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Figure 3-57. Location of Seismic Lines WVN1 and BER 83-2A
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Figure 3-58. Seismic Hazard Curves for Peak Horizontal Acceleration

Revision 0 3-140



WVDP PHASE 1 DECOMMISSIONING PLAN

Figure 3-59. Seismic Hazard Curves for 1.0 Second Horizontal Spectral Acceleration
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Figure 3-60. Seismic Source Contributions to Mean Peak Horizontal Acceleration
Hazard
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Figure 3-70. Locations of Natural
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4.0 RADIOLOGICAL STATUS OF FACILITY

PURPOSE OF THIS SECTION

The purpose of this section and the related Appendix B is to provide summary
information on the radiological status of the facilities and environmental media within
the scope of the plan. This information is intended to enable readers to understand
the types, levels, and general extent of radioactive contamination in the WVDP
facilities and in soil, sediment, groundwater, and surface water on the project
premises.

INFORMATION IN THIS SECTION

This section focuses mainly on facilities and areas within the scope of the plan.

" Section 4.1.1 discusses sources of available radiological data, background
radioactivity, the origin of site radioactivity, and the mode of contamination in
facilities.

* Section 4.1.2 identifies facilities impacted by radioactivity.

* Section 4.1.3 identifies facilities not impacted by radioactivity as of 2008.

" Section 4.1.4 provides information on radionuclide distributions in facilities.

" Section 4.1.5 summarizes the radiological status of the facilities of interest.

" Section 4.2 addresses the radiological status of surface soil, sediment, sub-
surface soil, surface water, and groundwater and identifies impacted and non-
impacted areas of the project premises. It also provides data on environmental
radiation levels.

Additional radiological characterization would be performed where appropriate as
described in Section 7 and Section 9.

RELATIONSHIP TO OTHER PLAN SECTIONS

To put into perspective the information in this section, one must consider:

* The information in Section 1 on the project background and those facilities
and areas within the scope of the plan;

* The information in Section 2 on site history, processes, previous
decommissioning activities, and spills; and

* The facility descriptions, photographs, and illustrations in Section 3.

The radiological status information in this section provides the context for information
provided in later sections, such as the dose modeling described in Section 5, the
decommissioning activities in Section 7, and facility radiation surveys in Section 9.
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4.1 Radiological Status of Facilities, Systems, and Equipment

This section summarizes existing data on radiological conditions in WVDP facilities,
systems, and equipment. To fully define the radiological status of facilities and equipment
within the scope of this plan, additional characterization would be performed in connection
with proposed decommissioning activities as described in Sections 7 and 9.

4.1.1 Sources of Available Data

Radiological data on facilities, systems, and equipment are available from the Facility
Characterization Project, which focused on the Process Building and the Vitrification
Facility, and from several other sources.

Facility Characterization Project

The Facility Characterization Project, as described in the Characterization Management
Plan for the Facility Characterization Project (Michalczak 2004a), produced conservative
estimates of radionuclide inventories in various areas of the Process Building and in the 01-
14 Building and the Vitrification Facility. These estimates are documented in a series of
radioisotope inventory reports issued between 2002 and 2005.1

The Facility Characterization Project focused on the following radionuclides of interest:

Am-241 Cs-137 Pu-239 Tc-99 U-235

C-14 1-129 Pu-240 U-232 U-238

Cm-243 Np-237 Pu-241 U-233

Cm-244 Pu-238 Sr-90 U-234

Sixteen of these radionuclides (all except Sr-90 and Cs-137) were determined to be of
interest because of their impacts in dose analyses associated with long-term performance

assessment of the partially remediated site (Michalczak 2004a). Strontium-90 and Cs-137
were included because they are among the dominant radionuclides in site radioactive
contamination and because they could have significant dose impacts in the near term.2

The process used to compile total activity estimates was inherently conservative for
several reasons. These reasons include (1) assuming in dose rate-to-activity modeling that
all measured gamma radiation was due to a single surrogate radionuclide (Cs-137 or Am-
241), even though other gamma-emitting radionuclides may have also been present, and
(2) use of the most conservative radionuclide distribution data for estimating scaling factors
relating amounts of other radionuclides to Cs-137 in cases where multiple sets of
radionuclide distribution data were available (Michalczak 2004a).

1The Facility Characterization Project focused on source term estimates because when it was initiated the
decommissioning approach was expected to entail in-place closure of a portion of the upper structure of the
Process Building, as well as the underground portions of the structure and the Vitrification Facility.
2 Additional information about selection of the radionuclides of primary interest for the Facility Characteriza-
tion Project and in developing DCGLs for soil and sediment contamination appears in Section 5.2.
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In addition to the source term estimates, the radioisotope inventory reports contain

information on radiological history, radionuclide distributions, contamination levels, and
radiation levels.

Characterization of the Underground Waste Storage Tanks

The four waste storage tanks have undergone detailed characterization. Data collection
and analysis for Tanks 8D-1 and 8D-2 were performed in accordance with an approved
data collection and analysis plan (Fazio 2001). The characterization results appear in three
radioisotope inventory reports (Fazio 2002a, Fazio 2002b, and Fazio 2004c). These reports
were provided to NRC in connection with preparation of the Decommissioning EIS.

In response to comments on the radioisotope inventory reports from NRC and other
agencies, DOE prepared a supplemental report (WVNSCO and Gemini 2005) to clarify
information on radionuclides of significance, address uncertainty in the inventory estimates,
and provide additional information on the technical basis for scaling factors and on the
mobile inventory estimate for Tank 8D-4.

Other Facility Residual Radioactivity Estimates

In 2008, the site contractor, West Valley Environmental Services (WVES), developed
additional estimates for residual radioactivity in the Process Building, the Vitrification
Facility, and underground waste storage Tanks 8D-3 and 8D-4 in the interim end state, i.e.,
at the beginning of the Phase 1 proposed decommissioning activities (WVES 2008a,
WVES 2008b, and WVES 2008c, respectively). These estimates utilized the previous
characterization results combined with projections based on additional decontamination to
be performed in certain areas in connection with work to achieve the interim end state.

Analytical Data

The results of analyses of numerous liquid and solid samples performed by both onsite
and offsite laboratories are available. These data, most of which are summarized in the
radioisotope inventory reports, have been used to define radionuclide distributions in
various areas of the Process Building and in the Vitrification Facility, the underground
waste tanks, and other WVDP areas.

Routine Radiological Survey Data for Facilities

Routine radiological status surveys are performed in WVDP facilities in support of the
WVDP radiation protection program. Data from these surveys, which typically include
general area gamma radiation levels and removable beta contamination levels, reflect the
current radiological status in accessible areas of most WVDP facilities.

