samples,
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Tab'e 4.12. Mann-Whitney comparisons: WAG 6 soils

Analytical parameter CAS no. Reference/ WAG 6 comparison
BASE NEUTRAL

4-Nitrophenol 100-02-7 0.000
Benzy! alcohol 100-51-6 0.000
Phenol 108-95-2 0.000
Pyrene 129-00-0 0.000
Benzo(k)fluoranthene 207-08-9 0.000
Chrysene 218-01-9 0.000
Benzo(a)anthracene 56-55-3 0.000
4-Chloro-3-methyl phenol 59-50-7 0.000
Diethyl phthalate 84-66-2 0.000
Pentachlorophenol 87-86-5 0.000
2-Chlorophenot 95-57-8 0.000
Bis(2-ethyl hexyl) phth=iaie 117-81-7 0.002
Benzoic acid 65-85-0 0.186
N-nitrosodiphenylamine 86-30-6 0.511
Diphenylamine 122-39-4 NA .
HERBICIDE

2,4,5-TP 93-72-1 NA
2,4,5-T 93-76-5 NA
ORGANICS/METALS :
Selenium 7782-49-2 0.004
Aluminum 7429-90-5 0.006
Chromium 7740-47-3 0.006
Thallium 7440-28-0 0.010
Vanadium 7440-62-2 0.013
Iron 7439-89-6 0.020
Potassium 7440-09-7 0.036
Arsenic 7440-38-2 0.051
Lead 7439-92-1 0.080
Sodium 7440-23-5 0.100
Cadmium 7440-43-9 0.111
Nickel 7440-02-0 0.147
Copper 7440-50-8 0.182
Zinc 7440-66-6 0.222
Tin 7440-36-0 0.351
Manganese 7439-96-5 0.381
Magnesium 7439-95-4 0.394
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. Table 4.12. (continued)

Analytical parameter CAS no. Reference/ WAG 6 comparison

ORGANICS/METALS (continued)

(1

ol

Wil

Beryllium 7440-41-7 0.472
Silver 7440-22-4 0.564
Cobalt 7440-48-4 0.730
Mercury 7439-97-6 0.754
Barium 7440-39-3 0.927
Calcium 7440-70-2 0.980
Osmium 7440-04-2 NA
Tin 7440-31-5 NA
RADIONUCLIDES

Strontium-89 14158-27-1 0.000
Strontium-90 10098-97-2 0.030
Radium-226 13982-63-3 0.004
Cesium-137 10045-97-3 0.016
Thorium-232 7440-29-1 0.063.
Thorium-234 15065-10-8 0.171
Uranium-238 7440-61-1 0.254
Thorium-228 14274-82-9 0.356
Potassium-40 13966-00-2 0.383
Uranium-234 13966-29-5 0.428
Gross alpha 12587-46-1 0.464
Gross beta 12587-47-2 0.593
Thorium-230 14269-63-7 0.615
Radium-228 15262-20-1 0.7,7
Radium-224 13233-32-4 0.859
Uranium-235/236 0-012 1.000
Tritium 10028-17-8 1.000
Plutonium 239/240 .. 0-013 NA
Cobalt-60 ' 10198-40-0 NA
Plutonium-238 .13981-16-3 NA
Nickel-63 13981-37-8 NA
Technetium-99 14133-76-7 NA
Promethium-147 14380-75-7 NA
Americium-241 14596-10-2 NA
Iron-55 14681-59-5 NA
Carbon-14 14762-75-5 NA
Actinium 14952-40-0 NA
Iodine-129 15046-84-1 NA
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Table 4.12. (continued)

Analytical parameter CAS no. Reference/WAG 6 comparison
VOLATILE ORGANICS
1,2-Dichloroethene 540-59-0 0.132
Carbon disulfide 75-15-0 0.132
2-Butanone 78-93-3 0.137
Acetone 67-64-1 0.145
Tetrachloroethene 127-18-4 0.173
Ethylbenzene 100-41-4 0.278
Styrene 100-42-5 0.278
Cis-1,3-dichloropropene 10061-01-5 0.278
Trans-1,3-dichloropropene 10061-02-6 0.278
1,2-Dichloroethane 107-06-2 0.278
Chlorobenzene 108-90-7 0.278
Dibromochloromethane 124-48-1 0.278
Carbon tetrachloride 56-23-5 0.278
Benzene - 71-43-2 0.278
1,1,1-Trichloroethane 71-55-6 0.278
Bromoform 75-25-2 0.2782 ,
Chloromethane 75-27-4 0.278 .
1,1-Dichloroethane 75-34-3 0.278
1,1-Dichloroethene 75-35-4 0.278
Propylene dichloride 78-87-5 0.278
1,1,2-Trichloroethane 79-00-5 0.278
1,1,2,2-Tetrachloroethane - 79-34-5 0.278
Toluene 108-88-3 0.278
2-Chloromethane 75-90-2 0.573
Trichloroethane 79-01-6 0.645
Chloroform 67-66-3 0.667
Total xylenes 1330-20-7 0.789
Acetic acid 108-05-4 0.936
4-Methyl-2-pentanone 108-10-1 0.936
2-Hexanone 591-78-6 0.936
Bromomethane 74-83-9 0.936
Methylene chloride 74-87-3 0.936
Chloroethane 75-00-3 0.936
Vinyl chloride 75-01-4 0.936
Ethylene dibromide 106-93-4 NA
" Acrolein 107-02-8 NA
Allylchloride 107-05-1 NA
Propionitrile 107-12-0 NA

¢
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Table 4.12. (continued)

Analytical parameter CAS no. Reference/ WAG 6 comparison
VOLATILE ORGANICS (continued)

Acrylonitrile 107-13-1 NA
1,4-Dichloro-(e)-2-butene 110-57-6 NA
Pyridine 110-86-1 NA
1,4-Dioxane 123-91-1 NA
Methacrylonitrile 126-98-7 NA
Chloropropene 126-99-8 NA
1,1,1,2-Tetrachloroethane 630-20-6 NA
Metliyl iodide 74-88-4 NA
Methylene bromide 74-95-3 NA
Acetonitrite - 75-05-8 NA
Trichlorofluoromethane 75-69-4 NA
Dichlorodifluoromethane 75-71-8 NA
2-Methyl-1-propanol 78-83-1 NA
Methylmethacrylate 80-62-6 NA
1,2-Dibromo-3-chloropane 96-12-8 NA
'1,2,3-Trichloropropane 96-18-4 NA
Ethylmethacrylate 97-63-2 NA

NA = Not applicable, analyte not detected in either reference or site samples.
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Mann-Whitney comparisons: WAG 6 sediments

Reference/WAG. 6

Analytical parameter CAS No. comparison
BASE NEUTRAL
Bis(2-ethylhexyl)phthalate 117-81-7 0.149
Di-n-butylphthalate 84-74-2 0.180
Diphenylamine 122-39-4 0.317
N-nitrosodiphenylamine 86-30-6 0.392
2,6-Dinitrotoluene 606-20-2 0.453
Carboxylic acid 108-95-2 0.591
Benzoic acid 65-85-0 0.826
METALS/INORGANICS
Silver 7440-22-4 0.008
Arsenic 7440-38-2 0.004
Sodium 7440-23-5 0.013
Nickel 7440-02-0 0.071
Beryllium 7440-41-7 0.134
Cadmium 7440-43-9 0.201
Potassium 7440-09-7 0.202
Magnesium 7439-95-4 0.203
Chromium 7440-47-3 0.203
Cobalt 7440-48-4 0.288
Tin 7440-31-5 0.317
Manganese 7439-96-5 0.396
Lead 7439-92-1 0.428
Iron 7439-89-6 0.524
Barium 7440-39-3 0.524
Zinc 7440-66-6 0.524
Aluminum 7429-90-5 0.595
Copper 7440-50-8 0.750
Vanadium 7440-62-2 0.873
Calcium 7440-70-2 0.915
Selenium 7782-49-2 1.000
Mercury 7439-97-6 NA
Osmium 7440-04-2 NA
RADIONUCLIDES
Radium-224 13233-32-4 0.089
* Strontium-90 . 100-98-97-2 0.147
Thorium-230 14269-63-7 0.157
Cesium-137 10045-97-3 0.279
Thorium-234 15065-10-8 0.380
Uranium-234 13966-29-5 0.480

®
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Table 4.13. (continued)

Analytical parameter CAS N'i‘zl.}': / Reference/WAG 6 comparison

! 'l o Iy;‘

R

RADIONUCLIDES cont'd
Thorium-228 14274-82-9 0.480
Thorium-232 7440-29-1 0.480
Uranium-238 7440-61-1 0.480
Radium-228 15262-20-1 0.489
Gross alpha 12587-46-1 0.595
Tritium 10028-17-8 0.560
Radium-226 13982-63-3 0.671
Gross beta 12587-47-2 0.915
Potassium-40 13966-00-2 0.952
Uranium-235/236 0-012 1.000
Strontium-89 14158-27-1 1.000
Plutonium-239/240 0-013 NA
Cobalt-60 10198-40-0 NA
Curium-244 13981-15-2 NA
Plutonium-238 13981-16-3 NA
Nickel-63 13981-37-8 NA
Technetium-99 14133-76-7 NA
Promethium-147 14380-75-7 NA
Americium-241 14596-10-2 NA
Iron-55 14681-59-5 NA
Carbon-14 14762-75-5 NA
Iodine-129 15046-84-1 NA
Curium-242 15510-73-3 NA
VOLATILE ORGANICS
2-Butanone 78-93-3 0.007
Chloroform 67-66-3 0.013
Trichloroethene 79-01-6 0.274
Toluene 108-88-3 0.303
Trichlorofluoromethane 75-69-4 0.317
Methylene chloride 75-09-2 0.790
Acetone 67-64-1 0.956

NA = Not applicable, analyte not detected in either reference or site samples.



Table 4.14, Constituents for consideration in nature and extent
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Surface

Analyte CAS no. Groundwater  water Soil Sediment
VOLATILE ORGANIC
COMPOUNDS
1,2-Dichloroethane 107-06-2 X
1,2-Dichloroethene 540-59-0 X X
2-Butanone 78-93-3 X
Acetone 67-64-1 X X
Benzene 71-43-2 X
Carbon Tetrachloride 56-23-5 X
Chloroform 67-66-3 X X X
Ethylbenzene 100-41-4 X
Methylene Chloride 75-09-2 X
Tetrachloroethene 127-18-4 X X
Toluene 108-88-3 X
Trichloroethene 71-55-6 X X
Vinyl Chloride 75-01-4 X
SEMIVOLATILE ORGANIC COMPOUNDS
Benzoic acid 65-85-0 X
Bis(2-ethylhexyl)phthalate 117-81-7 X X
INORGANICS
Aluminum 7429-90-5 X X X
Antimony 7440-36-0 X
Arsenic 7440-38-2 X
Barium 7440-39-3 X X
Beryllium 7440-41-7 X X X X
Cadmium 7440-43-9 X X
Chromium 7440-47-3 X X X
Copper i 7440-50-8 X X
Lead “i 7439-92-1 X X
Manganese ' 7439-96-5 X X
Mercury | 7439-97-6 X X X
Nickel { 7440-02-0 X
Osmium ‘ 7440-04-2 X
Selenium ; 7782-49-2 X
Silver ) 7440-22-4 X X X
Strontium | 7440-26-6 X
Thallium : 7440-28-0 X X
Titanium 7440-32-6 X
Vanadium 7440-62-2 X X X
Zinc 7440-66-6 X X
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Table 4.14. (continued)

‘ Surface :

Analyte CAS No. Groundwater ~ water Soil Sediment
GROSS ALPHA AND
GROSS BETA
Gross alpha 12587-46-1 X X
Gross beta 12587-47-2 X X X
MAN-MADE
RADIONUCLIDES
Tritium 10028-17-8 X X
Cobalt 60 10198-40-0 X X X X
Strontium-89 14158-27-1 X
Strontium-90 10098-97-2 X X X X
Cesium-137 10045-97-3 X X
Americium-241 14596-10-2 X
Plutonium-238 13981-16-3 X X
Plutonium-239/240 0-013 X X
Curium-244 13981-15-2 X
NATURALLY OCCURRING
RADIONUCLIDES
Potassium-40 13966-61-1 X X X X
URANIUM SERIES
Uranium-238 7440-61-1 X
Thorium-234 15065-10-8 X X X X
Uranium-234 13966-29-5 X X
Thorium-230 14269-63-7 X
Radium-226 13982-63-3 X X X
THORIUM SERIES ‘
Thorium-232 7440-29-1 X X
Radium-228 15262-20-1 X X
Thorium-228 14274-82-9 X X X X
Radium-224 13233-32-4 X X X X
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Table 4.15. Summary of WAG 6 groundwater sampling by previous investigations

- Source Wells Dates sampled
Yager and Craig 1989 1035-1040 6/87, 8/87, 12/87, 3/88,
6/88, 9/88, 1/89
Solomon 1988 741 5/88
Poreda, Cerling, and Solomon 108, 109, 345, 347, 370, 371, 9/86
1988 373,
374, 382, 383, 386,
381, 388
Sherwood & Borders 1987 739 3/86, 9/86
Vaughan et, al. 1982 _ETF-1 through ETF-12 4/81, 8/81
T-1, T-5, T-7, T-17, T-18, T-20
Solomon et al. 1988 647 7/86
648 1/87
649, 650 3/87
511 3/86
Doyle and Taylor 1986 279, 382, 371, 272, 380, 305
Morrissey 1990 T1, T7, T10, T17, T18, T20, 10/89
T22, T36
Boegly 1984 109, 284, 296, 356, 370, 372, 8/83
381 8/83, 12/83
313 3/82
318 8/83, 12/83, 6/84
345, 388 12/83, 3/84, 6/84
355 6/84
376 12/83, 6/84
382
Ashwood and Spalding 1990 1036, 1039 6/87, 8/87, 12/87, 3/88, 6/88,

Huff 1988a,b
Davis et al. 1989

Dreier & Toran 1989

Wickliff, Morrissey, and
Ashwood 1990

T-1, T-§, T-7, T-017, T-18,
T-20

T-A-R-A-1 through TARA-13,
367, 646

27, 36, 41, 42, 123, 127, 129
135,

137, 139, 145, 150, 152, 153,
156,

160, 161, 163, 166, 168, 171,
173,

177, 177A, 279, 317
4,5,6,7,8,11,12,13

9/88

1/89, 3/89, 6/89, 9/89, 9/89,
12/89, 5/90

10/88

4/87, 11/87, 6/88, 8/88

Spring 1976

2/90
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Table 4.15. (continued)

Source

Wells

Dates sampled

Ashwood 1991

Wickliff, Morrissey, and
Ashwood 1991

Davis et al, 1987

8, 11, 15, 19, 25, 27, 28, 30,
32, 35,

38, 40, 42, 43, €520, C595,
FISI,

FIS, AUG4

4,5, 6, 8,9, 10, 11, 12, 15,
18, 19A, 198, 20, 22, 23, 24,
25, 26, 27, 28, 30, 32, 36,
38, 39, 40, 41, 42, 43, 44, 45,
46

49-Trench Area French Drain

12/90

2/91

9/83, 2/84, 4/84, 5/85, 10/85,
1/86, 3/86, 10/86
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vospereoriowin Mo ol Tale |0l 5(8|8| 8|5 8|8|5|8|8)5(3(8)8)8\8
TRICHLOROETHENE 3 2 1| 1o} sto] 4 2 1300 8
CARBON TETRACHLORIDE 8 %] 05
VINYL CHLORIDE 2 8
1,1,1-TRICHLOROETHANE 200 04 ol 4
| 1,2-DICHLOROETHANE 5 44 2
BENZENE 5 K 71 2 110
| 1,1-DICHLORUETHENE 7 1 , 05 1
i *TOTAL TRIHALOMETHANES 100 8 2 o] 2| 2 1| 180
f VOCS DETECTED,
MCL EFFECTIVE
I JANUARY 30, 1992 |
*1,2-DICHLOROETHENE 70 18] er] 1| 8 10 16| 260
I (CIS- AND TRANS-)
[ ETHYL BENZENE 700 | 700
TETRACHLOROETHENE 5 3 5 1 18] 14 5 4|
TOLUENE 1000 2000
XYLENES (TOTAL) 10,000 3800 T
VOCS DETECTED, NO MCLs
PROMULGATED
CHLOROMETHANE 15 4
1,1-DICHLORDETHANE 0 | 18
[ METHYLENE CHLORIDE i 1| 2 2 13
[ AcETONE 2 2%
F-BUTANONE
CARBON DISULFIDE
¥ 1,1,1,1-TETRACHLOROETHANE
1,1,2-TRICHLOROETHANE - 3
ETHYL CHLORIDE 4
1,4-DIOXANE 6 8 B 6| 60| 75i
FTHYLETHER % 2| 8| 180
4-METHYL-2-PENTANONE 2
2 |
3 I
é glmwgnm CONCENTRATION 0 K] 0 1| 1671 1| 0 15 6 3| 64|808.5{200 | 14] 10 2 069.7]1661{6778] 168| 383




Table 4.17. Maximum concentrations of VOCs detected
in groundwater at WAG 6 from ORNL compliance

wells and RFI wells,
WELL NUMBER
5\£|55|8|2|88(8\8|85|8\5\18\8)8 8888888388588
A 7 850
I? o
i i
| y
; 2
1 4
#
1 8 3
! 2 8 680
|
!
l 2
{ 4 1 2 80 8800
) 8 2
1’ 11 3 2
| 1
| 13 |
) 25| 20 12
‘ 3 120 260
Fl 2 2
f )
53
! 3
, 1
!
25| 200 5| 4| ol 18] o] 133jonvd o 204 4| olorvel 7eloAvd ese _:l:m ol 22 of of of o of of af of o
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Table 4,18, Herbicides detected in groundwater at WAG 6

Herbicides (ug/L)

Well

number 2,4,5-TP 2,4,5-TP 2,4-D
745 | 2
831 2 2
833 12
835 0.3 0.8
836 0.6
838 2
839 | 0.3 1
841 0.3 0.8
842 1
843 04
844 ©4
855 0.3
856 2
857 0.2 0.3
858 2

860 9
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Table 4.20. Surface water sampling event conditions

. Groundwater Flow
Date table conditions ICM cap status
2/8-9/89 High Base Under Construction
4/18-21/89 High Base Complete
5/9/89 High Storm Complete
6/9/89 High Storm Complete
9/5-6/89 Low Base Complete

9/26-27/89 - Low Storm Complete
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Table 4.21. Summary of historical surface water analysis

Gross Gross

Data source Sample locations alpha beta Cobalt-60 Cesium-137 Strontium-90 Tritium
Davis et al. MS-1, MS-2, MS-3, ' X
1987 MS4
Boegly 1984 ETF Flume II X X X X X
Davis and Stream FB SR-90 X X X X X
Marshall 1988  seep ‘
Miller et al. 102, 103, 104, 201, X X X X X X
1989 303, 305, 306, 301,

302, 308, 322, 304,

321
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Table 4.22. Summary of WAG 6 sediment sampling by previous investigations

Source

Site/Sample

Dates
Sampled

Cerling and Huff 1985
Cerling and Spalding 1981

Huff 1986
Miller, Black, and Craig 1989

15, 16, 17
234, 235, 236, 237, 238, 239, 240, 241, 242

341, 342, 343, 344, 345, 346, 347, 348, 349, 350,
351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361

6, 7, 34, 35, 36, 37

PRE-1-C-101, PRE-1-F-102, PRE-1-C-102, PRE-1-C-103,
PRE-1-C-104, PRE-1-F-201, PRE-1-C-202, PRE-1-C-301,
PRE-1-C-302, PRE-1-F-303, PRE-1-C-303, PRE-1-C-304,
PRE-1-C-305, PRE-1-C-306, PRE-1-C-307, PRE-1-C-308,
PRE-1-C-309, PRE-1-C-310, PRE-1-C-321, PRE-1-C-403

DUR-1-C-101, DUR-1-F-102, DUR-1-C-102, DUR-1-C-103,
DUR-1-C-104, DUR-1-F-201, DUR-1-C-201, DUR-1-C-202,
DUR-1-C-301, DUR-1-C-302, DUR-1-F-303, DUR-1-C-303,
DUR-1-C-304, DUR-1-C-305, DUR-1-C-306, DUR-1-C-307,
DUR-1-C-308, DUR-1-C-309, DUR-1-C-310, DUR-1-C-321

DUR-2-C-101, DUR-2-F-102, DUR-2-C-102, DUR-2-C-103,
DUR-2-C-104, DUR-2-F-201, DUR-2-C-201, DUR-2-C-202,
DUR-2-C-301, DUR-2-C-302, DUR-2-F-303, DUR-2-C-303,
DUR-2-C-304, DUR-2-C-305, DUR-2-C-306, DUR-2-C-307,
DUR-2-C-308, DUR-2-C-309, DUR-2-C-310, DUR-2-C-321

DUR-3-C-101, DUR-3-C-104, DUR-3-C-201, DUR-3-F-201,
DUR-3-C-202, DUR-3-C-301, DUR-3-C-302, DUR-3-F-303,
DUR-3-C-303, DUR-3-C-304, DUR-3-C-305, DUR-3-C-306,
DUR-3-C-307, DUR-3-C-308, DUR-3-C-309, DUR-3-C-310

POS-1-C-101, POS-1-C-104, POS-1-F-201, POS-1-C-201,
POS-1-C-202, POS-1-C-301, POS-1-C-302, POS-1-F-303,
POS-1-C-303, POS-1-C-304, POS-1-C-305, POS-1-C-306,
POS-1-C-307, POS-1-C-308, POS-1-C-309, POS-1-C-310,
POS-1-C-321

7/85, 8/85
10/78

11/78

1978, 1985
10/88

1/89

3/89

4/89

6/89




4-89

Table 4.23. Summary of WAG 6 sediment sampling analyses by previous investigations

Co-60 Cs-137 Sr-90 Gross beta  Gross alpha Zn
Cerling and X X X - X
Huff 1985
Cerling and X X X
Spalding 1981
| Huff 1986 X X X

Miller, Black, X X X X X X
and Craig 1989 :
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Table 4.24. WAG 6 soils investigation areas

Area  Soil borings included Waste areas included

1 SCB-02 through SCB-07, SB-07, Emergency Waste Basin, 19 Trench area
1240, 1241 .

2 SCA-01 through SCA-06, SCA-08 Central waste disposal area, low-activity silo
through SCA-20 area 1, 49 Trench area, high-activity silo

‘ area, high-activity trench area

3 SCE-01 through SCE-11, 1234, 1242,  East waste disposal area, solvent auger hole
1243 area

4 SCD-01 through SCD-09, 1235 South waste disposal area

5 SDMS-01, 1236 Hill Cut Test Facility

6 SCE-01 through SCE-11, 1237, 1239  West waste disposal area

7 Yage: and Craig (1989) soil borings Tumulus Pad area
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Table 4.26. Off-WAG migration of radionuclides

Perimeter Medium/
| segment radionuclides Discussion

AREAS LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

H1 : Surface water Storm flow sampling identified significant
Tritium flux of contaminants in surface water.

Strontium-90

Groundwater Wells upgradient are contaminated.
Tritium

Strontium-90

H2 Surface water Storm flow sampling identified significant
Tritium flux of tritium off site.
Groundwater Concentrations exceeding MCL detected in
Tritium several upgradient wells.

H3 Groundwater Compliance and RFI monitoring dats
Tritium indicate presence of radionuclides in
Cobalt-60 groundwater.
Strontium-90

AREAS NOT LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

L Upgradient to waste disposal areas.
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/ Table 4.27. Off-WAG migraticn of chemicals

|
Perimeter Medium/
segment chemicals Discussion

AREAS LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

H1 Surface water No significant VOC concentratioss
None detected during storm flow sempling.
Groundwater Upgradient wells contaminated, moniior
VOCs unconsolidated zone and bedrock zone.
Groundwater wells in this vicinity monitor
bedrock zone only.
H2 Surface water Low concentration detected during storm
VOCs flow.
Groundwater Well positioned between creeks DA and
None DB have had relatively low concentrations
of VOCs detected in it.
H3 Surface water No surface water features in this area.
None
Groundwater VOCs detected during compliance and RFI
VOCs monitoring.
AREAS NOT LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS
L Upgradient to waste disposal areas.




