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INTRODUCTION

The U.S. Department of Energy (DOE) submitted Revision 0 of the West Valley Demonstration
Project (WVDP) Phase 1 Decommissioning Plan to the U.S. Nuclear Regulatory Commission
(NRC) for review on December 3, 2008. DOE subsequently submitted Revision 1 of this plan to
NRC for review on March 16, 2009. Revision 1 provided additional subsurface soil and
groundwater characterization data and the results of additional groundwater modeling, along with
several other minor changes.

NRC submitted the Request for Additional Information (RAI) on May 15, 2009 in a letter to Bryan
Bower, the Director of the WVDP. This request consisted of 44 separate RAls on various aspects
of the Decommissioning Plan, including dose modeling.

NRC review of the Decommissioning Plan is being performed consistent with the provisions of
Public Law 96-368, the WVDP Act of 1980, which provides authority for NRC to consult with DOE
informally on matters related to the project. Consistent with the Act, and with a 1981
Memorandum of Understanding between DOE and NRC pertaining to the project, DOE has
considered the NRC RAls and is providing written responses to NRC.

DOE responded to these RAls in two parts. Responses to the first group of 38 RAIs were
provided on August 14, 2009. Responses to the remaining six RAls were provided on September
16, 2009.

As discussed at the DOE-NRC meeting held on September 2, 2009 and stated in the DOE
forwarding letter for the September 16, 2009 submittal, changes to the subsurface soil cleanup
goals were necessary to account for diffusion of residual radioactivity from the bottom of the deep
excavations. These changes required revisions to the responses to RAI 5C9 and RAI 5C15. The
responses to the following additional RAls were also updated, primarily for the sake of clarity:
5C6, 5C7, 5C10, 5C12, and 5C21.

Like the initial responses, the updated RAI responses are provided in the following format:
NRC RAI number: The NRC RAI number is specified
Subject: DOE added a brief statement of the RAI subject, for clarity.
RALI A complete copy of the NRC RAl is provided.
Basis: A complete copy of the NRC basis for the RAl is provided.
NRC path forward: A complete copy of the NRC path forward is provided.

DOE response: The DOE response provides requested information and answers NRC
questions.

Changes to the plan: Changes to be made are specifically identified with red text and
change bars. (The two completely new appendices are not so marked.)

References: References are included where appropriate.

The following calculation packages and the associated electronic files are being provided with this
submittal to enable NRC staff to replicate the modeling described in the updated response to RAI
5C9:

11/6/09 ' 5



UrDATED DOE RESPONSES TO WVDP PHASE 1 DECOMMISSIONING PLAN RAIls

 Code Development Verification Package, Rectangular Monolith Finite Difference Solution
Groundwater Release Model;

e Calculation Package, Estimates of Human Health impacts Due to a Subsurface Source in
the Vicinity of the Excavation of the Main Plan Process Building; and

e Calculation Package, RESRAD Dose-to-Source Ratios.

As indicated on the cover sheet, if changes to the Decommissioning EIS occur during the course
of the National Environmental Policy Act process that affect the Decommissioning Plan, such as
changes to the preferred alternative, or if a different approach is selected in the Record of
Decision, the Decommissioning Plan and these responses would need to be revised or replaced
in their entirety to reflect the changes. )
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RAI 5C6 (11)

Subject: Show that the cistern scenario is bounding

RAI: DOE did not provide enough information to show that the subsurface DCGL calculations
considering a cistern drilling scenario are bounding. (Section 5.1.4, Page 5-14)

Basis: Subsurface DCGLs are calculated assuming a cistern is drilled throughout the thickness
of the sand and gravel unit to the top of the Lavery Till.

DOE acknowledges that gully erosion could intrude upon the lagoon areas (see page 5-14).
However, DOE did not provide quantitative support for its assumption that erosion from gully
formation/advancement, or stream widening could intercept the WMA 2 source areas and
produce greater exposures to an offsite or onsite receptor.

Path Forward: DOE should provide the results of a quantitative analysis that supports its
assumption that the subsurface DCGLs calculated assuming a cistern driller scenario bound the
potential impacts from erosion.

e e e e ke ok ek ke ek ko ek ok ok

DOE Response: DOE has performed a quantitative analysis of potential doses to an onsite
receptor located in the portion of WMA 2 most susceptible to the impacts of unmitigated erosion
based on the erosion modeling performed for the Decommissioning EIS. The results show that
the cistern scenario is more limiting than the alternate onsite receptor scenario that was analyzed.

DOE has also performed a quantitative analysis of the potential impacts of unmitigated erosion in
the area of the backfiled WMA 2 excavation on a representative offsite receptor. Here too, the
results show that the cistern scenario is more limiting than the alternate offsite receptor scenario
that was analyzed.

These analyses are described below.

However, additional groundwater modeling using the STOMP code has shown that diffusion of
radioactivity from the bottom of the deep excavations must be taken into account in establishing
the subsurface soil DCGLs and cleanup goals.

The updated response to RAIl 5C9 describes the additional modeling and the reduced DCGLs
and cleanup goals that take the results of this analysis into account. This updated response
includes a new DP subsection 5.2.6 that describes the modified conceptual model used, the
mathematical models used, and the results of the analysis.

The updated response to RAI 5C15 includes revised tables for section 5 of the DP such as Table
5-14 that specifies the cleanup goals to be used in soil and sediment remediation associated with
Phase 1 of the decommissioning.

Predicted Erosion

Information in Section 5.1.4 of the DP is drawn from erosion analyses performed for the
Decommissioning EIS. As indicated in Section 5.1.4, the studies described in Appendix F to the
Decommissioning EIS suggest that the central portion of the north plateau where WMA 1 is
located will be generally stable for the next 1000 years, but that the portion of WMA 2 near the
Erdman Brook stream valley is much more susceptible to erosion, particularly that associated
with development of gullies.

11/6/09 7
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Potential Doses to an Onsite Receptor

The predicted gully erosion would produce narrow, deep steep-sided gullies, conditions where
building a home and growing crops would not be practical. Consequently, the resident farmer
scenario used in development of the subsurface soil DCGLs would no longer be plausible for this
part of WMA 2 under these conditions.

A plausible scenario for these conditions would involve a recreationist spending time hiking in the
area, which is assumed to be rent by deep gullies that extend to the bottom of the WMA 2
excavation. Figure 5C6-1 illustrates the basic conceptual model. This scenario was analyzed
using RESRAD in the deterministic mode with the following key conceptual model input
parameters:

e Unmitigated erosion would produce conditions where the recreationist could be exposed
to contamination at the bottom of the WMA 2 excavation in the area of Lagoons 1 and 2
in 200 years;

e One or more gullies are assumed to extend through the contamination zone, which is
made up of unweathered Lavery till material one-meter thick at the bottom of the WMA 2
excavation;

e The exposed contamination zone area in the gully walls is assumed to be two meters
wide and 100 meters long, a reasonable size to represent the likely geometry of the
exposed contamination in the gully (modeling a single source area rather than the two
illustrated in Figure 5C6-1 was more practical);

e The recreationist is assumed to be walking at a pace of 0.8 kilometers (0.5 mile) per hour
on a path where exposed contamination is present, such as going to the stream to hunt
or fish and returning home;

e The recreationist would be exposed to the contamination for a total of 28 hours per year
(an outdoor time fraction of 0.0032), based on 112 trips per year to and from the stream.

Feet Above

Mean Sea Level

Exposed contamination

— 1370

— 1365

— 1360

1-m thick contamination
zone at excavation bottom
(modeled as a single
source area)

— 1355

Figure 5C6-1 Recreationist Conceptual Model Cross Section
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The modeling of this recreationist scenario produced DCGLs for 25 mrem per year that were
more than one order of magnitude greater than the DCGLs produced with the cistern scenario for
all 18 radionuclides of interest. These results demonstrate that the cistern scenario is more
limiting for an onsite receptor.

Sensitivity analyses of the time to beginning exposure (development of gullies as assumed in the
conceptual model) were performed for 100 years and 500 years. These analyses showed that
even with an impossibly short period of 100 years to produce the eroded conditions that were
analyzed, the DCGLs for the recreationist scenario would still be more than one order of
magnitude greater than those for the cistern scenario for all radionuclides. This difference would
be even greater using the 500 year time period, as would be expected.

The calculation package describing this analysis and the associated electronic files are being
provided to NRC with the RAI responses.

Potential Doses to an Offsite Receptor

The response to RAI 5C4 describes an analysis to determine the values of surface soil DCGLs
that would produce 25 mrem per year to an offsite receptor from radioactivity associated with
erosion of surface soil. A similar analysis has been performed for residual radioactivity at the
bottom of the deep excavation in WMA 2.

The type of erosion described previously in relation to potential doses to an onsite receptor could
result in residual radioactivity from the bottom of the backfilled deep excavation in WMA 2
entering Erdman Brook and impacting downstream offsite receptors. To quantitatively estimate
such potential impacts, an analysis was performed using methodology used in the
Decommissioning EIS for estimating offsite impacts of erosion.

The assumption of erosion by gully intrusion into residual subsurface contamination in WMA 2 is
supported by landscape evolution modeling that indicates that the WMA 2 area will be affected by
gully erosion over a 10,000-year period as described in the Decommissioning EIS.

In order to evaluate these potential impacts, the largest gully produced in simulations of the
landscape evolution model is assumed to intrude into Lagoon 1 (area of 400 m2) and Lagoon 3
(area of 1,800 m?). Peak rates of erosion were estimated as 0.012 and 0.0035 m/y for the areas
of Lagoons 1 and 3, respectively, based on the erosion modeling done for the Decommissioning
EIS. (These peak erosion rates are considered conservative; the next highest erosion rates
predicted by this modeling are much less than these values, being on the order of 0.0035 m/y for
Lagoon 1 and 0.0012 m/y Lagoon 3.)

Radioactivity in eroded soil is assumed to be transported to surface water used by an offsite
receptor. The receptor located on Cattaraugus Creek near the confluence with Buttermilk Creek
ingests both the water and fish harvested from the water and uses the water to irrigate a garden.

Drinking water and fish ingestion rates used-in the analysis correspond to the 95" percentile of
national use and crop and animal product intake values are those recommended in NUREG/CR-
5512, Volume 3 (Beyeler, et al. 1999). Doses for the combined pathways due to onsite
contamination at a level of one picocurie per gram and the related DCGLs are summarized for
key radionuclides in the following tables.

11/6/09 9
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Table 5C6-1. Key Radionuclide Analysis Results for Lagoon 1 Area

Onsite DCGL e .

. . Offsite Receptor Dose (pCi/g Onsite for 25 Determlms.tsc DCGL

Radionuclide (mremly for 1 pCilg) mremly to Offsite from Cistern |
y ptiig Receptor) Scenario (pCilg)"

C-14 3.0E-06 8.4E+06 5.6E+05
Sr-90 4.2E-06 1.2E+07" 4.4E+03?
Tc-99 4.1E-07 6.1E+07 1.6E+04
-129 5.5E-05 4.6E+05 6.5E+02
Cs-137 5.1E-05 9.8E+05'" 4.4E+02?
U-238 5.8E-06 4.3E+06 2.9E+03
Pu-239 7.9E-05 3.2E+05 1.3E+04

NOTE: (1) Revised deterministic DCGLw values calculated using revised parameters described in_the response to RAI

5C12.

(2) With 30-year decay period.

Table 5C6-2. Key Radionuclide Analysis Results for Lagoon 3 Area

Onsite DCGL e
. . - Deterministic DCGL
Radionuclide Offsite IRet;ept10r CD7 se (;;::::é?n(l)nztg:&riés from Cistern
(mremlyr for 1 pCi/g) ReZeptor) Scenario (pCi/g)""
C-14 3.9E-06 6.4E+06 5.6E+05
Sr-90 5.5E-06 9.2E+06" 4.4E+03?
Tc-99 5.3E-07 4.7E+07 1.6E+04
I-129 7.2E-05 3.5E+05 6.5E+02
Cs-137 6.7E-05 7.4E+05" 4.4E+02?
U-238 7.6E-06 3.3E+06 2.9E+03
Pu-239 1.0E-04 2.4E+05 1.3E+04

NOTE: (1) Revised deterministic DCGLw values calculated using revised parameters described in the response to RAI

5C12.

(2) With 30-year decay period.

This analysis produced DCGLs that show the concentrations of each of the 18 radionuclides of
interest necessary to produce 25 mrem per year to an offsite receptor. The DCGLs for this
scenario were are least one order of magnitude higher than the DCGLs for subsurface soil

developed using the base case resident farmer cistern drilling scenario.’

This analysis demonstrates that there is a reasonable expectation that the potential dose to an
offsite receptor from erosion of radioactivity from the bottom of the deep WMA 2 excavation would
be insignificant, even if residual radioactivity concentrations were to approach the DCGLs, which
would be a very unlikely circumstance based on available soil data from the unweathered Lavery
till. The calculation package for this analysis and the associated electronic files will be provided
with the September 2009 RAI responses.

Conclusions

The following conclusions can be drawn from the results of the onsite and offsite dose analyses:

11/6/09
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The subsurface soil DCGLs are protective for onsite receptors, that is, the cistern
scenario used to develop the DCGLs is more limiting that the alternate recreationist-hiker
scenario analyzed; and

The subsurface soil DCGLs are also protective for offsite receptors, that is, the cistern
scenario used to develop the DCGLs is more limiting that the alternate scenario for an
offsite Cattaraugus Creek receptor that was analyzed.

Based on these conclusions, DOE considers that there is a reasonable expectation that
remediation of the WMA 2 excavation as planned will ensure that doses to both onsite and offsite
receptors will be well below the 25 mrem per year dose limit.

Changes to the Plan:

Change note (2) to Table 5-5 to read as follows:

This assumption is conservative because it results in no depletion of the source through erosion. The conservative
nature of the assumption can be demonstrated by assuming that erosion takes place and evaluating potential
doses to a receptor located in a gully where radioactivity has been exposed by erosion. As explained in the
discussion of alternate conceptual models below, the receptor in the area of the gully would receive less dose on
an annual basis than would the resident farmer due to factors such as spending less time in the contaminated
area and receiving exposure through fewer pathways. Consideration of potential doses to an offsite receptor from
radioactivity displaced to the stream through erosion indicates that there is a reasonable expectation that offsite
doses would not be significant either.

Add the following information to the subsection on page 5-28 labeled Other Possible Conceptual
Models for Subsurface Soil DCGL Development, coordinating this change with the changes to
this subsection identified in the responses to RAI 5C5 and RAI 5C8.

Another alternative scenario was evaluated to determine the potential impact of long-
term erosion in WMA 2. This analysis estimated the potential doses to an offsite receptor
from radioactivity that could be released from the bottom of the remediated WMA 2
excavation due to formation of a gully that eventually cut through the bottom of the
backfilled excavation.

In this analysis, radioactivity in eroded soil from the bottom of the WMA 2 backfilled
excavation was assumed to be transported in surface water to a receptor located on
Cattaraugus Creek near the confluence with Buttermilk Creek who ingested both the water
and fish harvested from the water and used the water to irrigate a garden. Both the area of
Lagoon 1 and the area of Lagoon 3 were considered using conservative erosion rates. The
results showed that doses to this receptor would be insignificant compared to the onsite
receptor doses estimated in the base case model.

Reference:

11/6/09
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RAI 5C7 (12)

Subject: Show cistern scenario bounding .

RAI: The approach to developing subsurface DCGLs may not be limiting for all types of
contamination sources found and scenarios expected at the WVDP. Two aspects should be more
fully assessed: 1) the potential for groundwater contamination by buried sources; and 2) erosion
of cover material thereby converting a subsurface source into a surface source and making an
excavation scenario applicable. (Section 5.2.1, Page 5-26):

Basis: The approach of using a scenario where a cistern well is installed and a resident is
exposed to the contaminated cuttings may be limiting for some types and distributions of
contamination, but may not be limiting for certain sources. For example, the old sewage plant
drainage was significantly contaminated and covered with three feet of soil. While the old sewage
plant drainage is not considered part of the scope of Phase 1 (see Figure 1-5), if contamination is
located in a thin lens but in a hydrologically active or previously hydrologically active area to be
remediated as part of Phase 1, the dilution and partitioning with soil afforded in the cistern
disruption scenario may be larger and result in higher DCGLs than would be developed from
exposure to contaminated groundwater or an excavation scenario that would become applicable
if the cover was eroded.

Path Forward: Provide the technical basis that the approach to developing subsurface DCGLs is
limiting when groundwater transport and erosion processes are considered. Part of the technical
basis could be assurance that the subsurface DCGLs will exclusively be used to guide
remediation of excavated areas in WMA 1 and 2, adequate characterization will be conducted to
ensure any unremediated areas are not impacted, and that erosion is not expected to uncover
residual WMA 1 and 2 contamination following remediation over the 1000 year compliance
period. If erosion could lead to applicability of an excavation scenario within the 1000 year
compliance period (i.e., if erosion could lead to depletion of the cover materials to a thickness of 3
m or less), then an excavation scenario should also be evaluated. Erosion processes may be
limited to those that result in landform evolution consistent with the expected future land use
scenario.

e e e ek s o e e e o e ok ke e ke ke ek

DOE Response: Additional evaluation has confirmed that the approach used to develop
subsurface soil DCGLs is limiting insofar as erosion processes are concerned. However,
additional groundwater modeling using the STOMP code has shown that diffusion of radioactivity
from the bottom of the deep excavations must be taken into account in establishing the
subsurface soil DCGLs and cleanup goals.

The updated response to RAI 5C9 describes the additional modeling and the reduced DCGLs
and cleanup goals that take the results of this analysis into account. This updated response
included a new DP subsection 5.2.6 that describes the modified conceptual model used, the
mathematical models used, and the results of the analysis.

The updated response to RAI 5C15 includes revised tables for section 5 of the DP such as Table
5-14 that specifies the cleanup goals to be used in soil and sediment remediation associated with
Phase 1 of the decommissioning.

11/6/09 12
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Limitations on Applicability of Subsurface Soil DCGLs

The subsurface soil DCGLs (that is, the cleanup goals of Table 5-14) apply only to the bottoms
and lower sides of the two large excavations to be dug to remove facilities in WMA 1 and WMA 2,
as indicated on page 5-4 and in other places in the DP. They will not be used in connection with
remediation of any other areas. Changes will be made to the DP to reinforce this point for the
sake of clarity.

Potential for Groundwater Contamination by Upgradient Sources

The radiological status of groundwater on the project premises is discussed in Section 4.2.8 of
the DP. Figure 4-12 shows routinely monitored groundwater monitoring locations and indicates
that the three locations just west of WMA 1 show no radiological constituents in excess of
background. These results indicate a low potential for contamination of the remediated WMA 1
excavation from upgradient sources.

The response to RAI 7C1 explains that the conceptual schedule in Figure 7-15 is being changed
to provide for installation of the WMA 1 hydraulic barrier before starting the WMA 2 excavation.
This sequence will reduce groundwater infiltration in the WMA 2 excavation and prevent
contamination from WMA 1 being transported by groundwater into the WMA 2 excavation.