Scoping Data

Available radiological data on facilities, systems, and equipment are generally
considered to be scoping data, with the exception of data on the underground waste tanks,
which have been appropriately characterized. As defined in the Multi-Agency Radiation

Survey and Site Investigation Manual (MARSSIM) (NRC 2000), scoping survey data
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identify radionuclide contaminants, relative radionuclide ratios, general levels, and the
extent of contamination, yet may not comprise definitive characterization data. In some
areas, available data are insufficient to meet the definition of scoping data, especially in
cases where radionuclide ratios are not available or where the extent of contamination is
not defined. (As noted previously, additional characterization would be performed in
connection with proposed decommissioning activities as described in Sections 7 and 9.)

Background Radioactivity

Limited data are available on background radioactivity in facilities, although there are
data from areas with a low potential for contamination. For example, typical routine surveys
show gamma radiation levels <0.1 mR/h in the Solvent Storage Terrace and Acid Handling
Area of the Process Building (Michalczak 2004b) and measurements taken with sodium-
iodide detectors recorded in pR/h are available in some .low-potential areas. During the
characterization program outlined in Section 9, sufficient data would be acquired to
establish background levels in facilities within the scope of the Phase 1 proposed
decommissioning activities.

Origin of Site Radioactivity

Radioactivity associated with the project premises originated in irradiated nuclear fuel
reprocessed in the Process Building. Analytical data on radioactivity in the fuel are
available as described below. With the exception of one batch of thorium-uranium fuel, all
fuel reprocessed was uranium based, as noted in Section 2.

Information on how the facilities became contaminated is contained in Section 2.

Mode of Contamination in Facilities

In many cases, radioactive contamination associated with facilities is -located only on

facility surfaces, and does not penetrate into the surfaces, and inside contaminated
systems and equipment. In some cases contamination is also located on the outside of
systems and equipment.

Exceptions primarily involve contamination of Process Building facility surfaces in depth
from spills of radioactive acid on painted concrete surfaces and where radioactive water
stood in the fuel pools. This conclusion is generally based on radiation level measurements
on decontaminated surfaces that have minimal removable contamination. Quantitative
information on the depth of penetration is available'only in a single case: one sample from
a wall of the Chemical Process Cell that showed contamination had penetrated
approximately two inches into the concrete (URS 2001).

Data Provided in this Section

Section 4.1 provides estimates of residual radioactivity for the Process Building and the
Vitrification Facility, which are within the scope of this plan, and for information and
perspective, the underground waste storage tanks, and the NRC-Licensed Disposal Area
(NDA). Data on radiation levels in representative areas of the Process Building, in the

r',:: •A A 0
FevisiUI U H--H.



WVDP PHASE 1 DECOMMISSIONING PLAN

Vitrification Facility, and in other areas are provided. Residual radioactivity in other areas is
also discussed.

4.1.2 Impacted Facilities

The following facilities where licensed activities and/or WVDP activities have taken
place are known or suspected to contain residual radioactive material in excess of
background levels. Figures 4-1, 4-2, 4-3, 4-4, and 4-5 show the locations of these facilities.
This list does not include facilities existing in 2008 that will be removed before the proposed
decommissioning activities begin, which are addressed in Section 2.2.2. However, it does
include for information and perspective some facilities that are not within the scope of
Phase 1 of the proposed decommissioning.

WMA 1, Process Building and Vitrification Facility Area

* Process Building

0 Utility Room and Utility Room Expansion

* Plant Office Building

* 01-14 Building

* Load-In/Load-Out Facility

• Vitrification Facility

* Vitrification off-gas trench lines

* Underground wastewater Tanks 35104, 7D-13, and 15D-6

0 Underground lines

WMA 2, Low-Level Waste Treatment Facility Area

* LLW2 Building

* Old Interceptor

* New Interceptors (2)

" Neutralization Pit

* Lagoon 1 (deactivated)

" Lagoon 2

* Lagoon 3

* Lagoon 4

* Lagoon 5

* Solvent Dike
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* Underground wastewater lines 3  0
* French drain

• Maintenance Shop leach field

" North Plateau Groundwater Pump and Treat Facility (not in plan scope).

" Pilot permeable treatment wall (not in plan scope)

* Full-scale permeable treatment wall (to be installed, not in plan scope)

WMA 3, Waste Tank Farm Area

• Underground waste Tanks 8D-1 and 8D-2 and associated vaults 4

* Underground waste Tanks 8D-3 and 8D-4 and their common vault 3

/

* Con-Ed Building

* Equipment Shelter and Condensers

" HLW Transfer Trench piping

• Permanent Ventilation System Building (not in plan scope)

" Supernatant Treatment System Support Building (not in plan scope)

* Underground lines (not in plan scope)

WMA 4, Construction and Demolition Debris Landfill Area

* Construction and Demolition Debris Landfill (not in plan scope)

* Permeable reactive barrier (to be installed, not in plan scope)

WMA 5, Waste Storage Area

* Lag Storage Area 4 and Shipping Depot

* Remote Handled Waste Facility

WMA 6, Central Project Premises

* Demineralizer sludge ponds (2)

* Cooling Tower basin

* Rail Spur (because of nearby soil contamination, not within plan scope)

WMA 7, NDA and Associated Facilities

* Entire area (only the hardstand is within plan scope)

WMA 9, Radwaste Treatment System Drum Cell Area

* Radwaste Treatment System Drum Cell

3 Only those lines within planned excavations to remove facilities are within plan scope.
Only the tank mobilization and transfer pumps and their support structures are with the scope of this plan.
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Figure 4-1. Location of Impacted and Non-Impacted Facilities
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Figure 4-2. Impacted and Non-Impacted Facilities in WMA I

Revision 0 4-8



WVDP PHASE 1 DECOMMISSIONING PLAN

Figure 4-3. Impacted and Non-Impacted Facilities in WMA 2
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Figure 4-4. Impacted Facilities in WMA 3
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Figure 4-5. Impacted and Non-Impacted Facilities in WMA 6
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4.1.3 Non-Impacted Facilities

The following structures and locations have not been impacted by radioactivity
associated with licensed activities or WVDP activities as of 2008, based on process history,
the results of routine radiological surveys, and the results of the WVDP environmental
monitoring program (WVES and URS 2008). These facilities are shown in Figures 4-1, 4-2,

- or 4-5.