Section 4 Figures



0o (]

DEPTH (FT)

LN B A S B B B T—*x il
300

m
l
200

a@@o

ca® S%: 3¢ o m
] [} = .—_1-ru““mmmmww-- J"——“r_h“- . .“.- e -””— _"vn- [ J n”--”- "" [ J ®

oooﬂoo"%g.‘tﬂiv- E-Q a . c0

IMITeT 1 [ITrT s 11 JinrrT T T AL mrrrr T T LR rrrry T

llll‘llll_rlTlT'] T T

0

o o
S —

1000

- (=3 (=3
=3 b= o
[=3 P=3 o
(=3 P=1 S
P=3 E=3 -_—
P=3 =

(1/22d) WNILTHL ¢

WAC6  06F302.DGN

9-9

et e e sl Sk e et

L]



MCL FOR TRITIUM (20000 pCi/L)

D;D
B
LEGEND
° WAG 6 RFI & ORNL COMPLIANCE
(] MONITORING DATA
o . HISTORICAL GROUNDWATER RESULT
o ORNL COMPLIANCE MONITORING
RESULT < DETECTION LIMIT
o] WAG 6 RFI RESULT < DETECTION LIMIT
= HISTORICAL RESULT < DETECTION LIMIT
‘||l||l|||l|l|l|ll
400 500

Fig. 4.1. Vertical distribution of tritium
in WAG 6 groundwater.
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Fig. 4.25. Maximum concentration distribution of selected
volatile organic compounds detected in groundwater at
WAG 6, June 1988 to June 1990.
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Fig. 4.26. Maximum VOC concentrations in groundwater,
cross section E-E’, high-activity trench area.
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Fig. 4.28. Maximum VOC concentrations in groundwater,
cross section G-G’, central waste disposal area.
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Fig. 4.29. Maximum VOC concentrations in groundwater,
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Fig. 4.30. Maximum VOC concentrations in groundwater,

cross section I-I’, west waste disposal area.
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Fig. 4.32. Maximum VOC concentrations in groundwater,
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Fig. 4.33. Maximum VOC concentrations in groundwater,
cross section L-L’, eastern trenches of the central waste disposal area.
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Fig. 4.34. Maximum VOC concentrations in groundwater,
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Fig. 4.35. Maximum concentrations of selected unfiltered
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Fig. 4.37. Radionuclides detected in WAG 6 surface water.
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Fig. 4.38. VOCs detected in WAG 6 surface water
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Fig. 4.40. Radionuclide concentrations in
Emergency Waste Basin sediment samples.
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Fig. 4.41, Radionuclides detected in WAG 6
sediment samples.
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Fig. 4.42. VOCs detected in Emergency Waste Basin
sediment samples.
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Fig. 4.43. VOCs detected in WAG 6 sediment samples.
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5. CONTAMINANT FATE AND TRANSPORT
5.1 INTRODUCTION
5.1.1 Scope of the Analysis

Contaminant fate and transport modeling was conducted to support the base line human
health evaluation and to aid in definition of remedial alternatives. The base line human
health evaluation (Sect. 6) considers hypothetical present day and future on-WAG and off-
WAG receptors. For on-WAG receptors, predictions of contaminant concentrations in
groundwater, surface water, sediment, soil, and air are required. For the off-WAG receptor,
contaminant flux via surface water to WOL is assumed; this flux is used to calculate a
corresponding concentration downstream in the Clinch River, adjacent to the location of the
hypothetical off-WAG receptor.

To fulfill these data requirements, the fate and transport analysis described in this section
quantified:

Release rates of the contaminants from source areas into the environmental media
Remaining quantities of the contaminants, in source areas

Persistence of contaminants in environmental media into which they are being released
Transformation (decay and degradation) of contaminants in media, and their transfer
between media

*  Transport and migration of contaminants off of WAG 6

Modeling to predict future concentrations and fluxes was performed for radionuclides.
Due to a lack of inventory data, prediction of future concentrations and fluxes for chemicals
was not possible. However, fluxes of chemicals for current conditions were computed.

5.1.2 Methodology and Content

The methodology developed for the fate and transport analysis included computer
modeling of contaminants in water and air. Because soil and sediment concentrations are a
function of the transport of contaminants in water and air, no specific modeling methodology
was developed for these media.

Computer modeling was chosen as the appropriate analytical tool for the analysis because
it provided an exploratory as well as predictive capability. The exploratory capability of the
modeling stemmed from the quantitative relationships developed that linked the observed
contaminant concentrations to site and source characteristics. The predictive capability
allowed for the estimation of future contaminant concentrations and fluxes that could not
otherwise be derived from monitored concentrations alone.

5-1
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The site conceptual model for WAG 6, discussed in Sect. 5.2, identifies the potential
environmental pathways through which humans could be exposed to the radionuclides and
chemicals. The model provided the basis for the analysis of fate and transport; also,
exposure pathways identified in the model were used as the basis for performing the base line
risk assessment presented in Sect. 6, and for identifying potential remedial measures.

Sections 5.3 and 5.4 address surface/subsurface water contaminant fate and transport
modeling and air modeling, respectively. The conclusions of the fate and transport analysis
appear in Sect. 5.5. The following appendixes supplement Sect. 5:

Appendix SA, Surface Water Modeling in WAG 6
* Appendix 5B, Analysis and Results of April-May 1990 Storm Sampling

5.2 SITE CONCEPTUAL MODEL

The site conceptual model formed the framework within which environmental pathways
of potential concern for WAG 6 were identified and illustrated. Figure 5.1 is a conceptual
model of WAG 6 that illustrates the environmental pathways by which humans can be
exposed to contaminants released from the source areas where contaminants have been
placed. The term source areas refers to the shallow land burial waste disposal units
described in Sect. 1. In Fig. 5.2, these units are illustrated schematically within the general
hydrologic setting. The following paragraphs discuss the basic elements of the conceptual
model.

A contaminant release mechanism is defined as any process that results in migration of
the contaminant from a source area into the immediate environment. Contaminants may be
released via the mechanisms identified in Fig. 5.1 into the primary transport media:
groundwater, surface water/sediments, soil, and air. As discussed in Sect. 4, the occurrence
of contamination in all media except air was determined by observation. Air was included
in the conceptual model since it can be a potential pathway, and air modeling was performed
to characterize it.

Contaminants in source areas and in the environmental media are subject to
transformation processes that degrade the contaminant concentrations. For the radionuclides,
the process is radioactive decay; for organic chemicals transformation involves
photochemical, biological, and chemical degradation processes.

Once in the environment, contaminants can be transferred among media (Fig. 5.3) and
transported out of WAG 6. Humans are exposed to contaminant concentrations via the
exposure routes of inhalation of air, ingestion, and direct contact. The environmental
pathways involving each primary transport medium shown in Fig. 5.1 are discussed in the
following subsections.
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5.2.1 Groundwater Pathway

As discussed in Sect. 4, migration of contaminants was identified in WAG 6, extending
from specific source areas toward on-WAG streams, the WAG 6 boundary, and WOL. The
groundwater release mechanisms were identified as direct contact and percolation. In
trenches saturated or partially saturated due to the rising water table, contaminants whose
containers were breached or that have otherwise been exposed were in direct contact with
groundwater. In disposal units located above the normal water table, leachate is generated
when infiltrating moisture mixes with the waste material and then percolates to the
groundwater.

Intermedia transfer of contaminants occurred between groundwater, soil, and surface
water. Some contaminants in groundwater moved at velocities much lower than the
characteristic flow velocity of groundwater because they were retarded by interaction with
the solid matrix of the aquifer (sorption). The sorbed contaminants diffuse through the solid
matrix, which may act as a source/sink for groundwater transport. When the groundwater
intersected the streams, groundwater contaminants were transferred to surface waters by
groundwater discharge. Seepage from the stream beds also transferred contaminants in
surface water to the groundwater,

Contaminants can be transported in groundwater by advection and dispersion. Advection
is the movement of contaminants at flow velocity, Dispersion occurs because of local
velocity variations induced by the complex geometry of the actual flow path. Tie amount
of dispersion depends on the mean flow velocity and is greater in the direction of flow than
transverse to the flow. Therefore, a contaminant plume spreads in the direction of advection,
resulting in longitudinally elongated plumes. As discussed in Sect. 3, the hydrogeology >f
WAG 6 is complex, and contaminant transport occurs primarily through secondary porosity
features such as fractures.

Extensive refinement of the groundwater pathway conceptual model was not appropriate
due to the considerable uncertainty associated with contaminant release rates and
hydrogeologic parameters. As described in Sect. 4.2, because source areas comprise
heterogeneous units with heterogeneous waste forms, packaging, and containers, contaminant
release rates may vary unpredictably as containments randomly disintegrate. Hydrogeology '
exhibited characteristics of both porous media and fractured rock and contaminant transport
was possibly dominated by matrix diffusion; these characteristics could not be readily
characterized by field measurements on a local scale across the WAG and therefore were not
modeled numerically.

5,2.2 Surface Water Pathway

Elevated levels of tritium, strontium-90, and chlorinated hydrocarbons were observed
along the streams on WAG 6 and were being transported off-WAG, as discussed in Sect. 4.
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The potential mechanisms identified for the release of these contaminants from the source
areas were trench overflow and subsurface storm flow. Trench overflow occurs when a
trench is saturated and spills leachate, Trench overflow mixes with overland flow and is
carried into streams. Contaminant release into surface water may also occur via subsurface
storm flow (Sect. 3.3). Leachate in bathtubbing trenches or in trenches within the
groundwater table could mix with these subsurface storm flows, move laterally with the
flows, and be discharged into the streams.

From surface waters, intermedia transfers occurred to air via volatilization, to
groundwater via seepage from stream beds, and to soil via seepage. Stream widths on
WAG 6 are relatively small, and streams carry water intermittently; therefore volatilization
of contaminants is minimal. In the upper reaches of the streams, seepage into soil and
groundwater occurred, Contaminants in stream water were also transferred to se iiments in
suspension and/or on the streambed.

Contaminants were also transferred to surface waters from air via precipitation/
deposition; from soil via runoff, including overland flow, saturated overland flow, and
subsurface storm flow; and from groundwater via groundwater discharge (base flow),

Transport of contaminants out of WAG 6 appeared to be relatively rapid, because
streams exiting the site are quite short. Contaminant flux out of WAG 6 via stream flow was
the major component of the total contaminant flux exiting WAG 6, since most of the flux
from groundwater was discharged into site streams.

Further refinement of the surface water pathway was not appropriate, because
contaminant release rates into surface waters could not be measured for the different release
mechanisms. No models exist that address subsurface storm flow. As discussed in Sect. 3,
subsurface storm flow exists in only parts of WAG 6. The stream flows in WAG 6 comprise
overland flows, saturated overland flows, subsurface storm flows, and base flows. These
individual flow components and contaminant concentrations associated with them were not
estimated, because it is the contaminant flux out of WAG 6 that is of primary interest for
surface water, and that can be monitored at stream outlets.

5.2.3 Soil Pathway

Because most of the source areas in WAG 6 contained disposal units located in the
vadose zone, contaminants were released into soil by direct contact, diffusion, percolating
water, and subsurface storm flows. Vertical and lateral movement of an advancing soil
moisture front, especially from the unlined trenches, spread the dissolved contaminants in the
vadose zone soil. As discussed in Sect. 4, contamination in the vadose zone was fairly
limited and did not appear to represent significant st condary source areas, Contamination
of surface soils appeared minimal,
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From soil, contaminants were transferred to air via volatilization and particulate
suspension; to groundwater via percolation; and to surface water via runoff and groundwater
discharge, Also, contaminants were transferred to soil via precipitation/deposition from air;
via sorption from groundwater; and via seepage from surface water,

No specific transport mechanism was considered for soil, since soil acts as a storage
medium in which transport occurs mostly via water,

5.2.4 Air Pathway

Air was determined to be a minor pathway. Volatilization and particulate emissions (due
to upwind erosion of source area soils) are the two mechanisms for contaminant releases to
air. Other than the soil gas survey conducted during RFI activities at the perimeter of
selected trench areas (to assess the presence and migration of VOCs), no data base was
developed to quantify these release rates. Volatilization rates are contaminant-specific and
vary according to waste characteristics, the characteristics of the waste units, natural and
engineered barriers. and climatic and meteorological conditions. Biological trenches were
identified as the areas where gas generation would most likely occur due to biological,
chemical, and physical decomposition of the wastes.

Particulate emissions due to source area soil erosion would likely be minimal because
of high annual rainfall, low wind speeds, extensive grass cover, and the rapid regrowth of
vegetation in temporari/v rtisturbed areas.

Contaminants released into the air could be transferred to both surface waters and soil
surface by deposition (dry settling) and precipitation, thereby creating diffuse secondary
sources that lead to further contamination of other media. For example, from the soil
surface, infiltrating rainwater could carry the contaminants into the vadose zone, and from
there into the groundwater. Air-soil and air-water transfers are functions of solubility,
adsorption, particle size, and precipitation. Transport of contaminants in air occur by
advection and dispersion in the predominant wind directions of southwest and northeast.

5.3 SURFACE/SUBSURFACE WATER CONTAMINANT FATE AND TRANSPORT

The surface water/subsurface water fate and transport model was developed and used
to perform fate and transport analysis for radionuclides. For modeling purposes, the waste
areas in WAG 6 (i.e., trenches/auger holes) were divided into 26 source areas. These areas
(A to Z) are shown in Fig. 5.4. Modeling was also performed for one aboveground unit,
Tumulus 1.

The radionuclides modeled were tritlum, cobalt-60, strontium-90, cesium-137,
europium-152, europium-154, uranium-233, uranium-238, and thorium-232, The model was
calibrated when possible, for each source area and for each radionuclide, using the
concentration data from surface water and groundwater sampling and the radionuclide
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inventory for the source area. For each area, the model output consisted of 160 years of
remaining radionuclide source inventory, surface water flux, and groundwater flux and
concentration at calibration wells and points downgradient of wells within the WAG 6
boundary.

Radionuclide flux in streams was computed by combining the flux of surface runoff of
the tributary areas (the output of the transport model) with the flux of groundwater
discharging into streams, The radionuclide concentration in streams was then computed by
dividing the stream radionuclide flux by the stream flow rate. The radionuclide plumes from
source areas were superimposed to compute groundwater radionuclide flux and concentrations
at the WAG 6 boundary.

The transport model is described in Sect. 5.3.1; modeling input data and parameters,
calibration of the model, modeling results, and analysis of these results are presented in Sect.
5.3.2. Stream flow radionuclide concentrations and boundary fluxes are addressed in Sect.
5.3.3. and boundary fluxes in groundwater in Sect. 5.3.4, Conclusions are stated in Sect.
5.3.5. The sensitivity and uncertainty analysis are presented in Sect. 5.3.6.

5.3.1 Modeling Approach, Theoretical Basis, and the Computer Model

An integrated surface/subsurface water contaminant fate and transport model was
developed for WAG 6. The model’s level of complexity is appropriate for generating future
estimates of annual average contaminant concentrations in surface waters and groundwater
for a base line risk assessment, especially in an area where detailed definitions of
contaminant release rates and the physical characteristics of the environmental media are not
possible on a local scale. To directly incorporate the uncertainty into the analysis, a Monte
Carlo simulation approach was chosen. The model included empirical and analytical
algorithms for determining contaminant releases from a source area (i.e., a group of trenches
and auger holes) into environmental media and contaminant transport to downgradient
receptor points. Using field-monitored stream and well concentration data, the model’s built-
in calibration feature determined site-specific and contaminant-specific values of the model
parameters.

5.3.1.1 General modeling assumptions
Modeling assumptions were as follows:

e The source area consisted of a group of waste trenches or auger holes located in the
unsaturated soil zone.

e  Storm runoff volumes were available for a typical year. A steady-state approach was
taken so that the same storms are assumed to occur for each year of the simulation
period.

¢ Release rates were empirically determined.
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e  Steady-state groundwater flow conditions were assumed, with known recharge,
discharge, flow velocity, and water table elevation,

¢ Since site streams drain small areas, less than 40 acres, no in-stream transport processes
were simulated. Instead, an empirical approach was developed which linked source term
to observed contaminants in streams during storms.

¢ A one-dimensional analytical model was used to simulate contaminant fate and transport
in the vadose zone and in the saturated zone.

s Field-monitored storm concentrations and well concentrations were available.

5.3.1.2 Monte Carlo simulation

Fate and transport modeling was carried out within a Monte Carlo simulation
framework; the uncertainty of the model parameters was directly incorporated into the
modeling process. The Monte Carlo process is depicted in Fig, 5.5. In each model
application, 100 fate and transport simulation trials were performed. - For each of the
simulation trials, the values of the model input parameters were randomly generated from the
input probability distributions of these parameters, The output of each of the 100 trials
constituted an equally likely time series of future concentrations or fluxes. A probability
distribution of the output values was then generated for each year of the simulation. For the
purpose of exposure assessment, the annual mean value and its 95th percentile upper limit
were computed,

5.3.1.3 Fate and transport model

An empirical/analytical approach was formulated fo perform fate and transport analysis.
The model had three components: a source component, a surface runoff component, and a
groundwater component. A schematic diagram illustrating key geometric parameters is
shown in Fig. 5.6.

Source inventory and depletion. The contaminants were assumed to be located in the
unsaturated soil above the water table in lined or unlined trenches and auger holes, The
contaminant inventory and its date of placement were assumed to be known, Within the
source volume, which is defined by the dimensions of the trenches, wastes of similar form
and packaging were assumed to be placed in similar containers distributed uniformly.

Initially, only a fraction of the waste was assumed to be in contact with soil moisture
within the source volurne. The time before onset of accelerated failure of the containers to
inhibit soil moisture contact was specified. Once the containers start disintegrating at an
accelerated rate, the fraction of waste in contact with water was assuuied to increase linearly
to a specified maximum,

Assuming that the contaminants were distributed in equilibrium between the solid and
liquid phases, the contaminant concentration in the soil water at any time could then be
expressed as:
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Cy =1 xM/[V,x (K4 xp, + ax0), (1

where

C, = contaminant concentration in the soil water (g/m3 or Ci/m®),

fi = leaching fraction (0 < f; < 1), '

M = inventory of the contaminant in any year (g or Ci),

Vi = volume of the source (m?),

Ky = distribution coefficient in the source (m>/kg),

p, = dry bulk density of source matrix (kg/m?),

a = degree of saturation,

© = porosity of source matrix.

The water that infiltrated into the source volume was th¢ major medium for the release
of the contaminant leachate from the source area. The pathways of release included
percolation into the groundwater and surface runoff. Contaminants in the source volume
would be depleted by releases into surface runoff and groundwater, as well as by decay due
to physical, chemical, and biological processes.

The yearly source inventory can therefore be expressed as:

where

M, 4 inventory in year t + 1,

inventory in year t,

>
mnnmnit

composite decay rate (1/yr),
Rew amount released to surface runoff (g/yr or Ci/yr),
Rew amount released to groundwater (g/yr or Ci/yr).

Surface water pathway. The amount of contaminant transferred to the stream by
surface runoff during a storm is assumed to be a fraction (f;) of the total leachate ir the
source volume, expressed as:

S=£6HxV,xax0xC,, 3)
where
S = Surface runoff contaminant flux (g or Ci),
f, = surface runoff leaching fraction, (the ratio of fraction of surface flux per

storm to the exposed trench inventory),

all other terms were as previously defined. ‘
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Substituting the value of C,, from equation (1) into equation (3) gives:
S =1y xf,x M/[1 + (K, x pg)/(cx x O)] 4
The annual amount of contaminant loading in surface runoff would be the sum of the

amounts gcnerated by all the storms that occurred within the year. Therefore, annual
average contaminant concentration in surface runoff can be computed as:

- n n
Ce=X SIT Y, )
where
C, = annual average contaminant concentration in surface runoff (g/m3 or
Ci/m3),
V. = storm runoff volume (m3),
n = number of storms per year.

The annual average contaminant concentration of stream flow in a stream that receives
base flow (groundwater discharge) is expressed as:

- n n
Cy = (zlj S +Q, x c,)/(_l): V. + Q) 6
where
Cy = armugl average coptaminant concentration in stream flow (g/m? or
Ci/m°), -

Q, = Dbase flow (m3/yr),
=  contaminant concentration in base flow (g/m? or Ci/m?).

Equation (4) suggests that an empirical relationship between f, and contaminant flux in
storm runoff can be developed, assuming that all other terms of the equation are known.
Developing this relationship would involve monitoring and sampling a few storms and
determining the storm ruroff volume and the corresponding contaminant flux. Continuous
sampling would provide the storm hydrograph and the contaminant pollutograph from which
contaminant flux and storm volume could be computed by integration.

If storm sampling were done in a stream that also carried base flow, the flux due to base
flow must be separated from the total storm flux before the f, and surface runoff flux
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relationship is established. In this case, concurrent sampling of groundwater contaminant
concentrations was necessary for computation of the flux from the base flow. The volume
of the base flow was also isolated from the storm hydrograph by a storm hydrograph
separation technique.

Groundwater pathway. Leachate from the bottom of a source area traveled with the
percolating water vertically through the vadose zone into groundwater and moved with
groundwater horizontally toward a well or discharge point, subject to retardation. Transport
was assumed to be one-dimensional in both zor.es.

The vertical water velocity and the retardation factor were computed as follows:

V, = I/(a x ©)

R, =1 +(pp x Kg,) / (@ x 6), ™
where

V, = vertical velocity (m/yr),

R, = vertical retardation factor,

K. = Kj in vadose zone (m/kg).

The horizontal velocity was input to the model, and the horizontal retardation factor was
computed as: <

R, =1+ p, *K/(©) ®)
where
Ky, = Kj in saturated zone (m%/kg)

Furthermore, the second term of the right side of equations (7) and (8) was replaced by f;
as follows:

R, =1+ fs
Rh=1+f3

(f; was a lumped calibration parameter that was assumed to be the same for both vertical and
horizontal transport).

The vertical and horizontal travel times, t, and t,, were then computed as follows:

t, = D, xRV, G
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where

D, = vertical distance from the bottom of source to water table (m) and other
terms were as previously defined;

tn = Dy X Ry/Vy, - (10)

where

D, = horizontal distance to well (m) and other terms were as previously defined.

The sum of the horizontal and vertical travel times equaled the average breakthrough
time for a contaminant from the source area to appear in an observation well,

The inflow of contaminants to the vadose zone at the bottom of the source was calculated
as follows:

Q =IxCyxA, (11)
where
Q = the rate of contaminant recharge to the vadose zone (Ci/yr),
I = the water percolation rate in the vadose zone (m/yr),
Cw = concentration of the contaminant in the percolating water at the
bottom of the source (Ci/m3),
A = effective cross-sectional area of the source (mz).

The transport of radionuclides through the vadose and saturated zones was evaluated
using Hung’s groundwater transport model (Hung 1980). The assumptions of the model
were as follows:

* Transport was one-dimensional; flow was vertical in the vadose zone and downgradient
in the saturated zone.
Longitudinal dispersion was accounted for by use of a dispersion parameter Z.
No transverse dispersion occurred in the vadose zone. The transverse dispersion in the
saturated zone was described by an angle of dispersion.

® Vertical dispersion in the saturated zone was accounted for by the effective saturated
zone thickness at the receptor. The thickness represented the depth of the plume at the
exposure point.

e The contaminant concentration was assumed to be uniform across the cross-sectional
area of the plume at the exposure point (described by the depth of the plume and the
transverse width).
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The basic equations of the model werc as follows:

Q=Q,xZxexp(-Axt)

and

Z = exp[P/2-(P/2) xV1+4 x R x L x M(P x V))/exp(-R x L x M/V),

where

O~ L0 YvAN

O
S

T
A

a correction factor to compensate for the dispersion effect,
retardation factor R, or Ry,

Peclet number, Vy Dy/d or V; Dy/d,

length, Dy or Dy (m),

water flow velocity, V, or V, (m/yr),

transit time, t, or t,,

dispersion coefficient (mz/yr),

rate of contaminant transport at distance L form the source
(Cilyr),

rate of contaminant transport at the source (Ci/yr), evaluated
at time = (T-R x L/V),

time of simulation (yr),

decay constant (yr'l).

and other terms were as previously defined.

To calculate the radionuclide concentration at the receptor, the rate of groundwater
flow in the plume of contamination at the receptor point was calculated as follows:

W, =V, x P, x D, [VA + 2 x tan(a/2) x Dy},

where

12)

(13)

(14)

the rate of contaminated water available for removal at the receptor point

(m/yr),
groundwater velocity (m/yr),
porosity of the shallow saturated zone,

effective thickness of the flow domain in the shallow saturated zone (m),

angle of spread of the contaminant plume in the shallow saturated zone

(radians),
projected cross-sectional area of trench (m?),
distance to the receptor (m).
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The contaminant concentration in the groundwater at the exposure point was calculated by:
C, = Q/W,, (15)
where C, is expressed in kg/m® or Ci/m?,
5.3.1.4 Model calibration

The model calibration consisted of an iterative procedure in which the initial values of
certain key parameters were adjusted to match the time of travel and the observed
contaminant concentration in groundwater. These parameters were the surface water and
groundwater release fractions, f, and f|, respectively, and f,, which was calibrated first. The
value of f; was determined before that of f, because the formulation of f, included the f;
term. An iterative procedure was necessary because the surface water and groundwater
transport equations were coupled.

The calibration of f; was based on comparison of the simulated breakthrough time for
both vadose and saturated zones with the observed time from waste emplacement well
sampling. The initial value of f; was calculated using assumed or known values of K, ©,
p, and «. If the simulated breakthrough time exceeded the time when the sample was taken,
the f; values were decreased so that the breakthrough time matched the observed time. If
the simulated breakthrough time was less than the observed time of the sample, no
adjustments were made to the fy values, assuming that the plume already extended beyond
the downgradient well. The next adjustment was initiated by comparing the observed and
simulated well concentration. The f; fraction was simply scaled so that the simulated well
concentration matched the observed concentration. An assumed coefficient of variation was
introduced to derive the distribution of the calibrated f; and f5.

Values for f, were recomputed for each change in the value of f; since the formulation
of f, includes f; as an independent variable.

5.3.1.5 Description of the computer program

The model was written in FORTRAN 77 language and was debugged and compiled
using Lahey Fortran compiler and editor. A Compaq 386/25e¢ microcomputer was used in-
developing and running the model. The model is composed of several subroutines structured
around a main program. The flowchart shown in Fig. 5.7 presents the general structure of
the model.

Description of subroutines. The following paragraphs provide brief descriptions of the
subroutines used in the model.
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Main program. The data input and cutput and the statistical analysis of the output data
are performed in the main program. Calls to subroutines RNGEN, PARACORR, and
SURTRAN are made from the main program.

RNGEN. Values of the specified number of Monte Carlo simulation parameters are
generated in RNGEN. For the input distribution parameters (i.e., mean and standard
deviation) and the specified probability distribution, RNGEN generates a random
variable. The probability distributions presently supported are normal, log normal, and
uniform distributions. RNGEN calls for the random number generator RANDOM
before the selected probability distribution subroutine is called.