Consideration has also been given to the potential for buried contamination in the old sewage
treatment plant drainage impacting either the WMA 1 or WMA 2 excavated areas. The amount of
buried contamination in this area is expected to be small based on information provided in
Section 2.3.2 of the DP, and since this area is not hydraulically upgradient of WMA 1 or WMA 2,
the potential for any impact on those areas by groundwater transport is low.

In summary, available data suggest that there is no significant potential for groundwater
contamination from upgradient sources impacting either WMA 1 or WMA 2.

Characterization

The characterization program to be defined in the Characterization Sample and Analysis Plan,
coupled with the Phase 1 final status surveys, will verify that unremediated areas are not
impacted. The response to RAl 7C1 describes mitigative measures to be taken to minimize
potential impacts of contaminated excavated soil on areas that will not undergo remediation
during the Phase 1 decommissioning activities.

As explained in the response to RAI 9C1, DOE will solicit NRC input on the Characterization
Sample and Analysis Plan objectives and provide the final draft plan to NRC for review.

Potential Erosion Impacts and Excavation Scenario

As explained in the response to RAIl 5C4, the predicted sheet and rill erosion rate for the central
portion of the north plateau where WMA 1 is located is small, so the excavation scenario
associated with constructing a basement for a home in that area would not be applicable.
However, unchecked long-term erosion could lead to deep gullies in the area of Lagoons 1, 2,
and 3 that could possibly reach the bottom of the backfilled deep excavation. Growing crops or
building a home in an area with such gullies would not be plausible. Consequently, the excavation
scenario associated with constructing a basement for a home in that area would not be realistic.
The recreationist-hiker exposure scenario discussed in connection with RAl 5C4 would be much
more plausible. The response to RAI 5C6 provides the results of an analysis of this scenario.
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Changes to the Plan:

More information about the limitations of the subsurface soil DCGLs is being added to the plan as
follows:

On page ES-18, add the following footnote to Table ES-2, with the footnote tagged to the
Subsurface Soil heading:

(3) The subsurface soil cleanup goals apply only to the bottom of the large WMA 1 and WMA 2 excavations and to l
the sides of these excavation three feet or more below the surface.

On page 5-49, add the same footnote to Table 5-14. In this case, the footnote will be number (5).
Make the following additional change on page 5-49:
Basis for Cleanup Goals for Subsurface Soil

DOE has established the subsurface soil cleanup goals at 50 percent of subsurface soil
DCGLs calculated in the limited site-wide dose assessments for 22.5 mrem per year (Table
5-12). The cleanup goals for subsurface soil would therefore equate to 11.25 mrem per
year. DOE is taking this approach to provide additional assurance that remediation of the
WMA 1 and WMA 2 excavated areas would support all potential options for Phase 2 of the
proposed decommissioning. As indicated previously, these cleanup goals apply only to the
bottom of the large WMA 1 and WMA 2 excavations and to the sides of these excavations I
three feet or more below the surface.

11/6/09 14
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RAI 5C9 (14)

Subject: Consideration of subsurface contamination

RAI: DOE has not provided sufficient information to justify lack of consideration of subsurface
contamination at the bottom of WMA 1 and 2 excavations when deriving subsurface soil
DCGLs. Additional data collected on the extent of Lavery Till contamination as remediation
proceeds may show greater extent of contamination than originally assumed, additional
transport pathways not considered in the subsurface DCGL calculations (e.g., contamination of
Lavery Till Sand or along H-pilés in the Lavery Till), or greater accessibility of contamination at
depth than what is expected. (Section 5.2.1, Page 5-23)

Basis: DOE presented several qualitative arguments (page 5-41) to justify lack of consideration
of subsurface contamination at depth after contaminated subsurface soils are excavated from
WMA 1 and 2. While some of the qualitative arguments regarding the relative inaccessibility of
contamination in the Lavery Till to a potential ‘receptor are compelling, additional data and
calculations are needed to fully support the arguments presented. Because only one scenario is
evaluated in deriving subsurface DCGLs (i.e., construction of a cistern), this scepario must be
demonstrably conservative when considering other scenarios that may be just as, or more, likely.
The amount of contamination assumed to be brought to the surface from construction of a cistern
is relatively small and dilute' and may not be limiting for those radionuclides where water-
dependent pathways may dominate the dose (e.g., existing contamination present in the
saturated zone may be drawn from a well leading to water-dependent exposure pathways).

Additional information may be needed to support the hydrogeological conceptual model for
contamination assumed to be present underneath WMA 1 and 2 used to derive subsurface
DCGLs. Previous geologic interpretations showed contamination of a significant portion of the
Lavery Till and Lavery Till Sand underneath the Main Plant Process building that could lead to
pathways of exposure not considered in the current analysis. DOE should indicate how it plans
to manage the risk associated with significantly greater contamination levels at depth along H-
piles or within the Lavery Till then were assumed in the DCGL calculations.

Additional calculations or modeling should be performed to support the assumption regarding the
expected lower relative risk of residual contamination at depth versus the risk associated with
contamination assumed to be brought to the surface due to a cistern drilling scenario. This would
include a quantitative evaluation of the potential for Lavery Till contamination to be transported to
the Kent Recessional Sequence (KRS). DOE should present information on the relative risk of the
cistern versus a ground/surface water transport scenario. DOE should also quantitatively evaluate
the impact of pumping and the presence of hydraulic barriers on the potential migration of
contamination from the top of the Lavery Till to a well located in the sand and gravel unit and
present the relative risks associated with a cistern versus groundwater well scenario.

DOE should clarify how the residual risk from contaminated soil located just below 1 m (e.g., on
the sides of the excavations) is appropriately accounted for when comparing residual
concentrations to subsurface DCGLs which assume the contamination is mixed with clean soil at
a ratio of one to ten (i.e., dilution factor of ten). DOE indicates in a footnote on page 5-4 that
contamination on the sides of the excavation up- and cross-gradient from the source area is not

! Only one tenth of the soil column is assumed to be contaminated resulting from assumptions regarding the
thickness of contamination in the Lavery Till at the bottom of the excavation and the amount of clean soil
used to back-fill the excavation. :
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expected to be contaminated. This expectation should be confirmed in the field or enough data
collected to evaluate the impact of contamination at intermediate depths on the dose calculations.

Path Forward: DOE could provide additional information such as borehole logs for those
locations where the top of the Lavery Till was significantly lowered and the Lavery Till Sand
eliminated underneath the process building in the vicinity of the source of the North Plateau
groundwater plume. Additional cross-sections overlaying recent concentration data over
reinterpreted geology underneath the process building would also provide additional confidence
in the revised hydrogeological conceptual model.

DOE should provide additional details on how in-process or final status survey data will be
collected at the bottom of excavations. A procedure should be in place to provide adequate
assurance that the thickness of contamination at depth is less than assumed in the DCGL
calculations and is present within the impermeable Lavery Till as assumed in the DCGL
calculations. If the thickness of contamination is significantly greater than assumed and/or is
present in more permeable sediments (e.g., Lavery Till Sand), then sufficient data should be
collected to perform additional dose modeling to adequately assess risk. If DOE amends the DP
to allow use of surrogate DCGLs to demonstrate compliance with LTR criteria at the bottom of the
WMA 1 and 2 excavations, DOE should provide supporting information such as radioisotopic
ratios within the Lavery Till used to derive the surrogate DCGLs. DOE should also indicate how it
intends to update surrogate DCGLs based on collection of additional data obtained during in-
process or final status surveys, if necessary.

As discussed in a preceding comment, it is recommended that DOE provide results of
calculations or perform additional modeling (e.g., multi-dimensional groundwater modeling using
STOMP) to show the impacts of (i) a pumping weli, and (ii) hydraulic barriers on the flow field in
the immediate vicinity of WMA 1 and 2 excavations and potential transport of contaminants from
the Lavery Till to a the drinking water well located in the sand and gravel. DOE should aiso
evaluate the potential risk associated with transport of contamination from the Lavery Till to the
KRS or to surface water. This information could be used to provide additional support that the
potential contributions from subsurface contamination to the overall risk from the site from other
pathways of exposure (i.e., drilling scenario) are insignificant.

DOE should explain how contamination present on excavation sides will be remediated to
ensure that unrestricted use criteria will be met.

*hkkhhkdkhkhkhdkhhkhkhk

DOE Response: DOE has given additional consideration to subsurface contamination at the
bottom of the WMA 1 and WMA 2 excavations from the standpoint of additional groundwater
modeling, available data on residual radioactivity in the area of these excavations, the potential
for transport of residual contamination to the KRS, the potential for transport of this contamination
to groundwater which is then used for drinking water and irrigation, and the potential for drawing
this contamination into the hypothetical well postulated in the base-case conceptual model for
development of subsurface soil DCGLs. These matters and related matters identified as issues of
interest in the NRC path forward are discussed below. Note that most of the subsurface soil
cleanup goals were reduced after taking into account the impacts of continuing releases of
residual radioactivity from the bottom of the deep excavations by diffusion.
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Process Building Area Geology

The Lavery till sand is not located beneath the Process Building nor within the north plateau
groundwater plume and previous interpretations of the extent of this unit have not suggested its
location beneath the Process Building. Re-examination of borehole logs from the north plateau in
2007 resulted in a re-evaluation of the areal extent of the Lavery till sand. Copies of the borehole
logs that were used to revise the extent of the Lavery till sand are attached. Table 5C9-1 (which
appears at the end of the text) summarizes the revisions to the geologic interpretation of the
boring logs used to delineate the extent of the Lavery till sand as described in Figure 3-64 of the
DP.

From 1991 to 2007 the Lavery till sand was inferred to be present to the west, south, and
southeast of the Process Building in a location that was hydraulically upgradient and cross-
gradient to the north plateau groundwater plume (Figure 5C9-1). Earlier interpretations of the
borehole logs considered a prominent clay-rich geologic horizon up to several feet in thickness as
part of the unweathered Lavery till and the underlying sandy unit as the Lavery till sand.

Following the completion of the 1993 soil boring program to support the RCRA Facility
Investigation, evaluation of the 1993 borehole data indicated that the sand and gravel unit was
composed of two distinct subunits, the thick-bedded unit and the underlying slack water sequence
which are separated by the prominent clay-rich geologic horizon mentioned earlier.

In 2007 it was noted that the elevation of the original Lavery till sand west and southwest of the
Process Building was much shallower in elevation that the Lavery till sand to the southeast of the
Process Building. It was determined that this western and southwestern portion was more
consistent with the elevation of the slack water sequence of the sand and gravel unit and it was
reclassified as part of the slack water sequence. As a result the areal extent of the Lavery till sand
was substantially reduced and it is now located southeast of the Process Building away from the
north plateau groundwater plume as shown in Figure 3-64 of the DP, which is reproduced here as
Figure 5C9-2.

Soil samples have not been collected from the Lavery till sand. However, groundwater monitoring
of Lavery tili sand wells WNW0202, WNW0204, WNW0206, and WNW0208 does not suggest the
presence of radicactive contamination in this unit.

Radioactivity in Subsurface Soil in the Areas of the Deep Excavations

To place the information that follows into context, it is useful to review available characterization
data on radioactivity in subsurface soil in the areas of the deep excavations and planned
additional characterization of those areas.

Limited soil sampling data currently exists for the Lavery till at the bottom of the WMA 1 and WMA
2 excavations as discussed in Section 4.2. Geoprobe® investigations in 1994, 1998, and 2008
collected soil samples from the upper several feet of the Lavery till at seven locations beneath the
Main Piant Process Building and the resuits are summarized in Table C-4 of Appendix C. Low
levels of radioactivity were detected in these samples with a maximum Sr-90 concentration of 59
pCi/g. Deeper soil samples were not collected from the Lavery till during these investigations as
sampling was terminated shortly after reaching the Lavery till in accordance with the sampling
and analysis plan for this project.

It is not known whether the radioactivity in the shallow Lavery till soil samples is an artifact of the
Geoprobe® sampling method or the result of migration from contaminated groundwater from the
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source area of the north plateau groundwater plume (Hemann and Steiner 1999). Less data are
available from WMA 2 as the only Lavery till sample was collected from borehole BH-5 in the
vicinity of WMA 1. A representative cross-section showing the geology and recent Sr-90
concentration data beneath the Process Building is presented in Figure 4-8 of the DP.

Additional subsurface soil data will be collected from the Lavery till in WMA 1 and WMA 2 during
the Phase 1 soil and sediment characterization program that will be defined in the
Characterization Sample and Analysis Plan. This characterization program will provide additional
information on the nature and extent of contamination within the project premises and guide the
final design of the large excavations in WMA 1 and WMA 2. If this characterization data indicates
that contamination at depth is greater than assumed in the subsurface soil DCGL calculations,
this factor will be taken into account in the preliminary dose assessments and in plans for
remediation of soil in the deep excavations.

In-Process and Phase 1 Final Status Surveys

Samples of Lavery till will also be collected from the bottom of the WMA 1 and WMA 2
excavations during the in-process surveys and final status surveys as described in the responses
to RAIs 9C3 and 9C4. In-process surveys will be performed when the WMA 1 and WMA 2
excavations reach a depth of approximately one foot (30 cm) into the Lavery till and will include
gamma scans and the collection of biased soil samples six inches (15 cm) in depth in the Lavery
till to evaluate whether the subsurface soil cleanup criteria have been met at the bottom of the
WMA 1 and WMA 2 excavations. Systematic composite samples from the Lavery till will also be
collected from the upper one meter of soil at the bottom of the WMA 1 and WMA 2 excavations
during the final status surveys to document that the subsurface soil cleanup criteria have been
achieved.

Risk Associated With Transport of Lavery Till Contamination to the KRS

The extent of contamination along the foundation pilings beneath the Main Plant Process Building
is currently unknown. As discussed in the response to RAI 4C2, as part of the in-process and final
status surveys subsurface soil samples will be collected around representative Process Building
foundation pilings located within the area impacted by the north plateau groundwater plume once
the Process Building and the sand and gravel overlying the Lavery till have been removed. These
samples will be taken in close proximity to the pilings several feet below the surface of the
unweathered Lavery till as specified in the Characterization Sample and Analysis Plan and the
Phase 1 Final Status Survey Plan to evaluate whether contamination has migrated downward
around the pilings towards the KRS. If contamination exceeding the subsurface soil cleanup
criteria is detected along the foundation pilings, additional soil will be removed until the soil
cleanup criteria is achieved.

Risk Associated With Transport of Residual Lavery Till Contamination to Surface Waters

The risk associated with transport of residual contamination from the Lavery till to surface waters
and to groundwater in the backfiled WMA 1 and WMA 2 excavations has been evaluated.
Erosion modeling indicates that erosion will not impact the residual contamination in the Lavery till
beneath WMA 1. The transport of residual contamination in the Lavery till from WMA 2 as a result
of unmitigated gully erosion via surface waters to a downstream receptor on Cattaraugus Creek
was evaluated and found to be less limiting than the resident farmer scenario as described in the
response to RAI 5C6.
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Radionuclide Ratios and the Use of Surrogate Radionuclides

Soil data collected during the soil characterization program will be used to identify radionuclide
ratios within the Lavery till from the WMA 1 and WMA 2 excavations that may be used to develop
surrogate DCGLs to demonstrate compliance with the subsurface soil cleanup goals. Based on
available data, it is doubtful that these ratios will be consistent enough to permit use of an easy-
to-measure surrogate radionuclide to identify the concentrations of Sr-90, which available data
suggest will be the dominant radionuclide at the bottom of the deep excavations.

Impacts of Residual Radioactivity at the Bottoms of the Deep Excavations

The response to RAI 5C3 describes the results of additional groundwater modeling using the
STOMP code and other models used in the EIS to evaluate the potential impacts of changes in
flow fields associated with installation of the hydraulic barriers on the DCGLs. As explained in the
response to that RAI, this impact is expected to be negligible.

The potential impact of movement of residual contamination from the upper layer of the Lavery till
into groundwater of the backfilled excavations has been evaluated using a combination of flow
modeling performed using the three-dimensional near field STOMP model of the north plateau
and transport and dose modeling using the FEIS finite difference rectangular source model. The
STOMP modeling determined the influence of pumping of a well on the direction and magnitude
of groundwater flow at the backfill soil-Lavery till interface and established the magnitude and
direction of flow of groundwater towards and around the well in the volume above the
contaminated till.

The base-case conceptual model that had been used for development of the subsurface soil
DCGLs using RESRAD was modified to provide for a multi-source approach. Two potential
sources were considered. First, a plug of Lavery till with residual contamination from the
excavation bottom is brought to the surface during installation of the cistern and spread over the
entire surface of the hypothetical garden. In addition, the remaining contaminated Lavery till is
considered a subsurface source that produces a continuing release of contamination from the
Lavery till at the excavation bottom into the clean backfill, where residual radioactivity moves
upward by diffusion and contaminates the aquifer resulting in additional doses. Both the
residential gardener scenario and the resident farmer scenario were evaluated.

A more detailed description of this modeling, including an illustration of the modified conceptual
model, is provided below in the form of a new Section 5.2.6 that is to be added to Section 5 of the
DP in Revision 2.

Table 5C9-2 compares the subsurface soil DCGLs that take into account continuing releases
from the bottoms of the remediated deep excavations with subsurface soil DCGLs calculated
using the other conceptual models. This table also shows the changes necessary to the
subsurface soil cleanup goals to take these releases into account.
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Multi-Source| Cistern | Recreationist| Lagoon 3 Natural Gas |DCGL for Basic| Probabilistic | Revised Old
Nuclide Analysis Well Driller Hiker Erosion Well Driller Determini(:;.)tic Peak-of-the- Cleang;) Cleanw)
DCGL DCGL DCGL DCGL DCGL Models Mean DCGL Goal Goal
Am-241 6.3E+03 1.7E+04 2.7E+05 2.9E+05 1.4E+05 7.1E+03 6.8E+03 2.8E+03 2.9E+03
C-14 9.9E+02 2.3E+09 3.3E+08 6.4E+06 4.9E+09 3.7E+05 7.2E+05 4 5E+02 1.9E+05
Cm-243 3.6E+03 1.1E+04 5.0E+04 1.8E+05 1.2E+05 1.2E+03 1.1E+03 5.0E+02 5.1E+02
Cm-244 3.4E+04 3.3E+04 1.0E+09 3.9E+05 2.6E+05 2.3E+04 2.2E+04 9.9E+03 8.8E+03
Cs-137% 2.8E+03 6.7E+03 9.8E+05 7.4E+05 9.2E+04 4.4E+02 3.0E+02 1.4E+02 2.0E+02
129 7.5E+00 8.0E+05 1.9E+06 3.5E+05 9.2E+06 5.2E+01 6.7E+02 3.4E+00 1.9E+02
Np-237 1.0E+00 6.6E+03 2.7E+04 5.9E+05 6.6E+04 4.3E+00 9.3E+01 4 5E-01 1.7E+01
Pu-238 1.3E+04 2.0E+04 1.5E+06 2.7E+05 1.6E+05 1.5E+04 1.4E+04 5.9E+03 5.5E+03
Pu-239 3.1E+03 1.9E+04 2.8E+05 2.4E+05 1.5E+05 1.3E+04 1.2E+04 1.4E+03 5.0E+03
Pu-240 3.4E+03 1.9E+04 2.8E+05 2.4E+05 1.5E+05 1.3E+04 1.2E+04 1.5E+03 5.0E+03
Pu-241 5.5E+05 5.5E+05 1.7E+07 1.2E+07 4 5E+06 2.4E+05 2.5E+05 1.1E+05 9.8E+04
Sr-90° |  2.8E+02 8.7E+05 1.6E+08 9.2E+06 1.1E+07 3.2E+03 3.4E+03 1.3E+02 | 1.4E+03
Tc-99 5.9E+02 7.9E+07 2.2E+08 4.7E+07 9.4E+08 1.1E+04 1.4E+04 2.7E+02 5.0E+03
U-232 8.8E+01 1.6E+03 2.8E+04 4.5E+05 1.6E+04 1.0E+02 7.4E+01 3.3E+01 5.3E+01
U-233 2.7E+02 6.2E+04 1.3E+06 2.9E+06 4.9E+05 1.9E+02 9.9E+03 8.6E+01 7.5E+02
U-234 2.8E+02 6.4E+04 1.4E+06 3.1E+06 5.0E+05 2.0E+02 1.3E+04 9.0E+01 7.7TE+02
U-235 2.9E+02 1.2E+04 4.2E+04 3.2E+06 1.4E+05 2.1E+02 9.3E+02 9.5E+01 4.3E+02
U-238 3.0E+02 3.7E+04 1.9E+05 3.3E+06 3.6E+05 2.1E+02 4.6E+03 9.5E+01 8.2E+02
NOTES: (1) Values show in boldface are the lowest of the DCGL sets.