WMA 1, Process Building Area

* Fire Pump House

* Water Storage Tank

" Electrical Substation

WMA 6, Central Project Premises

* Sewage Treatment Plant

* South Waste Tank Farm Test Tower

* Equalization Basin

* Equalization Tank

WMA 10, Support and Services Area

* New Warehouse

* Meteorological Tower (not within plan scope)

* Security Gatehouse and Fences (not within plan scope)

Even though the Sewage Treatment Plant is considered not to have been impacted by
radioactivity associated with licensed activities or the WVDP as of 2008, the excavation dug
for its removal would be considered in Phase 1 final status surveys because of the potential
buildup of naturally-occurring radioactivity in sewage sludge, as explained in Section 7.

Some WMAs also contain concrete floor slabs and foundations and gravel pads that
would be removed during Phase 1. Some of the concrete slabs have been impacted by
radioactivity as explained in Section 2 and may contain low levels of residual radioactivity.

Note that conditions in the non-impacted facilities are subject to change. DOE or its
decommissioning contractor would reevaluate the conclusion that these facilities have
not been impacted before decommissioning activities begin.

4.1.4 Radionuclide Distributions

Owing to the nature of spent fuel separation and purification processes, radionuclide
distributions vary inside different areas of the Process Building and in other facilities of
interest depending on the point in the reprocessing cycle where the contamination
originated. Other factors discussed below also influenced radionuclide distributions inside
the Process Building.
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During the Facility Characterization Project, available analytical data and data from
samples obtained and analyzed during this project were utilized to establish bounding
radionuclide scaling factors. These scaling factors, which relate the concentrations of other
radionuclides of interest to the concentration of Cs-137 or Am-241, were chosen to ensure
that concentrations of radionuclides important to the dose evaluation were not

5underestimated5.

The two principal radionuclide distributions that were available before the beginning of
the Facility Characterization Project are known as the spent fuel distribution and the Batch
10 distribution. These distributions are discussed below.

Spent Fuel Distribution

Information on the radionuclide distribution associated with spent nuclear fuel has been
derived primarily from the results of modeling of fuel processed by Nuclear Fuel Services
(NFS) that was performed by Pacific Northwest National Laboratory using the ORIGEN2
computer code (Jenquin, et al. 1992). These data were used for all radionuclides of interest
in spent fuel except U-235 and U-238, which were derived from NFS records for recovered
and unaccounted for losses of uranium, and U-232, U-233, U-234, and U-236, which were
established based on analytical results showing the U-232 to U-235/236 ratio from samples
collected in the Acid Recovery Pump Room of the Process Building. The resulting scaling
factors relating concentrations of other radionuclides of interest to the concentration of Cs-
137 were determined to be conservative (Mahoney 2002). These scaling factors are shown
in Table 4-1.

Table 4-1. Scaling Factors for Spent Fuel Reprocessed(1 )

Nuclide Ratio (2) Nuclide Ratio(2) Nuclide Ratio(2)

Am-241 8.58E-02 Np-237 4.5E-06 U-232 6.9E-01

C-14 1.3E-04 Pu-238 1.69E-02 U-233 1.40E+00

Cm-242 2.OE-04 Pu-239 2.84E-02 U-234 9.OE-02

Cm-243 5.9E-05 Pu-240 1.48E-02 U-235 1.5E-06

Cm-244 1.52E-03 Pu-241 9.1OE-01 U-236 1.39E-01

1-129 6.3E-07 Tc-99 2.7E-04 U-238 2.6E-05

Notes: (1) From Mahoney 2002, Tables 1 and 2, reference date January 1, 1993

(2) All are scaled to Cs-137, except for U-232, U-233, U-234, and U-236, which are scaled to U-238. Sr-
90 does not appear in the tables of calculated scaling factors in Mahoney, 2002. The Sr-90 to Cs-1 37
ratio was determined to be 9.5E-01 (WVNSCO 1989).

Note that in compiling estimates during the Facility Characterization Project, the
reference date was adjusted to September 30, 2004 and the values for U-232, U-233, U-
234, and U-236 were scaled to Cs-137 rather than U-238.

5Where multiple data sets were available, the highest values among radionuclide ratios from the different
data sets were selected for each radionuclide for conservatism (Michalczak 2004a).
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Batch 10 HLW Distribution I

The vitrification Batch 10 distribution was used to establish bounding scaling factors

related to Cs-1 37 for HLW. The Batch 10 sample analyzed was obtained from the first HLW

transfer from underground waste Tank 8D-2 to the Vitrification Facility in 1996. It was

representative of the waste in its most concentrated form when the highest ratios of alpha-

emitting transuranic radionuclides to Cs-137 were present. Later batches contained
relatively higher concentrations of Cs-137 (and lower ratios of alpha-emitting transuranics

to Cs-137) because Cs-137 captured in zeolite resin was returned to Tank 8D-2 for

subsequent transfer to the Vitrification Facility.

the Batch 10 sample was analyzed in May 1997 by the Radiological Processing

Laboratory at Pacific Northwest National Laboratory. The analysis results are shown in

Table 4-2.,

Table 4-2. Batch 10 Sample Data{1 )

Nuclide pC/g Nuclide FpC/g Nuclide I PC/g

Am-241 3.21E+01 Np-237 2.00E-02 Tc-99 8.45E-02

C-14 4.90E-04 Pu-238 3.96E+00 U-232 (2)

Cm-243 2.58E-01 Pu-239 1.09E+00 U-233 3.60E-03

Cm-244 6.72E+00 Pu-240 7.70E-01 U-234 1.30E-03

Cs-1 37 2.85E+03 Pu-241 3.43E+01 U-235 3.80E-05

1-129 3.90E-07 Sr-90 2.75E+03 U-238 3.40E-04

Notes: (1) From Pacific Northwest National Laboratory results corrected for decay and ingrowth to May 15,
1997, included in Michalczak 2003b.

(2) No analysis was performed for U-232.

Process Building Distributions.

During the Facility Characterization Project, the spent fuel distribution and the Batch 10
distribution were used in conjunction with sample analytical data to determine the

appropriate radionuclide distribution for various representative areas of the Process
Building.

Contamination in most areas of the building resulted primarily from spills and leaks of
materials in the reprocessing feed and waste process streams. This feed and waste

contamination is associated with reactor fuel before fission products have been separated
or with the separated fission products. Until the point where the fuel was dissolved in the
Chemical Process Cell, radionuclide ratios remained characteristic of the feed and waste
process streams, typified by the Batch 10 distribution in Table 4-2.

Downstream of the dissolution process that took place in the Chemical Process Cell,
radionuclide ratios began to change in the extraction cells, where the dissolved fuel

underwent a solvent extraction process that separated uranium and plutonium from the
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fission products. The uranium and plutonium products achieved their purest forms in the
Product Purification Cell.

Contamination in other areas of the building came primarily from spills or leaks of the
reprocessed products. These other areas are the Product Purification Cell, the Lower
Warm Aisle, the Product Packaging and Handling Area, and the Extraction Sample Aisle.