SURTRAN. This is the main computational subroutine where surface water and
groundvvater fate and transport analysis is carried out. A flowchart of SURTRAN is
shown in Fig. 5.8. Routines are provided for calibration and no calibration options.
The subroutines CALF2 and HUNGVH are called form SURTRAN.

DISTRIBUTE. The distribution of the output values, the mean, and the 95th percentile
upper limit of the mean are determined in this subroutine.

AVEVAR. This subroutine computes the mean and standard deviation of the output
values.

CALF2. This subroutine determines the f, parameters for a number of storms in a year.
Input to the subroutine includes storm volumes and average contaminant concentrations
for the storms.

FIT. This subroutine fits a function to the calibration storm values and the
corresponding average contaminant concentrations.

HUNGVH. The transport in the vadose and saturated zones is performed in this
subroutine. Travel times and contaminant concentration at the receptor point in the
groundwater are computed.

HUNG FUNCTION. The dispersion correction factor Z is computed by this function,
which is called by the HUNGVH subroutine.

RANDOM. This subroutine generates a random number between 0 and 1. A seed
number (i.e., 19118) is entered to initiate the random number generator.

UNIFORM. This subroutine generates a uniformly distributed random number for a
given set of minimum and maximum values.

NORMAL. This subroutine generates a normally distributed random number using the
input mean and standard deviation.
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LOGNORMAL. This subroutine generates a log normally distributed variate.
5.3.1.6 Model input parameters and output

The model input parameters are listed in Table 5.1 in the order of their appearance in
the computer input file. A list of the Monte Carlo parameters is given in Table 5.2. The
model output consisted of an echo of the input parameters and the time series of contaminant
inventory and surface runoff and groundwater fluxes and/or concentrations. The time series
values are given in terms of annual mean and 95th percentile of the mean.

5.3.2 Model Application
5.3.2.1 Input data and parameters

Storm runoff. The model input data included the storm runoff volumes for 1984 (a
representative year, as demonstrated in Appendix 5A) and the storm runoff volumes and
associated average radionuclide concentrations for the storms sampled in WAG 6 during
April-May 1990. The 1984 storm runoff data, which were generated using a water balance
model, are given in Appendix SA. The storm runoff and radionuclide concentration data
from 1990 sampling are given in Appendix 5B.

Waste inventory and groundwater data. The inventory of radionuclides for each of
the 26 modeling areas is shown in Table 5.3. Time-averaged contaminant concentrations in
the wells were used as input to the transport mode!. Groundwater sampling at various wells
was conducted between 1988 and 1990 by ORNL and RFI personnel. Initially, the
800-series wells were sampled quarterly; later, some wells were sampled only semi-annually.
The 1200-series wells were sampled by RFI personnel. Sampling events and concentration
data are presented in Table 5.4.

Model input parameters. Model input parameters are listed in Tables 5.5 and 5.6.
The determination of the average values and distribution of the model input parameters are
described below.

TAREA. TAREA was the cross-sectional area of a waste source. Since each of the
subareas in WAG 6 (A through Z) was a cluster of trenches/auger holes representing one
source, TAREA was the effective area encompassing any such cluster of trenches/auger
holes.

H. The average trench depth (H) was assumed to be 15 ft. Trenches were backfilled
to above the water table wherever necessary; therefore, the depth of these trenches was less
than 15 ft. The nominal depth of the auger holes is 20 ft. However, after backfilling, the
actual depth ranges from 15 to 20 ft (Boegly 1984).
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FINT. FINT was the initial value of the fraction (f;) of the buried waste that was
exposed to percolating water in the trench. For areas that included sampling wells, FINT
was a calibration parameter. These values of FINT were used for other areas where no
calibration wells existed, based on the similarity of trench or auger hole characteristics.
FINT was assumed to be constant for a period of 30 years from the date of emplacement of
the waste; thereafter, the integrity of the container was assumed to be breached.

Uncertainty was introduced by predicting the future corrosion rates of the containers and
using estimated values of FINT for areas with no sampling wells. The sensitivity of the
model to the value of FINT was also high; therefore, FINT was an important model
parameter.

FFIN. FFIN was the final value of f, (the leaching fraciion). The value of f; was
assumed to increase linearly to FFIN at year 160. The value of FFIN is 0.1. The
uncertainty in FFIN and its variation in time were important because the leaching fraction
was a sensitive parameter; however, the effect of variation in FFIN was reduced significantly
when the inventory was rapidly depleted by a high rate of decay.

ATREN. ATREN was the total inventory for individual radionuclides or chemicals in
each waste area. The accuracy of inventory records prior to 1986 is poor. In some cases,
radioactive decay prior to actual waste disposal has not been accounted for. Many curies of
unidentified inventory have been logged. Some of the records could be in error by as much
as an order of magnitude.

Inventory records include no contaminant entry for several trenches and auger holes.
In such cases, an average value was determined from the inventory of similar trenches (high-
level or low-level) or auger holes in other areas and was assigned to areas that lacked
disposal records. Since 1986, waste disposal records have been well maintained. The
radionuclide inventories (as recorded), for the modeling areas are given in Table 5.3.

DECAY. Natural radioactive decay is a constant for each radioactive isotope, a function
of its half-life. Half lives for the radionuclides modeled are listed in Table 5.7.

XKDV, XKDH. Parameters XKDV and XKDH were the effective distribution
coefficients for the contaminants in the unsaturated and saturated zones, respectively, and
their calibrated values were equal. These parameters represented cationic retardation of the
radioactive isotopes in the aquifer and were referred to collectively as the calibration
parameter f;.

Several values for retardation coefficients for radionuclides are available in the literature.
These values differ widely based on soil chemistry and soil type. The distribution
coefficients (K,) in the ETF studies documented by Davis et al. (1984) were determined from
laboratory batch studies. Because these values are too large to explain the actual contaminant
travel times in the field, estimation of this parameter in situ was necessary. The calibrated
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value of f3, which is much lower, thus represents an effective K4. The values are listed in
Tables 5.8 through 5.16.

There are several reasons why distribution coefficients reported from laboratory studies
(Davis et al. 1984) were higher than the actual site-specific effective K, values determined
here. First, organics and solvents present in the field can complex with metals such as
cobalt, strontium, and uranium, resulting in their mobilization. Second, the laboratory batch
experiments provide suitable conditions for equilibrium to occur (e.g., mixing), while
equilibrium may not be achieved in the field. Third, the rocks used for the batch studies
were pulverized, thus increasing the level of intermedia contact, Finally, the large number
of fractures allows contaminants to escape adsorption/retardation. For areas with no
sampling wells, a representative value was selected from the calibrated distribution
coefficients.

XKDT. XKDT was the distribution coefficient for contaminants in the trenches. A
nominal value was chosen from the ETF studies or other reports in the literature. This
parameter affected the leaching fraction via the source, and was effectively incorporated in
the parameter FINT. Since FINT was calibrated using actual data, the precise value of
XKDT was not critical for modeling purposes.

RPERC. RPERC was the annual groundwater recharge through the trench bottom, for
which no estimates were available. A recharge value of 1.22 in./yr = 0.031 m was
previously estimated for ORNL basins (Moore 1989a). In the water balance study performed
in Appendix 5A using the CREAMS (chemicals, runoff, and erosion from agricultural
management system) model, a value of 0.19 m/year was determined for WAG 6.

DVERT. DVERT was the vertical distance from the bottom of the trench or auger hole
to the water table. This constituted the unsaturated zone or the vadose zone. In areas where
the trenches were submerged, the vertical distance was assumed to be zero. Due to variation
of trench depths and seasonal fluctuations in the water table, there was some uncertainty in
the value of DVERT. Table 5.6 lists the estimated values of DVERT for all areas.

DHORZ. DHORZ was the horizontal distance between the centroid of a waste area and
a receptor point (usually a well). This distance was considered to be the average distance
to the receptor point. The difference in horizontal distance between the nearest and farthest
trenches is 20 to 40 m.

EPORA, EPORYV, The parameters EPORA and EPORV were the effective porosities
in the saturated aquifer and the vadose zone above the water table, respectively, EPORYV had
an estimated average value of 0.0042, with a range of 0.0025 to 0.006 (Moore 1989a).
EPORA values in the aquifer (up to 30 m) ranged from 0.001 to 0.002. ETF studies (Davis
et al. 1984) showed an effective aquifer porosity of 0.03. An average value of 0.02 and a
range of 0.004 to 0.04 were used for modeling purposes for both EPORV and EPORA.
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PORT. PORT was the total porosity of the trench soil. It was assumed to be 0.5,
which is representative of a silty clay soil.

PORYV, PORA. PORYV was the porosity in the vadose zone below the trench bottom,
while PORA was the porosity of the saturated aquifer. The porosity varied based on rock
material. Moore (1989) estiinated a povosity of 0.1 to 0.15 for regolith, 103 to 0.1 for
saprolite, and 10~ to 103 for bedrock. A mean value of 0.1 was chosen for both PORV and
PORA.

SSAT. SSAT was the degree of saturation of the vadose zone. The degree of saturation
was calculated using the following equation (Clapp and Hornberger 1978):

where

volumetric water content in the unsaturated zone,
volumetric water content of soil under saturated conditions,
percolation rate, m/d,

saturated hydraulic conductivity, m/d,

soil-specific exponential parameter.

> D
nmnwnn

o R0

The value for b obtained from the EPA Superfund Exposure Assessment Manual (EPA
1989¢), for silt clay was 10.4. Using a K, of 0.0216 m/day (Rawls 1986) and a percolation
rate of 0.19m/year, the degree of saturation was computed to be 0.855.

The value of SSAT would actually have been lower below the soil zone at the trench
bottom where the contaminant transport was being modeled. The lower limit of SSAT was
taken as the field capacity for silty clay soil, which is prevalent in WAG 6, was estimated
to be 0.39 (Rawls 1986). An average representative value of 0.5 was chosen for SSAT.

BDENS. BDENS was the bulk density of the soil matrix and the aquifer material. The
ETF stwdies (Davis et al. 1984) gave an average value of 1340 kg/m? in the 0- to 2-m depth.
In Sect. 3 of this report, the bulk density of the saprolite is given as 1590 kg/m?, and that
of the bedrock is given as 2630 kg/m®. Because most of the flow (and, therefore, most of
the transport) occurs through the weathered zone or fractured bedrock layers, a value of
1300 kg/m?3 for BDENS was considered reasonable for the transport modeling.

AQTHK. AQTHK was the thickness of the shallow aquifer. In the Rome, Conasauga,
and Chickamauga Groups, the shallow aquifer thickness is about 30 m (Moore 1989a).
Groundwater flow at WAG 6 is local and occurs predominantly in the shallow aquifer to a
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depth of about 30 m. However, the water-bearing interval through which most of the flow
occurs is about 15 ft. Also, because the extent of vertical dispersion of the contaminants is
much less than the depth of the aquifer, a lower value for AQTHK (ranging from 4.6 to
6.9 m) was chosen for modeling purposes, as shown in Table 5.5.

For the purpose of modeling, appropriate velocities for subareas were
obtained—depending on whether the effective flow was in the regolith or bedrock
aquifer—from the velocities given in Sect. 3 of this report. Since the velocities in Sect. 3
were calculated for high water table conditions, they represent the upper end of the range of
velocities predicted for WAG 6. A lower value, 50% of these velocities, was used in
transport modeling.

ADISP. ADISP was the effective angle of dispersion, assumed to be 0.3.

IYRC. IYRC was the age of the inventory to year 1989, when the groundwater samples
were taken. Most waste areas were active for 3 to 6 years. The midpoint between the
beginning and end of waste deposition in an area was used as a representative year for all
the waste deposition.

SCONC. This was a measured concentration at the well/reception point. Average
values of the concentrations from sampling events were used for calibration of the model
parameters.

BAREA, WAREA. BAREA was the portion of the basin that contained the waste area.
WAREA was the area of the watershed that contains BAREA and where storm runoff was
sampled.

TINT. The start year for container degradation was assumed to be 30 years from the
date of emplacement of the waste. *

TFIN. The final year for which the model is run was 160 years.
5.3.2.2 Model calibration, results, and analysis

As described in Sect. 5.3.1 the model parameters f;, f,, and f; were calibrated using
sampling data for groundwater concentration, travel time, and surface runoff concentration.
Since the transport equations governing the surface and groundwater contaminant fluxes were
coupled, an iterative approach was undertaken to calibrate these three parameters,

The parameter f, (leaching fraction) was the fraction of the waste in the disposal unit
that was exposed to soil moisture. This leaching fraction directly influenced the groundwater
concentration. The f; value was assumed to be constant for the first 30 years, after which
the integrity of the container would be lost. f; was calibrated by matching the concentration
predicted by the model with the actual measured data. After the first 30-year period, the
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factor f; increased at a steady rate to 0.1 at the end of 160 years. By this time, most of the
contaminant would have been depleted in the disposal units, This predicted temporal
variation of leaching (degradation rate) was impossible to verify and therefore introduced a
measure of uncertainty.

The parameter f, actually depended on the functional form of the relation

f, = f(V,),
where
f, = the ratio of the fraction of surface flux per storm to the exposed trench
inventory,
V, = the runoff in inches.

First, the functional form of the data for runoff concentration versus V, was empirically
determined. The model allowed three options for the type of curve used to empirically fit
the concentration vs V_ data. The first option assumed a constant value of f, for all runoff
values. The second option assumed a linear relationship, with concentration increasing
linearly with runoff. The third option assumed an exponential relationship between f, and

" ®

In most cases, either an exponential or a uniform functional relationship was found
reasonable. The former was based upon the rationale that the greater the runoff, the greater
the amount of immobile particulate contaminants flushed out. However, in many cases the
data were quite random and an average uniform concentration, regardless of runoff value,
was appropriate.

The value of f; represented an effective K (distribution coefficient). It was, therefore,
a measure of contaminant retardation in groundwater transport. The factor f, was related to
the distribution coefficient. However, it differed greatly in magnitude from the values of K
measured in the laboratory. The calibrated value of f; was used in the model, and resulted
in conservative estimates of retardation.

The calibration of f; was based on the contaminant travel time. It was assumed that a
contaminant first reached the sampling well when it was observed. However, the
contaminant breakthrough at the well most likely occurred before the first sampling activity
was implemented. Thus, considerable uncertainty may be involved and the effective K4 may
be much lower.

5.3.2.3 Results and analysis

The calibrated model was used to predict concentrations of radionuclides in the .
groundwater and surface runoff for each modeled area. The model output for each of the .
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26 areas included: (1) predicted time-series of concentrations in the calibration well or at a
downgradient receptor point; (2) predicted time-series of radionuclide inventory remaining
in the source area; and (3) predicted time-series of radionuclide flux in surface runoff from
the area. To illustrate typical results, the time-series plots for cobalt-60, cesium-137,
europium-152, tritium, and strontium-9) for Areas A, B, C, D, and Y are shown in
Figs. 5.9 through 5.33. All model output values presented correspond to the 95th percentile
upper limit of the mean. As shown in Fig. 5.9, initially the concentrations in well water and
surface water decreases with time due to decay and source inventory depletion. The
subsequent increase in concentrations is caused by a total breakdown of all containers and
full exposure of ‘vaste to trench waters, assumed to occur at the end of 30 years. The effect
of total breakdown of containers was simulated by increasing the calibrated value of the
leaching fraction to its maximum theoretical value at the end of 160 years.

The predicted concentrations for the first year in which the radionuclide is seen in the
well (breakthrough year), the predicted peak value, and the year of occurrence are
summarized in Tables 5.8 and 5.10 through 5.16 for all modeled areas. In the case of
tritium (Table 5.9), the concentrations in 1989 are shown instead of breakthrough
concentrations, because most of the breakthroughs occurred before 1989, The tables also
show the initial inventory of the radionuclides in each area. Table 5.17 is a summary of the
predicted inventories in the year 2020 and 2120 and the time to complete depletion.

The following paragraphs summarize the analysis of modeling results for groundwater
contaminant concentrations for each of the modeled areas. All concentrations are reported
as the upper 95 percentile limit of the mean.

Area A. The wastes were stored in a mixture of lined and unlined auger holes between
1974 to 1981. Table 5.3 gives the inventory of important radionuclides. There are large
quantities of europium-152 (4176 Ci), europium-154 (1558 Ci), cobalt-60 (3357 Ci), and
cesium-137 (1646 Ci).

The downgradient sampling well for Area A was Well 1242, The contaminant plume
extended southeastward, not quite reaching Well 1242. Concentrations in this well were,
therefore, much lower than those seen in Well 842, which monitors a similar area (Area B).
The well was screened in the depth range of 12 to 25 ft and straddles the water table.
Groundwater concentrations are given in Tables 5.8 to 5.13. The value was highest for
tritium (316,000 pCi/L), and europium was not projected to show up until the year 1998,
Peak concentrations of europium-152 (32.4 pCi/L) and europium-154 (2.2 pCi/L) were
predicted for around the year 2030 because the aluminum cladding would prevent leaching
of europium for the first 10 to 20 years. Europium has relatively reduced mobility because
it does not complex with the organic solvents.

Area B. This area, adjacent to Area A, contains high-level auger holes and solvent
wastes. The waste inventory includes low levels of tritium (32.8 Ci) and high levels of
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cobalt-60 (1305 Ci), strontium-20 (284 Ci), and cesium-137 (771 Ci) and europium-152
(16,270 Ci) and europium-154 (22,305 Ci). Area B was active from 1973 to 1983.

Well 842 monitors the shallow aquifer downgradient from Area B. The concentration
in groundwater of tritium (656,000 pCi/L) at the well was high. There were also high
concentrations of cobalt-60 (1030 pCi/L), moderate levels of cesium-137 (12.4 pCi/L), and
low levels of strontium-90 (4.3 pCi/L). Peak concentrations of europium-152 and
europium-154 w e predicted to ocsur in the year 2030.

The high cobalt-60 concentrations may indicate that the distribution coefficient for
cobalt-60 was lowered by complexation with organic solvents. The relatively lcw value for
cesium-137 was due to itt high retardation. The concentration of strontium-90 was predicted
to reach a peak value of 418 pCi/L in 2052.

Area C. This area is located at the northern end of WAG 6. The wastes stored in
Area C include large amounts of tritium (1071 Ci) and strontium-90 (105 Ci) and moderate
quantities of cobalt-60 (15.2 Ci) and cesium-137 (34.1 Ci). There is also a small amount of
uranium-233 (4.8 Ci). Waste was deposited in Area C from 1976 to 1978.

The general direction of the plume was southwest. The sampling Well 1225 was near
(35 m from) the center of the area and monitored the plume. Significant quantities of all
radionuclides were observed at the well. High levels of tritium (2.8 pCi/L) in the well were
due to the large inventory of tritium. Extremely high levels of strontium-90 (5640 pCi/L)
were also seen.

Area D. This area is adjacent to Area C. Waste was deposited in trenches in this area
from 1978 to 1985. The initial inventory of cobalt-60 was high (3521 Ci). Moderate
quantities of strontium-90 (68 Ci) and cesium-137 (53.3 Ci) were placed. The inventory of
tritium was low (13.3 Ci). In addition, a small quantity of uranium-233 (2.8 Ci) was placed
in Area D trenches. This area was open for waste deposition between 1978 and 1985.

The lume traveled southwestward toward the FB stream. There were no sampling wells
downgradient of this area. The groundwater receptor point 50 m from the area showed low
levels of cobalt-60, strontium-90, cesium-137 and uranium-233 because of low groundwater
velocities. Cobalt-60, sirontium-90, and cesium-137 did not reach the receptor point until
the year 2024, 2055, 2126, respectively. However, large concentrations of tritium
(1.04 pCi/L) were found.

Area E. AreaE is located close to the northern boundary of WAG 6. The water table
is about 4.6 m below the trench bottom. The area has relatively low quantities of
radionuclides; its inventory includes 16.2 Ci of cobalt-60, 50.4 Ci of tritium, 3.2 Ci of
strontium-90, 12.5 Ci of cesium-137, 4.6 Ci of uranium-233, and 7.7 Ci of uranium-238.
Area E was active between 1972 and 1973.
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The groundwater contaminant plume moved eastwardly toward the EWB. Well 867,
located within 9 m of this area, contained low levels of cobalt-60 (9.6 pCi/L), s:rontium-90
(4.3 pCi/L) and cesium-137 (5.2 pCi/L). The strontium-90 concentration was predicted to
peak at 17.2 pCi/L in the year 2049. Uranium-233 (7.3 pCi/L) and uranium-238 (19 pCi/L)
were predicted to reach the well in the year 2038. Peak concentrations of 149 nCi/L for
" uranium-233 and 400 pCi/L for uranium-238 were predicted for the year 2197.

Area F. Area F, located at the northern end of WAG 6, close to the EWB, exhibited
relatively small amounts of cobalt-60 and uranium-233 and moderate amounts of tritium,
strontiu:n-90, and cesium-137. T.e inventory of the major radionuclides consisted of 14.5 Ci
of cobalt-60, 45.5 Ci of tritium, 93.3 Ci of strontium-90, 47.1 Ci of cesium-137, and 4.1 Ci
of uranium-233. ..~ area was active from 1972 to 1976.

Well 1241 is 65 m from the area. The contaminant plume migrated north toward the
EWB. Groundwater concentrations at Well 1241 incluccd low levels of cobalt-60
(7.4 pCi/L), strontium-90 (8.02 pCi/L), and cesium-137 (20 pCi/L). The concentration of
tritium was also relatively low (4700 pCi/L). The peak concentration of tritium
(35,000 pCi/L) was predicted to occur in the year 2009, with strontium-90 peaking at
268 pCi/L in the year 2032, Uranium-233 was projected to reach the well in the year 2217
(2.5 pCi/L). The uranium-233 concentration was predicted to increase to 60.6 pCi/L 1n the
year 2376, the final year of simulation.

Area G. Area G, adjacent to Area F, contained a few high-level trenches. The waste
inventory consisted of moderate quantities of tritium (13 Ci), cobalt-60 (4.13 Ci),
strontium-90 (26.7 Ci), cesium-137 (13.5 Ci), and uranium-233 (1.2 Ci). Area G was active
during 1975. :

Sampling Well 843 is about 55 m east of the area. The direction of the hydraulic
gradient of the underlying aquifer is toward the east. Groundwater well concentrations at
Well 843 included high levels of cobalt-60 (105 pCi/L) and tritium (1.39 pCi/L). The

trenches in Area G are relatively old, with breached containers. Also, retardation of

cobalt-60 was high, possibly because of organic complexation. Only small amounts of
strontium-90 and cesium-137 were present. The peak concentration of strontium-90
(496 pCi/L) was predicted to reach the well in the yea: 2053; uranium-233 was not expected
to reach the well for a long time.

Area H. Area H, situated in the north-central part of WAG 6, contains auger holes and
high-level silos. It had high inventories of cobalt-60 (82.2 Ci), strontium-90 (45 Ci), and
cesium-137 (106 Ci). The quantity of tritium stored was relatively low (10 Ci). The waste
was deposited between 1986 and 1990.

The plume has traveled west toward Stream FB. There is no sampling well to monitor

the groundwater system. The results of modeling showed that mest of the radionuclides had
not reached the groundwater S0 m from the source. Only tritium was transported to that
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point and was present at a concentration of 843,000 pCi/L. Cobalt-60 and strontium-90 were
predicted to reach a receptor point 50 m from the source in the year 1998. Cesium-137 was
expected to reach the receptor point even later, in the year 2080, and was present at a very
low concentration. Because this waste area is relatively new, cobalt-60 and most other
radionuclides have not yet reached the well.

Area I. Area I is situated in the upper-central region of WAG 6. The inventory
includes very small quantities of cobalt-60 and tritium, as well as strontium-90 (20.4 Ci) and
cesium-137 (10.4 Ci). The area was active from 1986 to 1990.

There was no sampling well hydraulically downgradient of this area. The direction of
the plume was southwest toward Stream FB. The concentration of tritium in the groundwater
was predicted to be high (542,000 pCi/L) at a receptor point 50 m from the area in the year
1990, although very little tritium was deposited in the source area. This was because the
trenches were relatively new, ard the tritium source had undergone little depletion. Low
levels of cobalt-60 were expectr.d to reach the receptor point in the year 1999. Strontium-90
was predicted to reach the receptor point in the year 2013 at a concentration of 561 pCi/L.
Low levels of cesium-137 were predicted to reach the receptor point in the year 2359.

Area J. Area], situated in the north-central region of WAG 6, contains a large number
of fissile waste auger holes and a few solvent waste auger holes. This area was active from
1986 to 1988 and had large inventories of cobalt-60 (250 Ci) and cesium-137 (702 Ci), a
moderate amount of strontium-90 (43.7 Ci), and a small amount of tritium (5 Ci).

There was no sampling well to collect groundwater concentration data. The contaminant
plume moved southeast toward Stream DB. Groundwater concentrations were modeled at
a receptor point 50 m from the area. Cobalt-60 and strontium-90 were both predicted to
reach this point in the year 1990 with concentrations of 96.6 pCi/L and 53.6 pCi/L,
respectively. Strontium-90 was expected to reach a peak in the year 2049 at 130 pCi/L.
Cesium-137, with low concentrations because of retardation, was predicted to reach this point
in the year 2016. Tritium also showed low concentrations in the groundwater.

Area K. Area K, situated in the north-central region of WAG 6, had only a few auger
holes. The area was active in the year 1981 and received a large deposition of europium-152
(26,801 Ci) and europium-154 (48,701 Ci). The radionuclide inventory also included
cobalt-60 (20.9 Ci), strontium-90 (6.8 Ci), and cesium-137 (18.8 Ci). The quantity of
tritium was very low.