(2) The lower value of the deterministic resident farmer and residential gardener DCGLs.
(3) The cleanup goals are generated by the process described in Section 5.4.1 of the DP, and are based on adjusting DCGLs to an acceptable dose of 22.5 mrem/y, with

(5) These values take into account 30 years decay.
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a further reduction of 50 percent to account for uncertainty in the DCGLs.
(4) From Table 5-14 of the DP, Revision 1.
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Table 5C9-2 shows that in nine cases, the DCGLs developed using other conceptual models are
lower than the DCGLs developed by the multi-source model that accounts for continuing releases
from the bottom of the deep excavations:

s The peak-of-the-mean probabilistic DCGLs, which did not take into account continuing
releases from the bottoms of the excavation, are lower for Cm-243, Cm-244, Cs-137 and
U-232; and

e The limiting DCGLs from the deterministic resident farmer and residential gardener
conceptual models, which did not take into account continuing releases from the bottom
of the excavations, were lower for Pu-241, U-233, U-234, U-235, and U-238.

This situation can be attributed to conceptual model differences such as different contamination
zone geometry. As discussed in this response and the responses to RAl 5C6 and RAI 5C15, a
number of different scenarios were evaluated in developing the subsurface DCGLs; for all of the
radionuclides, the lowest DCGLs are being used as the basis for the subsurface soil cleanup
goals. This matter is addressed in the changes being made to Section 5 as described below.

Table 5C9-2 also shows that the revised cleanup goals are lower than the old cleanup goals in
Revision 0 and Revision 1 of the DP in all but three cases: Cm-244, Pu-238, and Pu-241.

Remediation of Excavation Sides

Contamination present on the sides of the deep excavation will be remediated to ensure that
unrestricted release criteria are met as specified in Section 7 of the DP.

Section 7 states on page 7-25 that remedial action surveys would be performed during the course
of the work and soil on the bottom and sides of the excavation with radioactivity concentrations
exceeding the cleanup goals would be removed and disposed of offsite as radioactive waste. The
related footnote states that it is unlikely that the sides of the excavation that are not hydraulically
downgradient will be contaminated. This footnote also states that in any case, the extent of soil
remediation on the sides of the excavation would be limited by the excavation boundaries.

The Final Status Survey Conceptual Framework included in the response to RAI 9C4 describes
how Phase 1 final status surveys will be performed on the sides of the deep excavations to
document that the cleanup criteria are achieved.
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Table 5C9-1. Borehole Log Geologic Picks Used to Re-Evaluate the Extent of the Lavery
Till Sand in the North Plateau

11/6/09

i Original Original Revised Revised
Borehole g;::glgzjal:: Top Baden gee(‘alliggicz: top fosom
Unit Elevation | Elevation Unit Elevation Elevation
(ft) (t) (ft) (ft)
S&G 0 16 S&G-TBU 0 17
W -
LT 16 17 S&G 17 23
302 ULT 17 23 CLAY
LTS 23 28 S&G-SWS 23 28
ULT 28 >32 ULT 28 >32
S&G 0 14.5 S&G-TBU 0 15
WLT 14.5 15 S&G- 15 24
402 ULT 15 24 CLAY
LTS 24 28.75 S&G-SWS 24 28.75
ULT 28.75 >36 ULT 28.75 >36
S&G 0 14.75 S&G-TBU 0 14.7
WLT 14.75 15.25 S&G-
404 ULT 15.25 24 CLAY 142 %
LTS 24 32 S&G-SWS 24 32
ULT 32 >36.5 ULT 32 >36.5
S&G 0 14.75 S&G-TBU 0 14.7
WLT 14.75 15.25 S&G-
4,
ULT | 15.25 24 CLAY 147 “
410 LTS 24 25 S&G-SWS 24 32
ULT 25 62 ULT 32 62
KRS 62 82 KRS 62 82
BR 82 >82 BR 82 >82
S&G 0 14.5 S&G-TBU 0 15
WLT 14.5 15 S&G:
ULT 15 24 CLAY b &
11B LTS 24 28.75 S&G-SWS 24 28.75
ULT 28.75 46 ULT 28.75 46
KRS 46 66 KRS 46 66
KT 66 >66 KT 66 >66
F 0 3
S&G 0 26
S&G-TBU 3 26
S&G-
62DMB-16 ULT 26 27 CLAY 26 27
LTS 20 40 S&G-SWS 27 40
ULT 40 >40 ULT 40 >40
F 0 3
s . i S&G-TBU 3 17
62DMB-17 S&G-
ULT 17 25 CLAY 17 25
LTS 25 31 S&G-SWS 25 31
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Table 5C9-1. Borehole Log Geologic Picks Used to Re-Evaluate the Extent of the Lavery
Till Sand in the North Plateau

11/6/09

Original Original Original Revised Revised Revised
: Top Bottom ; Top Bottom
Borehole Geg:;tglc Elevation | Elevation Gel?:??'c Elevation Elevation
(ft) (ft) (ft) (ft)
ULT 31 >42 ULT 31 >42
S&G 0 17 S&G-TBU 0 17

S&G-
LT 17 2 17 2
62PAH-71 . 2 CLAY 2
LTS 23 28 S&G-SWS 23 28
ULT 28 >36.5 ULT 28 >36.5
S&G 0 12 S&G-TBU 0 12

S&G-
LT 12 20.5 12 205

6apmB-24 | U 0 CLAY
LTS 20.5 25 S&G-SWS 20.5 25
ULT 25 >42 uLT 25 >42
S&G 0 18 S&G-TBU 0 17.5

S&G-
ULT 18 20 e 17.5 20
63DMB-25 LTS 20 23 S&G-SWS 20 23
ULT 23 52 ULT 23 52
KRS 52 77 KRS 52 77
BR 77 >77 BR 77 >77
S&G 0 20 S&G-TBU 0 20

S&G-
uLT 20 24 LAY 20 24
7ODMB-26 e 24 e T 32
ULT 32 58 ULT 32 58
KRS 58 >77 KRS 58 >77
S&G 0 20 S&G-TBU 0 20

S&G-
uLT 20 24 rgpo 20 24
70DMB-2F B e 24 28 S&G-SWS 24 28
ULT 28 50 ULT 28 50
KRS 50 >76 KRS 50 >76
B85 0 15 S&G-TBU 0 15

ULT 15 43

74DMB-33 G = = ULT 15 68
BR 68 >68 BR 68 >68
S&G 0 15 S&G-TBU 0 15

BR0G-
uLT 15 20 CLAY 15 20
74DMB-39 uige 20 29 S&G-SWS 20 29
uLT 29 53 ULT 29 53
KRS 53 70 KRS 53 70
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Table 5C9-1. Borehole Log Geologic Picks Used to Re-Evaluate the Extent of the Lavery
Till Sand in the North Plateau

. Original Original . Revised Revised
0"9"‘?' To Bottom Revised To Bottom
b Geg :‘?tglc Elevagion Elevation GeS ::fic Eleval:ion Elevation
(ft) (ft) (ft) (ft)
BR 70 >70 BR 70 >70
F 0 3
S&G 0 25 S&G-TBU 3 25
uLT 25 31 i 25 30.5
LTS 31 34 S&G-SWS 305 34
TADMBA0 i 34 63 uLT 34 63
KRS 63 94 KRS 63 94
KT 94 113 KT 94 113
ORS 113 128 ORS 113 128
BR 128 >128 BR 128 >128
F 0 5 F 0 5
S&G 5 235 S&G-TBU 5 235
UR-1 uLT 23.5 27 S 23.5 27
CLAY
LTS 27 35.5 S&G-SWS 27 35.5
ULT 355 >42 ULT 355 >42
F 0 5 F 0 5
S&G 5 235 S&G-TBU 5 235
S&G-
UR-2 ULT 2356 28 CLAY 23.5 28
LTS 28 35.8 S&G-SWS 28 35.8
ULT 35.8 >37 ULT 358 >37
F 0 5 F 0 5
S&G 5 20 S&G-TBU 5 20
UR-3 uLT 20 30.3 (S;ffY 20 30.3
LTS 30.3 36 S&G-SWS 30.3 36
ULT 36 >39 ULT 36 >39
LEGEND: BR - Bedrock
Clay — Clay Unit
F- Fill
KRS - Kent Recessional Sequence
KT — Kent till

LTS - Lavery till sand

ORS - Olean Recessional Sequence

S&G - Sand and Gravel Unit; subdivided into:
SWS —Slack Water Sequence

TBU - Thick-bedded Unit

ULT — Unweathered Lavery till

WLT - Weathered Lavery till
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..'- .-"'-- /( b - i . :) TN VN .".4:‘
Figure 5C9-1. Pre-2007 Inferred Areal Extent of the Lavery Till Sand in the North Plateau
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Figure 5C9-2 — Current Inferred Areal Extent of the Lavery Till Sand in the North Plateau
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References:

Hemann and Steiner 1999, 1998 Geoprobe Investigation of the Core Area of the North
Plateau Groundwater Plume, WVDP-346, Revision 0. Hemann, M.R. and R.E.
Steiner, 1l, West Valley Nuclear Services Company, June 11, 1999.

! Changes to the Plan:

Section 3.5.2, Lavery Till-Sand Unit on page 3-48 will be modified as follows:

The Lavery till-sand unit is a lenticular shaped, silty, sand layer that is locally present
within the Lavery till in the north plateau of the Center, immediately southeast of the
Process Building. It is thought to be either a pro-glacial sand deposit or a reworked kame
deposit.

The till-sand is limited in areal extent, occurring on the north plateau in an east-west
band approximately 750 feet wide. It lies within the upper 20 feet of the Lavery till (Figure 3-
6) and is up to seven feet in thickness.

Re-examination of borehole logs from the north plateau in 2007 resulted in a re-
evaluation of the areal extent of the Lavery till sand. From 1991 to 2007 the Lavery till sand
was inferred to be present to the west, south, and southeast of the Process Building in a
location that was hydraulically upgradient and cross-gradient to the north plateau
groundwater plume. Earlier interpretations of the borehole logs considered a prominent
clay-rich geologic horizon up to several feet in thickness as part of the unweathered Lavery
till and the underlying sandy unit as the Lavery till sand.

Following the completion of the 1993 soil boring program to support the RCRA Facility
Investigation, the 1993 borehole data indicated that the sand and gravel unit was
composed of two distinct subunits, the thick-bedded unit and the underlying slack water
sequence which are separated by the prominent clay-rich geologic horizon mentioned
earlier. In 2007 it was noted that the elevation of the original Lavery till sand west and
southwest of the Process Building was much shallower in elevation that the Lavery till sand
to the southeast of the Process Building. It was determined that this western and
southwestern portion was more consistent with the elevation of the slack water sequence of
the sand and gravel unit and it was reclassified as part of the slack water sequence. As a
result the areal extent of the Lavery till sand was substantially reduced and it is now located
southeast of the Process Building away from the north plateau groundwater plume as
shown in Figure 3-64.

Changes to Section 5 are as follows:

New introductory information will be added following the unnumbered subsection heading
“Subsurface Soil Conceptual Model” on page 5-23, as follows:

11/6/09

27
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Evaluation of Various Subsurface Soil Conceptual Models

The analyses described in Revision 0 and Revision 1 to this plan made use of the base-case
conceptual model for subsurface soil DCGL development described below and illustrated in
Figure 5-8. Minor changes were made to this conceptual model in Revision 2 that produced
DCGLs that were slightly higher for most radionuclides.

Addition analyses were also performed to determine whether this conceptual model, which
makes use of the resident farmer scenario, represented the bounding case for potential
future doses from the remediated deep excavations. These additional analyses, which are
described below, involved:

e Evaluating the potential acute dose to the hypothetical individual drilling the well (the
two meter diameter cistern) used in the original base case model,

e Evaluating potential acute dose to a hypothetical individual who might drill a natural
gas well in the area of one of the deep excavations,

e Evaluating potential doses to a recreational hiker in the area of the lagoons in WMA
2 assuming that unchecked erosion would eventually produce deep gullies in this
area,

e Evaluating potential doses to an offsite receptor from residual radioactivity at the
bottom of the deep excavation in WMA 2 that might be released to Erdman Brook if
deep gullies were to eventually cut into this area, and

¢ Evaluating a residential gardener scenario.

Of these five alternate conceptual models, one, the residential gardener model, was found to
be more limiting for some radionuclides that the original base-case resident farmer scenario.

To help determine whether the input parameters used in the original base-case model were
sufficiently conservative, a comprehensive probabilistic uncertainty analysis was performed
(similar analyses were also performed for surface soil and streambed sediment DCGL
development). Section 5.2.5 describes this analysis. The resulting peak-of-the-mean DCGLs
were somewhat lower for most radionuclides than the DCGLs produced by the deterministic
resident farmer and residential gardener scenarios.

Another analysis was performed to evaluate whether continuing release of residual
radioactivity from the bottom of the deep excavations would influence potential future doses
from the remediated deep excavations. Section 5.2.6 describes this analysis. The original
base-case conceptual model was modified to add a secondary source of radioactivity from
residual contamination at the bottom of the deep excavation that moves upward by diffusion
and is drawn into the hypothetical well, resulting in additional dose to the resident primarily
from the drinking water pathway.

This multi-source model was analyzed using the resident farmer scenario and also the
residential gardener scenario, the latter with three different upper contamination zone
geometries to evaluate the sensitivity of the model to the contamination zone area and
thickness. The results showed that this model was more limiting for nine of the 18
radionuclides of interest than the other conceptual models that were evaluated.

Consideration of the results of all of this subsurface soil dose modeling led to the decision to
use the lowest DCGLs among all of the modeling results as the basis for the subsurface soil
cleanup goals in the interest of conservatism.
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A new Section 5.2.6 will be added as follows:
‘ 5.2.6 Subsurface Soil DCGL Multi-Source Analysis

As noted in Section 5.2.1, the original base-case conceptual model used in developing
the subsurface soil DCGLs recognizes one source of contamination — the Lavery till from
the bottom of one of the deep excavations that is brought to the surface during construction
of the hypothetical cistern. This model does not consider potential impacts to groundwater
in the backfilled excavation from continuing release of remaining residual radioactivity at
the bottom of the deep excavations.

To address this limitation, analyses were performed that take into account the impacts
of releases of this other residual radioactivity on both a hypothetical residential gardener
and a resident farmer with a modified model that accounts for a surface and a subsurface
source of radiation. Figure 5-10 illustrates the modified conceptual model used in these

analyses.
Four surface contamination zone A residential gardener is the average
geometry/dilution factor (DF) combinations / membea; of the critical group for the
evaluated based on removal of a 3 m® plug of 2000 m” area scenarios. A resident
unweathered Lavery till to the surface: farmer is the average member of the

(1) 2000 m?, 0.15 m thick, with a soil DF of 100 critical group for the 10,000 m?

(2) 2000 m?, 0.0015 m thick, with a soil DF of 1 scenario.

(3) 2000 m?, 1 m thick, with a soil DF of 667

(4) 10,000 m?, 1 m thick, with a soil DF of 3333

o

Backfill, unsaturated zone (2 m thick)

Contamination on bottom of excavation in area where cistern
is installed is brought to surface and remaining subsurface
source contributes to groundwater contamination

Backfill, saturated zone

I Well (cistern) intake depth 5 m below water tablel _._.._.___\

Assumed 10,000 m?, 1 m thick, - Contamination
located 10 m below surface diffuses into backfill
early on

L S S S S S S S S A K

Residual Radioactivity at Bottom of Excavation (Unweathered Lavery Till)

W /
%%%%%%%W%%‘b‘/%

Unweathered Lavery Till (Silty Clay) Hypothetical cistern

o = . " T (2 m diameter well,
. Sh"alsBed‘od( Advection carries contam- ,_./ - |10 m deep)
ke & A ination downward over tmej . . T -

Figure 5-10. Modified Conceptual Model for Subsurface Soil DCGL Development

With this model, the subsurface soil DCGLs are based on exposure to residual
radioactivity associated with the bottom of the deep excavation in the unweathered Lavery
till, with (1) soil from this area assumed to be relocated to the surface during installation of
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a cistern and (2) with the remaining contaminated Lavery till in the excavation bottom
serving as a continuing source of contaminants to groundwater. These sources and the
exposure pathways considered are described below.

Excavation Bottom Treated as Two Sources of Contamination

The excavation bottom is treated as two distinct sources: (1) a plug of contaminated
soil from the excavation bottom that is brought to the surface during installation of the
cistern and spread over the entire surface of the hypothetical garden, and (2) the remaining
contaminated Lavery till at the excavation bottom from which residual radioactivity moves
upward by diffusion and enters groundwater being drawn into the well. Both the residential
gardener scenario and the resident farmer scenario were considered as indicated in Figure
5-10.

The surface source that results from the contribution of contamination in soil being
removed from the bottom of the excavation and brought to the surface and the contribution
of contamination in irrigation water has the following characteristics:

e |t is assumed that the contaminated material is evenly spread across the entire
hypothetical garden and mixed in the soil to varying depths (the surface
contamination zone),

e Exposure occurs from direct exposure and soil pathways associated with
contaminated soil brought to the ground surface, and

e Exposure occurs from groundwater pathways as contaminated water is drawn into
the well and used as irrigation water resulting in plant contamination and animal
contamination where these plants are used as feed. As a result, the resident is
exposed to radioactivity from the plants being consumed and, in the case of the
resident farmer scenario, from meat and milk produced from cattle that have been
raised on the contaminated feedstock.