There are substantial variations among distributions in different areas. One particular
spill during reprocessing that affected radionuclide distributions in several areas was the
release of highly radioactive nitric acid from an acid recovery line in the southwest corner of
the building, as described in Section 2.

The dominant radionuclides in the Process Building contamination are typically Cs-1 37,
Pu-241, Sr-90, Am-241, and Pu-238. The relative fractions of dominant radionuclides in the
two basic distributions can be calculated based on the geometric means of the distributions
in the various Process Building areas. Table 4-3 shows the results of these calculations.
However, there are significant variations from these relative fractions in the different areas
for which data were compiled.

Table 4-3. Relative Fractions of Process Building Dominant Radionuclides(1 )

Relative Fractions of Dominant Radionuclides in Feed and Waste Contamination

Radionuclide Pu-241 Cs-1 37 Sr-90 Am-241 Pu-238

Fraction 0.404 0.281 0.216 0.065 0.035

Relative Fractions of Dominant Radionuclides in Product Contamination

Radionuclide Pu-241 Am-241 Pu-238 Pu-239 Pu-240

Fraction 0.754 0.133 0.045 0.039 0.029

NOTE: (1) Based on geometric means of radionuclides in the differently impacted areas using data from the
Facility Characterization Project radioisotope inventory reports. These were the ratios on September
30, 2004, the reference date for the data used.

The information on radionuclide distributions for different Process Building areas found
in the radioisotope inventory reports produced by the Facility Characterization Project
would be used for planning decommissioning activities in the building and for waste
management purposes.

The relative fractions of the dominant radionuclides in the Vitrification Facility are
shown in Table 4-4.

Table 4-4. Relative Fractions of Vitrification Facility Dominant Radionuclidesti)

Radionuclide Cs-1 37 Sr-90 Am-241 Pu-241 Cm-244

Fraction 0.506 0.482 0.007 0.005 0.001

NOTE: (1) Based on data in Radioisotope Inventory Report RIR-403-010 (Lachapelle 2003) as of December 31,
2006 as given in WVES 2008b.
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4.1.5 Radiological Status of Facilities

Most of the residual radioactivity in facilities within the scope of this plan resides in two

areas: the Process Building and the Vitrification Facility. Significant amounts of radioactivity
are also located in Lagoon 1, Lagoon 2, the piping in the HLW transfer trench, the
vitrification off-gas line that runs to the 01-14 Building, and underground piping in the

Process Building area.

Radioactivity in WMA 1, the Process Building

The Facility Characterization Project provided residual inventory estimates for 33

different areas of the Process Building, including a group of "low ranking" areas. However,
additional decontamination work is being accomplished in the Off-Gas Cell, the General
Purpose Cell, and the Process Mechanical Cell.

Table 4-5 provides an estimate of the total amount of residual radioactivity that will be

in the building when the interim end state is reached, that is, at the beginning of Phase 1
proposed decommissioning activities. The estimates account for the expected

effectiveness of the planned decontamination work, which will include removal of certain

equipment and two decontamination cycles for the floors and walls of the General Purpose

Cell, the Process Mechanical Cell, and the Off-Gas Cell (WVES 2008a).

Table 4-5. Estimated Process Building Residual Activity at Start of
Decommissioning(l)

Nuclide Estimate (Ci) Nuclide Estimate (Ci) Nuclide I Estimate (Ci)

Am-241 260 Np-237 0.57 Tc-99 4.9

C-14 13 Pu-238 200 U-232 0.75

Cm-243 0.27 Pu-239 63 U-233 0.41

Cm-244 6.3 Pu-240 47 U-234 0.19

Cs-137 2550 Pu-241 1100 U-235 0.03

1-129 0.63 Sr-90 1900 U-238 0.09

(1) From WVES, 2008a, not including the amounts for "yard" (i.e., the three underground wastewater tanks) and
the 01-14 Building, with the estimates rounded to two significant figures or the nearest integer. These
estimates were corrected for decay and ingrowth to 2011. They do not include activity associated with the
HLW canisters or approximately 110 curies in embedded piping in the Process Building (McNeil 2005a).

Table 4-6 shows the total estimated residual radioactivity in different areas of the

Process Building as of 2004.

Table 4-6. Estimated Total Activity in Representative Process Building Areas(1 )

Area Curies I Area Curies

Analytical Decontamination Aisle <1 Main Plant Stack 88

Acid Recovery Cell(1 ) 60 Miniature Cell 9

Acid Recovery Pump Room 31 Off-Gas/Acid Recovery Aisle 40
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Table 4-6. Estimated Total Activity in Representative Process Building Areas(1 )

Area Curies Area [Curies

Analytical Hot Cells 39 Off-Gas Blower Room 72

Building Roof 1 Off-Gas Cell(1 ) 250

Chemical Crane Room 6 Process Mechanical Cell("! 1000

Chemical Process Cell 130 Process Sample Cells, 1C Sample Station 6

Equipment Decontamination Rm 36 Product Purification Cell 43

Extraction Cell 1(1) 47 Sample Storage Cell 17

Extraction Cell 2 2 Scrap Removal Room <1

Extraction Cell 3(1) 11 Southwest Stairwell 5

Fuel Receiving and Storage 290 Upper Warm Aisle 18

General Purpose Cell(1 ) 3000 Uranium Load-Out Area <1

GPC Crane Room and Extension 7 Uranium Product Cell 45

Head-End Ventilation Cell 610 Ventilation Exhaust Cell 67

Hot Acid Cell <1 Ventilation Wash Room 74

Liquid Waste Cell 1000 Low Ranking Areas (31 areas) 25

Lower Warm Aisle 84 Embedded Piping 110

(1) From WVES, 2008a, with estimates corrected for decay and ingrowth to September 30, 2004 and here
rounded to two significant figures or the nearest whole number, with the exception of the embedded piping N

estimate, which is taken from McNeil 2005a. These estimates assume that the work to achieve the interim
end state will include additional decontamination of the floors and walls in three areas: the General Purpose
Cell, the Off-Gas Cell, and Process Mechanical Cell. The estimates also assume that the vessels in the Acid
Recovery Cell, the Hot Acid Cell, Extraction Cell 1, and Extraction Cell 3 will be removed.

Despite decontamination efforts, radiation levels remain relatively high in some areas of

the building. Table 4-7 shows the highest radiation levels measured in representative
areas.