There was no downgradient sampling well to monitor groundwater concentrations. The
contaminant plume moved south toward Stream DB. The modeling results for a receptor
point 50 m from that source showed the presence of cobalt-60 at a concentration of
7.56 pCi/L, strontium-90 at a concentration of 13.7 pCi/L, and very low levels of tritium and
cesium-137. Europium-152 and europium-154 were predicted to reach the receptor point in
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the years 2010 and 1996 at concentrations of 0.17 pCi/L and 48.8 pCi/L, respectively.
Europium has a higher retardation because it does not complex with organic solvents.

Area L. Area L, situated in the central region of WAG 6, had a radionuclide inventory
that included cobalt-60 (7.2 Ci), tritium (2488 Ci), strontium-90 (38 Ci), cesium-137
(159 Ci), uranium-233 (101 Ci), and uranium-238 (1.72 Ci). This area was active from 1979
to 1984, Sampling Well 848 is 44 m downgradient from this area.

The contaminant plume moved southwest to the Fiench Drain. A portion of the plume
moved southeast to Stream DB. The concentration of strontium in the well was 59 pCi/L.
Concentrations of cobalt-60 and cesium-137 were low because cobalt-60 had a low inventory
and cesium-137 has high retardation. High levels of tritium were present (7 uCi/L).
Uranium-233 and uranium-238 were predicted to reach the well in the year 2025. The
concentration of uranium-233 was predicted to be 19.7 pCi/L; very little uranium- 238 would
be present.

Area M. Area M, located in the central region of WAG 6, was active between 1973
and 1976. The inventory of major radionuclides comprised 198 Ci of cobalt-60, 617 Ci of
tritium, 39 Ci of strontium-90, 152 Ci of cesium-137, and 56 Ci of uranium- 233 A small
amount of thorium-232 (1.13 Ci) was also present.

Sampling Well 849, located about 58 m from the centroid of the area, monitored the
contaminant plume from Area M. The contaminant plume migrated predominantly southwest
toward Stream FB. A portion of the plume was intercepted by the French Drain. The
observed concentration of cesium-137 was 11.5 pCi/L. The tritium level was quite high
3.4 uCi/L. Cobalt-60 and strontium-90 were present at low levels, and the concentration of
thorium-232 was very low. Uranium-233 was predicted to reach the well in the year 2150
with a concentration of 27 pCi/L. The level of uranium-233 was predicted to increase over
the years as the leaching rate increases (and decay is negligible).

Area N. Area N, situated in the western region of WAG 6, included low-level and
asbestos trenches. The waste inventory consisted of large amounts of tritium (452 Ci) and
cobalt-60 (645 Ci) and lesser amounts of strontium-90 (25 Ci), cesium-137 (35.4 Ci),
uranium-233 (25 Ci), uranium-238 (16.3 Ci), and thorium-232 (16.2 Ci). This area was
active between 1976 and 1979,

Sampling Well 853, about 56 m south of the centroid of Area N, missed the thickest
portion of the contaminant plume that migrated southeast to drainage FB. Therefore,
concentrations of all radionuclides present at the well were low. Uranium-233 and
uranium-238 were predicted to reach the well in the year 2057. The concentration of
uranium was expected to increase due to the increasing leaching rate and the lack of
significant decay.
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Area O. Area O, situated in the western region of WAG 6, was open between 1977 and
1978 and contains low-level trenches. The inventory contained significant amounts of tritium
(284 Ci), cobalt-60 (391 Ci), strontium-90 (19.1 Ci), cesium-137 (115 Ci), and small
quantities of thorium-232 (1 Ci) and uranium-238 (1.12 Ci). Sampling Well 854, about 54 m
from the center of Area O, had low concentrations of radionuclides except for tritium
(292,000 pCi/L). The well missed most of the plume tecause of its location near the
groundwater divide at the southern tip of Area O.

Area P. Area P, in the eastern region of WAG 6, was active from 1986 to 1990 and
included high-level auger holes. The inventory contained large amounts of cobalt-60
(21,064 Ci), tritinm (2700 Ci), strontium-90 (129 Ci), cesium-137 (5822 Ci), europium-152
(250,865 Ci), europium-154 (187,368 Ci), and thorium-232 (6003 Ci). The area was
monitored by two sampling wells, Well 845 (southwest) and Well 1243 (east). Since the
predominant direction of groundwater flow was to the east, Well 1243 was more
representative. High levels of cobalt-60 (8210 pCi/L), tritium (1.8 uCi/L), and cesium-137
(37 pCi/L) were present in groundwater samples from Well 1243. These concentrations
reflected the high activity in the auger holes. Organic solvents were present in the solvent
auger holes, and formation of complexes with organics increased the mobility of cobalt-60.
Because most of the high-activity auger holes were lined, leaching was initially reduced,
preventing the groundwater concentrations from reaching even higher levels.

Europium was predicted to reach the well in the year 2005, with the europium-152
concentration at 163 pCi/L and the europium-154 concentration at 321 pCi/L. Europium-152
was predicted to peak at 850 pCi/L in 2040, and europium-154 to peak at 584 pCi/L in 2036.
Thorium-232 was not expected to reach the well for many years because of its relatively high
distribution coefficient and consequent high retardation.

Area Q. Area Q, situated in the eastern region of WAG 6 just south of Area P, was
cipped. It comprises trenches and a few auger holes. The inventory consisted of small
amounts of tritium (6.2 Ci) and large quantities of cobalt-60 (377 Ci), strontium-90 (50 Ci),
and cesium-137 (265 Ci). Area Q was active between 1973 and 1974. The contaminant
plume migrated east and was intercepted by sampling Well 840 to the east of the area.

The well concentration for tritium was 23,000 pCi/L. Other radionuclides present
included cobalt-60 (34.6 pCi/L), strontium-90 (9.3 pCi/L), and cesium-137 (2.3 pCi/L). The
tritium concentration was predicted to peak at 1.6 uCi/L in the year 2024,

Area R. Area R, located in the eastern region of WAG 6 near Area Q, includes a few
trenches and auger holes. The waste inventory included large quantities of cobalt-60
(1001 Ci) and smaller quantities of tritium (19 Ci), strontium-90 (21 Ci), and cesium-137
(41 Ci). Area R was active from 1979 to 1986.

There was no sampling well monitoring the Area R contaminant plume, which flowed
southeast. Radionuclides present at a receptor point 50 m downgradient from the area



5-27

included cobalt-60 (82 pCi/L), tritium (49,500 pCi/L), and strontium-90 (22.8 pCi/L). The
concentration breakthrough curve for cesium-137 showed it reaching the receptor point in the
year 2025. _

Area S. Area S, located in the western region of WAG 6, contains biological trenches.
The inventory showed very low levels of radionuclides. Only tritium was deposited in a
significant amount (30 Ci). Area S was open to waste deposition from 1989 to 1990.
Sampling Well 851, located about 36 m southeast of Area S, showed relatively low levels
of tritium (58,000 pCi/L) and insignificant concentrations of other radionuclides due to the
small quantities of their sources in the trenches. The contaminant plume migrated southeast,
and the groundwater velocity was low. -

Area T. Area T, located in the western region of WAG 6 adjacent to Area S, includes
biological trenches. It had an inventory of 34.5 Ci of tritium and very low quantities of
other radionuclides. Area T was open to waste deposition between 1977 and 1979.
Sampling Well 852, located 50 m south of this area, was in the contaminant flow path. The
contaminant plume migrated south-southwest, and the groundwater velocity was low. The
concentration of tritium in the well was 97,000 pCi/L. Other radionuclides were not present
at significant levels.

Area U. Area U, located in the central region of WAG 6, includes mostly biological
trenches. The inventory consisted of small amounts of radionuclides, with only tritium
(61.6 Ci) present in significant amounts. This area was open between 1979 and 1981.
Sampling Well 850, located about 48 m south of the area, monitored the contaminant plume
extending from southeast (toward Stream DB) to south (toward Stream DA).

The concentration of tritium in the well was 63,000 pCi/L. The concentrations of other
radionuclides were close to background levels and may have represented contributions of the
Area L plume, which was directly upgradient.

Area V. Area V, located near the southeastern boundary of WAG 6, is a small area that
included low-level trenches. The inventory for tritium was 50.4 Ci. There were small
quantities of cobalt-60 (16.2 Ci), strontium-90 (3.2 Ci), cesium-137 (12.5 Ci), uranium-233
(4.6 Ci), and uranium-238 (7.7 Ci). This area was an active storage site from 1978 to 1979.
The contaminant plume traveled southeast to Stream DB.

Well 838, which is 55 m from Area V, was a sampling well for this area. Well 838 was
on a groundwater divide and did not intercept the main portion of the plume. The
concentration of tritium in the well was 17,900 pCi/L. Low levels of other radionuclides
were also present. Both uranium isotopes were predicted to reach the well in the year 2064,

‘Area W. Area W, situated near the southeastern boundary of WAG 6, contains asbestos
trenches. The area was active between 1979 and 1985, The inventory of radionuclides was
very small. There was no sampling well monitoring the plume, which extended from
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southeast (traveling toward the WAG boundary) to south (traveling toward Stream FB).
Modeling results for a receptor point 50 m from the source area showed a low concentration
of tritium (169,000 pCi/L).

Area X, Area X, at the southern end of WAG 6, includes animal trenches; it was active
from 1972 to 1988. There was a significant inventory of cobalt-60 (25.7 Ci) and tritium
(177 Ci). The other radionuclides were present in small quantities. The contaminant plume
traveled toward WOL, and was monitored by Well 835.

The concentration of most radionuclides was low. Strontium-90 was predicted to exhibit
a peak concentration of 41 pCi/L in the year 2049, and tritium was shown to be present at
a concentration of 45,000 pCi/L.

Area Y. Area Y, near the southern boundary of WAG 6, comprises low-level trenches.
It was active from 1984 to 1986. The trench inventory included large quantities of tritium
(805 Ci) and cobalt-60 (6436 Ci). Moderate quantities of strontium-90 (34.4 Ci), cesium-137
(40.6 Ci), uranium-233 (124.7 Ci), and uranium-238 (209 Ci) are also present. The
contaminant plume traveled toward WOL. Sampling Well 837, which is 58 m south of the
area, monitored the contaminant plume.

The concentrations of all radionuclides in the well were relatively low. The
concentration of cobalt-60 was predicted to peak at 60 pCi/L in the year 2024. The trenches
in Area Y were, on the average, 3.0 m above the water table. The groundwater aquifer may
possibly have been influenced by intrusion of water from WOL, thereby diluting the
contaminant plume and also increasing adsorption (retardation) of radionuclides.

Uranium isotopes were predicted to reach the well in the year 2091. The concentration
of uranium-233 was predicted to be 28.9 pCi/L, and that of uranium-238 to be 84 pCi/L.
The uranium concentrations were expected to continue increasing with time due to their very
long half-lives.

Area Z. Area Z, located in the southern region of WAG 6, just east of Area Y,
contains low-level trenches and was active between 1986 and 1990. The inventory of
radionuclide waste consisted of tritium (9.5 Ci), strontium-90 (10.6 Ci), cesium-137
(20.2 Ci), and small amounts of other radionuclides. There were no sampling wells
downgradient from this area.

At a receptor point 50 m away, the concentration of tritium was 477,000 pCi/L. The
concentration of strontium-90 was predicted to be 62 pCi/L in the year 2049. The other
radionuclides were present at low levels,

Tumulus I. Tumulus I was the only aboveground unit simulated. This disposal unit,
located in the south-central region of WAG 6, received waste stored in casks from 1986 to
1990. Small quantities of radionuclides were stored in the tumulus. Only cobalt-60
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(10.4 Ci), tritium (2.7 Ci), strontium-90 (12.0 Ci), and cesium-137 (14.3 Ci) were present
in significant quantities. The groundwater moved in a predominantly southwesterly direction
toward Stream FB. There were six monitoring wells around Tumulus .

Model calculations were made to determine the concentration at a receptor well 50 m
downstream from the disposal unit. Since the unit’s concrete lining was assumed to hold for
100 years, no significant concentrations were predicted to be observed at the receptor point
for some time. Only small amounts of tritium were expected to reach the groundwater via
diffusion through the concrete. Strontium-90, which has a longer half-life and higher
retardation factor than tritium, was predicted to peak at 13.1 pCi/L in the year 2125 at the
receptor point. Most of the other radionuclides were not expected to be present at significant
concentrations at any time,

5.3.3 Stream Flow Radionuclide Concentrations and Boundary Flux

Radionuclide concentrations in the streams and the flux of each of the isotopes across
the WAG 6 boundary were required for the off-WAG 6 risk assessment. The contaminants
can leave the site in either surface water or groundwater. The flux in surface water could
leave the site either in the streams draining the site or in overland flow. The groundwater
flux could be intercepted by either the streami on the east side of WAG 6 or by WOL.

In the model, the flux in the surface water received contributions from two different
pathways. The pathway was surface runoff, which consisted of overland flow, saturated
overland flow, and subsurface storm flow. (The fluxes in the surface runoff are shown in
the model output.) The second pathway was base flow, which results from the groundwater
discharge.

The surface runoff fluxes were routed down to the stream. The flux due to base flow
was determined by finding a point at which groundwater would intercept the stream. Not
all of the groundwater will enter the stream as base flow; therefore, the groundwater flux was
proportioned by the ratio of base flow to total percolation to derive the flux in the base flow.
The rest of the flux will be transported in groundwater.

The radionuclide concentrations along the streams are listed in Tables 5.18 through 5.26.
The predicted peak annual fluxes and the years of their occurrence are presented in
Table 5.27. Plots of the time-series of radionuclide fluxes in surface water across the WAG
boundary are shown in Figs. 5.34 through 5.42. Nine radionuclides were included:
cobalt-60, cesium-137, tritium, strontium-90, europium-152, europium-154, thorium-232,
uranium-233, and uranium-238. The time-series of the fluxes in surface water discharged
into the EWB are shown in Figs. 5.43 through 5.48.
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5.3.4 Boundary Fluxes in Groundwater

To satisfy the data requirements of the base line risk assessment, the total contaminant
flux exiting the WAG 6 boundary was determined, as well as the contaminant flux into the
EWB. The contaminant flux in groundwater at the boundary was calculated by the model
for each of the plumes. Only the portion of the flux not discharged into the streams was
considered to contribute to the total groundwater flux from WAG 6. The predicted peak
annual fluxes and the years of their occurrence are presented in Table 5.28. A time-series
plot of the contaminant flux across the WAG 6 boundary for each of the modeled constituents
in groundwater is shown in Figs. 5.49 through 5.57. The fluxes in groundwater into the
EWB are shown in Figs. 5.58 through 5.63.

5.3.5 Discussion of Results
5.3.5.1 Radionuclides in groundwater

Present-day and predicted future concentrations of the modeled radionuclides in
groundwater (Tables 5.8 through 5.16) are discussed below. Cobalt-60 and tritium
concentrations in groundwater were predicted to deplete monotonically over time due to
decreasing leachate flux and radioactive decay. Maximum concentrations of cobalt-60 have
already occurred and no significant peaks were predicted in the future. Except in areas F,
N, Q, and V, the observed tritium concentrations in the wells were the maximum expected
concentrations.

The peak strontium-90 concentrations in most wells were predicted to occur after the
year 2032, The predicted peaks were within an order of magnitude of concentrations
observed during WAG 6 RFI field sampling. The present-day concentration of strontium-90
in groundwater was highest in Area C. Also, existing groundwater plumes from areas Z
and L showed significant strontium-90 concentrations. Because strontium-90 complexes with
organics less readily than cobalt-60, it has relatively high retardation. Strontium-90 behaves
as does calcium in competing for cationic adsorption sites in clays and minerals and has a
longer half-life than cobalt-60 or tritium. Thus, in several areas with high strontium
inventory (such as areas A, B, F, G, H, and P), the groundwater concentration was predicted
to show a peak in the future after containers are breached. With the plumes from areas C,
D, and H, there was a significant strontium-9C flux in groundwater discharging to stream FB.

There were relatively high concentrations of cesium-137 in the contaminant plumes
downgradient of areas A, B, C, L, M, N, O, and P. The cesium concentration should
decrease with time in most places except for the plume from Area P; peak concentration was
predicted to occur in the year 2051, with about three times the present-day concentration.

Europium-152 and europium-154 were not present in most of the groundwater plumes.
Most europium was placed in lined auger holes with contro! plates composed of a europium
oxide-aluminum cermet clad with aluminum. The lining in the auger holes and the aluminum
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cladding has delayed and reduced leaching. There were high inventories of europium-152
in areas B and P and of europium-154 in areas B, K, and P. Significant concentrations of
europium-152 were predicted to be present in the receptor wells downgradient of areas B and
P around the year 2000. Around the same period, contaminant plumes from areas B, K,
and P may show elevated levels of europium-154. Concentration peaks for europium were
predicted to occur between 2030 and 2040, after the auger aluminum claddings were assumed
to be ineffective.

Present concentrations of uranium in wells appeared negligible. There was a large
inventory of uranium-233 reported for areas L, M, N, and Y. Uranium-238 is present in
large quantities in areas E, N, V, and Y. For the source Area L, Sampling Well 848 was
predicted to have a uranium-233 concentration of approximately 20 pCi/L in the year 2025.
In Area Y, sampling well 837 was predicted to have a uranium-233 concentration of
approximately 30 pCi/L and a uranium-238 concentration of approximately 84 pCi/L in
year 2091, Peak concentrations of uranium-233 and uranium-238 were predicted to occur
beyond the year 2180.

Thorium-232 inventory was high in Areas P (6003 Ci) and N (16.2 Ci). The
thorium-232 concentrations, like those of uranium, continue to increase for many years (as
thorium-232 has a very long half-life). However, retardation of thorium is almost an-order
of magnitude higher than retardation of the other radionuclides analyzed. Therefore, it
should reach the wells or receptor points very slowly; its detected concentrations were
negligible.

5.3.5.2 Depletion of radionuclide inventories

The fate of the radionuclides in the source areas discussed below was based on the
remaining source inventory data presented in Table 5.17.

Within 55 years, the cobalt-60 inventory was predicted to be depleted in all waste areas
in WAG 6 except Area P, which had the largest inventory. The cobalt-60 inventory was
predicted to be completely depleted within 72 years. The tritium inventory was predicted to
be depleted in all areas except Area L within 65 years and to be completely depleted in
96 years. Strontium-90 has a longer half-life and depletes slowly, By the year 2120 (within
129 years), only areas A, B, C, D, F, and P were predicted to have significant strontium-90
activity. Cesium-137 was predicted to remain in significant quantities in areas A, B, J, P and
Q by the year 2120,

Europium-152 and europium-154 were present in areas A, B, K, and P, Europium-152
has a half-life of 13.6 years and was predicted to be present at significant levels in all source
areas in the year 2120, when europium-154 (half-life of 8.8 years) would be depleted in all
areas except Area P,
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Uranium and thorium were present at significant levels in a few areas (see Table 5.10).
Relatively high levels of uranium-233 were present in Areas L, M, N, and Y, and high levels
of uranium-238 were present in areas M, N, and Y. High thorium-232 activity (6003 Ci)
existed only in Area P, The source inventory of uranium-233, uranium-238, and
thorium-232 was predicted to undergo little depletion by the year 2100 because of slow
leaching. Since these radionuclides have long half-lives, depletion of the existing source
through decay will take many years.

5.3.6 Sensitivity and Uncertainty Analysis
5.3.6.1 Sensitivity analysis

The sensitivity of a model output to a selected input parameter is the degree to which
the modeling result is affected by changes in that parameter. A sensitivity analysis is
conducted to identify sensitive input parameters, which should be given attention and defined
with accuracy. Sensitivity analysis can range in complexity from a simple high-low screening
approach to a complete factorial design using all combinations of levels of input parameter
values.

The approach implemented in this study included an initial qualitative screening followed
by a quantitative analysis. In a qualitative approach, the influence of the input parameters
is ascertained by inspecting the model’s equations. This qualitative appraisal identifies
potentially sensitive as well as nonsensitive parameters and minimizes the number of
parameters to be considered for a quantitative analysis. The sensitivity of the model can be
appraised quantitatively by plotting the output parameter as a function of a single input
parameter, holding the others constant. However, sensitivity to an input parameter may vary
markedly under different sets of conditions (e.g., transient states).

Qualitative analysis. Surface water samples and preliminary surface water modeling
results showed low levels of radionuclides except for tritium. The future groundwater
concentration and the residual inventory in the trenches were the most important model
output parameters considered for sensitivity analysis. Figs. 5.64 through 5.82 illustrate the
sensitivity of model output to changes in various parameters.

Source inventories are depleted by radioactive decay and leaching to groundwater. Since

radioactive elements decay exponentially at a constant, unalterable rate, only the parameters
that affect the leaching required investigation, Leaching to groundwater was expressed as:

AL = (RPERC x ATREN x f})/[H x (PORT x SSAT + XKDT x BDENS)]

where -
AL = leachate flux (Ci),
RPERC = percolation (m/yr),

[ ' ' " m
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ATREN = present day trench inventory (Ci),

F = leaching fraction

H = depth of trench (in.),

PORT = porosity of trench,

SSAT = degree of saturation in trench,

XKDT = partition coefficient in trench (m3/kg),
BDENS = bulk density (kg/m?).

The trench depth (H) was documented to be more or less constant (15 ft). The bulk
density (BDENS) usually had low variability, XKDT manifested large variations that would
likely influence model output. The term PORT X SSAT was usually much smaller than the
term XKDT X BDENS, so its effect on the model output is less significant. The terms
RPERC, ATREN, and f) directly affected the leaching flux AL. The parameter ATREN was
directly related to the initial source inventory ATRENI.

The groundwater concentration at any cross-section of the plume was determined
primarily by the leachate flux AL, the water flua WA at that point, and the travel time

TRTH,
GWC = AL/WA x exp(-DECAY x TRTH)
WA = GWV x EPORA x AQTHK x AN
. AN = AN (ADISP, TAREA, DHORZ)
TRTH = TRTH (GWV, DHORZ, PORA, BDENS, XKDH)
where
GWC = groundwater concentration (Ci/m?),
WA = water flux (m3/yr),
Gwv = groundwater velocity (m/yr),
EPORA = effective porosity in saturated zone
AQTHK = aquifer thickness (m),
AN = cross-sectional area of plume (m?),
ADISP = angle of dispersion, (radians),
TAREA = area of the waste source area (mz),
DHORZ = horizontal distance to well (m),
TRTH = travel time (yr),
XKDH = distribution coefficient in the aquifer (kg/m?).

As explained earlier, the variation in PORA and BDENS was not expected to cause
much variation in the output parameter. Therefore, the likely sensitive parameters were
GWYV, EPORA, AQTHK, ADISP, RPERC, ATRENI, F, TAREA, DHORZ, and XKDH.

Quantitative analysis. Sensitivity analysis done for tritium and cobalt-60, were
. representative of mobile and slow-moving isotopes, respectively. The sensitivity of the



5-34

model output to change in the value of an input parameter was determined by the ratio of
percent change in the output parameter to percent change in the input parameter.
Table 5.29 lists ratios calculated using nominal values of input parameters for cobalt-60.
Table 5.30 lists the corresponding values for tritium.

Inventory. In the analysis for trench inventory, both isotopes showed similar trends in
changes in inventory with change in any input variable. However, inventory for cobalt-60
was less sensitive than the tritium inventory because radioactive decay is the predominant
mechanism for loss of cobalt-60 from the trenches. Cobalt-60 inventory is insensitive to all
parameters except ATREN (initial trench inventory).

Tritium is only moderately sensitive to RPERC and FINT (see Table 5.30) and quite
insensitive to other parameters. Figs. 5.64 and 5.65 show the variation of inventory after
30 years of emplacement with variation in FINT and RPERC respectively.

Groundwater concentraticns. The groundwater concentrations of both cobalt-60 and
tritium are very sensitive to several input parameters, including ATREN, GWV, EPORA,
RPERC, FINT, and AQTHK (Tables 5.29 and 5.30). Cobalt-60 is also very sensitive to
IYRC and XKDT and moderately sensitive to DHORZ, XKDH, and ADISP. Tritium is
moderately sensitive to DHORZ, IYRC, TAREA, and ADISP and very slightly sensitive to
FFIN.,

5.3.6.2 Uncertainty analysis

Uncertainty in fate and transport modeling can be related to (a) uncertainty in the input
variables and (b) the accuracy with which environmental processes are represented.
Uncertainty can be described quantitatively, semiquantitatively, or qualitatively. A
quantitative approach requires that the probability distribution of the input parameters be
known. Model results are highly dependent on the accuracy of the input variables used. The
distribution of output will depend on the distribution of input variables. The wider the spread
of the distribution, the larger the uncertainty.

For a semiquantitative treatment, only the range of parameter values is needed.
Sensitivity analysis plots are used to determine the critical p. rameter and develop the bounds
of the output parameter. In the qualitative treatment, the influence of individual parameter
uncertainty and its sensitivity is analyzed. In this analysis, a quantitative and a qualitative
treatment were considered.

Quantitative analysis. Uncertainty in the parameter value can be propagated through
analytic or numerical (e.g., Monte Carlo simulation) methods. Except for simple
formulations with few parameters, the analytical method is difficult to implement. Because
of the large number of input parameters and the complex formulations in the model, a Monte
Carlo simulation approach was used. The model equations were solved for a combination
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* of different realizations of input parameter set. The mean of 100 simulation results with 95 %

upper limits were given in the computer printouts.

Qualitative analysis. Often, the most practical approach to characterizing parameter
uncertainty is to develop a qualitative description of each parameter, indicating its influence
on output result.