The subsurface source remaining at the bottom of the excavation is assumed to have
the following characteristics:

e The diffusive movement of contamination from the excavation bottom (the
subsurface contamination zone) begins immediately after the excavation is
backfilled and results in contaminating the aquifer,

e Contaminated groundwater entering the well is a source to soil in the surface
contamination zone because well water is used to irrigate the garden, and

e Drinking water exposure occurs from contaminated well water being used as a
source of drinking water.

Table 5-11b shows the exposure pathways evaluated.
Table 5-11b. Exposure Pathways for Modified Subsurface Soil DCGL Model

e deiin | Residential | Resident
Expogm Paﬂmays | Gardene Farmer
External gamma radiation from contaminated soil Yes Yes
Inhalation of airborne radioactivity from re-suspended Yes Yes
contaminated soil
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Table 5-11b. Exposure Pathways for Modified Subsurface Soil DCGL Model

Eitosire Putivite Residential | Resident
it ¥ Gardener Farmer
Plant ingestion (produce impacted by contaminated soil Yes Yes
and groundwater contaminated by primary and secondary

sources)

Meat ingestion (beef impacted by contaminated soil and No Yes
groundwater contaminated by primary and secondary

sources)

Milk ingestion (impacted by contaminated soil and No Yes
groundwater contaminated by primary and secondary

sources)

Agquatic food ingestion No No
Ingestion of drinking water (from groundwater Yes Yes
contaminated by primary and secondary sources)

Soil ingestion Yes Yes
Radon inhalation No No

Details of the modeling including values of input parameters such as distribution
coefficients appear in the calculation package (Price 2009).

Mathematical Models

Calculation of the combined dose utilized information from the three-dimensional near
field STOMP finite difference model of the north plateau for groundwater transport, a model
that estimated the drinking water dose associated with contamination from the subsurface
source diffusing into the aquifer, and RESRAD dose to source ratios associated with unit
soil concentrations to determine the total dose from all pathways. The calculations were
implemented with a FORTRAN language computer program that estimates time dependent
human health impacts.”

The model performs mass balance calculations and develops concentrations over time
for three distinct areas (1) the remaining subsurface source, (2) the backfilled saturated
zone, and (3) the surface which has been contaminated with material excavated from the
subsurface source and radionuclides in irrigation water.

In order to identify controlling scenarios, the area of the contaminated zone at the
surface and the degree of mixing into the soil of the garden were varied.

The STOMP model was executed with parameter values for the contaminated area and
well pumping rates that corresponded with assumptions used in the RESRAD model for the
exposure scenarios under consideration. A contaminated area of 10,000 m? and pumping
rate of 5720 m®y were used to evaluate the resident farmer, and a contaminated area of
2,000 m? and well pumping rate of 1140 m’y were used to evaluate the residential
gardener scenario. The residential gardener scenario assumed several source

% These analyses were deterministic analyses. Consideration was given to performing probabilistic analyses
instead. However, the complexity of the multi-source model made a probabilistic analysis impractical.
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configurations within the contaminated area for the three m® of contaminated Lavery till
assumed to be excavated to the surface:

e Contamination is spread over the surface in a thin layer (1.5 mm thick) of undiluted
till,

e Contamination is spread over the surface and then tilled into the soil to a depth of
15 cm, and

* Contamination is spread over the surface and then tilled into the soil to a depth of 1
m.

The source configuration determined to be most limiting for each radionuclide was used as
the basis for the development of the subsurface DCGLs.

Results

Table 5-11c shows the results of the analyses compared to DGCLs developed using
other conceptual models.

Table 5-11c. Subsurface Soil DCGL Comparison (pCi/g)

Am-241 6.3E+03 1.7E+04 27E+05 | 2.9E+05 1.4E+05 7.1E+03 6.8E:03
C-14 9.9E+02 2.3E+09 33E+08 | 6.4E+06 | 4.9E+09 3.7TE+05 7.2E+05
Cm-243 3.6E+03 1.1E+04 5.0E+04 | 1.8E+05 1.2E+05 1.2E+03 1.1E+03
Cm-244 3.4E+04 3.3E+04 1.0E+09 | 3.9E+05 2.6E+05 2.3E+04 2.2E+04
Cs-137@ | 2.8E+03 6.7E+03 9.8E+05 | 7.4E+05 9.2E+04 4.4E+02 3.0E+02
1-129 7.5E+00 8.0E+05 19E+06 | 3.5E+05 9.2E+06 5.2E+01 6.7E+02
Np-237 1.0E+00 6.6E+03 2.7E+04 | 5.9E+05 6.6E+04 4.3E+00 9.3E+01
Pu-238 1.3E+04 2.0E+04 1.5E+06 | ' 2.7E+05 1.6E+05 1.5E+04 1.4E+04
Pu-239 3.1E+03 1.9E+04 2.8E+05 | 24E+05 1.5E+05 1.3E+04 1.2E+04
Pu-240 3.4E+03 1.9E+04 28E+05 | 24E+05 1.5E+05 1.3E+04 1.2E+04
Pu-241 5.5E+05 5.5E+05 1.7E+07 | 1.2E+07 4.5E+06 24E+05 2.5E+05
Sr-90@) 2.8E+02 8.7E+05 16E+08 | 9.2E+06 1.1E+07 3.2E+03 3.4E+03
Tc-99 5.9E+02 7.9+07 22E+08 | 4.TE+07 9.4E+08 1.1E+04 1.4E+04
U-232 8.8E+01 1.6E+03 2.8E+04 | 4.5E+05 1.6E+04 1.0E+02 T.4E+01
U-233 2.TE+02 6.2E+04 1.3E+06 | 2.9E+06 4.9E+05 1.9E+02 9.9E+03
U-234 2.8E+02 6.4E+04 14E+06 | 3.1E+06 5.0E+05 2.0E+02 1.3E+04
U-235 2.9E+02 1.2E+04 42E+04 | 3.2E+06 1.4E+05 2.1E+02 9.3E+02

U-238 3.0E+02 3.7E+04 1.9e+05 | 3.3E+06 3.6E+05 2.1E+02 4.6E+03

NOTES: (1) The lower value of the deterministic resident farmer and residential gardener DCGLs.
(2) These values take into account 30 years decay.
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In nine cases, the DCGLs developed using other conceptual models are lower than the
DCGLs developed by the multi-source model that accounts for continuing releases from the
bottom of the deep excavations:

e The peak-of-the-mean probabilistic DCGLs, which did not take into account
continuing releases from the bottom of the deep excavations, are lower for Cm-
243, Cm-244, Cs-137, and U-232; and

e The limiting deterministic DCGL from the deterministic resident farmer and
residential gardener conceptual models, which did not take into account continuing
releases from the bottom of the excavations, was lower for Pu-241, U-233, U-234,
U-235, and U-238.

This situation can be attributed to conceptual model differences such as different
contamination zone geometry.

Change the preliminary dose estimates in Section 5.4.4 as follows:

5.4.4 Preliminary Dose Assessment

Preliminary dose assessments have been performed for the remediated WMA 1 and
WMA 2 excavations. These assessments made use of the maximum measured
radioactivity concentration in the Lavery till for each radionuclide as summarized in Table 5-
1, and the results of modeling to develop DCGLs for 25 mrem per year and the multi-
source analysis results as shown in Table 5-11c. The results were as follow:

WMA 1, a maximum of approximately 8 mrem a year
WMA 2, a maximum of approximately 0.2 mrem a year

Given the limited data available, these results must be viewed as order-of-magnitude
estimates. However, they do suggest that actual potential doses from the two remediated
areas are likely to be substantially below 25 mrem per year. Note that the primary dose
driver for these estimates is Sr-90, which accounts for approximately 67 percent of the
estimated dose for the WMA 1 excavation and approximately 58 percent of the estimate for
the WMA 2 excavation.

Note that changes to incorporate the revised subsurface soil cleanup goals into Table 5-14 are
described in the updated response to RAI 5C15.

Add the following reference to Section 5.5:

Price 2009, West Valley EIS/DPlan Calculation Package, Estimates of Human Health
Impacts Due to a Sub-surface Source in the Vicinity of the Excavation of the Main
Plant Process Building, Calculation DPlan-SAIC-JDP-003. Price, J., Science
Applications International Corporation, Germantown, Maryland, October 2009.

.Attachment

11/6/09
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SHEET 1 OF: | HOLE/WELL NO.: 0302
OATE STARTED: 12/11/89 B OR I NG LO G SURFACE ELEVATION: 1,416.22
§ATE FINISHED: 12/12/89 ‘
RILLER: Empire Soils Inv.
Hamburg, New York DAMES §&§ MOORE NORTHING 892,564.84
INSPECTOR: J7B EASTING 480,547.64
PROJECT: WvOP DOE/RCRA wells LOCATION: SW OF CSS
JOB NUMBER: 10805-410-023 SSWMU Locale: 3
BLOWS ON &
INCHES
OEPTH | oRiven /s | SAMPLE swper | 2| DESCRIPTION / NOTES
IN FEET TYPE-NO g
RECOVERED ‘lo/sej8/2| =
12 /18[18 / 24]
8 8 M.'t Moist, brown, SILT, some fine to medium subangular gravel, _
B 24/10 SS- 12 24 '.f-.':" littte sand, trace clay, orange and green mottling. (GM) .
B 1 o ..
- 24/19 S8-2 :g 1; ] —
- 9 3 '_"._'_:j Moist, light to dark, brown, siity SAND and fine to -
- 5 24/19 55-3 m) 6 ...44..:‘. coarse GRAVEL, trace clay. (GM) -
- 9 3 L] Saturated, brown. (GM) ]
— 24/15 SS-4 .o —_
| 1 18 F !
n 24/10 | s5-5 ———T5] N
- 10 8 6 o] Some sit. (GM/ML) —
- 24/12 SS-6 .-
18 [P
8 8 _.".';‘ Saturated, brown, slity SAND and fine to coarse j
h 24/ Ss-7 2 30 -4 GRAVEL, little subangular shale fragments. (GP/ML)
29 20 ":_'-.-:i Saturated, light brown with red and orange mottiing. (GP/ML)
: 15 24/18 Ss-8 51 52 .L_'.’.:'. : __.
= 24/15 SS-9 8 9 l H Saturated, brown, SILT, little fine sand, trace clay and ]
17 19 V, \fln}c subangular gravel. Weathered till. (ML) _
: . - 4 ) Wet, gray SILT, some clay, trace fine sand and fine to ]
24/22 SS-10 8 10 / medium subangular gravel. Unweathered. (CL)
- 20 4/24 SS-11 5 " / Some to little sand. (CL) —
B 2 8 8 / Wet, gray, SILT, little clay, little fine to medium |
f— 4 3] / sand and gravel, brown~red mottling. (CL)
o 24/22 SS-12 25 TR jr~ "
L od Saturated, brown-orange, fine to coarse SAND and fine —
L o5 | 24217 SS§-13 |3: 3 ,0" to coarse subangular GRAVEL, trace clay. (SP) B
- 3 8y Uittle sit and clay. (sp/sM) —
-~ 24/22 SS-14 —
7 I [
: 24/17 SS-15 3 6 Saturated, brown-gray, sandy SILT, littie clay, trace ]
10 10 12 / fine to medium gravel. Unweathered. (ML/CL)
. 24/21 | SS-18 3 8 / Saturated, dark gray, SILT, some clay, trace fine sand, ]
K 8 13 ‘] trace fine to medium subangutar gravel. (CL) _
i Augered to 30.0 ft. :
i Sampled to 32.0 ft.
- 35 The water level was measured at 17.1 ft. b.g.s.~ ]
- While the bottom of the augers were 30.0 tt. b.g.s.. =
- No radiation detected above background by R/S. .
) :
CLASSIFICATION: VISUAL (Moditied Burmister),USCS . METHOD OF SAMPLING: ASTM D1586-84 .
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SHEET t OF: 1 HOLE/WELL NO.: 0402
DATE STARTED: 1/9/89 B ORING L ®) G SURFACE ELEVATION: 1,416.96
QTE F INISHED: 11/10/89
ILLER: Empire Soils Inv.
Hamburg, New York DAMES §& MOORE NORTHING 892,668.86
INSPECTOR: FJC EASTING 480,504.59
PROJECT: WVDOP DOE/RCRA wells LOCATION: EAST OF TRAILER J
JOB NUMBER: 10805-410-023 SSWMU Locale: 4
BLONWS ON 0]
INCHES o
T | omiven/ | SAHPLE | samper | g DESCRIPTION / NOTES
RECOVERED ‘fo/8l8/12] =
12 71818 7/ 24] <
- 'l-'f-.-\ Medlum brown, siity GRAVEL and SAND, (GP) 1
= .'a -
- S L —
- ".".-:H Medlum brown, SAND and GRAVEL, some siit, (SM) ]
[~ '."'.'.:'- -
i L ]
. -
- 10 '.'_'.':3 —
C -'.'.':i :
i e —
i ..o. ]
15 '/”" \Medlum brown, clayey SILT, trace gravel and sand. (ML) —
Moist, medium brown to dark gray, SILT, some clay, ]
~ / trace gravel, trace fine sand. (ML) ]
B K ., SILT, lay, t . (M
| 24/24 SS-1 |50 '82 % Dark gray. SILT, some clay, trace gravel. (ML) —
L 20 ’ 4 —
- 24/22 SS-2 7 0 / -
2 7 ]
t 24/23 SS-3 B 33 // :
4 4 -9 Dark gray. fine SAND, trace siit. (SP)
- 25 | 24/20 SS-4 7 14 'V‘?q Dark gray. GRAVEL and SAND, trace siit. (GP) ]
B ; SS-5 10 37 "6? Dark gray, fine SAND, some silt, little gravel. (SP) ]
R I Bl o v -
18 0 lg ]
B 24/18 Ss-8 32 37 Dark gray, SILT and CLAY, trace gravel. (ML/CL) =
- 30 3 ) / Dark gray, SAND, little siit. (SM) =
- 24/23 SS-7 B 8 Dark gray, SILT and CLAY, trace gravel. (ML/CL) —
R : : % —
- 24/24 | sS-8 = /‘ -]
i ) -
- 35 | 24720 | ss-9 243 ]
i " 20 /| |
| Augered to 34 ft. / Sampled from 18 to 36 ft.. ]
The water level was measured at 28.25 ft. b.g.s.~
) while the bottom of the augers were 30.0 ft. b.g.s.. ]
o No radiation detected above background by R/S. =

‘LASSIFICATION: VISUAL (Modifled Burmister),USCS
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Y 12 10

Wet, gray, SILT, little clay, trace fine sang,
trace fine gravet. (CL)

J

—

SHEET 1 OF: 3 HOLE/WELL NO.: 0410
OATE STARTED: 11/10/89 B O R I N G L. ® G SURFACE ELEVATION: 1,417.15
“ATE FINISHED: 11/29/89 '
LLER: Empire Soils Inv.
oreeran US| DAMES § MoORE | 1T
PROJECT: WVOP DOE/RCRA wells LOCATION: SOUTHWEST OF CTS
JOB NUMBER: 10805-410-023 SSWMU Locale: 4
BLOWSON | 3
INCHES o
EPTH L omiven s | SCRPLE | sawmer | g DESCRIPTION / NOTES
RECOVERED ‘fto/8)]8 /12 -
12 /1818 / 24] ~
o v eI\ Damp, brown to red, SILT, trace fine sand and clay, ]
’.A‘.‘;"-\trace angular gravel, some orange mottiing. (ML)
. b .. o ]
B L d .
- L'" ] Wet to saturated, brown, SILT and fine to coarse GRAVEL, ]
- § ..-‘,-_'. trace fine to medium sand, orange mottling. (GM) —
- ','.' —
- 10 .'.' —
- Ay =
r ** % Wet, brown, SILT and fine to medium angular GRAVEL, s
J '.'-.-:'- trace fine to medium sand, trace clay, mottied. (GM) —
. vl —
T s -~
L / \ Damp, brown, SILT, trace sang, oxidized. (ML) ]
- % Damp, gray, SILT, littie fine to medium angular . ]
L / to subangular gravel, trace clay, unweathered. (ML) _
" / Wet, gray, SILT and CLAY, trace angular to subangular _
20 / gravel. (ML) |
i 7 14
~ 24/21 SS-1 7 21 ﬂ Saturated, gray, silty CLAY, trace fine sand —
» 5 3 / and gravel. (CL) =
- 24/24 58-2 5 20 % —
- 6 8 ‘6‘ Wet, gray, fine SAND, some silt, trace clay. (SM) -
- 25 24/23 55-3 7 —
10 14 V, Saturated, gray, CLAY, little siit, little very tine sand,
o 4 5 trace gravel. -
t 24/23 55-4 7 10 Wet, gray, fine SAND and SILT, little clay at 26.0 tt. b.g.s. :
o 24/24 $S5-5 g IBB . —
- 30 13 16 3 Saturated, gray, fine SAND and SILT, trace gravel -
L 24/23 | SS~8 =T33 ;g'q and clay. (SM) -
- 18 10 /' _Wet, gray, SILT, littla fine sand, trace clay, trace fine =]
- 24/15 SS~7 M 12 é to medium subangular gravef. (ML) =
- 35| 24/3 SS-8 13 5 ) -]
_ 206 24 / _
7 7
- 24/19 | ss-9 - = / -