Table 4-7. Measured Maximum Gamma Radiation Levels in Process Building Areas

Area [ mR/h Remarks Source

Chemical Process Cell 15,000 At south sump in 1994 Michalczak 2003a

Equipment Decontamination Room 50 On floor in 1997 Michalczak 2003b

Fuel Receiving and Storage Area 8.5 Fuel Storage Pool, 2002 Fazio 2004a

500 Cask Unloading Pool, 2002 Fazio 2004a

General Purpose Cell 200,000 3 feet above floor(1 ) Choroser 2005a

32,000 9 feet above floor(1 ) Choroser 2005a

Head-End Ventilation Cell 50,000 On pre-filters in 2002 Michalczak 2003c

Liquid Waste Cell 1,800 In 2002 Choroser 2004

Miniature Cell 80 In 1998 Michalczak 2002a

Off-Gas Blower Room 700 In 2003 Michalczak 2002b
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Table 4-7. Measured Maximum Gamma Radiation Levels in Process Building Areas W

Area mR/h Remarks I Source

Process Mechanical Cell 40,000 In 2004, 3 feet above floor(') Choroser 2005b

Product Purification Cell 53 Hot spot on wall in 2003 Choroser 2003

Sample Storage Cell 1,950 On floor in 2001 Drobot 2003

Ventilation Wash Room 1,500 On ventilation duct URS 2001

(1) Before planned additional decontamination described in report WVES 2008a.

Radiation levels on the vitrified HLW canisters measured in the 1996 to 2002 period

during vitrification ranged from 1,770 to 7,460 R/h (Michalczak 2003a). The total activity in

the average canister is approximately 37,000 curies, including approximately 13,600 curies
of Sr-90 and approximately 23,400 curies of Cs-137, based on data in the waste form

qualification report (WVNSCO 2007). The canisters remain stored in the HLW Interim
Storage Facility in the former Chemical Process Cell, as noted previously.

Radioactivity in WMA 1, the Vitrification Facility

Table 4-8 shows the estimated residual radioactivity in the Vitrification Facility at the

beginning of Phase 1 proposed decommissioning activities. Essentially all of this
radioactivity is in the Vitrification Cell.

Table 4-8. Estimated Total Activity in the Vitrification Facilityt1 )

Nuclide Estimate (Ci)I Nuclide Estimate (Ci)[ Nuclide Estimate (Ci)

Am-241 14 Np-237 0.01 Tc-99 0.04

C-14 <0.01 Pu-238 1.6 U-232 <0.01

Cm-243 0.09 Pu-239 0.49 U-233 <0.01

Cm-244 1.9 Pu-240 0.35 U-234 <0.01

Cs-137 960 Pu-241 8.7 U-235 <0.01

1-129 <0.01 Sr-90 910 U-238 <0.01

(1) From WVES 2008b, corrected for decay and ingrowth to 2011 and rounded to two significant figures or the
nearest integer.

Gamma radiation levels in the Vitrification Cell process pit in 2004 after equipment
removal and decontamination ranged from 3.1 to 50.5 R/h, with levels in other parts of the
cell in the 1.2 to 18.1 R/h range (WVNSCO 2004b).

Radioactivity in Other WMA 1 Facilities

The 01-14 Building together with the vitrification off-gas line that runs to the building
from the Vitrification Facility is estimated to contain in 2011 approximately 340 curies, due
principally to Sr-90 and Cs-137. Almost the entire amount is expected to be inside the off-
gas line. The only place within the building itself where a significant amount of radioactivity
is expected, besides the portion of the off-gas line in the building, is in the ventilation
exhaust system filters (if these filter remain in place). (Michalczak 2004c)

.... j•0
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While the Plant Office Building, the Utility Room, the Utility Room Expansion, and the
Load-In Facility have been impacted, they are expected to contain insignificant amounts of
radioactivity. Radiation levels in these structures are expected to be <1 mR/h with no
removable surface contamination above the minimum detectable concentration (Michalczak
2004b).

Three underground wastewater tanks are located below grade outside of the Process
Building: Tank 7D-13, Tank 15D-6, and Tank 35104 as shown in Figure 4-2. Tank 7D-13
has been estimated to contain 150 to 300 gallons of solids containing up to 84 curies in
2011, with the dominant radionuclides being Cs-137, Sr-90, Pu-241, Am-241, and Pu-239
(Michalczak 2004c). The other two tanks are not expected to contain significant amounts of
radioactivity.

Most of the underground lines in WMA 1 are expected to be radioactively
contaminated. A single line - HLW transfer line 7P120-3 - was estimated to contain more
than 90 percent of the total activity. This line runs from under the Chemical Process Cell to
Tanks 8D-3 and 8D-4 in WMA 3 and is expected to contain residual radioactivity of
approximately 0.4 curie per linear foot in 2011, with almost all of this activity associated
with Sr-90 and Cs-137. Several of the underground lines within WMA 1 are known to have
leaked as discussed in Section 2. (Luckett, et. al 2004)

Radioactivity in WMA 2 Low-Level Waste Treatment Facility Area Facilities

Low levels of radioactivity are expected to be present in the LLW2 Building. Lagoon 1
is expected to contain a substantial amount of radioactivity, with more than 90 percent in
the remaining sediment. Table 2-19 shows the estimated amounts in 2011.

Lagoon 2 is expected to contain residual radioactivity of the same order of magnitude

as Lagoon 1 with a similar radionuclide distribution.6 Lagoon 3 is expected to contain less
radioactivity in its sediment than Lagoons 1 and 2. Lagoons 4 and 5 are expected to
contain relatively low levels of radioactivity in sediment both above and below their liners.
Table 4-14 shows the maximum measured concentrations of radioactivity in sediment
samples obtained from each of the lagoons.

The Old Interceptor is expected to contain a significant amount of radioactivity based
on available data, which include a gamma radiation level of 408 mR/h measured near the
tank bottom in 2003 (WVNSCO 2003). As noted in Section 2, 12 inches of concrete was
poured on the tank floor by NFS as radiation shielding. The New Interceptors and the
Neutralization Pit are both expected to contain low levels of radioactive contamination.

The three septic tanks and other equipment in the Maintenance Shop leach field may
have been impacted by the north plateau groundwater plume, but any resulting
contamination levels are expected to be low.

6 This conclusion is based on primarily on records showing that 22,400 cubic feet of sediment was pumped

from Lagoon 1 to Lagoon 2 in 1984, with this sediment containing approximately 107 curies of total alpha
activity and 1162 curies of total beta activity (Passuite and Monsalve-Jones 1993). Table 4-14 shows
maximum measured radionuclide concentrations in the two lagoons, with Cs-137 concentrations being the
same order of magnitude.
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The contaminated underground wastewater lines within WMA 2 were estimated to

contain a total of approximately 0.3 curies of residual radioactivity in 2004 (Luckett, et al.
2004). The French drain is expected to contain very low levels of residual radioactivity.