The contaminant release rate was represented by a leaching fraction (f;) that is
empirically calibrated. The actual breach mechanism was not modeled. Similarly,
contaminant transport was modeled with a parameter (f;) that represents a measure of
retardation resulting from several inadequately understood transport processes due to
fractures, solvent mobilization, and heteroeeneity of media. However, because the model
was calibrated with measured data for the eaching fraction (f,) and the effective K (f5), the
description of the actual mechanism is not critical.

The noininal value, the range of values and a qualitative classification of the uncertainty
of the parameter set are given in Table 5.31. Many of the parameters identified as uncertain
are also identified as sensitive (see Table 5.30).

5.4 AIR MODELING

Air modeling was performed to determine average annual airborne contaminant
concentrations over the WAG 6 area for several periods corresponding to hypothetical
receptor scenarios defined by the base line risk assessment (Sect. 6). The modeling consisted
of a screening level analysis of emissions and of atmospheric dispersion of the contaminants
of concern, including tritium and selected VOCs. Tritium was found in surface waters of
WAG 6 and was assumed to be emitted to the atmosphere as water evaporates. VOCs were
emitted from waste burial grounds in WAG 6.

Volatile organic air emissions were estimated by EPA’s landfill emissions estimation
model CHEMDAT?7 (EPA 1989a). Dispersion modeling was performed using EPA's
Industrial Source Complex Long Term (ISCLT) atmospheric dispersion model (EPA 1987b).
The data used in modeling included sampling data for tritium and VOCs, and meteorological
data for the 5-year period (1986-1990) at ORNL’s Station TA, located near WAG 6.

The paragraphs below describe the data and the models used in the analysis, the
application of the models to the WAG, and the modeling results.

5.4.1 Environmental Characterization

5.4.1.1 Meteorological data

The meteorological data required included wind speed and direction frequencies sorted
by atmospheric stability classification for a representative period of record. A search of



5-36

existing meteorological data sets available for the WAG 6 area identified two ORNL stations
(TA and TB) near the WAG 6 site. These two data sets were evaluated for suitability, and
the TA station was chosen as the most representative for WAG 6 because it was closer
(Fig. 5.83).

The data for the TA station covered a 5-year period (1986 to 1990). The data were
obtained in raw form from ORNL and converted to model input using several computer
programs. While most of this conversion process involved reformatting and unit conversion,
atmospheric stability classifications had to be extracted from the data using a typical
classification scheme as shown in Table 5.32 (EPA 1986b). These data were then
summarized to produce a "joint frequency" of wind speed class versus wind direction class
divided into their respective stability classifications. The choice of both the number of
classes and the class limits was dependent on the requirements of the model used in this
analysis. The resultant joint frequency analysis is presented in Table 5.33.

Included in Table 5.33 were both the joint frequencies for each stability class and the
total wind frequency for the 5 years of data. The wind speed and direction were taken from
a 10-m tower. Additionally, the listed wind speed value represented the approximate mid-
point value of the specific wind speed class. The exceptions were the lowest wind speed
class (1.5 m/s), which began at 1-m/s (below this value the wind speed sensor measurements
tended to be unreliable), and the highest class (> 11 m/s), which summed all frequencies
above this value. The wind directions indicated in the table represented the midpoint of a
sector from which the wind was blowing to the station. The table includes summary statistics
for the data processed. Calms were counted as valid data values below the 1-m/s wind
sensor threshold. Missed observations included bad data points not processed into the joint
frequency analysis.

Table 5.33 shows that the winds experienced by TA station were about 43 % calm during
the 5-year period. The wind direction pattern was bimodal and indicative of a valley type
flow along a west-southwest to east-northeast axis.
5.4.1.2 Terrain

Terrain at and near the WAG 6 site generally consisted of rolling hills, ranging from
750 ft to 860 ft above sea level. However, for the purpose of screening level modeling, the
terrain was assumed to be flat. Emissions, at ambient temperature, would not be buoyant
and pollutant plumes should remain near the surface, where terrain should not be a factor.
5.4.2 Source Characterization

5.4.2.1 Source areas

Figure 5.84 shows the features of WAG 6 relevant for air modeling, including the
surface waters and the waste areas.

el
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Tritium. Tritium emissions at the WAG 6 site were assumed to originate primarily
from surface water. Major sources consisted of the outfall of the 49-Trench area French
Drain, the EWB, and streams. The French Drain collected groundwater in the central waste
disposal area. This water flowed underground and was discharged to the surface where it
flooded the ground. Except for stream FB, all streams were assumed to contain water only
during and immediately (approximately 2 days) following rain events. Therefore, tritium was
not continually emitted from these intermittent sources. Assumed perennial sources,
including the EWB, French Drain, and stream FB, were assumed to have a constant emission
rate throughout the year.

For modeling purposes, all sources were estimated as area sources. Because area
sources for the programs used are, by definition, square in shape, source geometry requires
each source to be approximated by a series of area sources.

The rectangular shapes of the EWB and French Drain outiet were easily charactericed
by square area sources. The outlet of the French Drain was modeled as a 50-ft by 50-ft area
source. The waste basin, with an approximate surface area of 22,500 ft2, was modeled by
three adjacent area sources. The widths of these areas were 100 ft, 100 ft, and 50 ft for a
total area of 25,000 ft2. Overestimation of the EWB area resulted in slightly conservative
predicted tritiur: concentrations. :

Streams were more difficult to model because they are several hundred feet long and
only a few feet wide and were not easily represented by a single area source. Several
adjoining 100-ft by 100-ft area sources represented each stream. Streams were segmented
such that each area source contained one segment. Emissions were calculated based on the
characteristics of the stream segment. This approximation maintained the spatial variability
of stream emissions.

VOCs. VOC emissions at the WAG 6 site were asc'imed to originate primarily from
the SLB waste areas. SLB waste areas were considered as 12 separate areas. One area of
migratory soil contamination was also considered. The caps on the landfills were modeled
as area sources of 100 ft by 100 ft. VOCs considered are listed in Sect. 5.4.2.2.

5.4.2.2 Emissions
5.4.2.2.1 Tritium

Emission rates were developed for four periods which were specified by the risk
assessment. The first was based on surface water sampling data taken in 1989. The other

three were based on time average emission rates for the periods 1990 to 2019, 1990 to 2059,
and 2100 to 2129,
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Air emissions for 1989 were estimated from sampled tritium concentrations in surface
water. Samples were available at each of the twelve sampling points. Figure 5.85 shows
the sampling point locations. Sampling events were identified as:

High water table

Base flow—Ilow water table
Storm flow I—high water table
Storm flow II—low water table

Table 5.34 contains tritium sampling data. The highest sampled concentrations were
used in the analysis for conservatism.

Air emissions were estimated assuming that the dissolved tritium evaporated at the same
rate as water. Assuming that one gram of tritium emitted 9600 Ci of radiation, the mass of
tritium emitted to the atmosphere was obtained by multiplying the water concentration

(pCi/L), the evaporated water volume (m3), and the conversion rate of 9600 Ci/g (Jacobs
1968).

The volume of evaporated water from each stream was equal to the product of the source
surface area and the annual evaporation rate. Evaporation rates for perennial sources were
calculated assuming conservatively that 39 in. of water evaporated per year. Intermittent
source evaporation rates were based on the number of days that the stream contained water.
Assuming that streams flowed for 2 days after a rainfall and assuming an average of
128 days of rain per year, the evaporation rate was assumed to be 28 in. per year.

Stream surface areas, tritium concentrations, and emission rates are summarized below.
Table 5.35 gives the predicted emission rates in 1989 and the parameters used for calculating
these emissions for 51 source areas. The source areas are shown in Fig. 5.86.

Tritium concentrations were similarly calculated for the other three time periods.
However, surface water concentration data for these periods were obtained from the modeling
presented in Sect. 5.3. Modeling results gave tritium concentrations at one or several
locations in each stream. Table 5.36 lists the surface water modeling data, stream lengths,
and area sources used in the air modeling. Table 5.37 lists the tritium emissions for each
source during each time period.

5.4.2.2.2 VOCs

Air emissions for VOCs were estimated using the landfill emissions estimation model
CHEMDAT7.

Description of CHEMDAT7 model. The CHEMDAT7 mode! (EPA 1989a) was
developed by EPA’s Office of Air Quality Planning and Standards as part of an effort to
develop an air emissions model for hazardous waste treatment, storage, and disposal facilities
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(TSDF). The model primarily considers emissions of VOCs which escape into the
atmospheric environment from typical TSDF sources such as surface impoundments, land
treatment facilities, landfills, wastepiles, and wastewater treatment plant effluents. VOC
emissions can be simulated in the model for a variety of mechanisms including volatilization,
biological decomposition, adsorption, photochemical reaction, and hydrolysis.

The model includes an extensive chemical data base of more than 200 compounds and
their associated chemical properties. The CHEMDAT?7 model is implemented as a Lotus
(TM) 1-2-3 spreadsheet allowing great user flexibility including many default values and the
ability to utilize actual field data. The principal strength of the model lies in its ability to
estimate emission levels comparable to actual field measurements from a limited amount of
information. Additionally, estimated emissions can be adjusted for the age of the source
months or years into the future.

CHEMDAT?7 model parameters. The CHEMDAT?7 model as applied in this analysis
was confined to the "closed landfill' model. This section of the model is designed to
estimate emissions from dilute aqueous sources contained in a closed (no longer active)
landfill generally including an earthen layer or cap covering the landfill. CHEMDAT?7
provides the ability to estimate emissions from the cap covering the landfill.

Ideally, CHEMDAT?7 is designed to use as much information as is known about the
potential source. For this detailed screening analysis, little source-specific information was
available. Known or a§sumed data values used in the model included the following:

Surface area of each landfill,

Thickness of the covering or cap, assumed to be 1 ft (30.48 cm) and to be uniform for
all landfills analyzed in each case.

Cap air and total porosity values (0.1 and 0.5, respectively).

The air porosity fraction of fixed waste (0.5 for all cases).

Air and landfill temperatures and pressures (using default values of 15° C for
temperature and 1013 mb for pressure both within and outside the landfill).

e  Weight fractions of oil, water, and VOCs (assumed to be 0.0, 0.999999999, and
0.00000G001, respectively). The VOCs were assumed to be equal to 0.000000001; and
per model instructions, the water plus VOC values should equal one.

e  Waste depth. Uniformly, all waste depths were assumed to be 15 ft (457 cm), which
represents a reasonable approximation of the average depth of waste known to be present
at WAG 6.

As stated above, site-specific data detailing amounts and varieties of emissions for each
landfill site were unavailable for this analysis. However, a list of chemical constituents of
concern for the air pathways analysis was generated based on results of trench leachate
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sampling reported by Solomon et al. (1988) and Ashwood and Spalding (1990). This list
includes the following VOCs:

Acetone
Acrylamide
Benzene

Benzoic acid
Chloroethane
Chloroform

Cresol (-0)

Cresol (-p)

1,1 Dichloroethane
1,2 Dichloroethane
2,4 Dimethylphenol
Ethylbenzene
Methyl ethyl ketone
Methylene chloride
Napthalene

Phenol

1,1,2,2 Tetrachloroethane
Tetrachloroethene
Toluene
Trichloroethene
Xylene (total)

The chemicals present in a landfill area were assumed to be the same as those detected
in trench leachate samples from that area. If no trench leachate results were available for
a landfill area, the results of trench leachate samples from the nearest adjoining landfill area
were used.

CHEMDATY7 emissions. Base line eraissions were calculated by using the base line
parameters for CHEMDAT7. The emission rates for the capped landfills were divided by
the area of each landfill. Table 5.38 lists the 89 sources as input to ISCLT and their
zmissions. These sources as modeled with ISCLT are shown in Fig. 5.86 for the base line
emission sources.

5.4.3 Dispersion Modeling
5.4.3.1 Description of ISCLT model

The ISCLT model developed by EPA is a Gaussian dispersion model designed to
calculate average concentration or total deposition for contaminants produced by emissions
from multiple stack, volume, and area sources. The concentration or total deposition values
can be calculated on a seasonal or annual basis for an unlimited number of sources. The



=

e

5-41

program is capable of producing the seasonal and/or annual results for each individual source
input as well as the combined results frotn multiple grcups of selected sources. Program
calculations are performed for an input set of receptor coordinates defining a fixed receptor
grid system and/or for discrete (arbitrarily placed) receptor points. All points are relative
to a user-defined grid origin (usually X=0, Y =0) in either a Cartesian or a polar coordinate
system.,

5.4.3.2 ISCLT model parameters

Input data for the ISCLT model consist of four categories: meteorological data, source
data, receptor data, and program control parameters.

Meteorological data required for ISCLT consist of an annual joint frequency table,
mixing height data, and temperature data, A joint frequency table is a matrix containing the
frequencies of occurrence of 6 wind speed classes, 16 wind direction sectors, and
6 atmospheric stability categories. Mixing height data are required for each wind speed,
stability category, and season. Temperature data are required for each stability category and
season.

The program accepts three types of sources: point, area, and volume. Source data
inputs include the location (in relation to a user-defined origin), elevation, and emission rate.
For area sources, the area side length and effective emission height above ground level are
also required. The source areas are shown in Fig. 5.87.

ISCLT receptor data consist of grid and discrete receptors. Grid receptors, spaced along
a 25-m, Cartesian coordinate grid, are used to determine on-site concentrations. Discrete
receptors are placed along the site boundary to determine concentrations at the site fenceline.

Program control parameters and options allow the user to choose one or more of the
model options. These options define the types of sources, receptors, and output to be used
in each run; they also allow the user to change model default values.

5.4.3.3 Predicted annual concentrations

Annual concentrations of tritium and VOCs were calculated for both boundary and
on-WAG receptors. The boundary was delineated by receptors beginning at the southwest
site border (177 m, 9 m) and continuing clockwise, approximately 25 m apart, to the
northern border (347 m, 920 m). Receptors were not placed along the southern and eastern
boundaries because these areas border other WAGs. On-WAG receptors were placed at
25-m intervals on a 25-by-40 grid ranging from coordinate (0 m, 0 m) at the southwest
corner to coordinate (600 m, 975 m) at the northeast corner.

Tritium results. Annual tritium air pathway concentrations are shown in Figs. 5.88
through 5.91 for the periods 1989 (present), 1990 to 2019, 1990 to 2059, and 2100 to 2159,
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respectively. In each case, the maximum concentrations occurred near the French Drain,
All other sources, with the exception of the EWB, had minimal impact on ambient
concentrations, The predominant winds in the area caused concentrations to follow a
southwest-northeast direction, Table 5.39 lists the maximum concentrations for both
boundary and on-WAG receptors for all four time periods. Emissions based on 1989
sampling data resulted in the highest concentrations with a maximum of 64,670 pg/m?
occurring a few meters east of the French Drain. Due to the radioactive decay of tritium,
concentrations decreased for the later time periods.

VOC results. Annual average total VOC concentrations are shown in Fig. 5.92. The
figure shows that the predominant winds for the WAG 6 area caused concentrations to
generally elongate along a southwest-northeast axis. Table 5.39 lists the maximum
concentration values for both boundary and on-WAG receptors. The maximum concentration
of 435.4 pg/m3 occurred in the 49-trench area.

5.4.4 Summary and Conclusions
5.4.4.1 Emission rates

Tritium. Tritium emission rates were calculated using conservative assumptions and
were derived from 1989 water sampling data for 12 surface water sampling points located
throughout the site, Each point was sampled up to 4 times. The sampling events are listed
in Sect. 5.4.2.2. Table 5.34 lists the concentrations at each sampling location and identifies
the samples used in this analysis.

Air emissions for the intermittent streams were calculated using the highest storm event
measurement. This value was chosen to represent these streams because normally they have
flow only during wet weather periods. Perennial stream (FB) emission calculations
considered each of the four samples. As a conservative estimate, the highest of the four
measurements was used to characterize each stream.

Each stream was sampled in only one or two locations. For streams sampled in only
one location the emission rates were assumed constant throughout the length of the stream,
Streams sampled at two locations, such as FB and FAB, were characterized as homogeneous
upstream and downstream of the sampling points and heterogeneous in between. Upstream
emissions were derived from measurements taken at the upstream sampling point, and
downstream emissions were derived from measurements taken at the downstream sampling
point. The section of stream between the sampling points was characterized by a
concentration gradient with emissions ranging between the two measurements. Actual stream
emissions were unlikely to be either homogeneous or gradational. Instead, the streams
probably exhibited a more patchy distribution of tritium, depending on the location of
underground tritium sources. However, the surface water measurements were the only
tritium data available; therefore, the above generalizations were necessary to characterize the
Streams.
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Tritlum emissions for the periods 1990 to 2019, 1990 to 2059, and 2100 to 2129 were
based on surface water modeling results; therefore, further uncertainty was introduced into
the emission calculation,

VOCGCs. Results of the ISCLT model run for VOCs were used to calculate a 95
percentile on the median upper bound air concentration for both the boundary and on-WAG
receptors, Since the modeled concentrations of total VOCs were not normally distributed,
nonparametric statistical procedures, similar to those used for on-WAG data (Sect. 4.1.2),
were employed for these calculations. VOC emissions for all exposure periods were assumed
to be the same,

5.4.4.2 Transport

Area sources were used in both tritium and VOC modeling. Area sources were easily
modeled by ISCLT, but line sources were not. To permit simulation of line sources with
ISCLT, they were approximated as area sources. Although the total emissions released to
the atmosphere were identical for both actual and simulated cases, the areas from which they
were emitted were different. By using an area source to represent the streams or landfills
(narrow or irregularly shaped source), emissions were spread over a comparatively large
area. These approximations should not ordinarily cause noticeable differences in downwind
concentrations far from the source, but some differences are likely at short distances.
However, in this analysis, emissions from stream sources were practically negligible when
compared to those from the French Drain and EWB, therefore, the modeling results were not
expected to be affected by using area sources in approximating the emissions from streams.

Uncertainty existed with respect to the predicted receptor concentrations, The manual
for the ISCLT model indicates that concentrations predicted at receptor distances less than
1.5 area source side lengths from an area source should be used with caution, Many of the
receptors used in the on-WAG grid analysis posed this source-receptor distance concern for
some of the sources. Specifically, the ISCLT model will calculate a zero concentration for
a source if the source is located within 1.5 side lengths of the receptor. However,
concentrations for other sources at greater distances from the receptor will still be calculated.
For receptors located near this source-receptor distance limit yet beyond the limit, the model
may overpredict concentrations.

5.5 CONCLUSIONS

The conclusions of the fate and transport analysis, which included the modeling of water
and air in WAG 6, are summarized below.

*  Water was the major transport mechanism for off-WAG migration of contaminants, and
most of the radionuclide flux out of WAG 6 was expected to continue to occur via
surface water,
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Cobalt-60, tritium, strontium-90, and cesium-137 were in most of the wells in WAG 6.
Thorium-232 was in Area M wells,

The first occurrences of europium and uranium in groundwater were predicted in years
1998 and 2025, respectively,

Peak future groundwater concentrations were predicted to be within two orders of
magnitude of the present-day concentrations,

Air modeling, which was performed conservatively, indicated that air pathway
contributed negligible amounts of exposure-point concentrations of contaminants
on-WAG and off-WAG.

Radioactive decay was the major mechanism for the depletion of source inventories of
the radionuclides with short half-lives.

Source inventories of cobalt-60 and tritium were predicted to be depleted in about
100 years.

Source inventories of strontium-90 in areas A, B, C, D, F, and P were predicted to
remain significant in the year 2120.

Source inventories of cesium-137 in areas A, B, J, P, and Q were predicted to still be
significant in the year 2120.

Europium was present in source areas A, B, K, and P. By the year 2120, while
europium-152 inventory was predicted to remain in significant quantities, europium-154
was expected to be depleted in all source areas except Area P,

Radionuclides with long half-lives, such as uranium and thorium-232, were predicted to
remain in the source areas far beyond the year 2120,
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Table 5.1, Model input parameters

Job title
Job title
Job title

Number of Monte Carle variables

Number of distribution parameters

Number of Monte Carlo simulations

Maximum number of iterations for calibration
Number of transects where well data are generated

Seed number for the random number generator
Years of simulation

calibration optlon, yes = 1, no = 0
Constituent simulated

Trench area in m2
Trench depth in m

Initial value of £y
Final value of f
Initial time of fy
Final time of 3]

Trench inventory in curies
Age of source inventory in years
Calibration value of sample well concentration, pCi/L

Decay rate (1/yr)

K4 in vadose zone, m3/kg

K in saturated zone, m3/k§
K in trench/auger hole, m°/kg

Recharge rate, m/yr

Vadose zone depth, m

Distance to r.ceptor, m

Horizontal {istance between transects, m
Effective porosity, vadose zone
Effective porosity, saturated zone

Total porosity, trench
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Table 5.1. (continued)

i PORV: Total porosity, vadose zone

‘ SSAT: Degree of saturation, vadose zone
BDENS: Bulk density, kg/m3
DISP: Dispersion length, m
AQTHK: Saturated zone thickness, m
PORA: Saturated zone porosity
GWV: Groundwater velocity, m/year
ADISP: Dispersion angle in radians

BAREA; Basin area, m?
WAREA: Tributary watershed area, m?

NSR: Number of storms per year

YR: | Storm volumes in inches (from 1st to NSR storm)

NCSR; Number of sampled storms

WTRIL: Watershed inventory, Ci (watershed at sampling site)

ICAL: Runoff curve fitting parameter

VRC: Calibration storm volumes in inches

CBAR: Calibration storm concentrations

TTR: Ratio of travel time to age of inventory

TXKDV; Minimum value of vadose zone K4

TXKDH: Minimum value of saturated zone K4

CRMN: Lower limit, ratio of simulated and recorded well concentrations

CRMX: Upper limit, ratio of simulated and recorded well concentrations

NEW: Flag to end input for one contaminant (1 =next contaminant simulation starts)

S1: Standard deviation for calibrated vadose zone K4

S2; Standard deviation for calibrated saturated zone Ky

S3: Standard deviation for calibrated f1

IPARM: Parameter number (see the list of Monte Carlo parameters)

DISTRIB: Name of the distribution: supported names: NORMAL, LOGNORMAL,
UNIFORM, LOGUNIFORM

SINFE: 1st and 2nd parameters of the selected distribution
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Table 5.2, List of Monte Carlo parameters

Parameter Description of parameters
number
1 TAREA: Trench area in m2
2 H: Trench depth in m
3 FINT: Initial value of f;
4 FFIN: Final value of f;
5 ATREN: Initial trench inventory, Ci
6 DECAY: Decay rate, 1/yr
7 XKDV: K4 in vedose zone, ma/kg
8 XKDH: K in saturated zone, m3/kg
9 XKDT: K in trench/auger hole, m3/kg
10 RPERC: Recharge rate, m/yr
11 DVERT: Vadose zone depth, m
12 DHORZ: Distance to receptor, m
13 EPORYV: Effective porosity, vadose zone
14 EPORA: Effective porosity, saturated zone
15 PORT: Total porosity, trench
16 PORYV: ‘Total porosity, vadose zone
17 SSAT: Degree of saturation, vadose zone
18 BDENS: Bulk density, kg/m3
19 DISP: Dispersion length, m
20 AQTHK: Saturated zone thickness, m
21 PORA: Saturated zone porosity
22 GWV: Groundwater velocity, m/yr
23 ADISP: Dispersion angle in radians
24 BAREA: Basin area in m?
25 QBASE: Base flow in m3/yr
26 IYRC: Age of source inventory, yr
27 SCONC: Calibration value of well concentration, pCi/L
28 WTRI: Watershed inventory, Ci
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Table 5.3. WAG 6 inventory of modeled radionuclides (Ci)

Waste

area H-3 Co-60 Sr-90 Cs-137 Eu-152 Eu-154 Th-233 U-232 U-238
A 91.6 3357 416 1646 4175 1558 0.001 0 0.015
B 32.8 1305 284 771 16,270 22,30 O 0 0.001
Cc 1071 15.2 105 34.1 0.154 0.003 0 4.8 0

D 13.3 3521 68 53.3 0.146 0.014 0 2.8 0

E 50.4 16.2 3.2 12.5 0.153 0.020 0.093 4.6 7.7
F 45.5 14.5 93.3 47.1 0.431 0.009 0 4.1 0

G 13.0 4.13 26.7 13.5 0.123 0.003 0 1.2 0

H 10.0 82.2 45.0 106 6.7 2.4 0 0.004 0.010
I 4.9 1.9 20.4 10.4 4.1 2.1 0.008 0.354 0.014
J 5.0 250 43.7 702 0 0 0.001 0 0.017
K 0.35 20.9 6.8 18.8 26,801 48,701 0 0 0

L 2488 7.2 38.0 159 2.0 0 0.849 1.1 1.72
M 618 198 39 152 1.9 0.250 1.14 56.1 0.04
N 452 645 25.0 354 2.9 0.756 16.2 25.0 16.3
0 284 391 19.1 115 0 0.030 1.0 0.022 1.12
P 2700 21,064 129 5822 250,865 187,368 6003 0 0.024
Q 6.2 377 50.0 265 26.4 10.9 0 0 0.003
R 19.0 1001 21.0 41.0 0 0 0.100 0.004 0.510
S 30 0.005 0.001 0.011 0 0 0 0 0