- 24/14 SS-10 3 1a

CLASSIFICATION: VISUAL (Modified Burmister),USCS
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SHEET 2 OF: 3 HOLE/WELL NO.: 0410
DATE STARTED: 1/10/89 5 ORIN G LOG SURFACE ELEVATION: 1,417.15
TE FINISHED: 1/29/89
RILLER: Empire Soils Inv.
Hamburg, New York DAMES §& MOORE NORTHING 892,834.68
INSPECTOR: J78 EASTING 480,426.42
PROJECT: WVDP DOE/RCRA wells LOCATION: SOUTHWEST OF CTS
JOB NUMBER: 10805-410-023 SSWMU Locale: 4
INCHES BLOWS ON )8_
T omiven s | SEHPLE ) sauper | g DESCRIPTION / NOTES
) RECOVERED ‘los8jB8/12] =
12 /1818 / 24} -
F 24/14 SS-11 N'(;R W'OQR Z Saturated, gray, slity CLAY, trace fine gravel. (CL) -]
- 24118 | SS-12 |t / | —
- 10 23 / Molst to wet, gray, SILT, littie fine to medium gravel, -
~ 45 24/12 SS-13 38 39 / trace fine sand, trace clay. (ML) —
. 12 21 Molst, brown, SILT, little tine to coarse gravel and ]
- 24/4 SS-14 - 74 50 / clay , trace fine sand. (ML) -
- WOR3 24 Molst, brownish—gray, SILT, some tine to coarse gravel, ]
o = ) trace ciay. (ML/CL)
24/23 SS-15 8 30 / —
- S0 8 15 / Moist, gray, SILT, littie fine to medium subangutar gravel. (ML) -
- 24/24 | SS-18 1351 ]
- 24/23 | SS-17 |tttk /
12 18 / ]
5 24/0 SS-18 35 3 /
- 24/24 | SS-19 :g g ? : —
- 24/24 | $8-20 |t % —
~ 60 WOR WOR % Saturated, gray, siity CLAY, trace fine to medium gravel. (CL) —
- 24/24 | ss-2i 77 -]
L " 7 /] _
i _ 25 28 |0y Oamp. green, tine SAND, trace angutar gravel (shate),
24/18 SS-22 5 42 ‘?6'% little siit.  (SP) ]
- 5 a —
L 65 | 24719 | SS-23 fae s -
== Wet, medium brown, SILT, some clay, trace fine to —
: 24/20 $5-24 14 3__E= medium gravel. (ML) e ]
89 21 =
™ 24721 sS-25 8 15 [E=] Moist to wet, ?ra;/. SILT, little clay, trace gravel, ]
I~ - 18 21 B trece sana. (ML =1
- 70 —— —
- 24113 | ss-28 T E ]
- 24/24 | SS-27 ﬁ ‘75 = -
- 8 9 E Moist to wet,brownish—gray, SILT, little clay, trace sand, -
- 75| 24/24 SS-28 2 6 == blueish-gray mottiing. (ML) ~—
. = : —
. 24/t7 | ss-2g 4 1 22 yo{ Moist, brown to green, siity SAND. (SM)
> : 49 107 [Pls] Molist, gray, SILT and fine to coarse subangular GRAVEL,
‘ ) 25 33 _pod ntue fine to medium sand.  (ML/GM)
. 24/17 SS-30 34 30 1.9 —
‘LASSIFICATION: VISUAL (Modified Burmister),USCS METHOD OF SAMPLING: ASTM D1586-84
SEE 0403 FOR AQDITIONAL SAMPLING
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SHEET 3 OF: 3 HOLE/WELL NO. 0410
DATE STARTED: 11/10/89 B O Q I N G L O G SURFACE ELEVATION: 1,417.15
TATE FINISHED: 11/29/89 '
ILLER: Empire Soils Inv.
Hamburg, New York DAMES & MOORE NORTHING 892,834.68
INSPECTOR: J18 EASTING 480,426.42
PROJECT: WVDP DOE/RCRA wells LOCATION: SOUTHWEST OF CTS
JOB NUMBER;: 10805-410-023 SSWMU Locale: 4
BLOWSON | 3
INCHES
]SE:ET:T ORIVEN / T?,::ﬁ';f(, SAMPLER % DESCRIPTION / NOTES
RECOVERED ‘jLo/8|B8 /2] =
12 /18[18 7 24] ~
. - 9 22 o% Moist to wet, gray, SHALE and GRAVEL, trace .
| 24/14 5S-31 28 78 [2.s] siit, trace sana. .
- 2477 SS"_32 200/.3 ﬁ::E:E Moist to wet, gray, SHALE and SILT, littie fine sand, —
L ==\ thin-bedded, fissile. Shale bedrock. .
_ 85 24/0 $S-33 |100/.2 ]
| Augered to 83.5 ft.. —
Sampled to 82.5 ft..
B The water level was measured at 7 1t, b.g.s— ]
u while the bottom of the augers were 32 ft. b.g.s.. -]
F No radiation detected above background by R/S. —
= 90 —
T —
L. 95 —
- —
- 100 —
- 105 -
- —
L -
- 110 —
- 15 —
- / ]

CLASSIFICATION: VISUAL (Modified Burmister),USCS

11/6/09
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METHOD OF SAMPLING: ASTM D1586-84 .
SEE 0403 FOR ADDITIONAL SAMPLING



SHEET 1 OF: 2 HOLE/WELL NQ.: Q411b
ATE STARTED: 3/27/90 = ORIN G LO G SURFACE ELEVATION: 1,416.76
TE FINISHED: 3/28/90
ILLER: Empire Soils Inv.
Hamburg, New York DAMES & MOORE NORTHING 892,657.72
INSPECTOR: J78 EASTING 480,509.12
PROJECT: WVDP DOE/RCRA wells LOCATION: WEST OF TRAILER J
J0B NUMBER: 10805-410-023 SSWMU Locale: 4
BLOWS ON E
INCHES o
Roeer| oRiven /s | SIPE | SamER | g DESCRIPTION / NOTES
RECOVERED (o768 /12|~
12 /18018 7 24} -
8 .;...-,.’\ Medium brown, silty GRAVEL and SAND. (OL/GP) ]
."_':. —
_ :-‘ —
- e -]
- 5 L -
- -+l Medium brown, SAND and GRAVEL, same siit. (SM) -
L e ]
b ) .~ - —
X :: N
- 10 v —
..:‘ ]
d‘i "/"" \ Medium brown, clayey SILT, trace gravel, trace sand. (ML) -
—
» % Dark gray, SILT, some clay, trace gravel. (ML) —
= / —~
- é —
- 20 / —
L / -
~ / Dark gray, SILT, some clay, trace gravel. (ML) 1
: 5 V:L Dark gray, fine SAND, trace siit. (SP) :
2 0 Derk gray, GRAVEL and SAND, trace sitt. (GP/GM)
" 56? Dark gray, fine SAND, some siit, little gravel. (SM) .
L T )
0o -
- ~ 7
- 7
- 30 % Dark gray, SILT and CLAY, trace gravel. (ML/CL) ]
- / Dark gray, SAND, little siit. (SM) —
. / Dark gray, SILT and CLAY, trace gravel. {ML/CL) ~—
- a 5 / Saturated, gray, SILT, some clay, littie fine to ]
- 35 24/18 SS-1 7 8 medium sand, trace fine to medium subangular to angular -
. 3 5 / gravel, slightly plastic, medium plastic. (ML/CL) —
: 24/18 | SS-2 |——t—g / —
) 7 7 Saturated, gray, SILT and CLAY, trace fine to medium ]
24/8 SS-3 m >4 % subangular to angular gravet, medium stiff, (ML/CL) —

.ASSIFICATION: VISUAL (Moditied Burmister),USCS

11/6/09
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METHOD OF SAMPLING: ASTM D1586-84
SEE 0401 & 0402 FOR ADD'L SAMPLING
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SHEET 2 OF: 2 HOLE/WELL NO.: 041b
CATE STARTED: 3/27/90 B ORIN G LOG SURFACE ELEVATION: 1,416.76
DATE FINISHED: - 3/29/90 :
@Y [LLER: Empire Soils Inv.
Hamburg, New York DAMES & MOORE NORTHING 892,657.72
INSPECTOR: J78 EASTING 480,509.12
PROJECT: WVOP DOE/RCRA wells LOCATICN: WEST OF TRAILER J

JCB NUMBER: 10805-410-023 SSWMU Locale: 4
BLOWS ON e
INCHES s}
DEPTH | orven s | SRS | saurer | g DESCRIPTION / NOTES
RECOVERED "tos8lB /12
12 /18118 / 24] ~
17 7 ¥
s 24116 | $8-4 fgt—is 7 _
= 20 30 % Wet, dark gray, SILT, some cliay, trace fine to coarse -
= 24/24 SS-5 35 30 / subangular to subrounded gravel, trace fine sand, -
L 3 35 / slightly plastic, dense. (ML/CL) -
- 45 | 24/24 | 3-8 é n
B 24/18 s5-7 53 100 [0 Saturated, greenish—gray, mostly fine to coarse GRAVEL ]
i 100/.2 ?3& and fine to medium SAND, trace siit, trace clay. (GM)
0.4 -
L - C."a] Saturated, gray, medium to coarse GRAVEL, trace siit, |
50 24/3 55-8 Od trace clay, trace tine sand. (GM) ]
- i)
| 24/18 S$5-9 68 52 V?Q Wet, gray, black, greenish, medium SAND. (SM) —
84 |59/.4 [T.- _ _]
[ 24/10 5S-10 80 [100/.3}°/] Moist, greenish, tine to coarse GRAVEL, little sit, trace sand.
‘ % Ory, medium to coarse GRAVEL, trace tine sand, trace siit,
39 | &9 / dense, undisturbed till. (GM) ~
- 55 24/12 SS-it 48 38 % Wet, greenish—gray, siity SAND and fine to medium subangular ]
B “/A to subrounded GRAVEL, trace clay. (GM) ]
- 24/18 | S5-12 '97 22; % -
L 15 15 Saturated, greenish—gray, fine to medium GRAVEL and fine 7
- 24/12 SS-13 1 TR to medium SAND, little silt, trace clay. (GM) —
[ % [ae | ssoa |21 / _
i 20 2l ¥/ —]
28 15 [/
- 24/10 SS-15 2 >3 / —
= 30 31 / Saturated, greenish—gray, silty SAND and fine to medium —
- 65 24/8 SS-16 /‘ GRAVEL, trace clay, foose. (GM) —
i 30 38 /A |
B 24/12 SS-17 5 9 v Moist to wet, gray, SILT and CLAY, trace fine to medium ]
14 17 / subangular to subrounded gravel, medium stitt. (ML/CL)
i 5 7 ]
- 24/18 | SS-18 ¢ G 7, —
- 70 -
L_- Augered to 88.0 ft.. ]
Sampled to 70.0 ft.. ]
o The water level was measured at 44.8 ft. b.g.s. - =]
- while the bottom of the augers were at 68.0 ft. b.g.s.. —
L 75 Ng radiation was detected above background by R/S. —

)

‘-

_.I

CLASSIFICATION: VISUAL (Modified Burmister),USCS

11/6/09

METHOD OF SAMPLING: ASTM D1586-84

SEE 0401 & 0402 FOR ADD’L SAMPLING
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HOLE/WELL NO.:

11/6/09

41

UR-1 SHEET 1 OF: 2
DATE STARTED: £/27/91 BDRINS LDG SURFACZ ELEVATION: 1408.1°
OATE FINISHED: €/30/8! GROUNOWATER 2EPTH: b
DRILLER: EMPIfE SOILS MEASUREMENT DATE: 9/30/91
HAMBURG, NY Dames & Moors NORTHING: 892694 .05
INSPECTOR: F. J. COHEN ZASTING: 480857.12
PROJECT: UR SXPANSION LCCATION: NYDP
Jo8 NUMBER: 10805-509 SNMU Locale: 3
: BLOKS ON o
. INCHES w P 18
e e/ | g G wem |5 3 DESCRIPTION / 1073
"=lrecoveren | S [0/6]67 3 =
12 / 18148 / -
Gravelly fi1ll at surface-augered to S ft.
- 9 4 16 Ory to gasp medium to light brown SILT, some gray and
u 24/13 55-1 T 12 white medium angular Gravel, some medium to coarse
[ Sano, little clay. Crumbly. Some rust mottling. (GM)
10 I - | | |
s 24710 55-2 1 Ory, light brown fine SAND, some megoium
19 18 - to coarse subangular gray Gravel. (SP)
- g
L ot
>F
— on
-~ 15 10 13 Moist light brown to greenish brown fine to coarse,
- 24/14 $5-3 subangular to sudbrounded GRAVEL, sume Sand and Silt.
a 15 15 . Loose when disturbed. Trace rust mottling. (GM)
20 18 | 10
- 24/17 S8-4
B 10 11
— /’
- 2 /.f
- 25 >3 12 = /] Moist light brown CLAY, little silt, trace fine tc
- 24/17 $5-5 5 "/ medium sand. Grades to 3ark jray, some Silt, fine
L 5 i8 _vczjﬁ silty sandy iayering at 1/8° intervals. (CL)
L 24/24 S5-6 10 14 .4 et gray fine to medium SAND. (SP)
L 14 14 l5'd Grades to roist gray CLAY wit® silty laminations. (CL)
o P4 Grades to wet lignt brown fine SAND. little medium
~ 30 > 3 2’21 to coarse sang and fine gravel. (SP} Grades to dark
- 24/132 55-7 ; y : ’.;?jof brown, medium to ccarse SANO. (SP)
=3k
- £{2] Moist lignt brown CLAY, little silt. little
- S [Fe] medium to coarse gravel. (CL)
| .9 OGrades to saturated light brown fine to medium SANO. (Sw)
~~— >5-q Grades to medium to cocarse SAND and fi‘e to medium )
- =3 5 . 2] GRAVEL. (5w)
- 24/11 $5-8 : . T # Camp brown CLAY, little silt. Grades to Jark :r-ay.
= e / Laminated, =ith fine si1lty sandy partings. (L)
9 | -
- 24/12 55-9 =
B 14 13 ) %
|
CLASSIFICATION: VISUAL [MOOIFIED BURMISTER), USCS METHOD OF SAMPLING: ASTM Di1585-8.



X

o OoLE/NELL NO.: UR-1 SHEET 2 OF: 2
; DATE STARTED: 9/27/914 BORING LDG SURFACE ELEVATION: 1408. 10
’ DATE FINISHED: £/30/94 GROUNDWATER DEPTH: 13
' DRILLER: EMPIRE SOILS HEASUREMENT DATE: 9/30/91

HAMBURG, NY Dames S mopa NORTHING: B92684 .05
INSPECTOR: F. J. COHEN EASTING: 480857 .12
PROJECT: UR EXPANSION LOCATICH: NYDP
JOB8 NUMBER: 10805-509 Swvy Locale: 3
INCHES w g BLONS DN 2
e rven s | 7 Z SWPLR |21 2 DESCRIPTIO" / NOTES
RECDVERED S= |0/6]6/12 =
12 / 18]48 / 24 -
14 10 V UamP Lo MOISt gray-green fine L0 mecium
- 24/16 $5-10 P / GRAVEL., some Ciay and Silt. [GM/GC)
™ . Graoes to gamp ocark gray CLAY and SILT, grades :o
| fine sanoy silty CLAY. {CL/ML)
Augered to 40 ft.
- 45 Sampled ta 42 ft.
I~ Water encountered at 5.5 ft.
- Boring grouted to surface,
r—
- 50
.
F 55
-
- B9
-
- 55
L
- 70
-
=
- 79

CLASSIFICATION: VISUAL

11/6/09

(MODIFIED BURMISTER).

UsCs
42

METHOD OF SAMPLING: ASTHM Di15S85-~¢ .




UR-2 SHEET 1 OF: {
X TARTED: 10/01/91 a SURFACE ELEVATION: 1407 .89
ATE STARI BORING LOG = ELEVAT
CATE FINISRED: 10/02/91 GROUNDMATER OEDTH: 13.2
CRILLER: EMPIRE SOILS MEASUREMENT DATE: 10/02/91
HAMBURG, NY Dams & mopa NORTHING: 832674 .56
INSPECTCR: J.T.B. € F.JU.C. _ "EASTING: 480826.50
FROUECT: JR EXPANSION LOCATION: WYOP
03 NUMBER: 40805-509 SNMU Lozale: 3
INCHES w g BLOXS ON 3
~eD i N =
T;t‘an:T ORIVEN / § z SAWPLER 2|3 DESCRIPTION / NOTES
P lpecovered | S = [0 /6 [6/ 12172
12 / 19118 / 24 -
B o Gravelly fill at surface-augered to 5'. B
B 7
. .
- 2 13 13 * 1 wet grayisn-brown very tine SAND and fine to medium
N 24/16 55-1 15 15 subangular GRAVEL, little silt. loose. (SP) 7]
o ; Grades to oamp light brown-yellow very fine sandy SILT -
- andg fine to medium sudangular GRAVEL, trace clay, —
R firm to friable, oxidized, mot:tled, non-plastic.
0 g. {Rock in end of spoon) (GM) ]
- 1 ‘e e ) A -
G t . M
5 24/12 55-2 20 10 o rages to moist. (GM) ]
11 9 -
L 2 -
=]
o X
S
(2] p—
15 6 12 Moist coarse angular GRAVEL, some brown Silt and -
- 24/15 5s-3 Clay, little coarse sand. (GM) .
L 9 8 i
— él:;ﬁ: -
- 20 5 5 e 7]
- 24/0 §S-4 3 = S8 ~
= oA ~ ‘<l Grades to wet, some medium to coarse black. brown, -
- 24/3 SS5-5 .v:| pgray Sand, little clay. (GW) —
- 29 ; 5 7 - / Moist gray CLAY, little silt and fine to medium sand,
= 24/19 SS-6 o~ /// trace gravel
B S 10 > Grades to brown, layering at $/8° intervals, some
l /] silty partings. (CL)
L —&
L 5 d
= -
r 3!3 5 7 =124 5° wet fine to coarse subangular SANO and medium to ]
- 24/114 8s-7 5o coarse black, pink, gray GRAVEL, some clay, little -
. 6 5 _1oPoq sitt. (sw _
tP S
5 ] 7]
B éf% wet hrown-gray SILT. some medium angular Gravel. (W) n
- SO ~3des L0 we ray-green fine to medium SAND, some —
35 Led ¢ t gray ti fum SaND
B 24/14 55-8 20 17 ;;/ 4 medium to ccarse subangular Gravel. little clay. (SW) _
r 10 3 /C Grades to moist gray CLAY, little silt, little
L medium gravel and sang. (CL) ]
Augered tp 37 ft.- Grouted to surface. _

L1

CLAGSIFICATION: VISUAL.(HODIFIED BURMISTER) , USCS

11/6/09
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METHOD OF SAMPLING:

ASTM 01586-84



HOLE/WELL NJ.: UR-3 SHEET 1§ OF: 2

DATE STARTED: 10/02/914 BORING LDG SURFACE ELEVATION; 1407.77

DATE FINISHED: 16/04/91 GROUNONATER DEPTH: 29

DRILLER: EMPIRE SOILS HEASUREMENT OATE: 10/02/91

: NORT : 5
HAMBURG, NY Dames & Moore ORTHING: B92684.55

INSPECTCR: F.J.C. EASTING: 480807 .57

FRC eCT: UR EXPANSION LOCATION: NYO?

JOB NUMEER: 10805-509 SWMU Locale: 3

INCHES w g BLOXS ON 2
xgg;sns(r RIVEN / | & o SAMPLER SE DESCRIPTION / NOTES
RECOVERED | &= [0/6 |6/ 12 =
: 12 / 48 ]38 / 24 -
B -1 Gravelly fill at surface-augered to 5'. _
- 5 4 )
6 9 Dry brown fine to coarse subangular GRAVEL, gray,
i 24/18 551 3 7 brown. 1ight Drown fine to medium SAND, little -
~ prown clay. (GHW) -
- -
-

10 2 | 7 | ~
= 24/10 §5-2 -~
R 7 8 e -

o
- 15 e -
. 24/12 $5-3 4 1 “ Grades to wet. (GW) -
= 7 b ..'.'".'.' -
- 20 b : :
B s5-4 19 12 //' Moist light brown CLAY, some Silt, some medium to _
24/9 55 12 12 / coarse sand and fine subangular pgravel. (CL)

; Z ‘

= - / i
r 25 12 a3 :_':,// Grades to dark gray. (CL) B
- 24/16 55-5 =0 -
B 13 13 / ]
- 30 é -
o 24/14 €5-56 3 7 552 Ket brown. gray., black sudangular to subrounded GRAVEL .
. 4 5 St ang meaium to coarse SAND, some Clay. little silt. (GC)
8 5 E‘%
u H usc Wet prown fine to medium SAND, some fine Gravel. (SW) -
- 35 3P.9 ocraces to gray-green. some Clay. (SC/GC) -

25 10 | ¢ B=
— 24/15 58-7 | W - o
| 14 o i ,// Wet gray CLAY, some Silt. (CL) Gracges to damp, littie
a 12 = fine to medium gravel, trace sand. (CL)
- 24/48 Ss-8 5 -
L 22 23 I/ A
Auygered to 39 ft. -Grouted to surface.