Radioactivity in the WMA 3 Waste Tank Farm Area Facilities

As explained in Section 1, only certain facilities and equipment within WMA 3 are within

the scope of this plan. However, all WMA 3 facilities are briefly addressed here for

perspective.

Table 2-5 in Section 2 provides estimates for the residual radioactivity in the

underground waste tanks at the conclusion of reprocessing. Table 4-9 provides

conservative estimates for residual radioactivity in the four underground waste tanks at the
start of Phase 1 proposed decommissioning activities. These estimates were based on a

comprehensive characterization program that made use of sample analytical data and

radiation level measurements (WVNSCO and Gemini 2005)7.

Table 4-9. Estimated Radioactivity in the Underground Waste Tanks•1 )

Nuclide Estimate (Ci) Nuclide Estimate (Ci) Nuclide Estimate (Ci)

Am-241 380 Np-237 0.55 Tc-99 12

C-14 0.036 Pu-238 170 U-232 0.90

Cm-243 3.6 Pu-239 39 U-233 0.34

Cm-244 80 Pu-240 28 U-234 0.14

Cs-137 310,000 Pu-241 630 U-235 0.005

1-129 0.018 Sr-90 33,000 U-238 0.039

NOTE: (1) From WVNSCO and Gemini 2005 and from WVES 2008c, corrected for decay and ingrowth to 2011
and rounded to two significant figures or a single integer.

The tank mobilization and transfer pumps are expected to contain significant amounts

of radioactive contamination. Radiation levels near the bottom of Pump 55-G-003

exceeded 50 R/hr when this pump was removed in 1998 (WVNSCO 1998a). An order-of-
magnitude estimate of the residual radioactivity in this removed pump was approximately

220 curies (WVNSCO 2001). The mobilization pumps remaining in the tanks will likely be

similarly contaminated. The transfer pumps in Tanks 8D-1 and 8D-2 will likely have more

contamination, since HLW passed through the entire length of the pump, rather than
impacting only the lower portion as with the mobilization pumps. The other suction pumps

in Tanks 8D-1 and 8D-2 that are described in Section 3 will likely have somewhat lower

contamination levels than the mobilization and transfer pumps.

7 These estimates addressed NRC comments provided on earlier characterization reports (NRC 2003). The
characterization report (WVNSCO and Gemini 2005) included three different estimates: best case,
conservative cases, and worst case. The conservative case on which Table 4-9 is based is considered to be
conservative because it provides adequate safety margins, yet it is also considered to be realistic. The best
and worst case estimates provide the lower and upper bounds on the realistic conservative case.
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As explained in Section 3, the transfer pumps in Tanks 8D-3 and 8D-4 will be removed

before Phase 1 of the proposed decommissioning and replaced with small submersible
pumps. These submersible pumps are expected to contain much lower levels of

contamination than the other transfer pumps.

The piping and equipment in the HLW transfer trench also contains significant amounts
of residual radioactivity. Radiation levels measured in the trench in 2004 ranged from 0.6 to
9.6 mR/hr. Levels in the pump pits in 2003 ranged from background at the top of Pit 8Q-1
to 33.5 R/hr inside Pit 8Q-2. Conservative estimates indicated that the pump pits and the
diversion pit contained approximately 440 curies and the transfer piping approximately 234
curies in 2004, with the dominant radionuclides being Cs-137, Sr-90, Am-241, Pu-241, and
Cm-244, in that order. The transfer trench itself is not expected to be radiologically
contaminated. (Fazio 2004b)

The equipment in the M-8 pump pit for Tank 8D-2 was estimated to contain
approximately seven curies in 2004. Radiation levels up to 1.2 R/h were measured in the
pit in 2000. (Fazio 2004b)

The Permanent Ventilation System Building is expected to contain a significant amount
of activity inside the ventilation filter housing, but most other areas in the building typically
show no removable contamination above minimum detectable concentrations.

In the Supernatant Treatment System Support Building, radiation levels as high as 8.2
R/hr were measured in the valve aisle in 2003. The valve aisle was conservatively
estimated to contain 213 curies of residual radioactivity in 2004 (Fazio 2002c). Other areas
of the building are not expected to contain significant radioactive contamination.

In the Equipment Shelter, most of the radiological inventory is expected to be located
inside the ventilation system equipment. Radiation levels measured in 2003 ranged from
0.1 to 2.8 mR/hr. (Fazio, 2004b).

The Con-Ed Building is also radiologically contaminated, with the majority of the
radiological inventory located inside the piping and equipment. Radiation levels measured
in 2003 were typically 0.1 mR/hr. (Fazio, 2004b).

The total activity in the 40 underground lines in the immediate vicinity of the Waste
Tank Farm has been estimated to be approximately 117 curies in 2004, with more than 99

percent of this activity associated with Cs-137 and Sr-90 (Luckett, et al. 2004).

Radioactivity in the Construction and Demolition Debris Landfill in WMA 4

Much of the buried waste in the landfill, which was not radioactive when it was
emplaced, is now expected to have low-levels of radioactive contamination, mostly Sr-90,
from the north plateau groundwater plume, which is addressed in Section 4.2.

Radioactivity in the Facilities in WMA 5, the Waste Storage Area

In WMA 5, Lag Storage Addition 4 and the attached shipping depot are expected to
contain only low levels of radioactive contamination, if any. The Remote-Handled Waste
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Facility is expected to contain only low levels of contamination after it is deactivated. Most
of the residual radioactivity is expected to be in the Work Cell where high activity waste and

equipment are being packaged for disposal.

Radioactivity in the Facilities in WMA 6, the Central Project Premises

The only facilities in WMA 6 that had been impacted by licensed radioactivity or the
WVDP as of 2008 are the two demineralizer sludge ponds, which are addressed in Section

4.2, and, the Cooling Tower basin. However, portions the Sewage Treatment Plant may
contain radioactivity concentrations above background from sewage sludge which tends to
concentrate naturally occurring radionuclides (ISCORS 2005).

Radioactivity in the NDA in WMA 7

The buried waste in the NDA is known to contain a large amount of radioactivity which

has been estimated to total approximately 180,000 curies in 2011 as shown in Table 4-10.8

Table 4-10. Estimated Radioactivity in the NDA"1)

Nuclide Estimate (Ci) Nuclide Estimate (Ci) Nuclide Estimate (Ci)

Am-241 2,000 Np-237 0.62 Tc-99 10

C-14 520 Pu-238 350 U-233 11

Co-60 7,000 Pu-239 580 U-234 0.71

Cs-137 29,000 Pu-240 400 U-235 0.13

H-3 35 Pu-241 9,100 U-238 1.5

1-129 0.022 Ra-226 0.039 -

Ni-63 110,000 Sr-90 22,000 !