T 34.5 0.001 0.005 0.001 0.001 0 0 0 0.126
8] 61.6 0.004 0.012 0.002 0 0 0 0 0

A 50.4 16.2 3.2 12.5 0.153 0.020 0.093 4.6 1.7
w 3.5 0.173 0.021 0.021 0 0 0 0 0.016
X 177 25.7 11.1 16.6 0.022 0.003 0 0 0.046
Y 805 6436 34.4 40.6 2.4 0.730 0.593 1247 209
Z 9.5 0.855 10.6 20.2 4.2 4.0 0.101 0.003 0.000
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Table 5.4 WAG 6 calibration well data for radionuclides®?
‘ Sampling
Well 1 2 3 4 5 6 7 8 9
Cobalt-60 (pCi/L)
745 2.703 U 0.2703 10.812 2.4327
831 2.703 U 2703 U 1.0812 2.703 U
832 2.703 U 0.5406 1.6218 2.703 2.703 U
833 2.703 U 2703 U 2.1624 1.8921 2703 U
835 2.703 U 8.109 2,703 2.703 U 2.703 U
836 2.703 U 2703 U 2.703 2.703 U 2.703 U
837 2,703 U 2.703 U 2703 U
838 0.5406 2703 U 2.703 U 0.2703 2703 U
839 0.8109 2.1624 18.921 0.2703 2703 U
840 2.1624 4.0545 2.703 2.703 U 2,703 U
841 4.8654 2703 U 1.0812 3.2436 2,703 U/120
842 351.39 324.36 267.597 297.33 2703 U
843 11.0823 11,3526 51.357 11.3526 17.2992 U
844 1.3515 1.3515 16.218 2.4327 2703 U
845 2.703 U 7.0278 3.2436
846 2.703 U 0.8109 2703 U 0.5406
847 1.6218 2,703 U 5.406 1.3515 ‘ 2703 U
848 0.2703 2.4327 2703 U
849 4.0545 0.2703 2,703 U
850 2.703 U 4.3248 16.218
851 2,703 U 0.2703 2,703
852 0.2703 2.9733 2.703
853 0.8109 2.703 U 2.703 U
854 2.1624 1.0812 2.703 U
855 2.703 U 2.703 U 2.703 2.703 U 4.5951U
856 2.703 U 2.1624 2.703 U 1.8921 2703 U
857 2.703 U 0.5406 13.515 1.8921 2703 U
858 2703 U 2.703 U 3.7842 2.1624 2,703 U
859 35.139 2,703 U 2.703 U
860 2.703 U 2.703 U 29.733 2703 U 2703 U
1225 24 16.4 87.4 19.7
1227
1228
1229
1231
1233
1234
1234A
1236
1237
1238
1239
1240
1241
1242
1243 1880
1244
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Table 5.4. (continued)

Sampling Event
Well 1 2 3 4 5 6 7 8 9
Cesium-137 (pCi/L)
745 1.0812 0.2703 2.703 U 1.3515
831 2.703 U 2.703 U 2,703 U 2.703 U
832 2.703 U 2,703 U 0.2703 2.4327 2,703 U
833 2,703 U 1.72992 0.5406 0.8109 2.703 U
835 2,703 U 5.9466 0.8109 2,703 U 2.703 U
836 0.2703 2.703 21,0834 2.703 U 2,703 U
837 2,703 2,703 U 2,703 U
838 2.1624 2,703 U 10.812 1.0812 2,703 U
839 0.2703 2,703 U 2.703 U 0.97308 2,703 U
840 2.9733 1.3515 8.109 0.8109 2703 U
841 1.3515 0.8109 2.4327 5.1357 2.703/20 U
842 0.2703 2,703 U 13.515 2,703 U 2.703/20 U
843 1.6218 2.703 U 2.703 0.2703 2.703 U
844 1.6218 2.703 U 2,703 U 2703 U 2,703 U
845 2.703 U 2.703 U 5.1357 20U 20U
846 18.3804 2.703 U 2.9733 1.8921
847 2.1624 4.0545 13.515 0.5406 2.703
848 5.9466 0.8109 0.2703 20U 20U
849 0.5406 0.2703 8.109 20U 20U
850 2.703 U 4.5951 8.109 20U 20U
851 5.406 1.6218 2.9733 20U 20U 200
852 2.703 U 1.3515 2.1624 20U 20U 20U
853 2,703 U 2703 U 0.8109 20U 20U 20U
854 3.7842 2.703 U 2.703 20U 20U 20U
855 2.703U 2.703 1.3515 1.3515 2.703U/20
856 7.8387 2,703 U 5.406 0.2703 2,703 U
857 2.703U 2.4327 2,703 U 0.5406 2703 U
858 3.7842 2.703 U 2.703U 0.2703 2,703 U
859 2.703 2.1624 2703 U
860 11.8932 2.703 U 8.109 0.5406 2.703 U
1225 20U 20U 20U 20U 200
1227 20U 20U 20U
1228 20U 20U 20U 20U 20U 20U
1229 20U 20U 20U 20 U
1231 20U 20U 20U 20U
1233 20U 20U 20U 20U 20U
1234
1234A 20U
1236 20U
1237 20 U
1239 20 U
1240 20U
1241 20U
1242 20U
1243 20 U
1244 20 U
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Table 5.4. (continued)

Sampling event

Well 1 2 3 4 5 6 7 8 9
Tritium (pCi/L)

745 1270.41 U 35139 1270.41U 127041 U

831 594,66 1270.41 U 127041 U 864.96
832 108.12 973.08 1270.41U 351.39 1270.41
833 . 1270.41 U 18650.7 1270.41 U 513.57 1270.41
835 24867.6 32436 20272.5 26219.1 18650.7
836 35139 13244.7 837.93 2243.49 1648.83
837 1892.1 1486.65 2432.7
838 143259 1270.41 U 11352.6 7027.8 24867.6
839 29733 8109 23786.4 26489.4 17839.8
840 21624 21353.7 11352.6 3243.6 4054.5
841 270300 243270 172992 216240 143259/16300
842 648720 675750 567630 459510 183804/21900
843 810900 919020 1243380 756840 324360
844 72981 75684 59466 64872 54060

845 26489.4 17569.5 40545 32000 ‘ 230000

846 2703 108.12 1270.41 U 1946.16

847 20002.2 89199 83793 81090 72981

848 4324800 4324800 2000220 o 4300000

849 2459730 2973300 1027140 1500000 1600000 2600000

850 43248 37842 29733 30600 26000

851 43248 3784.2 40545 43900 50000 49000

852 59466 59466 51357 56900 44000 7000

853 3243.6 1270.41U 1270.41 U 2660 2400 2600

854 183804 297330 151368 185000 58000 33000

855 1162.29 54.06 1270.41 U 378.42 ' 864.96/500 U
856 324.36 1270.41U 81.09 432.48 1270.41 U
857 810.9 432.48 243.27 108.12 127041 U
858 270.3 135.15 1270.41U 1270.41 U 1270.41 U
859 405.45 946.05 1243.38 U
860 1270.41 1270.41 U 29.73 1270.41 U 1270.41 U
1225 1900000 1600000 1590000 1600000 879000

1227 2600 2100 2360

1228 9261 8800 7300 10000 10900

1229 14100 15000 15800 16000 16400 21200
1231 51000 83000 54000 65200

1233 770000 440000 246000 760000 561000

1234 500 U
1234A 500U
1236 500 U
1237 500 U
1238 500 U
1239 500 U
1240 801

1241 2800
1242 472000
1243 794000
1244 51200
1245 500 U
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Table 5.4. (continued)

Sampling event

Well 1 2 3 4 5 6 7 8 9
Strontium-%0 (pCi/L)

745 1.3515 0.8109 4.0545U  4.0545U ‘

831 4.5951 2.35161 2.9733 ‘ 5.1357
832 3.2436 3.2436 1.18932 4.0545 U 4.0545 U
833 1.6218 6.2169 0.83793 0.2703 4.0545 U
835 0.2703 3.2436 4.0545U  4.0545U 4.0545 U
836 2.9733 0.8109 0.29733 3.2436 4.0545 U
837 4.0545U 02703 4.0545 U
838 4.0545U  0.2703 6.2169 4.0545 U ‘ 4.0545 U
839 4.0545U  4.0545U  0.02703 0.2703 4.0545U
840 5.1357 4.5951 3.5139 4.0545U ‘ 40545 U
841 4.8654 4.8654 0.02703 1.3515 4.0545/5U
842 4.0545 4.0545U  0.24327 0.72981 4.0545 U/5.98
843 1.0812 4.0545U  1,64883 2.64894 , 4.0545U
844 3.5139 6.7575 0.56763 4.0545 U 4.0545 U
845 4.0545U  0.2703 1.40556 5U sU

846 2.9733 15.1368  0.13515 4.0545 U

847 4.0545U  2.1624 1.94616 0.5406

848 51.357 11.3526 5.6763 30.2 40

849 2.703 2.4327 1.02714 5U sU sU

850 10.5417 3.2436 1.43259 5U sU

851 4.3248 40545U 4.0545U 5U 5U sU

852 2.703 4.0545U  0.59466 sU 5U sU

853 3.5139 0.5406 4.0545U SU sU suU

854 3.5139 0.5406 4.0545U SU 5U 5U

855 2.51379 1.8921 0.40545 4.0545 U 4.0545/5 U
856 0.43248 3.2436 1.8921 4.0545U 4.0545 U
857 3.7842 3.5139U  0.67575 0.18921 4.0545U
858 0.45951 10.5417 1.70289 1.6218 ‘ 4.0545 U
859 4.0545U  8.109  4.0545U
860 4.5951 1.3515 4.0545U  4.0545U 4.0545 U
1225 1700 . 1900 3031 5400 4410

1227 sU sU 5U

1228 5U ' 5U 5U sU 5U  5U

1229 5U suU 5U sU sU sU

1231 5U sU 5U 5U

1233 5U su sU 5U 5U

1234

1234A sU

1236 5U

1237 8.3

1238 su

1239 5U

1240 sU

1241 5U

1242 5U

1243 ) 5U

1244 5U

UL
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‘ Table 5.4. (continued)
. Sampling event
Well 1 2 3 4 5 6 7 8 9
Thorium-232 (pCi/L)
845 1U 1U
848 1V 1u
849 1u 1u
850 1v 1u
851 1U 1U
852 1U 1U 1U
853 1U 11U 1U
854 1U 1U 1uU
1225 1U 2.26 3.01 1U
1227 1.8 1U 1U
1228 1vu 1.5 2.04 1vu 1u
1229 1U 1.2 1.55 1u 1U
1231 6 1U 1u 1u ‘
1233 4.42 1vu 2.39 2.2 1U 5.42
1234 1.5
1234A 11U
1236 1.19
1237 1V
1238 1U
1239 6.47
1240 , 1.83
1241 9.13
1242 1u
1243 1v
1244 1U

Uranium 238 (pCi/L)

845 1 1U

848 1 1U

849 1 ' 1U

850 1u ‘ 1U

851 1U 1U

852 1U 1U 1U

853 1U 1U 1U

854 1U 1U 1U

1225 1U 1U 1u 1U 1u

1227 1U 1U 1U ‘

1228 1U 1 1U 1U 1U

1229 1.16 1.2 1U 11U 1U 1.91
1231 1.97 1u tu 1U

1233 1.38 1.1 1.13 1U 1uU

1234A 1U
1236 1U
1237 ‘ 1.24
1238 1U
1239 5
1240 1U
1241 7.83
1242 1.58
1243 ‘ 1u
1244 1U

9Letter "u" means undetected.
bWhere two concentration values appear for a particular sampling event at an individual well, the first value reflects analysis by ORNL and
the second analysis under the RFI program.




5-54

Table 5.5. Parameters common to all waste areas

in WAG 6
Parameter? Nominal value
H 4,6 m
RPERC 0.19 m/yr
EPROV 0.02
EPORA 0.02
PORT 0.5
PORV 0.1
SSAT 0.5
BDENS 1300 kg/m>
DISP S5m
AQTHK 46m
PORA 0.1
GWV Varies
ADISP 0.3 radians

%Defined in Sect. 5.3.2.
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Table 5.6. Physical parameters TAREA, DHORZ, DVERT, and GW V%

TAREA DHORZ DVERT GWV
Areas Well no. m? m m m/yr

A 1242 1481 53 3.0 75
B 842 17 58.6 3.0 75
C 1225 1292 35 0 20
D 2084 50 3.0 10
E 847 1868 9 4.6 20
F 1241 2093 65 6.1 27
G 843 557 55 6.1 7
H 1430 50 0 : 29
I 757 50 1.5 29
J 2424 50 0 90
K 441 50 0 90
L 848 5377 44 0 57
M 849 5731 58 0 29
N 853 3047 56 0 62
o 854 2363 54 0 62
P 1243 1791 63 1.5 62
Q 840 1438 52 1.5 76
R 1397 50 0 62
S 851 1315 34 0 44
T 852 1468 50 0 44
U 850 2784 48 0 34
\Y 838 1357 55 0 29
w 3702 50 0 22
X 835 8417 . 57 0 18
Y 837 3580 58 3.0 56
Z 688 50 3.5 56

Oparameters defined in Sect. 5.3.2.
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Table 5.7. Radionuclide decay rates

Half-life
Radionuclide (yr)
Co-60 5.3
Cs-137 30.2
Eu-152 13.6
Eu-154 8.8
H-3 12.3
Sr-90 28.6
Th-232 1.4E5
U-233 1.6ES
U-238 4.4E9
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Table 5.8, Summary model results—cobalt-60

Breakthrough Peak
Inventory concentration concentration
Area Well no. f;@ f3b ci Year pCi/L  Year® pCi/L  Year?
A 1242 1.0E-5 1.0E-3 3357 1978 7.6 17.6 2024
B 842 4,0E-4 7.0E-4 1305 1978 1030
C 1225 1.5E-2 7.0E-4 15.2 1977 373
D 1.0E-3 1.0E-3 3521 1982 590
E 867 1.0E-3 1.5E-3 16.2 1973 9.6
F 1241 3.5E-3 3.0E-4 14,5 1974 7.4
G 843 1.2E-2 1.0E-4 4,13 1975 105
H 3.0E-3 4.0E-4 82.2 1988 57.6 1998
1 3.0E-2 4.0E-4 1.9 1988 8.6 1999
J 3.0E-3 4.0E-4 250 1987 96.6 2024
K 3.0E-3 4.0E-4 20.9 1981 7.56
L 848 5.0E-3 5.0E-4 7.2 1982 2.0
M 849 2.6E-4 5.0E-4 198 1975 2.7 .
N 853 1.0E-4 5.0E-4 645 1978 3.3 2024 3.3 2024
(o) 854 1.0E-4 S.0E-4 391 1978 3.2
P 1243 1.5E-3 2.0E-4 21,064 1985 8210
Q 840 3.6E-3 5.0E-4 377 1974 34.6
R 1.0E-3 4.0E-4 1001 1983 82
S 851 0.005 1979
T 852 ‘ 0.001 1978
U 850 0.004
\' 838 1.0E-3 4.0E-4 16.2 1979 1.7
w 0.17 1982
X 835 1.7E-3 2.0E-4 25.7 1979 34
Y 837 1.0E-5 1.5E-4 6436 1985 8.8 60 2024
Z 0.855 1988

9] eaching fraction.

bcalibration factor accounting for retardation,

CUnless otherwise indicated, breakthrough year is 1989.

dUnless otherwise indicated, peak occurred in breakthrough year,
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Table 5.9. Summary model results—tritlum

Concentration Peak
Inventory in 1989 concentration
Area  Well no. f,? ci Year pCi/L pCi/L  Year
A 1242 8.0E-3 92 1978 316,000 605,000 1979
B 842 4.0E-2 32 1978 656,000 1.37E+6 1979
C 1225 1.0E-3 1071 1977 2.8E+6 497E+6 1978
D 3.0E-2 13.2 1982 1.04E+6 1.36E+6 1987
E 867 1.5E-3 50.4 1973 114,000 3.79E+5 1973
F 1241 1.0E-3 45.5 1974 4700 35,000 2009
G 843 1.6E-2 13 1975 1.39E+6 2.317E+6 1983
H 3.0E-2 10 1988 843,000 8.43E+5 1989
I 3.0E-2 4.9 1988 542,000 5.42E+5 1990
J 3.0E-2 5 1987 116,000 1.32E+5 1987
K 3.0E-2 0.35 1981 10,000 1.67E+4 1981
L 848 5.0E-3 2488 1982 7.0E+6 1.11IE+7 1982
M 849 1.0E-2 617 1975 3.4E+6 8.4E+6 1977
N 853 2.0E-5 456 1978 4000 7.03E+3 1979
o) 854 2,0E-3 283 1978 292,000 44E+5 1978
P 1243 1.0E-3 2700 1985 1.8E+6 1.86E+5 1986
Q 840 1.0E-2 6.2 1974 20,000 5.50E-+4 1974
R 3.0E-3 19 1983 49,500 7.09E+4 1983
S 851 3.0E-3 30 1979 58,200 1.83E+5 1979
T 852 3.0E-3 34.5 1978 97,000 1.78E+5 1979
U 850 1.0E-3 61.6 1980 53,100 8.84E+4 1981
A% 838 3.0E-4 50.4 1979 17,900 3.11E+4 1980
w 3.0E-2 3.5 1982 157,000 2.26E+5 1984
X 835 2.0E-4 177 1979 36,500 5.71E+5 1982
Y 837 1.0E-4 804 1985 2700 2.55E+5 2018
Z 3.0E-2 9.5 1988 477,000 5.5TE+5 1989

9L eaching fraction.
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Table 5,10, Summary model results—strontium-90

Breakthrough Peak
) Inventory concentration concentration
}- Area  Wellro, £1%  f3b ci Year pCI/L  Year®  pClL Yeard
! ——
A 1242 S.0E-S 1.0E-03 416 1978 4.6 718 2052
B 842  SOE-S 7.0E-6 284 1978 4.3 418 2052
c 1225  4.0E-2 7.0E4 105 1977 5640
i D 2.,0E-3  1.0E-3 68 1982 41 2055 117 2116
| E 867 1.0E-3 1.5E-3 32 1973 4.3 17.2 2049
} F 1241  1.5E-4 3.0E-4 933 1974 8.0 268 2032
| G 843  4.0E-5 1.0E-4 26,7 1975 4.5 496 2053
; H 3.0E-3 4.0E-4 45 1988 163 1998 419 2058
I 3.0E-2  4.-E-4 204 1988 561 2013
J 3.0E-3 4.0E-4 43.7 1987 53,6 1990 130 2049
K 3.0E-3  4.0E-4 6.8 1981 13.7
L 848  4.5E-3  5.0E-4 38 1982 59 75 2045
M 849  4.0E-4 S.0E-4 39 1975 7.3 100 2051
N 853  1.0E-3  5.0E-4 25 1978 8.5 46.2 2050
0 854  1.0E-3  S.0E-4 19.1 1978 8.6 39.4 2050
P 1243  3.0E-4 20E4 129 1985 12.0 201 2048
Q 840  S.OE-4 5.0E-4 50 1974 9.3 79.2 2051
R 3.0E-3 4.0E-3 21 1983 22.8
S 851 0.01 1979
T £52 0.05 1978
U 850 0.012 1980
\ 838  2.5E-3 4.0E-4 3.2 1979 7.5 15.8 2045
w 0.02 1982
X 835  8.0E-4 2.0E-4 11 1979 6.2 41 2049
' 837  4.0E-4 1.5E-4 34 1985 4.6 483 2049
v 3.0E2 4.0E-3 10.5 1988 62 2049

491 gaching fraction.

Calibration factor accounting for retardation,
CUnless otherwise indicated, breakthrough year is 1989.
dUnless otherwise indicated, peak occurred in breakthrough year,
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Table 5.11., Summary model results—cesium-137

Breakthrough Peak

Inventory concentration concentration
Area Wellno. f£%  f3° Ci Year pC/L  Yea®  pCilL  Year
A 1242 7.0E-4 1.0E-3 1646 1978 12.2
B 842  5.0E-4 7.0E-4 vl 1978 12.4 12,5 2045
o 1225 1.0E-1 7.0E-4 34,1 1977 23.7
D 2.0E-3 4.0E-3 53 1982 0.62 2126 1.4 2187
E 867 6.6E-2 1.5E-3 125 1973 5.2
F 1241  1.5E-1 3.0E-4 47.1 1974 20
G 843  1.0E-2 1.0E-6 13.5 1975 2.9
H 3.0E-3 4.0E-3 106 1988 0.7 2080 1.1 2140
I 3.0E-2 4.0E-3 10.4 1988 0.03 2359
] 3,0E-3 4.0E-3 702 1987 3.7 2016 75 2077
K 3.0E-3 4.0E-3 18.8 1981 0.17 2010 0.36 2072
L 848  5.0E-2 5.0E-4 159 1982 11.5 '
M 849  3.0E-2 5.0E-4 152 1975 1
N 853  2.5E-1 5.0E-4 35 1978 12.7
0 854  7.0E-2 5.0E-4 115 1978 13.3
P 1243 3.5E-3 2.0E-4 5822 1985 37 92 2051
Q 840 1.0E-3 5.0E-4 265 1974 3.4
R 3.0E-3 4.0E-3 41 1983 0.1 2025 0.24 2086
S 851 0.011 1979
T 852 0.001 1978
U 850 0.002 1980
\Y 838  9.0E-2 4.0E-4 125 1979 4.4
w 0.021 1982
X 835 2.7E-1 2.0E-4 37 1979 3.6
Y 837 4.4E-2 1.SE-4 40.5 1985 2.8
Z 3.0E-2 4.0E-3 20.2 1988 0.12 2597

41 eaching fraction.
Calibration factor accounting for retardation,

CUnless otherwise indicated, breakthrough year is 1989.

dynless otherwise indicated, peak occurred in breakthrough year.
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Table 5.12, Summary model results—europium-152

f Breakthrough Peak
| Inventory concentration concentration
Area  Well no. f,4 f3b ci Year pCi/L  Year pCl/L  Year
A 1242 3.0E-5 1.0E-3 4175 1978 1.7 1998 324 2033
B 842 3.0E-5 1.0E-3 16,270 1978 15.8 2000 852 2036
K 3.0E-3 4.0E-3 26,801 1981 0.17 2010 0.36 2072
P 1243 3.0E-5 1.0E-3 250,000 1985 163 2005 850 2040

91 eaching fraction.
bCalibration factor accounting for retardation.
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Table 5.13. Summary model results—europium-154
Breakthrough Peak
Inventory concentration concentration
Area Wellmo. £,%  f;b Ci  Year pCi/L  Year pCi/L  Year
A 1242 3.0E-5 1.0E-3 1558 1978 0.85 1998 2.2 2028
B 842 3.0E-5 1.0E-3 22,300 1978 47.7 2000 85.4 2029
K 3.0E-S 1.0E-3 48,700 1981 48.8 1996 23.5 2021
P 1243 3.0E-5 1.0E-3 187,368 1985 321 12005 584 2036

9] eaching fraction.
Calibration factor accounting for retardation.
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Table 5.14. Summary model results—uranium-233

Breakthrough Peak

Inventory concentration concentration

Area  Well no. £, £, Ci Year pCi/L  Year pCi/L  Year
C 1225 3.0E-3 4.0E-3 4.8 1977 7.6 2131 201 2290
D 3.0E-3 4.0E-3 2.8 1982 2.5 2219 61.4 2378
E 847 3.0E-3 4.0E-3 4.6 1973 7.3 2038 149 2197
F 1241 3.0E-3 4.0E-3 4.1 1974 2.5 2217 60.6 2376
G 843 3.0E-3 4.0E-3 1.2 1975 4.1 2671 100 2830
L 848 3.0E-3 4.0E-3 100 1982 19.7 2025 524 2184
M 849 3.0E-3 4.0E-3 56 1975 27 2150 780 2309
N 853 3.0E-3 4.0E-3 25 1978 8.3 2057 221 2216
\Y 838 3.CE-3 4.0E-3 4.6 1979 2.24 2064 59 2223
Y 837 3.0E-3 4.0E-3 124.7 1985 28.9 2091 695 2250

3] eaching fraction.