CLASSIFICATICN: VISUAL

11/6/09

(MCOIFIED BURMISTER),

uscs
44

METHOD OF SAMPLING: ASTM DS

2E-84 .
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Table 3.--Logs of Wells
02-PANEY Mugered Jaouecy ), 1962, Lac 42°28°27°,
Loag 18737'34°. altltude 1,402.38 [t. Llog from
records of baw York Stete Depc. of Public Works,
rsau of 3oLl Mecheatcs.

lrowe silt, trace to somm sand and stooe
Silc, some clay

-7 fx

7 -4Q

S1-PAMMA dugered Jenuary ), (9e2. Lat 42°20°277,
Loag /8°37°58". altitode 1,407.1) ft. Llog from
tecords of Maw York State Dapt., of Public Vorks,
Buress of 30ll Mechanice.

¥o semples takaen; dotrow of hole & fC
(3ee log of rPaNg))

o4 f¢

51-PANAY Augered January 4, 1962. Lac 42°26°40°,
Leog T8°37°43°.  alticuda 1,833.10 ft. Log frow
records of Mew York State Dept. of Public Works,
Buresu of Sofl machaonics.

0-5 ft BSrowe eflt, trace of clay snd stone

3-16 Cray alle, soma cley (soft and plastic)

16-21 Cray nilt snd sngulsr shale fragwencs
2t Poseible shale bedrock

31-PAlGS Augered January &, 1962. Lat 42°26°%0°,
Long 76')!'“'. Alctcude |,108.7¢6 ft. log from
racords of Mew Yark Stste Dept. of Publlic Worke,
Buteau of Soll Machasics.

0=3 ft Moist browa eilc, trace of clay

S-1v Vet gray slit eod very fiae sand

10~30 Wat gray allt, crace of very fine sand
aod clay

30-40 Wet gray silt, some clay (solc end
plastic)

82-PAK6) Augered Jacusry &, 1982. Lac 42°26°30",
Loog 78°38°167. Alcitude 1,388,867 fc. Log from
fecorde of Wew York Sctate Dep:z. of Public Works,
Burtess of Soll Mechenics.

0~3) (fc Beows eilt
5-7 Siit aod very filoe saod
1-3 Sand

S2-PAM88 Augered January 3, 1982. et 42°26'41°,
Loag T4 ,8'40", Altttude 1,193.40 (k. log froe
fecords of New Yark Scate Depc. of Public Works,
Buresu of Soil Machasics.

O~10 f¢
{0-43

Molst drows sile, trace of clay
Rolet grey eaile, wome clay, tracs of
stooe (wedius and plascttce)

SI-PAMSY Augeted Jeauacy 59, 1962. Lac 42°2¢'19°,
Loag 73%39°17°, Altttuse 1,472.23 (¢. Log from
fecords of Uew York Stace Dmpt. of Public Works,
Buraen of SULl Mechealce. .

0-10 Moist drown etle, trece of ¢ley

Lo=17 Oty brows ellt, trace L0 some weathered
shals

below |7 probadle shele bedtoch

11/6/09

and Test dorings {(continued)
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47

82-PaM10 Augered Jamuary 9, 1947, tac 42°27°3)°,
Long 78719°30°. Alticude |, 345,03 fe. log from
cecords of Mew YOrx State Dept. of Publie Vs s,
Buresu af 5oll Mecbdenics.

o ssmplae taken; Boctom of hole 10 ft
(See log of P M%Y)

$2-PANT| Mgered Jscuary 10=i1, 1992. Lac
42777701, Lomg T8°39'22°. alticude 1,022,592 fe.
log from recocds of Mew York Stete Depc. of
Pubdile Worko, Bufeasu of Soil Machealcn.

0=10

0-17 tc Browa silt, somm scone sod cend (hard)

i7-13 Cray siit, trace of clsy and stose
(esdium and plsstic)

13=-18 Gray eand aod eile

18-36.3  Grey stic, trace to some cloy, traca of

stons and very fine send (wedium and
plascic)

01-PANI2 iugered Jsouary 10,,1942. Lot 42°27701°,
Loag 78739°22°. Alticude 1,422,280 te. tog Crom
records of Mew York State Dept. of Public Wocke,
Burseu of SoLl Mechenics.

0~10 fc No semples taken; bdottos of hole 10 f¢
(See log of paNll)

61-PANI 3 Augered January 1), 1961. Lac 42°27'03°,
Long 78738'12%. altticude 1,422.80 fc. Log from
Tecords of Mew York 3tate Dept. of Pubdlie Worhas,
Buresu of Sotl Machaaice. '
0-13 ft Mo samples takea; bottom of
(See log of Pan?l)

6I-PANTA ugored Jaauary 12, 1982, Lat 42°26°31°,
Long T8°19°22%. Alcicude 1,446.59 fe. Log from
records of Mew York State Dept. of Publie Vorke.
Bufesu of 30il Mecheaice.

bole 23 f¢

0-8 fc Yellow brown stlt ctrece of sand and
scone (hard)

3-1? Lrey drowe ellc, trece to some westhecred
shale (very hard)

17-21 Mrown silt, rrace o soms waathered ehsle
and clay (very baed)

below 2§ Probable phale bedrock

$2-PANTS Augeted Jsnuary 16, 1962. Lat 41%°20734°,
Loag 78°38°007. Alcitude 1,424.95 ft. Log frow
records ¢ Mew York Stace Dept. of Publie Worke,
Buresu ol Soll machantce.

0-i2 fr Mo samgplas takem; bottos of hole I2 f¢
(See log of PaM9Y)

bl-[.\lﬂt Augeted Januacy IO_, 1962. Lat 42°20°1)2°,
loog 7073¥°56°. iltitude 1,813.00 (t. Log froe
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RAI 5C10 (15)

Subject: subsurface DCGL model contaminated area

RAI: For certain pathways and radionuclides, the assumption that contamination is distributed
over a larger area (e.g., 1000 m?) rather than 100 m? would lead to more restrictive DCGLs.
Sensitivity analyses currently do not evaluate the impact of area on the DCGL calculations.
(Section 5.2.1, Page 5-27)

Basis: For those radionuclides dominated by certain pathways (e.g., plant and water ingestion),
the assumption regarding the area (and thickness) of contamination significantly impacts the
DCGL calculations. On a footnote on page 5-26 of the DP, there is some discussion regarding
use of a 1000 m? area of contamination rather than a 100 m? area of contamination; however,
sensitivity analysis results do not address larger assumed areas of contamination. Assumptions
regarding the distribution of contamination brought up from drilling a cistern should be further
evaluated as the DCGL for many radionuclides would be more restrictive if a change in
assumption regarding the area of contamination is made.

NRC Path Forward: Suggest calculating DCGLs considering a 100 m” and larger areas (e.g.,
1000 m?) of contamination and use the more limiting DCGL for the list of 18 radionuclides
evaluated or provide additional justification for why an assumed 100 m? area of contamination is
reasonable.

e de e dedede de e dede e e ek ek e o

DOE Response: The assumed 100 m? area of the contamination zone is considered to be
reasonable. The size of this area in the model is limited by the relatively small volume of material
brought to the surface during construction of the hypothetical cistern, which is approximately 30

me.

A sensitivity analysis was performed as described below. However, the multi-source conceptual
model described in the response to RAI 5C9 has effectively superseded the original base-case
conceptual model for subsurface soil DCGL development. Additional information on the multi-
source model is provided below.

Sensitivity Analysis Performed

A sensitivity analysis for the combined contamination zone thickness and area has been
performed, using areas of 300 square meters and 50 square meters, compared to the 100 square
meters base case, which has a thickness of 0.3 meter. (The area and thickness parameters are
positively correlated due to the small volume of material brought to the surface.) Table 5C10-1
shows the results.
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Table 5C10-1. Contamination Zone Thickness/Area Sensitivity Analysis Results'"

, 0.1 m/i300m> - 0.6m/50m”.

, Nuclide Year of Peak Dose DCGL(o/Co )h AM9€ | Year of Peak Dose DCGL(OZ )h alr?ge
Am-241 0 -1% 0 16%
C-14 0 86% 0 -33%
Cm-243 0 4% 0 10%
Cm-244 0 3% 0 22%
Cs-137 0 14% 0 9%
1-129 10.4 -58% 10.5 86%
Np-237 22.5 -61% 22.6 87%
Pu-238 0 3% 0 22%
Pu-239 0 3% 0 22%
Pu-240 0 3% 0 22%
Pu-241 60.7 0% 64.5 15%
Sr-90 0 170% 0 0%
Tc-99 2.06 204% 0 -3%
U-232 3.58 70% 6.69 -4%
U-233 327 -64% 327 91%
U-234 327 -65% 327 ' 98%
U-235 0 9% 0 8%
U-238 327 -65% 0 70%

NOTE: (1) The base case is a 0.3 m thickness with an area of 100 m?.
The results in the table show that:

e The DCGL for Sr-90, the radionuclide expected to dominate contamination at the bottoms
of the deep excavations based on available data, increased as the contaminated material
was spread over a larger area and remained unchanged when the contaminated area
was reduced. '

e The DCGLs for the following radionuclides significantly decreased with the smaller
thickness/larger area contamination zone geometry: 1-129, Np-237, U-233, U-234, and U-
238.

* The DCGLs for most radionuclides increased with the larger thickness/smaller area
condition, with only C-14 exhibiting a significant decrease.

Note that the influence of the source geometry on the DCGL is mainly due to external eXposure
and groundwater pathways. The external exposure dose increases with increases in
contaminated zone area. The dilution factor increases with increases in contaminated zone area
in the subsurface model, due to increased leachate infiltration rates. However, the reduction in
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source thickness shortens the travel times to the groundwater receptor. The effect of the
combination of these factors is radionuclide specific.

The results showing lower DCGLs for C-14, 1-129, Np-237, U-233, U-234, and U-238 are being
taken into account in revising the cleanup goals for subsurface soil in the deep excavations. This
matter is addressed in the response to RAl 5C15, which describes the probabilistic uncertainty
analysis undertaken to evaluate degree of conservatism in conceptual model input parameters.
Note that the results of alternate scenario analyses, such as the resident gardener scenario
discussed in the response to RAI 5C18, are also being taken into account in revising the cleanup
goals.

Additional Information on Multi-Source Modeling

Because additional groundwater modeling using the STOMP code showed that diffusion of
radioactivity from the bottom of the deep excavations must be taken into account in establishing
the subsurface soil DCGLs and cleanup goals, additional analyses were performed using a
modified conceptual model. The updated response to RAI 5C9 describes this model, which
accounts for continuing release of residual radioactivity from the bottom of the deep excavation
as a secondary source of contamination.

The modified conceptual model makes use of larger contamination zone areas of 2000 m? for the
residential gardener scenario and 10,000 m? for the resident farmer scenario.

The updated response to RAI 5C9 provides the reduced DCGLs and cleanup goals that take the
results of this analysis into account. This updated response includes a new DP subsection 5.2.6
that describes the modified conceptual model, the mathematical models used, and the results of
the analysis.

The updated response to RAI 5C15 includes revised tables for section 5 of the DP such as Table
5-14 that specifies the cleanup goals to be used in soil and sediment remediation associated with
Phase 1 of the decommissioning.

Changes to the Plan: The changes to the plan related to the sensitivity analysis involve making
the following changes to Section 5:

Changing the second data row of Table 5-10 as indicated below (the remainder of the table is
unchanged insofar as this RAI response is concerned).

Table 5-10. Summary of Parameter Sensitivity Analyses — Subsurface Soil DCGLs'"”

Parameter Run | Change Minimum DCGL Change Maximum DCGL Change
(Base Case) Made | change Nuclide(s) Change Nuclide(s)
Indoor/Outdoor 1 -32% -25% Cs-137 0.1% | U-234
Fraction (0.66/0.25)
2 21% 1% U-238 35% | U-232
Contaminated Zone 1 67%/ | -65% U-234, U-238 204% | Tc-99
thickness/area +200%
2
B3l 2 | +100%/ | 33% |cC14 98% | U-234
-50%

NOTES: (1) Information from the DCGLewyc calculations provides additional information on how reductions in the
size of the contamination zone affect the DCGLs. DCGLs generally increased with smaller areas.
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Add the following new third bullet point in the discussion of the sensitivity analysis results on page
5-39:

e The DCGLs for the following radionuclides significantly decreased with the smaller
thickness/larger area contamination zone geometry: 1-129, Np-237, U-233, U-234,
and U-238.

« The DCGLs for most radionuclides increased with the larger thickness/smaller area
contamination zone geometry, with only C-14 exhibiting a significant decrease.
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RAI 5C12 (17)

Subject: Inhalation pathway in streambed sediment model

RAI: The streambed sediment DCGL development does not include the inhalation of airborne
radioactivity from resuspended contaminated sediment because of the assumed moisture
content and limited resuspension. However, this argument may not consider the dynamic
aspects of sediment deposition, stream water levels, and soil moisture content. (Section 5.2.1,
Page 5-29)

Basis: In general, streambed sediments will have relatively high moisture content and would
experience limited resuspension. However, mobilization of contaminants from source areas may
increase during storm events and result in deposition of the contaminants in areas that are
above the normal water levels, such as a flood plain. Moisture content of these environments will
be very dynamic, ranging from saturated to quite dry depending on the frequency the location
experiences high water.

Path Forward: Provide an evaluation of the importance of the inhalation pathway relative to the
other pathways that have been included in the streambed sediment DCGL development. The
evaluation should consider the natural inherent variability in deposition processes and sediment
moisture contents.

e e e e e ko e ok ek ke ek ke ke

DOE Response:

NOTE

Changes from the previous version of this response submitted to NRC on 8/14/09
have been to recognize the multi-source model for subsurface soil DCGL
development, which takes into account release of residual radioactivity by diffusion
from the bottoms of the deep excavations. The code verification package and
calculation packages that document the multi-source analysis will become Attachment
3 to Appendix C.

Note that changes from the 8/14/09 version of this response in Appendix C that are
shown in blue will be shown in red in Revision 2 of the plan.

The inhalation pathway has been incorporated into the deterministic model for streambed
sediment DCGL development without regard to considerations of moisture content, in the interest
of conservatism. This change had no significant impact on the DCGLs, as shown below. The
probabilistic uncertainty analysis described in the response to RAI 5C15 also includes the
inhalation pathway in the streambed sediment model.

Note that the response to RAI 5C11 discusses the streambed conceptual model and natural
inherent variability in deposition processes, including changes in water level.

Table 5C12-1 compares the streambed sediment DCGLs included in Revision 1 to the DP with
the deterministic DCGLs with the inhalation pathway active. Note that several other parameter
changes were also made as discussed below.
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Table 5C12-1. Streambed Sediment DCGL Comparison

Nuclide DCGLy Values from Table 5-8 | DCGLy Values With Inhalation
of Revision 1 (pCil/g) Pathway Active (pCi/g)

Am-241 1.6E+04 1.6E+04

C-14 3.4E+03 3.4E+03
Cm-243 3.6E+03 3.6E+03
Cm-244 4.7E+04 4.8E+04
Cs-1371" 1.3E+03 1.3E+03

1129 3.7E+03 3.7E+03
Np-237 5.4E+02 5.2E+02

Pu-238 2.0E+04 2.0E+04

Pu-239 1.8E+04 1.8E+04

Pu-240 1.8E+04 1.8E+04
Pu-241 5.2E+05 5.1E+05
sr-90™" 9.5E+03 9.5E+03

Tc-99 2.2E+06 2.2E+06

U-232 2.7E+02 2.6E+02

U-233 5.8E+04 5.7E+04

U-234 6.1E+04 6.0E+04

U-235 2.9E+03 2.9E+03

U-238 1.3E+04 1.2E+04

NOTE: (1) Reflects 30 years decay.

The other parameter changes are identified in the revised Appendix C, which follows. Many of the
parameter changes were made for consistency with dose modeling in the Decommissioning EIS.
Note that Appendix C is included in its entirety for the sake of completeness, even though only
limited portions were changed from Revision 1. The text in blue in Appendix C signifies changes
made in Revision 1. The Revision 2 changes are shown in red with change bars in the right

margin as with the other RAI responses.

Changes to the Plan: The value for strontium in the sand and gravel layer in Table 3-20 will be

changed from 6.16 to 4.5 mL/g (cm*q).

Table 5-8 will be changed to reflect the slightly revised DCGLy values as indicated in the updated

response to RAI 5C21.

The revised Appendix C that follows will be incorporated into the plan.
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APPENDIX C

DETAILS OF DCGL DEVELOPMENT
AND THE INTEGRATED DOSE ASSESSMENT

PURPOSE OF THIS APPENDIX

The purpose of this appendix is to provide supporting information related to
development of derived concentration guideline levels (DCGLs) and the limited
integrated dose assessment performed to ensure that cleanup criteria for surface
soil, subsurface soil, and streambed sediment used in Phase 1 of the proposed
decommissioning would support any decommissioning approach that may be
selected for Phase 2.

INFORMATION IN THIS APPENDIX
This appendix provides the following information:

e Table C-1 in Section 1 provides a complete list of RESRAD input
parameters, except for distribution coefficients, and the bases for these
parameters.

e Table C-2 in Section 1 provides a list of distribution coefficients and their
bases.

e Table C-3 in Section 1 provides the exposure pathways considered in the
analysis.

e Table C-4 in Section 1 provides data on measured radionuclide
concentrations in the Lavery till in the area of the large excavations in
Waste Management Area 1 and Waste Management Area 2.

e Section 2 describes the information that comprises Attachment 1, which
supports the calculation of DCGL and Cleanup Goal values presented in
Section 5 of the Decommissioning Plan.

e Attachment 1 provides electronic RESRAD input and output files for the
three base cases (surface soil, subsurface soil, and streambed sediment),
the limited integrated dose analysis, and the input parameter sensitivity
analyses performed, along with the associated Microsoft Excel
spreadsheets.

e Attachment 2 provides an additional electronic file (a Microsoft Excel
spreadsheet) used in the preliminary dose assessments.

e Attachment 3 provides the basis for development of the multi-source
DCGLs, which consider the bottoms of the deep excavations as a
continuing source of contamination to groundwater.

RELATIONSHIP TO OTHER PLAN SECTIONS

This appendix provides supporting information for Section 5. Information provided in
Section 5 and in Section 1 on the project background will help place the information
in this appendix into context.
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Tabulated Data

Table C-1 identifies input parameters used in the RESRAD models, except for the
distribution coefficients, which are included in Table C-2. Input parameters are provided for
the three source exposure scenarios: surface soil (SS), subsurface soil (SB), and stream
bank sediment (SD). The RESRAD input parameters presented in Table C-1 were selected
as discussed in Section 5.