NOTE: (1) From URS 2000, corrected for decay and ingrowth to 2011 and rounded to two significant figures.

Radioactivity in the Radwaste Treatment System Drum Cell in WMA 9

The Drum Cell - the only facility in WMA 9 and which is to be removed during Phase 1
- is expected to contain only low levels of residual radioactivity, if any.

WMA 10, the Support and Services Area

None of the facilities to remain within WMA 10 at the time the Phase 1 proposed

decommissioning activities begin had been impacted by site radioactivity as of 2008.

8 This table, which is the same as Table 2-21 in Section 2, is included here for completeness.
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4.2 Radiological Status of Environmental Media

Section 4.2 describes the radiological status of surface soil, sediment, subsurface soil,

surface water, and groundwater within the project premises as compared with background.

NOTE

Environmental media have not been fully characterized and, as a result, certain
information normally included in decommissioning plans is not available. Additional
characterization is planned in connection with the Phase 1 decommissioning work as
described in Sections 7 and 9.

Additional 'characterization of subsurface soil is also being undertaken in 2008. This
characterization is focusing on hazardous contaminants and radionuclides in the area
of the north plateau groundwater plume (Michalczak 2007). DOE plans to provide a
copy of the summary report of this characterization program to NRC and other
involved agencies and to revise this plan to incorporate key data from this program.

The information provided below represents a compilation of environmental radiological
data collected as part of the routine "WVDP Environmental Monitoring and
Groundwater Monitoring programs. It also includes data from nonroutine investigations
designed to satisfy regulatory requirements (e.g., RCRA facility investigations) and
other focused sampling activities.

Section 2.3 contains information on documented spills of radioactivity that have
impacted environmental media on the project premises. These spills include the 1968
airborne radioactivity releases that produced the widespread area of surface
contamination northeast of the Process Building known as the cesium prong and the
release of radioactive acid under the southwest corner of the Process Building that
resulted in the area of subsurface soil and groundwater contamination known today as
the north plateau groundwater plume. This section focuses on environmental media
conditions that exist today and duplicates information in Section 2.3 only where
necessary for clarity.

Information in Section 4.2 is organized as follows:

* Section 4.2.1 identifies data sources used for this evaluation.

* Section 4.2.2 summarizes background levels of (1) radionuclide concentrations in
surface soil, subsurface soil, stream sediment, surface water, and groundwater;
and (2) environmental radiation.

* Section 4.2.3 summarizes radiological status of surface soil and sediment within
the project premises.

* Section 4.2.4 provides the same information on subsurface soil.

* Section 4.2.5 summarizes maximum radionuclide concentrations at locations in
each WMA where background levels were exceeded in soil, sediment, and
subsurface soil.
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* Section 4.2.6 provides information on environmental radiation levels on the project
premises.

* Section 4.2.7 provides information on the radiological status of surface water on
the project premises.

* Section 4.2.8 addresses the radiological status of groundwater on the project
premises and, in particular, the north plateau groundwater plume.

Appendix B, Environmental Radioactivity Data, provides the following information:

" A description of how background radionuclide concentrations and environmental
radiation levels were estimated;

* Maps showing locations where background data were taken;

* Summary statistics applicable to each medium;

" A description of how data from onsite sampling programs were evaluated to
determine if radiological concentrations or environmental radiation levels were
above background;

* Tables summarizing the ratios of above-background concentrations of
radionuclides with Cs-137 in surface soil, sediment, and subsurface soil;

* Additional summary information about radiological concentrations from routine
onsite sampling locations;

* Descriptions both impacted and non-impacted locations; and

* Tables that list the coordinates and descriptions of groundwater sampling locations,
along with the depths and geologic units at which samples were collected.

4.2.1 Data Sources

Radiological data on surface soil, sediment, subsurface soil, surface water,
groundwater, and environmental radiation levels were taken from the WVDP Laboratory
Information Management System controlled database, which contains environmental data
from 1991 through the present. This system is used to manage data from the WVDP
Environmental Monitoring and Groundwater Monitoring Programs, as well as data from
special sampling activities (e.g., RCRA facility investigations, north plateau groundwater
plume investigations).

If necessary (i.e., if only pre-1991 data were available for an area), data were drawn
from historical sources or summaries included in reports from previous~evaluations.

Previous Evaluations

Radiological data from environmental media have been presented in formal reports, for
example:

(1) WVDP Annual Site Environmental Reports (years 1982 through 2006 available on

the Internet at www.wv.doe.qov);
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(2) Groundwater trend analysis reports;

(3) Reports of RCRA facility investigations of various areas of the WVDP (WVNSCO
1995, WVNSCO 1996, WVNSCO 1997a, WVNSCO 1997b, WVNSCO and Dames
& Moore [D&M] 1996a, WVNSCO and D&M 1996b, WVNSCO and D&M 1997a,
WVNSCO and D&M 1997b, and WVNSCO and D&M 1997c); and

(4) Results from north plateau groundwater plume investigations (Carpenter and
Hemann 1995, WVNSCO 1998, and URS 2002). The RCRA Facility Investigations
and the north plateau investigations produced a substantial body of soil
characterization data, most associated with nonradiological constituents.

Data Quality

WVDP environmental samples evaluated in this plan were collected in accordance with
formal sampling plans. Samples were analyzed by onsite and offsite laboratories in
accordance with controlled procedures as required by the WVDP quality assurance (QA)
program. QA requirements applicable to the sampling programs include documented
training of field personnel; controlled collection procedures; using appropriate containers,
preservatives, and storage methods to protect samples from contamination and
degradation; following appropriate field and analytical quality control guidelines;
maintaining and documenting chain-of-custody; and conducting assessments and audits of
field and analytical processes to verify compliance.

Data were validated by a separate data validation group, and validation and approval
status of sample results were documented in the LIMS.

4.2.2 Background Levels

This subsection addresses background radioactivity in environmental media on the
project premises and provides information on background radiation levels.

Background Radionuclide Concentrations in Environmental Media

Radionuclides for which backgrounds were estimated were selected with consideration
of (1) radionuclides of interest from the Facility Characterization Project, listed in section
4.1.1, and (2) radionuclides that are routinely monitored in environmental media at the
WVDP, for which sufficient data were available to develop a reliable estimate of
background.