Calibration factor accounting for retardation.
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Table 5.15. Summary model results—uranium-238

Breakthrough Peak

Inventory concentration concentration
Area Well no. ;% £ G Year (Ci/L)  Year pCI/L  Year
E 847 3.0E-3 4.0E-3 7.7 1973 19 2038 400 = 2197
L 848 3.0E:3  4.0E-3 1.72 1982 0.3 2025 8.7 2184
N 853 3.0E-3 4.0E-3 16.3 1978 4.9 2057 144 2216
o) 854 3.0E-3 4.0E-3 1.12 1978 0.4 2055 8.2 2215
A% 838 3.0E-3 4.0E-3 7.7 1979 3.5 2064 100 2223
Y 837 3.0E-:3 4.0E3 209 1985 84 2091 1240 2250

4] eaching fraction.
Calibration factor accounting for retardation.
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Table 5.16. S ary model results—thorium-232
Breakthrough Peak

Inventory concentration concentration

Area  Well no. fy f3 Ci Year pCi/L Year pCi/L  Year

M 849 2.0E4 4.0E-2 1.1 1975 0.4 1989 0.83 2148

N 853 3.0E-3 4.0E-3 16.2 1978 4.9 2057 144 2216

0] 854 4.0E-2 1.0E-3 1.0 1978 4.2 1989 4.2 1989

P 1243 3.0E-3 4,0E-2 6000 1985 57.8 2948 1080 3107

A1 eaching fraction.
Calibration factor accounting for retardation.
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Table 5.17. Predicted radionuclide inventories (Ci) in source areas

Area A
Year Co-60 H-3 Sr-90 Cs-137 Eu-152 Eu-154
2020 . 16.6 6.8 168 768 581 65.6
2120 14.6 76.2 3.2
Year of 2042 2044 >2138 >2138 >2138 2074
depletion

Area B
Year Co-60 H-3 Sr-90 Cs-137 Eu-152 Eu-154
2020 6.44 2.0 128 343 1960 894
2120 11.1 34.1 10.8 0.3
Year of 2035 2030 >2138 >2138 >2138 2106
depletion

Area C
Year Co-60 H-3 Sr-90 Cs-137 U-233
2020 35.9 46.1 ‘ 14.4 5.56
2120 4.04 1.43 5.53
Year of 1999 2042 2137 2136 >2137
depletion '

Area D ‘
Year Co-60 H-3 Sr-90 Cs-137 U-233
2020 29.4 1.04 32.8 26.0 3.28
2120 2.8 2.6 3.27
Year of 2046 2021 >2142 >2142 >2142
depletion

Area E
Year Co-60 H-3 Sr-80 Cs-137 U-233 U-238
2020 1.0 1.24 4.76 5.54 9.59
2120 ‘ 0.5 5.52 9.59
Year of 1996 2021 2029 2088 >2133 >2133
depletion

Area F
Year Co-60 H-3 Sr-90 Cs-137 U-233
2020 0.5 39 18.2 4.79
2120 34 1.8 4.77
Year of 1550 2017 >2134 >2134 >2134

depletion
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Table 5.17. (continued)

Year
2020
2120

Year of
depletion

Year
2020

2120

Year of -
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020

2120

Year of
depletion

Co-60

1988

Co-60
1.25

2022

Co-60

1994

Co-60
3.33

2030

Co-60
0.14

2005

H-3
0.65

2015

H-3
1.29

2024

H-3

Area G
Sr-90
11

0.95
2118

Area H
Sr-90
23.6

2.0
>2148

Area ]
Sr-90
11.5

1.00
2121

Area J
Sr-90
22.4

1.97
>2147

Area K
Sr-90
3.0
0.26
2066

Cs-137
5.4
0.5
2093

Cs-137

57.8
5.7
>2148

Cs-137
5.66
0.56
2096

Cs-137

375
37.2
>2147

Cs-137
8.7
0.87
2114

U-233
1.37
1.36
>2135

Eu-152

4100
22.6

>2141

Eu-154

2860
1.08

2122
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Table 5.17. (continued)

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120
Year of

depletion

Co-60

1998

Co-60
0.63

2017

Co-60
3.05

2029

Co-60
1.85

2025

Co-60
261

2063

H-3
249

2087

H-3
25.7

2056

H-3
3.93

2024

c22.1

2055

H-3
283

2047

H-3
0.26

2

Area M
Sr-90
16.2

1.36
2133

Area N
Sr-90
11.2

0.95
2118

Area O
Sr-90
8.55
0.71
2107

Sr-90

67.3
5.88
>2145

Cs-137

16.2
1.36

2133

C-137

61.4
6.1

2135

Cs-137

15.3
1.5

2138

Cs-137

49.7
4,93

2138

Cs-137

2930
290

>2145

Cs-137

104
10.3

>2137

U-238
11.7
11.6
>2142

U-233
71.1
70.8
>2135

U-233
29.0
28.9
>2138

U-233
1.41
1.41
>2138

Eu-152

47700
263

>2145

U-238
2.18
2.18
>2142

U-238
103
103
>2135

U-238
20.7
20.7
>2138

Th-232
1.01
1.01
>2138

Eu-154

15000
5.66

2143
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. Table 5.17. (continued)
Area R
Year Co-60 H-3 Sr-90 Cs-137
2020 9.1 2.4 10.7 20.1
2120 0.94 2.0
Year of 2037 2033 2118 >2143
depletion
Area S
Year Co-60 H-3 Sr-90 Cs-137
2020 0.37
2120
Year of 2017
depletion
, Area T
Year Co-60 H-3 Sr-90 Cs-137
' 2020 2.1
2120
Year of 2035
depletion
Area U
Year Co-60 H-3 Sr-90 Cs-137 U-233 U-238
2020 4.1 5.31 9.79
2120 5.29 9.79
Year of 2032 N >2139 >2139
depletion '
 Area V
Year Co-60 H-3 Sr-90 Cs-137
2020 2.0 1.44 5.5
2120 0.5
Year of 2002 2024 2035 2094
depletion
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Table 5.17. (continued)

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Year
2020
2120

Year of
depletion

Co-60

Co-60
0.14

2005

Co-60
80.5

2054

Co-60

Co-60
157

2006

H-3
0.3

2004

H-3
37

2025

H-3
61.3

2035

H-3
1.28

2024
H-3
0.44

2006

Area W
Sr-90 Cs-137
Area X
Sr-90 Cs-137
5.05 1.65
0.4
2086 2046
Area Y
Sr-90 Cs-137
18.3 20.4
©1.54 2.0
2138 >2145
Area Z
Sr-90 Cs-137
5.86 10.9
0.5 1.08
2093 2173
Tumulus I
Sr-90 Cs-137
5.63 7.01
0.049 0.7
2092 2105

U-233
14.6
14.6
>2145

U-238
2.55

255

>2145
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Table 5.18. Cobalt-60 concentrations in surface water (pCi/L)

Time period
Distance upstream
(m)4 1999-2019 1990-2059 2100-2129
Drainage DA ,
209 4.21 2.37
140 3.55 1.98
110 2.29 1.28
98 1.45 0.81
17 1.25 0.70
0 1.29 0.72
French Drain outlet 0.66 0.42
Drainage DB
261 67.03 146.78 0.04
180 46.99 101.79 0.03
123 35.76 70.91 0.02
110 31.38 62.12 0.02
0 23.18 45.50 0.01
Drainage FA
184 34,83 26.22
87 12.93 9.74
67 9.36 7.01
17 4.69 3.51
Drainage FB
512 8.23 3.98 0.07
461 23.51 10.99 0.05
397 17.87 8.32 0.04
343 9.94 4.63 0.02
196 11.93 7.03 0.01
95 10.67 6.28 0.01
17 11.83 10.97 0.01
EWB
0.23 0.11

%Measured from the WAG 6 boundary.
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Table 5.19. Cesium-137 concentrations in surface water (pCi/L)

Time period
Distance upstream

(m)® 1990-2019 1990-2059 2100-2129

Drainage DA
209 42,96 32.05 6.00
140 35.99 26.83 5.00
110 24.27 18.10 3.38
98 15.93 11.88 2,22
17 13.81 10.29 1.92
0 12.73 9.44 1.72
French Drain outlet 9.55 7.26 1.50

Drainage DB
261 16.44 51.85 44,63
180 25.46 46.21 32.71
123 _ 17.26 31.37 22.22
110 15.21 27.53 19.46
0 12.27 20.91 14.31

Drainage FA
184 222.29 155.49 20.66
87 82.55 57.74 7.67
67 60.05 41.79 5.49
17 30.11 20.95 2.75

Drainage FB
512 32.97 25.54 5.44
461 27.33 24.51 8.52
397 21.38 18.96 6.44
343 11.90 10.55 3,58
196 23.58 17.78 3.62
95 21.08 15.89 3.24
17 19.45 14,62 2.93

EWB

3.40 2.32 0.26

9Measured from the WAG 6 boundary.
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. Table 5.20. Europium-152 concentrations in surface water (pCi/L)

Time perlod
Distance upstream
(m)4 1990-2019 1990-2059 2100-2129
Drainage DBY

261 31.39 42,37 3.09
180 21.70 29.29 2.14
123 14,63 19.74 1.44
110 12.81 17.29 1.26

0 9.35 12,62 0.92

%Measured from the WAG 6 boundary

bThe model predicted no occurrences of europium-152 in drainages DA, FA, and FB and the
EWRB in each of the periods evaluated,

Table 5.21. Europium-154 concentrations in surface water (pCi/L)

Time period
Distance upstream
(m)4 1990-2019 1990-2059 2100-2129
Drainage pg®
261 17.39 24.22 0.29
180 12.02 16.75 0.20
123 8.10 11.29 0.13
110 7.09 9.88 0.12
0 5.18 7.22 0.09

%Measured from the WAG 6 boundary,

bThe model predicted no occurrences of europium-152 in drainages DA, FA, and FB and the
EWB in each of the periods evaluated,
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Table 5.22, Tritium concentrations in surface water (pCi/L)

Time period
Distance upstream
(m)? 1990-2019 1990-2059 2100-2129
Drainage DA
209 456,080 259,748 228
140 421,554 240,522 206
110 328,190 187,252 160
98 241,952 138,048 118
17 216,492 123,522 106
0 194,531 110,923 93
French Drain outlet 2,669,856 1,531,075 1378
Drainage DB
261 731,451 699,760 2
180 809,609 659,545 170
123 548,035 446,332 119
110 489,081 396,451 104
0 363,693 293,111 77
Drainage FA
184 192,805 119,013 57
87 71,603 44,199 21
67 56,440 34,740 19
17 28,295 17,416 10
Drainage FB
512 796,833 405,032 3
461 583,725 296,755 5
397 416,667 211,806 4
343 231,832 117,848 2
196 254,589 125,395 5
95 227,605 112,104 4
17 215,221 109,530 4
EWB
15,158 7020 0

9Measured from the WAG 6 boundary.



, 5-75
. Table 5.23. Strontium-90 concentrations in surface water (pCi/L)

Time period
Distance upstream

(m)? 1990-2019 19902059 2100-2129

Drainage DA
209 107.22 198.12 109,28
140 89.85 165.37 91.06
110 60.60 111.54 61.42
98 39.77 73.20 40.30
17 34.46 63.44 34.93
0 30.61 56.54 31.19

French Drain outlet

29.49 57.09 33.79

Drainage DB
261 20.60 114.57 98.26
180 47.17 130.34 95.56
123 34.66 93.42 67.97
. 110 30.62 81.97 59.53
0 23.88 62.88 45.20

Drainage FA
184 214.90 534.60 314.25
87 79.81 198.54 116.70
67 60.33 143.78 ‘ 83,48
17 30.25 72.08 41.85

Drainage FB
512 264.00 479,14 270.13
461 234,11 432.23 258.40
397 181.32 333.65 201.60
343 100.88 185.64 112.17
196 92.44 189.51 113.44
95 82.64 169.42 101.42
17 73.95 156.43 95.33

EWB

43.12 106.28 60.48

%Measured from the WAG 6 boundary.
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Table 5.24. Thorium-232 concentrations in surface water (pCi/L)

Time period
Distance upstream '
(m)? 1990-2019 1990-2059 2100-2129
Drainage DA ‘
209 0.19 0.23 0.37
140 0.16 0.19 0.30
110 0.10 0.13 0.21
98 0.07 0.08 0.13
17 0.06 0.07 0.12
0 0.05 0.06 0.10
French Drain outlet 0.09 0.10 0.16
Drainage DB
261 11.08 104.60 523.61
180 7.66 72.32 362.04
123 5.16 48.74 244.00
110 4.52 42.68 213.65
0 3.30 31.16 155.96
Drainage FA
184 2.57 2.29 1.22
87 0.95 0.85 0.45
67 0.58 0.61 0.32
17 0.34 0.30 0.16
Drainage FB
512
461
397
343
196 0.31 0.28 0.15
95 0.28 0.25 0.14
17 0.24 0.22 0.12
EWB

9Measured from the WAG 6 boundary.
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Table 5.25. Uranium-233 concentrations in surface water (pCi/L)

5-1

Time period
Distance upstream
(m)% 1990-2019 1990-2059 2100-2129
Drainage DA
209 5.96 27.33 118.04
- 140 4,97 22,77 98.33
110 3.35 15.36 66.32
98 2,20 10.08 43.52
17 1.91 8.73 37.72
0 1.70 7.74 33.31
French Drain outlet 3.53 16.09 153.62
Drainage DB
261
180 2.11 10.24 44.10
123 1.42 6.90 29.72
110 1.24 6.05 26.02
0 1.00 4.78 20.45
Drainage FB?
512 0.78 2.88 10.69
461 0.57 2.09 7.77
397 0.40 1.49 5.52
343 0.23 0.83 3.07
196 0.89 3.26 11.98
95 0.79 2.91 10.71
17 0.84 3.23 12.47
EWB
0.19 0.61 2.09

9Measured from the WAG 6 boundary.
e model predicted no occurrences of uraniumn-233 in Drainage FA in each of the periods

evaluated.
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Table 5.26. Uranium-238 concentrations in surface water (pCi/L)

Time period
Distance upstream
(m)% 1990-2019 1990-2053 2100-2129
Drainage DA
209 10.28 45.58 190.75
140 8.56 41.30 158.91
110 5.78 27.86 107.18
98 3.79 18.28 70.33
17 3.29 15.84 60.96
0 2.79 13.48 51.85
French Drain outlet 3.87 26.68 115.08
Drainage DB
261
180 0.08 0.38 1.60
123 0.06 0.25 1.08
110 0.05 0.22 '0.94
0 0.37 1.49 5.89
Drainage FA ‘
184 2.86 10.53 39.46
87 1.06 3.91 14.66
67 0.76 2.80 10.48
17 0.38 1.40 5.25
Drainage FB
512 0.27 0.86 2.91
461 0.20 0.62 2.11
397 0.14 0.44 1.50
343 0.08 0.25 0.83
196 3.95 18.66 71.59
95 3.53 16.68 64.00
17 3.26 15.63 60.85
EWB
0.07 0.23 0.84

%Measured from the WAG 6 boundary.

°
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. Table 5.27. Predicted peak annual flux in surface water in WAG 6

Peak flux Peak flux
exiting WAG 6 discharge to EWB

Radionuclide - uCi Year uCi Year
H-3 60,000,000 2018 820,000 2028
Co-60 7700 2026 12 1990
Sr-90 43,000 2042 3400 2038
Cs-137 3200 1990 120 1990
Eu-152 930 2020

Eu-154 430 : 2024

Th-232¢ 5000 2130

U-2334 2200 2130 46 2130
U-234 6000 2130 18 2139

. ~ 9peak occurs sometime after 2130.

®
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Table 5.28. Predicted peak annual flux in groundwater discharge in WAG 6

Peak flux Peak flux
exiting WAG 6 discharge to EWB

Radionuclide uCi Year uCi Year
H-3 2,750,000 1992 4480 2007
Co-60 1700 1990 0.2 1995
Sr-90 450 2052 13 2043
Cs-137 62 2050 0.3 1995
Eu-152 200 2050

Eu-154 52 2036

Th-232 0.4 2064

U-2334 92 2205 2 2205
U-2384 160 2210 3

2205

9peak occurs after 2205.
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Table §.29. Sensitivity analysis for cobalt-60

Ratio of %
change in
Output parameter output to %
(yr) Input parameter Nominal value  change in input  Sensitivity?

GW Conc (1) DHORZ 53m -0.37 Medium
GW Conc (1) ATREN 3357 Ci 1 High
GW Conc (1) IYRC 11 yr -0.96 High
GW Conc (1) GWV 21.5 m/yr -1.22 High
*GW Conc (1) GwWv 46 m/yr - 1.27 High
GW Conc (1) Gwv 60.4 m/yr -0.776 Medium
GW Conc (1) XKDH 0.00055 m3/kg -0.24 Medium
GW Conc (1) EPORA 0.014 - 0.81 High
GW Conc (1) EPORA 0.03 - 0.96 High
GW Conc (1) FFIN 0.1 0

GW Conc (31) FFIN 0.1 0.985 High
GW Cone (1) RPERC 0.19 m/yr 1 High
GW Conc (1) RPERC 0.399 m/yr 1.07 High
GW Conc (1) FINT 0.000026 1 High
GW Conc (1) AQTHK 4.6 m - 0.85 High
GW Conc (1) ADISP 0.3 -0.28 Medium
GW Conc (1) TAREA 1481 m2 - 0.36 Medipm
GW Conc (1) XKDT 0.782 m3/kg 1.001 High
Inventory (31) RPERC 0.19 0 Low
Inventory (31) FINT 0.000026 0 Low

GCriteria for low, medium, and high sensitivity based on ratio of percent change of parameters:
(0-0.1), medium (0.1-0.8) and high (> 0.8).
GW Conc (1) = groundwater concentration, year 1.

low
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Table 5.30. Sensitivity analysis for tritium

Ratio of %
change in
Output parameter output to %
(yr) Input parameter Nominal value change in input  Sensitivity?
GW Conc (1)? DHORZ 53 m -0.35 Medium
GW Conc (1) ATREN 91.6 Ci 1.00 High
GW Conc (1) IYRC 11 yr -0.5 Medium
GW Conc (1) GWV 25.7 m/yr - 1.07 High
GW Conc (1) GWV 46 m/yr - 1.025 High
GW Conc (1) EPORA 0.0129 - 1.59 High
GW Conc (1) EPORA 0.03 -1.4 High
GW Conc (1) EPORA 0.0497 -0.917 High
GW Conc (31) FFIN 0.1 0.088 Low
GW Conc (1) RPERC 0.19 m/yr 0.955 High
GW Conc (1) FINT 0.021 1.0 High
GW Conc (1) AQTHK 4.6 -0.97 High
GW Conc (1) ADISP 0.3 -0.28 Medium
GW Conc (1) TAREA 1481 - 0.356 Medium
Inventory (31) RPERC 0.19 - 0.1 Low
Inventory (31) FINT 0.021 -0.105 Low

ACriteria for low, medium, and high sensitivity based on ratio of percent change of parameters: low

(0-0.1), medium (0.1-0.8) and high (> 0.8).

bgw Conc (1) = groundwater concentration, year 1 medium (0.1-0.8) and high (> 0.8).
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Table 5.31. Parameter range and uncertainty

Parameter Nominal value Distribution Range Uncertainty
TAREA Varies Normal Cov? = 0.1 Low

H ‘ 46m Normal Cov = 0.2 Low
FINT Varies Normal Cov = 1.0 High
FFIN 0.1 Normal Cov = 0.5 High
ATREN Varies Normal Cov = 0.5 High
DECAY Varies Low
XKDV Varies Normal Cov = 1.0 High
XKDH Varies Normal Cov = 1.0 High
XKDT Varies Normal Cov = 0.5 High
RPERC 0.19 m/yr Normal Cov = 1.0 High
DVERT Varies Normal Cov = 0.2 Medium
DHORZ Varies Normal Cov = 0.1-1.0 Low
EPORV 0.02 Uniform 0.004-0.04 High
EPORA 0.02 Uniform 0.004-0.04 High
PORT 0.5 Normal Cov = 0.5 Low
PORV 0.1 Normal Cov = 0.5 Low
SSAT 0.5 Normal Cov = 0.5 Medium
BDENS 1300 kg/m3 Normal Cov = 0.25 Low
DISP Sm Normal Cov = 0.2 Medium
AQTHK 46m Uniform 4.6-6.4 High
PORA 0.1 Normal Cov = 0.5 Medium
Gwv Varies Normal Cov = 0.5 Medium
ADISP 0.3 radians Normal Cov = 0.2 Medium
IYRC Varies Norrmal Cov = 0.2-0.5 Low
WTRI Varies Normal Cov = 0.5 Medium

4Cov:

coefficient of variation.
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Table 5.32. Classification of atmospheric stability

Stability Pasquill
classification categories Degrees
Extremely Unstable A 0® = 22.5
Moderately Unstable B (2) 225 > 00 > 175
Sligh:i{ nstable C &3) 175 > o0 > 12.5
Neut D (4) 125 > 0@ > 7.5
Slightly Stable Egsg 75 > 00 > 3.8
Moderately Stable F (6 38 > 0 > 00
Nighttime Modified Sigma Theta Scheme
If Stability is and Wind Speed is Then Stability Class is
A WS < 2.9 F(6
29 € WS < 3.6 ErS)
3.6 < WS DN (7)?
B WS < 2.4 F 6;
24 < WS < 3.0 E‘gs
3.0 s WS DN (7)¢
C WS < 24 E (6
24 < WS mS )(7)“
D N/A D
E N/A E
F N/A F

“DI;I = D stability for nighttime regime. This is counted as stability class D in the joint frequency
analysis. :
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. Table 5.33. Frequency of wind speed and direction for atmospheric
stability categories at ORNL Tower TA, 1986-19907

Frequenoy (%) of wind speed and directlon for stability class A

speed (m/s)b

Direction 1.5 ' 2.5 4.5 7.0 9.5 >11 Total
N 0.0541  0.0313 0.0000 0.0000 0.0000 0.0000 0.8555
NNE 0.0855 0.0313 0.0000 0.0000 0.0000 0.0000 0.1168
NE 0.1282  0.0798 0.0057 0.0000 0.0000 0.0000 0.2137
ENE 0.1567  0.1083 0.0000 0.0000 0.0000 0.0028 0.2679
E 0.2223 0,0513 0.0000 0.0000 0.0000 0.0000 0.2736
ESE 0.1282  0.0342 0.0000 0.0000 0.0000 0.0000 0.1624
SE 0.0855  0.0256 0.0000 0.0000 0.0000 0.0000 0.1111
SSE 0.1054 0.0199 0.0000 0.0000 0.0000 0.0000 0.1254
S 0.1852  0.0427 0.0028 0.0000 0.0000 0.0000 0.2308
SSW 0.2736  0.2166 0.0313 0.0000 0.0000 0.0000 0.5215
SW 0.4217  0.2650 0.0171 0.0000 0.0000 0.0000 0.7038
WswW 0.3790  0.1653 0.0028 0.0000 0.0000 0.0000 0.5471
w 0.1995  0.2052 0.0057 0.0000 0.0000 0.0000 0.4103
WNW 0.1140 0.1624 0.0085 0.0000 0.0000 0.0000 0.2850°
Nw 0.0541  0.0855 0.0057 0.0000 0.0000 0.0000 0.1453
NNW 0.0484 0.0513 0.0000 0.0000 0.0000 0.0000 0.0997
Total 2.6416  1.5758 0.0798 0.0000 0.0000 0.0028

Calms = 320 Total class observations = 4.30%

Frequency (%) of wind speed and direction for stability class B
speed (m/s)

Direction 1.5 2.5 4.5 7.0 9.5 >11 Total
N 0.0912  0.0541 0.0000 0.0000 0.0000 0.0000 0.1453
NNE 0.1368  0.0484 0.0000 0.0000 0.0000 0.0000 0.1852
NE 0.2679  0.1368 0.0000 0.0000 0.0000 0.0000 0.4046
ENE 0.5614  0.2365 0.0028 0.0000 0.0000 0.0000 0.8007
E 0.4901 0.2166 0.0000 0.0000 0.0000 0.0000 0.7067
ESE 0.3419  0.0769 0.0000 0.0000 0.0000 0.0000 0.4189
SE 0.2080 0.0513 0.0000 0.0000 0.0000 0.0000 0.2593
SSE 0.2451  0.0313 0.0000 0.0000 0.0000 0.0000 0.2764
S 0.2622  0.0513 0.0000 0.0000 0.0000 0.0000 0.3135
SSW 0.6611  0.3277 0.0484 0.0114 0.0000 0.0000 1.0486
Sw 1.3535  0.5044 0.0256 0.0028 0.0000 0.0000 1.8864
WSW 0.9261  0.3704 0.0114 0.0028 0.0000 0.0000 1.3108
w 0.5984  0.4445 0.0399 0.0000 0.0000 0.0000 1.0828
WNW 0.2793 0.2622 0.0285 0.0000 0.0000 0.0000 0.5699

O ' S e
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Table 5.33 (continued)

NwW 0.1881  0,0969 0.0028 0.0000 0,0000 0.0000 0.2878
NNW 0.1539  0.0769 0.0057 0.0000 0.0000 0.0000 0.2365
Total 6.7649  2,9864 0.1653 0.0171 0.0000 0.0000

Calms = 852 Total class observations = 9.93%

Frequency (%) of wind speed and direction for stability class C
speed (m/s)

Direction 1.5 2.5 4.5 7.0 9.5 >11 Total
N 0.1311  0,0228 0.0000 0.0000 0.0000 0.0000 0.1539
NNE 0.1852  0.0655 0.0000 0.0000 0.0000 0.0000 0.2508
NE 0.5414  0.3306 0.0142 0.0000 0.0000 0.0000 0.8862
ENE 0.9774  0.5813 0.0057 0.0000 0.0000 0.0000 1.5644
E 0.6782  0.2451 0.0028 0.0000 0.0000 0.0000 0.9261
ESE 0.2964 00627  0.0000 0.0000 0.0000 0.0000 0.35%90
SE 0.1738  0.0256 0.0028 0.0000 0.0000 0.0000 10,2023,
SSE 0.1311 0.0171 0.0000 0.0000 0.0000 0.0000 0.1482
S 0.1824  0.0228 0.0000 0.0000 0.0000 0.0000 0.2052
SSW 0.7152 0.3704 0.0456 0.0057 0.0000 0,0000 1.1370
SwW 1.6243  0.,7494 0.0883 0.0028 0.0000 0.0000 2.4649
WSW 1.1199  0.4075 0.0199 0.0000 0.0000 0.0000 1.5473
w 0.5984  0.4331 0.0456 0.0000 0.0000 0.0000 1.0771
WNW 0.1795  0.1197 0.0114 0.0000 0.0000 0.0000 0.3106
NW 0.0912  0.0256 0.0000 0.0000 0.0000 0.0000 0.1168
NNW 0.0769 0.0114 0.0028 0.0000 0.0000 0.0000 0.0912
Total 7.7024  3.4907 0.2394 0.0085 0.0000 0.0000
Calms = 1429 Total class observations = 11.44%

Frequency (%) of wind speed and direction for stability class D
speed (m/s)

Direction 1.5 2.5 4.5 7.0 9.5 >11 Total

N 0.0826 0.0114 0.0000 0.0000 0.0000 €.0000 0.0940
NNE 0.2622  0,0684 0.0028 0.0000 0.0000 0.0000 0.3334
NE 1.2681  0.9432 0.0199 0.0000 0.0000 0.0000 2.2312
ENE 1.9406 0.7751 0.0114 0.0000 0.0000 0.0000 2.7270
E 0.6583  0.1140 0.0028 0.0000 0.0000 0.0000 0.7751
ESE 0.1653  0.0142 0.0000 0.0000 0.0000 0.0000 0.1795
SE 0.1225  0.0085 0.0000 0.0000 0.0000 0.0000 0.1311
SSE 0.1225  0.0057 0.0000 0.0000 0.0000 0.0000 0.1282

s rns AN A ~n A n ~ s ~ ~ s -

0.15506 U.uuvi4 u,uusio U.uvuv U, U v.Uuuv U, 1/83
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Table 5,33 (continued)