Distribution coefficients (Ky) are presented in Table C-2 for chemical elements of the 18
radionuclides and their decay progeny for each of the three analyses (SS, SB and SD) for
each of the modeled media (contaminated zone, unsaturated zone and saturated zone)
used in RESRAD. The conceptual models assume the sand and gravel unit is
representative of the three RESRAD zones, except that in the SB and SD analyses, the
contaminated zone is assumed to be represented by the Lavery till. The table includes the
RESRAD default value, the specific value input into the RESRAD model for DCGLy
calculations, either measured site-specific or reference values (as identified in Note 1 to
table C-2), and the range of values used in the sensitivity analysis. The K, values were
selected to represent the central tendency of the site-specific data or were based on
specific soil strata characteristics where available. Variability/uncertainty in the Ky values
was addressed through the sensitivity analysis.

The exposure pathways presented in Table C-3 were based on the critical groups
identified for each of the source media. The resident farmer was the critical receptor for
soil exposure and the recreationist was identified as the critical receptor for stream bank
sediment exposure. Alternate receptors were considered as discussed in Section 5,
including acute dose from subsurface material to a well driller during cistern installation,
dose from subsurface material during installation of a natural gas well, and dose from
surface and subsurface material to a resident gardener. Additionally, a separate multi-
source evaluation was conducted to assess the impact of the bottoms of the deep
excavations as a continuing source to groundwater (see Attachment 3).

The data in Table C-4 are the basis for the maximum radionuclide concentration data in
Table 5-1. These data comprise the available characterization data for radionuclides in the
Lavery till within the footprints of the large excavations for the Process Building-Vitrification
area and the Low-Level Waste Treatment Facility area that are described in Section 7.

Preliminary dose assessments have been performed for the remediated WMA 1 and
WMA 2 excavations. These assessments made use of the maximum measured
radioactivity concentration in the Lavery till for each radionuclide as summarized in Table
C-4, and the maximum detection level concentration for non-detected radionuclides. (It
should be noted that the minimum detection levels for non-detected radionuclides may
range several orders of magnitude. Use of the maximum detection level concentration for
non-detected radionuclides results in added conservatism in the reported preliminary dose
assessment. The results are based on the most limiting exposure scenario (see Section 5)
and include consideration of the bottoms of the deep excavations as a continuing source to
groundwater. The dose estimates were:

WMA 1, a maximum of approximately 8 mrem a year
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WMA 2, a maximum of approximately 0.2 mrem a year [ .

Given the limited data available, these results must be viewed as order-of-magnitude
estimates. However, they do suggest that actual potential doses from the two remediated
areas are likely to be substantially below 25 mrem per year. Table C-4B in Attachment 2
shows how these doses were estimated.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Area of contaminated zone (m?) 1.00E+04 | 1.00E+04 SS Assumed area of 10,000 m? for subsistence farmer scenario; garden is 2,000 m2.
1.00E+04 | 1.00E+02 SB Assumed area of 100 m2 for excavated contaminated cistern cuttings scenario.

Alternative configurations were considered in the sensitivity analysis. l
1.00E+04 | 1.00E+03 sSD Assumed 1000 m2 area along stream bank (3 m wide by ~330 m length).

Thickness of contaminated zone (m) 2.00E+00 | 1.00E+00 | SS,SD | Assumed surface soil contaminated zone thickness.
2.00E+00 | 3.00E-01 SB Assumed thickness of contaminated cistern cuttings spread on surface over a

100 m2 area. Alternative configurations were considered in the sensitivity
analysis.

Length parallel to aquifer flow (m) 1.00E+02 | 1.65E+02 SS Selected to achieve site specific groundwater dilution factor of 0.2, based on
DEIS groundwater model correlation. Only applicable for non-dispersion model.

Time since placement of material (y) 0.00E+00 | 0.00E+00 All Only non-zero if Kq values are not available. (Site-specific Kqs are available).

Cover depth (m) 0.00E+00 | 0.00E+00 Al No cover considered.

Density of cover material (g/cm?) 0.00E+00 | not used Al No cover considered.

Cover depth erosion rate (m/y) 0.00E+00 | not used All No cover considered.

Density of contaminated zone (g/cm?) 1.50E+00 | 1.70E+00 All WVNSCO 1993a and WYNSCO 1993c. A

Contaminated zone erosion rate (m/y) 1.00E-03 | 0.00E+00 All Assumed for no source depletion.

Contaminated zone total porosity 4.00E-01 3.60E-01 All WVNSCO 1993c.

Contaminated zone field capacity 2.00E-01 2.00E-01 All WVNSCO 1993c.

Contaminated zone hydraulic conductivity (m/y) 1.00E+01 | 1.40E+02 Al Average for Sand and Gravel Thick Bedded Unit (4.43E-03 cm/s from Table 3-19)
divided by 10 to provide vertical conductivity that accounts for potential anisotropy
(DEIS Appendix E, Table E-3).

Contaminated zone b parameter 5.30E+00 | 1.40E+00 Al Yu, et al. 2000, Att. C table 3.5-1, mean for loamy sand (In(mean)=0.305).

Average annual wind speed (m/sec) 2.00E+00 | 2.60E+00 Al WVNSCO 1993d.

Humidity in air (g/m3) 8.00E+00 | not used All Applicable for tritium exposures only.

Evapotranspiration coefficient 5.00E-01 | 7.80E-01 All gvzaep‘?;/ranspiration and runoff coefficients selected to achieve infiltration rate of
; y.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) | Default | Value | Medium | CommentRReferer

Precipitation (m/y) 1.00E+00 | 1.16E+00 Al WVNSCO 1993d.

Irrigation (m/y) 2.00E-01 | 4.70E-01 | SS,SB | Beyeler, etal. 1999.

2.00E-01 | 0.00E+00 SD Not applicable for non-farming scenario.

Irrigation mode overhead | overhead Al Site-specific.

Runoff coefficient 2.00E-01 | 4.10E-01 Al Runoff and evapotranspiration coefficients selected to achieve infiltration ra{e:g e
0.26 mly.

Watershed area for nearby stream or pond (m?) 1.00E+06 | 1.37E+07 Al Based on drainage area of site of 13.7 km2 or ~5.2 mi2 for Buttermilk Creek.

Accuracy for water/soil computations 1.00E-03 | 1.00E-03 Al Default assumed.

Saturated zone density (g/cm3) 1.50E+00 | 1.70E+00 Al WVNSCO 1993a and WYNSCO 1993c.

Saturated zone total porosity 4.00E-01 | 3.60E-01 All WVNSCO 1993c.

Saturated zone effective porosity 2.00E-01 2.50E-01 All WVNSCO 1993c.

Saturated zone field capacity 2.00E-01 | 2.00E-01 Al WVNSCO 1993c.

Saturated zone hydraulic conductivity (mly) 1.00E+02 | 1.40E+03 All Average for Sand and Gravel Thick Bedded Unit (4.43E-03 cm/s from Table 3-19)

Saturated zone hydraulic gradient 2.00E-02 | 3.00E-02 Al WVNSCO 1993b.

Saturated zone b parameter 5.30E+00 | 1.40E+00 Al Yu, et al. 2000, Att. C table 3.5-1, mean for loamy sand (In(mean)=0.305).

Water table drop rate (mly) 1.00E-03 | 0.00E+00 Al Site Specific.

Well pump intake depth (m below water table) 1.00E+01 | 5.00E+00 SS Assumption based on site hydrogeology and site-specific groundwater dilution
factor. Only applicable to non-dispersion model.

Model: Non-dispersion (ND) or Mass-Balance ND ND SS Applicable to areas >1,000 m2 (Yu, et.al. 2001, p.E-18)

W) MB MB SB, SD | Applicable to areas <1,000 m2 (Yu, et. al. 2001, pE-18)

Well pumping rate (m?/y) 2.50E+02 | 5.72E+03 | SS, SB | Based on 2.9 m¥y drinking water (2 L/d per 4 people for 365 days), 329 m3ly

household water (225 L/d per 4 people for 365 day), 385 m3/y livestock watering
(5 beef cattle at 50 L/d, 5 milk cows 160 L/d) and 5,000 m?/y for irrigation of
10,000 m2 (at rate of 0.5 m/y) from Yu, et al. 2000, Attachment C, Section 3.10.

2.50E+02 | 0.00E+00 SD Not applicable for non-farming scenario.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Number of unsaturated zone strata 1.00E+00 | 1.00E+00 Al Assumed.
Unsaturated zone thickness (m) 400E+00 | 2.00E+00 | SS,SB | Site specific.
4.00E+00 | 0.00E+00 SD Assumed saturated for stream bank.
Unsaturated zone soil density (g/cm?) 1.50E+00 | 1.70E+00 | SS,SB | WVNSCO 1993a and WYNSCO 1993c.
Unsaturated zone total porosity 400E-01 | 360E-01 | SS,SB | WVNSCO 1993c.
Unsaturated zone effective porosity 2.00E-01 | 250E-01 | SS,SB | WVNSCO 1993c.
Unsaturated zone field capacity 2.00E-01 | 2.00E-01 | SS,SB | WVNSCO 1993c.
Unsaturated zone hydraulic conductivity (m/y) 1.00E+01 | 1.40E+02 | SS,SB | Average for Sand and Gravel Thick Bedded Unit (4.43E-03 cm/s from Table 3-19)

divided by 10 to provide vertical conductivity that accounts for potential anisotropy
(DEIS Appendix E, Table E-3).

Unsaturated zone b parameter 5.30E+00 | 1.40E+00 | SS,SB | Yu,etal 2000, Att. C table 3.5-1, mean for loamy sand (In(mean)=0.305). |
Distribution coefficients - radionuclides
Contaminated zone (mL/g) varies | Site specific All See Table C-2 for distribution coefficients.
Unsaturated zone 1 (mL/g) varies | Site specific Al See Table C-2 for distribution coefficients.
Saturated zone (mL/g) varies | Site specific All See Table C-2 for distribution coefficients.
Plant Transfer Factor varies Chemical- All Default values assumed.
specific
Fish Transfer Factor Varies Chemical- SD Default values assumed.
specific
Leach rate (1/y) varies not used All Using site-specific Kd values instead of assigning leach rate.
Solubility constant varies not used Al Using site-specific Kd values instead of assigning solubility constant.
Inhalation rate (m?/y) 8.40E+03 | 8.40E+03 All Beyeler, et al. 1999.
Mass loading for inhalation (g/m?3) 1.00E-04 | 1.48E-05 Al Beyeler, et al. 1999. Based on relative time fractions and mean dust loadings.

Assumes 288 hours of active farming per year.

Exposure duration (y) 3.00E+01 | 1.00E+00 All Yearly dose estimates calculated.
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Table C-1. RESRAD Input Parameters

Filtration factor, inhalation 4.00E-01 | 1.00E+00 Beyeler, et. al. 1999.
Shielding factor, external gamma 7.00E-01 | 2.73E-01 Yu, et al. 2000, Att. C Figure 7.10-1, mean of distribution approximates a frame
house with slab or basement.
Fraction of time spent indoors 500E-01 | 6.60E-01 | SS,SB | Yu,etal. 2000, Att. C Figure 7.6-2, value represents ~50th percentile of
distribution.
5.00E-01 | 0.00E+00 SD Assumed.
Fraction of time spent outdoors 2.50E-01 2.50E-01 | SS,SB | RESRAD default value used.
2.50E-01 1.20E-02 SD Based on 104 hours/year ( 2 hours/day, 2 day/week, 26 weeks/y) spent on the
stream bank over 8760 residence hours per year (24 hr/day, 365 daysly)
Shape factor flag, external gamma 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
Fruits, vegetables and grain consumption (kg/y) 1.60E+02 | 1.12E+02 | SS,SB | Beyeler, etal. 1999.
Leafy vegetable consumption (kgly) 140E+01 | 2.10E+01 | SS,SB | Beyeler, etal. 1999.
Milk consumption (L/y) 9.20E+01 | 2.33E+02 | SS,SB | Beyeler, etal. 1999.
Meat and poultry consumption (kg/y) 6.30E+01 | 6.50E+01 All Beyeler, et al. 1999.
Fish consumption (kgly) 5.40E+00 | 9.00E+00 SD Exposure Factors Handbook (EPA, 1999). The value represents the 95t
percentile of fish consumption by recreational anglers
Other seafood consumption (kgly) 9.00E-01 | 0.00E+00 SD Assumes only fish consumed from the stream
Soil ingestion rate (gly) 3.65E+01 | 1.83E+01 All Yu, et al. 2000, Att C. Figure 5.6-1, value represents mean of distribution for
resident farmer (50 mg/d).
Drinking water intake (L/y) 510E+02 | 7.30E+02 | SS,SB | Beyeler, etal. 1999.
5.10E+02 | 1.00E+00 SD Based on 104 hour/year exposure and 10 mL/hr for wading scenario
(http://www.epa.gov/Regiond/waste/ots/healtbul.htm)
Contamination fraction of drinking water 1.0 1.0 All Assumed. For streambed sediment, this is 100% of incidental ingestion.
Contamination fraction of household water 1.0 1.0 SS,SB | Assumed.
Contamination fraction of livestock water 1.0 1.0 SS,SB | Assumed.
Contamination fraction of groundwater 1.0 0 SD All water ingested is from surface water.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Contamination fraction of irrigation water 1.0 1.0 SS, SB | Assumed.
Contamination fraction of aquatic food 1.0 1.0 SD Assumed.
Contamination fraction of plant food -1 1.0 SS, SB | Assumes all ingestion is from the contaminated source.
Contamination fraction of meat -1 1.0 All Assumes all ingestion is from the contaminated source.
Contamination fraction of milk -1 1.0 S8, SB | Assumes all ingestion is from the contaminated source.
Livestock fodder intake for meat (kg/day) 6.80E+01 | 2.73E+01 | SS,SB | Beyeler, etal. 1999.
6.80E+01 | 2.25E+00 SD Assumption for deer.
Livestock fodder intake for milk (kg/day) 550E+01 | 6.42E+01 | SS,SB | Beyeler,etal. 1999.
Livestock water intake for meat (L/day) 5.00E+01 | 5.00E+01 Al Beyeler, et al. 1999, assumed for venison exposure to sediment source.
Livestock water intake for milk (L/day) 1.60E+02 | 1.60E+02 | SS,SB | RESRAD default value used.
Livestock soil intake (kg/day) 5.00E-01 5.00E-01 All RESRAD default, assumed for venison exposure to sediment source.
Mass loading for foliar deposition (g/m?) 1.00E-04 | 4.00E-04 | SS,SB | Beyeler,etal. 1999.
Depth of soil mixing layer (m) 1.50E-01 | 1.50E-01 | SS,SB | Beyeler,etal 1999.
Depth of roots (m) 9.00E-01 9.00E-01 All RESRAD default, represents crops with short growing seasons.
Drinking water fraction from ground water 1.0 1.0 All Assumed.
Household water fraction from ground water 1.0 1.0 SS,SB | Assumed.
Livestock water fraction from ground water 1.0 1.0 SS,SB | Assumed.
Irrigation fraction from ground water 1.0 1.0 SS, SB | Assumed.
Wet weight crop yield for non-leafy (kg/m2) 7.00E-01 | 1.75E+00 | SS,SB | Yu,etal 2000, Att. C Figure 6.5-1 value is mean of distribution.
Wet weight crop yield for leafy (kg/m2) 1.50E+00 | 1.50E+00 | SS,SB | RESRAD default.
Wet weight crop yield for fodder (kg/m2) 1.10E+00 | 1.10E+00 | SS,SB | RESRAD default.
Growing season for non-leafy (years) 1.70E-01 1.70E-01 | SS,SB | RESRAD default.
Growing season for leafy (years) 2.50E-01 | 2.50E-01 | SS,SB | RESRAD default.
Growing season for fodder (years) 800E-02 | 800E-02 | SS,SB | RESRAD default
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Translocation factor for non-leafy 1.00E-01 1.00E-01 | SS,SB | RESRAD default.
Translocation factor for leafy 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
Translocation factor for fodder 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
Dry foliar interception fraction for non-leafy 2.50E-01 2.50E-01 S8, SB | RESRAD default.
Dry foliar interception fraction for leafy 2.50E-01 2.50E-01 SS,SB | RESRAD default.
Dry foliar interception fraction for fodder 2.50E-01 2.50E-01 SS,SB | RESRAD default.
Wet foliar interception fraction for non-leafy 2.50E-01 2.50E-01 | SS,SB | RESRAD default.
Wet foliar interception fraction for leafy 2.50E-01 6.70E-01 | SS,SB | Yu,etal 2000, Att. C Figure 6.7-1 represent the most likely value.
Wet foliar interception fraction for fodder 2.50E-01 2.50E-01 SS,SB | RESRAD default.
Weathering removal constant (1/y) 2.00E+01 | 1.80E+01 | SS,SB | Yu,etal. 2000, Att. C Figure 6.6-1 represent the most likely value
Carbon-14-related exposure parameters
C-12 concentration in water (g/cc) 2.00E-05 | 2.00E-05 Al RESRAD default.
C-12 concentration in sail (g/g) 3.00E-02 | 3.00E-02 Al RESRAD default.
Fraction of vegetable carbon from soil 2.00E-02 | 2.00E-02 All RESRAD default.
Fraction of vegetable carbon from air 9.80E-01 9.80E-01 Al RESRAD default.
C-14 evasion layer thickness in soil {m) 3.00E-01 3.00E-01 All RESRAD default.
C-14 evasion flux rate from soil (1/sec) 7.00E-07 | 7.00E-07 Al RESRAD default.
C-12 evasion flux rate from soil (1/sec) 1.00E-10 1.00E-10 All RESRAD default.
Fraction of grain in beef cattle feed 0.8 0.8 Al RESRAD default.
Fraction of grain in milk cow feed 0.2 02 All RESRAD default.
Storage times of contaminated foodstuff (days)
Fruits, non-leafy vegetables, and grain 140E+01 | 1.40E+01 | SS,SB | RESRAD default.
Leafy vegetables 1.00E+00 | 1.00E+00 | SS;SB | RESRAD default.
Milk 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Meat 2.00E+01 | 2.00E+01 | SS,SB- | RESRAD default.
Fish 7.00E+00 | 7.00E+00 SD RESRAD default.
Crustacea and moilusks 7.00E+00 | 7.00E+00 | Notused | RESRAD default.
Well water 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
Surface water 1.00E+00 | 1.00E+00 | SS,SB | RESRAD default.
Livestock fodder 450E+01 | 4.50E+01 | SS,SB | RESRAD default

Radon-related exposure parameters '
Thickness of buiiding foundation (m) 1.50E-01 not used Al Applicable for Radon exposures only
Bulk density of building foundation (g/cc) 2.40E+00 not used All Applicable for Radon exposures only.
Total porosity of cover material 4.00E-01 not used Alt Applicable for Radon exposures only.
Total porosity of building foundation 1.00E-01 not used All Applicable for Radon exposures only.
Volumetric water constant of the cover material 5.00E-02 not used All Applicable for Radon exposures only.
Volumetric water constant of the foundation 3.00E-02 not used Al Applicable for Radon exposures only.