Ssw 0.6981  0.4445 0.0456 0.0000 0.0000 0.0000
SwW 1,5302  0.4901 0.0342 0.0000 0.0000 0.0000
wsw 2,1885 0.4417 0.0114 0.0000 0.0000 0.0000
w 0.7466  0.4217 0.0114 0.0000 0.0000 0.0000
WNW 0.1539  0.0228 0.0000 0.0000 0.0000 0.0000
Nw 0.0598  0.0028 0.0000 0.0000 0,0000 0.0000
NNwW 0.0513 0.0000 0,0000 0.0000 0.0000 0.0000
Total 10,2100  3.7757 0.1453 0.0000 0.0000 0.0000
Calms = 4682 Total class observations = 14,13%

- Frequenoy (%) of wind speed and direction for stability class E

speed (m/s)

Direction 1.5 2.5 4,5 7.0 9.5 >11

N 0.1282  0.0114 0.0000 0.0000 0.0000 0.0000
NNE 0.2308  0.0484 0.0000 0.0000 0.0000 0.0000
NE 1.0230  0,1881 0.0028 0.0000 0.0000 0.0000
ENE 1,7325  0.2878 0.0000 0.0000 0,0000 0.0000
E 0.4759  0.0256 0.0000 0.0000 0.0000 0.0000
ESE 0.0712  0,0114 0.0000 0.0000 0.0000 0.0000
SE 0.0513  0.0085 0.0000 0.0000 0.0000 0.0000
SSE 0.0826  0.0057 0.0000 0.0000 0.0000 0.0000
S 0.0769 0,017 0.0000 0.0000 0.0000 0.0000
SSwW 0,1767  0.1140 0.0000 0.0000 0.0000 0.0000
Sw 1.0771  0.2422 0.0000 0.0000 0.0000 0.0000
wsSw 2.0175  0,2337 0.0000 0.0000 0.0000 0.0000
w 0.8520 0.4189 0.0028 0.0000 0.0000 0.0000
WNW 0.1852  0.0741 0.0000 0.0000 0.0000 0.0000
Nw 0.0598  0,0199 0.0000 0.0000 0.0000 0.0000
NNW 0.1054  0.0171 0.0000 0.0000 0.0000 0.0000
Total 8.3464  1.7240 0.0057 0.0000 0.0000 0.0000

Calms = 5181 Total class observations = 10,08%

Frequency (%) of wind speed and direction for stability class F

speed (m/s)

Direction 1.5 2.5 4.5 7.0

N 0.1026  0.0171 0.0000 0.0000
NNE 0.0798  0.0399 0.0000 0.0000
NE 0.7494  0.0741 0.0000 0.0000
ENE 1.7553  0.0798 0.0000 0.0000

9.5

0.0000

0.0000
0.0000
0.0000

>11

0.0000
0.0000
0.0000
0.0028

1,1883
2,0545
2.6416
1.1797
0.1795
0.0627
0.,0513

Total

0.1396
0.2793
1.2139.
2,0203
0.5015
0.0826
0.0598
0.0883
0.0940
0.2907
1.3194
2.2512
1.2738
0.2593
0.0798
0.1225

Total

0.1197
0.1197
0.8235
1.8380
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Table 5.33 (continued)

0.0028
0.0000
0.0057
0.0028
0.0171
0.0798
0.1681
0.1282
0,2992
0.1539
0.0541
0.0228
1.1455

0.0057
0.0000
0.0000
0.0000
0.0057
0.0427
0.0370
0.0085
0.0285
0.0142
0.0000
0.0000
0.1425

0,0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000

0,0000
0,0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0028
0.0000
0,0000
0.0000
0.0000
0.0000
0.0028
0.0000
0.0000
0.0000
0.0000
0.0000
0.0085

Total class observations = 6.74%

Frequency (%) of wind speed and direction for all stabllity classes

E 0.2992
ESE 0.0142
SE 0.0342
SSE 0,0228
S 0.0541
SSW 0,0598
Sw 0.3106
wsw 1.1541
w 0.4645
WNW 0.1311
NW 0.1254
NNW 0,0855
Total 5.4427
Calms = 2759

Direction 1.5

N 0.5899
NNE 0,9803
NE 3.9780
ENE 7.1239
E 2.8239
ESE 1.0173
SE 0.6753
SSE 0.7095
S 0.9204
SSW 2.5846
SwW 6.3175
WSW 7.7850
w 3.4594
WNW 1.0429
NwW 0.5785
NNW 0.5215
Total 41,1079

Calms = 15,223 h

2.5

0.1482
0.302]
1.7525
2.0688
0.6554
0.1995
0.1254
0.0826
0.1624
1.5530
2.4193
1.7468
2.2227
0.7950
0.2850
0.1795
14.6981

speed (m/s)

4.5

0.0000
0.0028
0.0427
0.0199
0.0114
0.0000
0.0028
0.0000
0.0114
0.2137
0.2023
0.0541
0.1339
0.0655
0.0085
0.0085
0.7779

7.0

0.0000
0.0000
0.0000
0,0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0171
0.0057
0,0028
0.0000
0.0000
0.0000
0.0000
0.0256

9.5

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

>11

0.0000
0.0000
0.0000
0.0057
0.0028
0.0000
0.0000
0.0000
0.0000
0.0000
0.0028
0.0000
0.0000
0.0000
0.0000
0.0000
0.0114

0.3106
0.0142
0.0399
0.0256
0.0769
0.1824
0.5186
1,2909
0.7922
0.2992
0.1795
0.1083

Total

0.7380
1.2852
57732
9.2184
3.4936
1.2168
0.8036
0.7922
1.0942
4,3684
8.9477
9.5888
5.8160
1.9035
0.8720
0.7095

4Total observations (35,093 hours) includes calms; missed observations totalled 8083 hours, The total days
counted are for the entire data set and numbered 1799.
bNopC wind speed ranges (m/s): 1.5 (0-1.8); 2.5 (1.8-3.3); 4.5 (3.3-5.4); 7.0 (5.4-8.5); 9.5 (8.5-11)

Date of run:

3/28/91
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Table 5.34. WAG 6 surface water sampling results—tritium®

5-89

Sampling

Sampling Period

High water Storm Base Storm

Source point table event | flow event II
Stream FB WFBB1 3,100,000 2,200,000 3,600,000  3,910,000°
WFBB3 Nsb 190,000° NS 161,000

Stream FA WFBAI 86,000 96,000 NS 103,000°¢
Stream FAA WBAAI NS 1500°¢ NS NS
Stream FAB WBABI NS 130,000°¢ NS 122,000
WBAB2 NS 390,000 NS 393,000¢
French Drain W49TS 12,000,000 8,500,000  14,000,000¢ 4,270,000
Stream DA WDA1 2,050,000 160,000 2,900,000  2,320,000°
Stream DB WDB1 NS 73,000¢ NS NS
Stream B SWB1 30,000 2700°¢ NS ‘NS
Stream A2 SWAL NS 2700°¢ NS 2250
EWB WEWB NS NS 190,000°¢ 169,000

9Concentrations are in pCi/L,

bNot sampled.

“Used to calculate present-day emissions.
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‘v'able 5.35. Tritium source data—1989

Tritium  Area source Emission
Source Length Width Area Evaporation concentration side length rate
Source  area (ft) (ft) (f?  (myr) (pCi/L) ) (g/ms)
FA 285 2 570 44
FAl 143 2 285 22 103,000 100  6.95E-18
FA2 143 2 285 22 103,000 100 6.95E-18
FAA 530 1 530 41
FAA1 133 1 133 10 1500 100 4.7T1E-20
FAA2 133 1 133 10 1500 100  4.71E-20
FAA3 133 1 133 10 1500 100  4.71E-20
FAA4 133 1 133 10 1500 100 4.71E-20
FAB® ‘ 320 1 320 25
FABI s 1 80 6 393,000 100  7.44E-18
FAB2 0 1 80 6 305,333 100 5.78E-18
FAB3 80 1 80 6 217,667 100 4.12E-18
FAB4 80 1 80 6 130,000 100  2.46F-18
FB® 2356  0.75-2.25 3764 416
FBI 70 ] 70 8 62,000 100  4.49E-18
FB2° 70 1 50 6 62,000 100  3.21E-18
FB3 140 0.75 105 12 62,000 100  6.73E-18
FB4 159 1.5 238 26 62,000 100 1.53E-17
FBS 159 1.5 238 26 62,000 100 1.53E-17
FB6 159 1.5 238 26 62,000 100 1.53E-17
FB7 159 1.5 238 26 411,818 100 4.25E-17
FB8 159 1.5 238 26 761,636 100  6.97E-17
FB9 159 1.5 238 26 1,111,455 100  9.69E-17
FB10 159 1.5 238 26 1,461,273 100 1.24E-16
FB11 159 1.5 238 26 1,811,091 100 1.51E-16
FB124 165 1.5 274 30 2,160,909 100  2.06E-16
FB13 83 2 165 18 2,510,727 100 1.42E-16
FB14 83 2 165 18 2,860,545 100 1.61E-16
FB15 83 2 165 18 3,210,364 100 1.80E-16
FB16 83 2 165 18 3,560,182 100 1.99E-16
FB17 103 225 232 26 3,910,000 100  3.07E-16
FB18 103 225 232 26 3,910,000 100  3.07E-16
FB19 103 225 232 26 3,910,000 100  3.07E-16
French Drain 50 50 2500 276
FD1 50 50 2500 276 14,000,000 50 4.73E-14

" T ' ' ' n
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Table §.35. (continued)

Tritium  Area source Emission

Source Leogth Width Areas Evaporation concentration side length  rate
Source  arca (fy (f1) () (miiyn) (pCi’L) () (g/m*/s)
DA 300 1.5 450 35
DA1 100 1.5 150 12 2,320,000 100 8.24E-17
DA2 100 1.5 150 12 2,320,000 100 8.24E-17
DA3 100 1.5 150 12 2,320,000 100 8.24E-17
DB 860 2 1720 133
DBI1 123 2 246 19 73,000 100 4.25E-18
DB2 123 2 246 19 73,000 100 4.25E-18
DB3 123 2 246 19 73,000 100 4.25E-18
DB4 123 2 246 19 73,000 100 4.25E-18
DBS 123 2 246 19 73,000 100 4.25E-18
DB6 123 2 246 19 73,000 100 4.25E-18
DB7 123 2 246 19 73,000 100 4.25E-18
B 480 1 480 37 '
. Bl 120 1 120 9 2700 100 7.67E-20
B2 120 ] 120 9 2700 100 7.67E-20
B3 120 1 120 9 2700 100 7.67E-20
B4 120 1 120 9 2700 100 7.67E-20
A2 450 2 900 70
A2l 113 2 225 17 2700 100 1.44E-19
A22 113 2 225 17 2700 100 1.44E-19
A23 113 2 225 17 2700 100 1.44E-19
A24 113 2 225 17 2700 100 1.44E-19
EWB° 150 150 22500 2487
WBI1 50 50 2500 276 190,000 50 6.41E-16
WB2 100 100 10000 1106 190,000 100 6.41E-16
WB3 100 100 10000 1106 190,000 100 €.41E-16
aEABI is based on WBAB2 concentration; FAB2 and FAB3 are based on the concentration gradient
between WBAB1 and WBAB2; FAB4 is based on WBABI concentration.
bFB1 through FB6 are based on WFBB3 concentration; FB7 through FB16 are based on the
concentration gradient between WFBB2 and WFBB1; FB17 through FB19 are based on WFBB1
concentration.
Length includes a 20-ft section of stream flowing underground; area does not account for this section.
I . dIncludes a 6-ft by 6-ft pool in stream.

€Surface area is 22,467 ftZ,
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Table 5.37. Predicted surface water tritium emissions (g/mzls)

Source 1989 Period 1990 - 2019 Period 1990 - 2059 Period 2100 - 2129
FA1 6.95E-18 3.81E-18 2.34E-18 1.28E-21
FA2 6.95E-18 1.91E-18 1.18E-18 6.75E-22
FAA1 4.71E-20 0.00E +00 0.00E +00 0.00E +00
. FAA2  4.71E-20 0.00E +00 0.00E +00 0.00E +00
FAA3 4.71E-20 0.00E+00 0.00E+00 0.00E +00
FAA4 4.71E-20 0.00E +00 0.00E +00 0.00E +00
FAB1 7.44E-18 3.65E-18 2.25E-18 1.08E-21
FAB2 5.78E-18 3.65E-18 2.25E-18 1.08E-21
FAB3 4.12E-18 1.36E-18 8.37E-19 3.98E-22
FAB4 2.46E-18 1.36E-18 8.37E-19 3.98E-22
FB1 4.49E-18 1.88E-17 9.57E-18 7.09E-23
FB2 3.21E-18 1.34E-17 6.84E-18 5.06E-23
FB3 6.73E-18 2.07E-17 1.05E-17 1.77E-22
FB4 1.53E-17 3.35E-17 1.70E-17 3.22E-22
FBS 1.53E-17 3.35E-17 1.70E-17 3.22E-22
FB6 1.53E-17 1.87E-17 9.48E-18 1.61E-22
FB7 4.25E-17 1.87E-17 9.48E-18 1.61E-22
FBS 6.97E-17 1.87E-17 9.48E-18 1.61E-22
FBY 9.69E-17 2.05E-17 1.01E-17 4.02E-22
FB10 1.24E-16 2.05E-17 1.01B-17 4.02E-22 .
FB11 1.51E-16 2.05E-17 1.01E-17 4.02E-22
FB12 2.06E-16 2.36E-17 1.16E-17 4.63E-22
FB13 1.42E-16 1.27E-17 6.24E-18 2.23E-22
FB14 1.61E-16 1.27E-17 6.24E-18 2.23E-22
FB1S 1.80E-16 1.27E-17 6.24E-18 2.23E-22
FB16 1.99E-16 1.27E-17 6.24E-18 2.23E-22
FB17 3.07E-16 1.69E-17  8.60B-18 3.14E-22
FB18 3.07E-16 1.69E-17 8.60E-18 3.14E-22
FB19 3.07E-16 1.69E-17 8.60E-18 3.14E-22
FD1 4.73E-14 9.01E-15 5.17B-15 4.65E-18
DAl 8.24E-17 1.50E-17 8.54E-18 7.32E-21
DA2 . 8.24E-17 1.17E-17 6.65E-18 5.68E-21
DA3 8.24E-17 7.69E-18 4.35E-18 3.76E-21
DB1 4.25E-18 4.26E-17 4.07E-17 1.16E-22
DB2 4.25E-18 4.71E-17 3.84E-17 9.89E-21
DB3 4.25E-18 4.71E-17 3.84E-17 9.89E-21
DB4 4.25E-18 3.19E-17 2.60E-17 6.92E-21
DBS 4.25E-18 2.85E-17 2.31E-17 6.058-21
DB6 4.25E-18 2.85E-17 2.31E-17 6.05E-21
DBT 4.25E-18 2.12E-17 1.71E-17 4.48E-21
Bl 7.67E-20 0.00E+00 0.00E +00 0.00E+00
B2 7.67E-20 0.00E+00 0.00E +00 0.00E +00
B3 7.67E-20 0.00E +00 0.00E +00 0.00E +00
! B4 7.67E-20 0.00E +00 0.00E +00 0.00E+00
4 A21 1.44E-19 0.00E +00 0.00E +00 0.00E+00
| A22 1.44E-19 0.00E +00 0.00E +00 0.00E +00
H A23 1.44E-19 0.00E+00 0.00E +00 0.00E +00
! A24 1.44E-19 0.00E +00 0.00E +00 0.00E +00
A, WBi 6.4iE-i6 5.12E-17 2.37E-17 0.00E+00
{ . WB2 6.41E-16 5.12E-17 2.37E-17 0.00E +00

: WB3 6.41E-16 5.12E-17 2.37E-17 0.00E+00
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Table 5.38. Baseline CHEMDAT?7 sources and emissions

Emissions
Total area No. of Receptor X Y rate

Area® (cm?)  sources no. (m) (m) (g/m?/s)
49-Trench 69,675,000 3.646E-10
10 1 244 366 3.646E-10
2 274 366 3.646E-10
3 244 396  3.646E-10
4 274 396 3.646E-10
5 305 396 3.646E-10
6 244 427 3.646E-10
7 274 427 3.646E-10
8 305 427 3.646E-10
9 244 46 3.646E-10
10 274 46 3.646E-10
West Disposal Area 92,900,000 14 4.778E-08
11 244 244 4.778E-08
12 213 27 4.778E-08
13 244 274 4.778E-08
14 183 305 4.778E-08
15 213 305 4.778E-08
16 244 305 4.778E-08
17 122 335  4.778E-08
18 152 335 4.778E-08
19 183 335  4.778E-08
20 213 366 4.778E-08
21 122 366  4.778E-08
22 152 366  4.778E-08
23 183 366 4.778E-08
24 152 396  4.778E-08
Central Disposal Area 11,612,500 3 - 5.692E-08
25 427 396 5.692E-08
26 457 396  5.692E-08
27 488 396 5.692E-08
North-East Disposal Area 18,580,000 4 2.763E-10
28 427 549  2.763E-10
29 457 549  2.763E-10
30 396 579  2.763E-10
3i 427 579  2.763E-i0
17-Trench 20,902,500 3 1.595E5-09
32 305 701 1.595E-09
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Table 5.38. (continued)
S,
i ‘/f‘ Emissions
Total area No, of ' {/Receptor X Y rate

Area?® (cm?)  sources no. (m) (m) (g/mzls)
33 305 732 1.595E-09

34 305 762 1.595E-09

HATA 20,902,500 3 7.715E-10
35 183 671 7.715E-10

36 183 701 7.715E-10

37 213 701 7.715E-10

Groundwater 27,870,000 4 - 2.763E-10
38 427 671 2.763E-10

39 427 701  2.763E-10

40 46 701 2.763E-10

41 427 732 2.763E-10

South Disposal Area 137,027,500 18 2.066E-08
' ' 42 335 122 2.066E-08

43 335 152 2.066E-08

‘ 44 366 61 2.066E-08
45 366 91 2.066E-08

46 366 122 2.066E-08

47 366 152 2.066E-08

48 366 183 2.066E-08

49 366 213 2.066E-08

50 396 61 2.066E-08

51 396 61 2.066E-08

52 396 122 2.066E-08

53 396 152 2.066E-08

54 396 183 2.066E-08

55 396 213 2.066E-08

56 427 122 2.066E-08

57 427 152 2.066E-08

58 427 183 2.066E-08

59 427 213 2.066E-08

South-Central Disposal Area 41,805,000 5 5.690E-08
60 366 396 5.690E-08

61 366 427 5.690E-08

62 396 366 5.690E-08
63 396 396 5.690E-08
64 396 427 5.690E-08
Middle Central Disposal Area 74,320,000 9 4.922E-10

65 274 488 4.922E-10
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Table 5.38. (continued)

Emissions
Total area No. of Receptor X Y rate

Area® (cm?)  sources  no. (m) (m)  (g/m?/s)
66 274 518 4,922E-10
67 305 457 4,922E-10
68 305 488 4.922E-10
69 305 518 4,922E-10
70 305 549 4.922E-10
7! 335 427  4.922E-10
72 335 457  4.922E-10
73 335 488 4.922E-10
North-Central Disposal Area 23,225,000 2 7.715E-10
74 213 640 7.715E-10
75 244 640  7.715E-10
South-East Disposal Area 71,997,500 8 7.715E-10
76 427 488 6.229E-09
77 427 518 6.229E-09
78 457 457 6.229E-09
79 457 488 6.229E-09
80 488 427 6.229E-09
81 488 457 6.229E-09
82 518 396 6.229E-09
83 518 427 6.229E-09
North-West Auger Hole Area 55,740,000 6 2.762E-10
84 366 610 2.762E-10
85 366 640 2.762E-10
‘ 86 366 671 2.762E-10
| 87 396 610  2.762E-10
I 88 396 640  2.762E-10
89 396 671 2.762E-10
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. Table 5.39. Predicted concentrations of tritium and VOCs

Tritium

Maximum on-WAG

Maximum boundary

' receptor receptor
Concentration Concentration
| Period (pg/m?) (pCi/m®) (pg/m%) (pCi/im*)
i 1989 (present) 620 5,952,000 64,670 620,832,000
3 1990-2019 109 1,046,400 12,326 118,329,600
! 1990-2059 64 614,400 7,077 67,939,200
J' 2100-2129 0.05 480 ' 6 57,600
i
JJ
VOCs
Maximum boundary 95 percentile of Maximum on-WAG 95 percentile of mean,
receptor mean, boundary receptor on-WAG
Concentration Concentration Concentration Concentration
Case (pg/m?) (pg/m®) (pg/m’) (pg/m?)
Baseline 168,450 26,450 435,000 28,800
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Fig. 5.1. Site conceptual model.
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Fig. 5.2. Hydrologic features of WAG 6.




5.18 4104.17

VOLATILIZATION
t—
AR PRECIPITATION/DEPOSITION
z| 3 zf
20| EQ
O é n
EZ pd
sl 2w
ox| ES
0| 93
%%¢ow
ow =~ #
SEEPAGE
l SURFACE
SOIL RUNOFF WATER/
—»-| SEDIMENT
SORPTION SEEPAGE
B ——
GROUND- GROUNDWATER
PERCOLATION WATER oS OrARGE

Fig. 5.3. Intermedia transfer processes,




E23000
ez
E£24000
ez

N18000

N17500

N17000

N16500_

\\\ "L TUMULUS WASTE

% : \STORAGE. PAD

N16000

WAGE 06F367.DGN
9-4



NOTE

f. ALL COORDINATES ARE BASED ON
THE ORNL GRID SYSTEM, THE ANGLE
OF DECLINATION OF THE ORNL GRID
TO TRUE NORTH IS TAKEN FROM THE
APPROXIMATE CENTER OF THE WAG.
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Fig. 5.4. WAG 6 transnort modeling areas.




= 9EVOLY VBL'S

al

‘uoyenuUIIS O[IE)) AUOW °§°S “S14

ALMIEVEOHd ¥OL + HVIA ALNi8vVE0Hd
S : | i
- | ot i ] FE& E&
c S i
m . m utL =
¥ HYIA u INdLNO u 1NdNI w YILINVHVd
I i : i i
l I i i |
i I ! I -
ALMIgvE0oHd Y01 b HVYIA ALIIBVE0Hd
< "
| < > 300N ! . .
= / |c €— |1HOdSNVHL | €— “d — d d
m m N—n_ 1
ZHV3A 2 1NdLNO 2 1NdNI . 2 H313NvHvd
ALIigvaoud %01 | HY3A ALI8vE0Hd
L
d <+
< s . 1 <«
= Yo/ ’
m m by
L HV3A + 1NdLNO b 10dNI + HILINVHY




. PREGIPITATION

na

UN-
SATURATED
ZONE

SATURATED
ZONE

4

- ANGLE o

H = TRENCH DEPTH
AQTHK = SATURATED ZONE THICKNESS
DHORZ = DISTANCE TO RECEPTOR

o = DISPERSION ANGLE

Fig. 5.6. Schematic diagram of the transport model.
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Fig. 5.7. General structure of the model.
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Fig. 5.9. Modeling output for cobalt-60, Area A.
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Fig. 5.10. Modeling output for cesium-137, Area A.
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Fig. 5.11. Modeling output for europium-152, Area A.
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Fig. 5.12. Modeling output for tritium, Area A.
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Fig. 5.13 Modeling output for strontium-90, Area A.
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Fig. 5.14. Modeling output for cobalt-60, Area B.
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Fig. 5.15. Modeling output for cesium-137, Area B.
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Fig. 5.16. Modeling output for europium-154, Area B.
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Fig. 5.18. Modeling output for strontium-90, Area B.
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Fig. 5.19. Modeling output for cobalt-60, Area C.
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Fig. 5.20. Modeling output for cesium-137, Area C.
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Fig. 5.21. Modeling output for tritium, Area C.
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Fig. 5.22. Modeling output for strontium-90, Area C.
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Fig. 5.23. Modeling output for uranium-233, Area C.

\
\



6.18A 4104.62

CONG pCilL

INVENTORY Ci

FLUX Ci

10T

057

0 1 -989 2009 2029 2049 2069 2089 2109 2129

YEAR
ANNUAL COBALT-60 CONCENTRATION IN WELL #849—AREA M.

0 L
1976 1996 2016 2036 2056 2076 2096 2116
YEAR

ANNUAL COBALT-60 CONCENTRATION INVENTORY IN TRENCH—AREA M.
0.00030

0.00025

0.00020 T

0.000157

0.00010T

0.00005T

1976 1996 2016 2036 2056 2076 2096 2116

YEAR
ANNUAL COBALT-60 FLUX IN SURFACE RUNOFF—AREA M.

Fig. 5.24. Modelii:g output for cobalt-60, Area M,
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Fig. 5.25. Modeling output for cesium-137, Area M.
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Fig. 5.26. Modeling output for tritium, Area M.,
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Fig. 5.27. Modeling output for strontium-90, Area M.
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Fig. 5.28. Modeling output for thorium-232, Area M.
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Fig. 5.29. Modeling output for cobalt-60, Area Y.
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Fig. 5.30. Modeling output for cesium-137, Area Y.
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Fig. 5.31. Modeling output for tritium, Area Y.
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Fig. 5.32. Modeling output for strontium-90, Area Y.
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Fig. 5.33. Modeling output for uranium-238, Area Y.
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