Diffusion coefficient for radon gas (m?/sec)

in cover material 2.00E-06 not used All Applicable for Radon exposures only.
in foundation material 3.00E-07 not used All Applicable for Radon exposures only.
in contaminated zone soil 2.00E-06 not used All Applicable for Radon exposures only.
Radon vertical dimension of mixing (m) 2.00E+00 not used All Applicable for Radon exposures only.
Average building air exchange rate (1/hr) 5.00E-01 not used All Applicable for Radon exposures only.
Height of building or room (m) 2.50E+00 | not used Al Applicable for Radon exposures only.
Building indoor area factor 0.00E+00 | not used Al Applicable for Radon exposures only.
Building depth below ground surface (m) -1 not used Al Applicable for Radon exposures only.
Emanating power of Rn-222 gas 2.50E-01 not used All Applicable for Radon exposures only.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium | Comment/Reference
Emanating power of Rn-220 gas 1.50E-01 not used All Applicable for Radon exposures only.
LEGEND: SS = surface soil, SB = subsurface soil, SD = streambed sediment.
Table C-2. Soil/Water Distribution Coefficients'"
RESRAD Surface Soil DCGL |Subsurface Soil DCGL| Sediment DCGL
Radionuclide Default Contaminated Contaminated Contaminated Unsaturated Saturated”
(mL/g) Zone (mL/g) Zone (mL/g) Zone (mL/g) Zonp i) FOHE Gt i0)
Principal Elements
Americium 20 1900 4000® 4000® 1900 1900
(420 - 111,000) (420 - 111,000) (420 - 111,000) (420 - 111,000) (420 - 111,000)
Carbon 0 5@ ¢ 7% 5@ 5@
(0.7-12) (0.7-12) (0.7-12) (0.7-12) (0.7 -12)
Curium® calculated 6760 6760 6760 6760 6760
(780 — 22,970) (780 — 22,970) (780 — 22,970) (780 — 22,970) (780 - 22,970)
Cesium 4600 280" 480® 480 280“ 280%
(48 - 4800) (48 - 4800) (48 - 4800) (48 - 4800) (48 - 4800)
lodine calculated 14 27 2 1@ 19
(0.4-3.4) (0.4-3.4) (0.4-3.4) (0.4 -3.4) (0.4 -3.4)
Neptunium calculated 2.3® 3 3® 2.3® 2.3®
(0.5-5.2) (0.5-5.2) (05-5.2) (05-5.2) (0.5-5.2)
Plutonium 2000 2600® 3000® 3000 2600® 2600
(5 - 27,900) (5 - 27,900) (5 - 27,900) (5 - 27,900) (5 - 27,900)
Strontium 30 5© 15% 15® 59 5@
(1-32) (1:32) (1-32) (1-32) (1-32)
Technetium 0 0.19 417 41" 0.1% 0.1%
(0.01-4.1) (1-10) (1-10) (0.01-4.1) (0.01-4.1)
Uranium 50 35“ 109 10 35" 351
(10 - 350) (1-100) (1-100) (10 - 350) (10 - 350)
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Table C-2. Soil/Water Distribution Coefficients'"

RESRAD Surface Soil DCGL [Subsurface Soil DCGL| Sediment DCGL

Radionuclide Default Contaminated Contaminated Contaminated Unsaturated® Saturated”

(mLig) Zone (mL/g) Zone (mL/g) Zone (mL/g) o e £o tnley

Progeny Elements'”

Actinium 20 1740 1740 1740 1740 1740
Lead 100 2400 2400 2400 2400 2400
Protactinium 50 2040 2040 2040° 2040 2040
Radium 70 3550 3550 3550 3550 3550
Thorium 60,000 5890 5890 5890 5890 5890

NOTES: (1) Sources of K4 values considered included Table 3-20; NUREG-5512 (Beyeler, et al. 1999), Table 6.7; RESRAD User's Guide (Yu, et al. 2001), Tables E-3, E-4;
Sheppard, et. al. 2006, and Sheppard and Thibault 1990. Values in parentheses are the bounds used in the sensitivity evaluation, selected considering site-specific
and literature values to reflect a reasonable range.

(2) Sediment model assumes no unsaturated zone. Values used for surface and subsurface soil evaluation only.

(3) Values presented here are those used for surface soil DCGLs based on the non-dispersion model.

(4) From Sheppard and Thibault 1990, for sand.

(5) Site specific value for the unweathered Lavery till (see Section 3.7.8, Table 3-20).

(6) Beyeler, et. al. 1999 |
(7) Site specific value for the Lavery till (see Section 3.7.8, Table 3-20).

(8) Site specific value for the sand and gravel unit (see Section 3.7.8, Table 3-20). The value of 5 mL/g is consistent with the value used in the Decommissioning EIS.

(9) Site specific data (Dames and Moore 1995a, 1995b)

(10) Progeny Kgs were not included in the sensitivity analysis; DEIS values were used in all cases.
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Table C-3 Scenario exposure pathways for WWDP DCGL development

Exposure Pathways

Resident Farmer
(surface soil and
Lavery Till source)

" Recreationist
(sediment
source) -

Incidental ingestion of source

External exposure to source

Inhalation of airborne source

Ingestion of groundwater impacted by source

Ingestion of milk impacted by soil and water sources

Ingestion of beef impacted by soil and water sources

Ingestion of produce impacted by soil and water
sources

X | XX | X

Incidental ingestion of surface water impacted by
source

Ingestion of fish impacted by source

Ingestion of venison impacted by sediment and water
sources

11/6/09

LEGEND:

e - Pathway is considered complete and is included in DCGL development.

o - Pathway is considered potentially complete but unlikely, and is not included in DCGL development.

x - Pathway is considered incomplete and is not included in DCGL development.
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the
. WMA 1 and WMA 2 Excavation Areas"”
Location Nuclide Result (pCilg) sfnga?fff)th
BH-17 (WMA 6, 1993) Sr-90 1.1E-01 26-28
Depth to Lavery till - 27 ft Cs-137 2 6E-02 26-28
U-232 < 3.2E-03 26-28
U-233/234 1.6E-01 26-28
U-235 5.8E-03 26-28
U-235/236 | < 6.9E-03 26-28
U-238 1.1E-01 26-28
Pu-238 < 4.3E-03 26-28
Pu-239/240 4.3E-03 26-28
Pu-241 1.3E+00 26-28
Am-241 < 9.6E-03 26-28
BH-21A (WMA 1, 1993) Sr-90 4.5E+02 36-38
Depth to Lavery till - 37.5 ft Cs-137 < 3.0E-02 36-38
U-232 7.4E-03 36-38
U-233/234 8.6E-02 36-38
U-235 < 51E-03 36-38
U-235/236 | < 7.2E-03 36-38
U-238 7.1E-02 '36-38
. Pu-238 < 4.8E-03 36-38
Pu-239/240 | < 4.8E-03 36-38
Pu-241 < 1.1E+00 36-38
Am-241 < 7.2E-03 36-38
GP3098 (WMA 1, 1998) Sr-90 6.6E+00 36.5-37
Depth to Lavery till - 37 ft Sr-90 4.2E+00 37-37.5
Sr-90 6.3E+00 37.5-38
Sr-90 5.5E+01 38-38.5
Sr-90 5.9E+01 38.5-39
Sr-90 3.4E+01 39-39.5
Sr-90 2.9E+01 39.5-40
GP3008 (WMA 1, 2008) C-14 < _3.0E-01 37-39
Depth to Lavery till - 37 ft Sr-90 1.7E+00 37-39
Tc-99 < _5.5E-01 37-39
1-129 < 1.1E-01 37-39
Cs-137 < 2.0E-02 37-39
U-232 < 2.2E-02 37-39
U-233/234 9.7E-01 37-39
U-235/236 1.3E-01 37-39
U-238 1.1E+00 37-39
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the

WMA 1 and WMA 2 Excavation Areas'"

Nuclide

Sample Depth

11/6/09

Location Resuit (pCi/g) Interval (ft)
Np-237 < 9.8E-03 37-39
Pu-238 < 1.1E-02 37-39
Pu-239/240 | < 1.2E-02 37-39
Pu-241 < 4.8E-01 37-39
Am-241 < 1.2E-02 37-39
Cm-243/244 | < 1.2E-02 37-39
GP7398 (WMA 1, 1998) Sr-90 1.9E+00 40-40.5
Depth to Lavery till - 39 ft Sr-90 1.8E+00 40.5-41
Sr-90 5.2E+00 41-41.5
Sr-90 8.4E+00 41.5-42
GP7608 (WMA 1, 2008) C-14 < 34E-01 38-40
Depth to Lavery till - 38 ft Sr-90 1.8E+01 38-40
Tc-99 < 3.9E-01 38-40
1-129 < 23E-01 38-40
Cs-137 7.9E+00 38-40
U-232 < 2.8E-01 38-40
U-233/234 1.9E+00 38-40
U-235/236 < 4.2E-01 38-40
U-238 8.8E-01 38-40
Np-237 < 3.6E-01 38-40
Pu-238 < 3.4E-01 38-40
Pu-239/240 | < 3.1E-01 38-40
Pu-241 < 3.4E+01 38-40
Am-241 < 2.0E-01 38-40
Cm-243/244 | < 2.2E-01 38-40
GP7808 (WMA 1, 2008) C-14 < 29E-01 37-39
Depth to Lavery till - 37 ft Sr-90 8.6E+00 37-39
. Tc-99 < 4.4E-01 37-39
1-129 < 23E-01 37-39
Cs-137 < 2.2E-02 37-39
U-232 < 1.3E-02 37-39
U-233/234 8.2E-01 37-39
U-235/236 9.2E-02 37-39
U-238 1.1E+00 37-39
Np-237 < 2.1E-02 37-39
Pu-238 < 1.1E-02 37-39
Pu-239/240 | < 1.5E-02 37-39
Pu-241 < 4.9e-01 37-39
Am-241 < 1.7E-02 37-39
Cm-243/244 | < 1.6E-02 37-39
GP8098 (WMA 1, 1998) C-14 < 8.6E-02 40-42
Depth to Lavery till - 41 ft Sr-90 1.3E+01 40-42
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the

WMA 1 and WMA 2 Excavation Areas'"

11/6/09

Location Nuclide Result (pCi/g) s?r:?(:)rl\(/aa??f?)t h
Tc-99 < 2.6E-01 40-42
I-129 < 2.3E-01 40-42
Cs-137 < 22E-02 40-42
Pu-241 < 2.1E+00 40-42

GP8008 (WMA 1, 2008) C-14 < 2.8E-01 39-41

Depth to Lavery till - 40 ft C-14 < _2.8E-01 41-43
Sr-90 5.3E+00 39-41
Sr-90 1.4E+00 41-43
Tc-99 < 3.4E-01 39-41
Tc-99 < 3.7E-01 41-43
1-129 < 1.2E-01 39-41
I-129 < 1.2E-01 41-43
Cs-137 < 2.3E-02 39-41
Cs-137 < 2.8E-02 41-43
U-232 < 1.0E-02 39-41
U-232 < 1.3E-02 41-43
U-233/234 5.2E-01 39-41
U-233/234 1.1E+00 41-43
U-235/236 3.9E-02 39-41
U-235/236 1.1E-01 41-43
U-238 8.2E-01 39-41
U-238 1.4E+00 41-43
Np-237 < 1.1E-02 39-41
Np-237 < 1.2E-02 41-43
Pu-238 < 1.5E-02 39-41
Pu-238 < 1.5€E-02 41-43
Pu-239/240 | < 1.6E-02 39-41
Pu-239/240 | < 1.5E-02 41-43
Pu-241 < 4.4E-01 39-41
Pu-241 < 5.2E-01 41-43
Am-241 < 1.2E-02 39-41
Am-241 < 1.5E-02 41-43
Cm-243/244 | < 1.3E-02 39-41 -
Cm-243/244 | < 1.6E-02 41-43

GP8308 (WMA 1, 2008) C-14 < 3.5E-01 40-42

Depth to Lavery till - 41.5 ft Sr-90 1.5E+00 40-42
Tc-99 < 3.6E-01 40-42
1-129 2.4E-01 40-42
Cs-137 < 2.7E-02 40-42
U-232 < 24E-02 40-42
U-233/234 9.8E-01 40-42
U-235/236 2.2E-01- 40-42
U-238 1.1E+00 40-42
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the

WMA 1 and WMA 2 Excavation Areas'"

Sample Depth

11/6/09

Location Nuclide Result (pCi/g) interval (ft)
Np-237 < 1.3E-02 40-42
Pu-238 < 1.1E-02 40-42
Pu-239/240 | < 1.1E-02 40-42
Pu-241 < 2.7E-01 40-42
Am-241 < 1.2E-02 40-42
Cm-243/244 | < 1.8E-02 40-42
GP8698 (WMA 1, 1998) Sr-90 2.2E+00 39-39.5
Depth to Lavery till - 39 ft Sr-90 1.0E+00 39.5-40
Sr-90 3.0E+00 40-40.5
Sr-90 1.0E+01 40.5-41
Sr-90 4.1E+01 41-41.5
Sr-90 3.0E+01 41.5-42
GP10008 (WMA 1, 2008) C-14 < 3.0E-01 37-39
Depth to Lavery till - 37 ft Sr-90 6.7E+00 37-39
Tc-99 < 4.0E-01 37-39
-129 < 14E-01 37-39
Cs-137 < 2.7E-02 37-39
U-232 < 1.3E-02 37-39
U-233/234 7.6E-01 37-39
U-235/236 7.5E-02 37-39
U-238 9.5E-01 37-39
Np-237 < 1.2E-02 37-39
Pu-238 < 2.2E-02 37-39
Pu-239/240 | < 1.1E-02 37-39
Pu-241 < 4.3E-01 37-39
Am-241 < 14E-02 37-39
Cm-243/244 | < 2.3E-02 37-39
GP10108 (WMA 1, 2008) C-14 < 3.1E-01 32-34
Depth to Lavery till - 33 ft Sr-90 6.3E-01 32-34
Tc-99 < 5.4E-01 32-34
-129 < 9.1E-02 32-34
Cs-137 < 2.6E-02 32-34
U-232 < 1.6E-01 32-34
U-233/234 6.0E-01 32-34
U-235/236 5.0E-02 32-34
U-238 7.3E-01 32-34
Np-237 < 1.0E-02 32-34
Pu-238 < 9.5E-03 32-34
Pu-239/240 | < 8.8E-03 32-34
Pu-241 < 4.7E-01 32-34
Am-241 < 1.1E-02 32-34
Cm-243/244 | < 1.1E-02 32-34
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the
. WMA 1 and WMA 2 Excavation Areas'”

Location’ | Nuclide | Resylt (pCilg) Sfr:?g_lfa?fff;h

GP10408 (WMA 1, on border of WMA 2) C-14 < 3.6E-01 24-26

Depth to Lavery till - 24 ft Sr-90 7.4E+00 24-26

Tc-99 < 51E-01 24-26

I-129 < 1.1E-01 24-26

Cs-137 < 5.5E-02 24-26

U-232 4.1E-02 24-26

U-233/234 8.8E-01 24-26

U-235/236 1.4E-01 24-26

U-238 7.9E-01 24-26

Np-237 < 6.9E-03 24-26

Pu-238 < 1.2E-02 24-26

Pu-239/240 | < 1.2E-02 24-26

Pu-241 < 3.1E-01 24-26

Am-241 < 1.3E-02 24-26

Cm-243/244 | < 1.4E-02 24-26

BH-05 (WMA 2, 1993), located Sr-90 8.5E-01 12-14

downgradient of Lagoon 1 Cs-137 4 5E-01 12-14

Depth to Lavery till - 12 ft U232 12E-02 1214

U-233/234 1.8E-01 12-14

U-235 < 5.9E-03 12-14

. U-235/236 8.3E-03 12-14

U-238 1.1E-01 12-14

Pu-238 1.0E-02 12-14

Pu-239/240 5.9E-03 12-14

Pu-241 1.3E+00 12-14

Am-241 3.0E-02 12-14

BH-07 (WMA 2, 1993) Sr-90 1.3E-01 12-14

Depth to Lavery till - 13 ft Cs-137 7.5E-02 12-14

U-232 < B8.7E-03 12-14

U-233/234 2.2E-01 12-14

U-235 6.6E-03 12-14

U-235/236 7.6E-03 12-14

U-238 1.5E-01 12-14

Pu-238 4.7E-03 12-14

Pu-239/240 6.2E-03 12-14

Pu-241 9.5E-01 12-14

Am-241 < 5.1E-03 12-14

BH-08 (WMA 2, 1993), located Sr-90 1.8E+02 10-12

downgradient of Lagoon 1 Cs-137 2 5E+02 10-12
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Table C-4. Radiological Concentrations from Soil Samples Containing Lavery Till in the

WMA 1 and WMA 2 Excavation Areas( )

11/6/09

Location Nuclide Result (pCi/g) s?:tng\?a??f't))th :
Depth to Lavery till - 11.5 ft U-232 1.9E+01 10-12
U-233/234 9.7E+00 10-12
U-235 3.2E-01 10-12
U-235/236 5.0E-01 10-12
U-238 1.3E+01 10-12
Pu-238 3.9E+00 10-12
Pu-239/240 7.6E+00 10-12
Pu-241 2.7E+01 10-12
Am-241 1.1E+01 10-12
BH-12 (WMA 2, 1993) Sr-90 1.8E-01 14-16
Depth to Lavery till - 15.5 ft Cs-137 2 2E-02 14-16
U-232 < 6.0E-03 14-16
U-233/234 1.1E-01 14-16
U-235 < 7.0E-03 14-16
U-235/236 1.3E-02 14-16
U-238 9.7E-02 14-16
Pu-238 < 4.9E-03 14-16
Pu-239/240 | < 4.9E-03 14-16
Pu-241 < 1.0E+00 14-16
Am-241 < 4.6E-03 14-16
BH-13 (WMA 2, 1993) Sr-90 1.8E-01 18-20
Depth to Lavery till - 19 ft Cs-137 2 7E+00 18-20
uU-232 1.6E-02 18-20
U-233/234 8.5E-02 18-20
U-235 < 51E-03 18-20
U-235/236 | < 8.2E-03 18-20
U-238 5.3E-02 18-20
Pu-238 2.4E-02 18-20
Pu-239/240 2.6E-02 18-20
Pu-241 < 8.1E-01 18-20
Am-241 9.5E-02 18-20
BH-14 (WMA 2, 1993) Sr-90 1.8E+01 14-16
Depth to Lavery till - 15 ft Cs-137 1.9E+00 14-16
U-232 2.0E-02 14-16
U-233/234 1.9E-01 14-16
U-235 < 7.9E-03 14-16
U-235/236 | < 1.1E-02 14-16
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