Background radionuclide concentrations were estimated for soil, sediment, subsurface
soil, surface water, and groundwater for the following radionuclides:

Sr-90 U-232 U-235/236 Pu-238 Am-241

Cs-1 37 U-233/234 U-238 Pu-239/240

Pu-241, Cm-243, Cm-244, and Np-237, which are radionuclides of interest in the
Facility Characterization Project, are not routinely measured in environmental media at the
WVDP so were not included in background estimates.
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0In addition, background concentrations were estimated for surface water and
groundwater for the following nuclides that were not routinely analyzed in soil and
sediment:

H-3 C-14 Tc-99 1-129

Although tritium (H-3) is not identified 'in Section 4.1.1 as a radionuclide of interest, it is
commonly found in surface water and groundwater samples at the WVDP and so was
included in the nuclide listing for environmental media. In addition, gross alpha and gross
beta measurements are routinely used as screening (i.e., "surrogate" or "indicator")
parameters for other nuclides, so background concentrations were estimated for gross
alpha and gross beta activity. (For instance, gross beta measurements are used as a
surrogate for Sr-90 measurements in the WVDP Groundwater Monitoring Program.)

Appendix B provides maps showing locations from which background data were taken

and a description of how background concentrations were estimated. Appendix B also
includes a table of summary statistics (e.g., number of samples, percentage of nondetect

values, average concentrations, medians) for each constituent in each medium.9 Median
and maximum background concentrations are summarized in Table 4-11.

Table 4-11. Median and Maximum(1' Background Concentrations for Environmental
Media at the WVDP

Surface soil(2) Sediment Surface water Groundwater
Constituent

(pCi/g dry) (pCilg dry) (pCi/L) (pCi/L)

1.3E+01 9.2E+00 <9.6E-01 <2.6E+00
Gross alpha (2.2E+01) (5.4E+00) (2.2E+01)

2.0E+01 1.6E+01 2.3E+00 4.6E+00
Gross beta

(4.OE+01) (2.7E+01) (2.OE+01) (2.8E+01)

<8.2E+01 <8.6E+01
H-3 NA NA

(6.3E+02) (9.4E+02)

<1.3E+01 <2.7E+01
C-14 NA NA

(4.1 E+02) (7.4E+00)

9.5E-02 <3.4E-02 9.0E-01 2.4E+00
Sr-90

(3.1 E+00) (1.6E-01) (1.2E+01) (7.4E+00)

<1.8E+00 <1.8E+00
Tc-99 NA NA

(7.3E+00) (4.0E+00)

1-129 NA NA <7.9E-01 <6.OE-01

9 Note that if a data set is symmetric, the average (i.e., mean) and the median will be the same. However, if
the distribution is skewed to the right (i.e., contains a large number of low values and a few high values), the
average will usually be higher than the median. For this reason, the median may be the more reliable
estimator of central tendency. In this evaluation, both were estimated and are presented in Appendix B.
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Table 4-11. Median and Maximumý1 ) Background Concentrations for Environmental
Media at the WVDP

Surface soil(2) Sediment Surface water Groundwater
Constituent

(pCi/g dry) (pCi/g dry) (pCi/L) (pCi/L)

(2.OE+00) (1.6E+00)

4.2E-01 3.8E-02 <4.2E+00 <2.2E+01
Cs-137

(1.2E+00) (7.8E-02) (1.OE+01) (1.9E+01)

<2.4E-02 <3.1 E-02 <4.3E-02 <4.9E-02
U-232

(1.9E-02) (3.9E-02) (2.6E-01) (3.8E-01)

7.9E-01 6.6E-01 9.9E-02 1.6E-01
U-233/234

(9.4E-01) (8.6E-01) (3.0E-01) (8.2E+00)

5.2E-02 4.6E-02 <3.3E-02 <5.OE-02U-235/236 (2.2E-01) (2.8E-01) (1.0E-01) (1.9E-01)

7.9E-01 6.5E-01 5.7E-02 1.2E-01
U-238

(9.3E-01) (9.OE-01) (4.0E-01) (5.3E+00)

<1.2E-02 <1.4E-02 <3.1E-02 <4.6E-02
Pu-238

(4.OE-02) (1.3E-01) (1.OE-01) (2.2E-01)

1.6E-02 <1.2E-02 <2.7E-02 <5.3E-02
Pu-239/240

(2.3E-01) (6.1E-02) (2.OE-01) (2.7E-01)

<1.6E-02 <1.4E-02 <3.3E-02 <3.8E-02
Am-241

(1.9E-01) (8.6E-02) (2.2E+00) (1.8E-01)

NOTE: (1) Maxima are in parentheses. Maxima were selected from samples in which the radionuclide was
detected (i.e., a "nondetect" result, indicated by a "<" sign, was used only if no detectable results were
available).

(2) Data from only two subsurface locations sampled in 1993 were available for calculation of subsurface
soil background concentrations. Therefore, surface soil backgrounds were used to evaluate
subsurface soil data. (For comparability, data from the subsurface soil samples are summarized in
Appendix B.)

LEGEND: NA = Not analyzed in this medium

Data on radionuclide concentrations in environmental media on the project premises
were evaluated to determine the locations where radionuclide concentrations in excess of
site background levels were found. Methods for evaluating sample data with respect to
background were dependent on the type of data available for comparison (e.g., a single

sample result, a data set encompassing several years). Methods for each are described in
Appendix B.

Data evaluated in Section 4.2 were taken from samples collected over several years.

While the majority of data points were from 1991 through the present, the earliest was from
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a sample collected in 1967.10 In Section 4.1, radionuclide activities in facilities on the
project premises were decay-corrected to the year 2011. However, in Section 4.2 no
attempt was made to decay-correct results from environmental samples because, unlike
process cells or tanks, environmental media are not closed, static systems.

Media such as surface soil, sediment, subsurface soil, surface water, and groundwater

are all subject to forces (aside from radioactive decay) with the potential to modify their
radionuclide concentrations. Forces such as weathering, biological activity, atmospheric
fallout, surface water runoff, wind erosion, and evaporation may act to deposit or remove

radionuclides from a medium. Also, radionuclides are affected differentially by these
mechanisms (e.g., Sr-90 is more mobile in water than Cs-137, which is more likely to bind
to clay particles in soil and sediment).

Many of the radionuclides considered in this section are long-lived and it is unlikely that
decay-correction would have affected the determination of whether or not background
concentrations were exceeded. However, it is possible that estimates of radiological
concentrations of the shorter-lived radionuclides (i.e., tritium [half-life of 12.3 years], Sr-90
[half-life of 28.9 years], and Cs-137 [half-life of 30 years]) are conservatively high, that is,

overestimates.

NOTE

A soil characterization program will be undertaken in 2008. One of the goals will be to
establish background soil concentrations. The interpretations in the following sections
may be revised based on the results of this sampling program.

Background Environmental Radiation Levels

Radiation levels have been measured at the WVDP from 1986 through the present with
a network of environmental thermoluminescent dosimeters (TLDs).11 Average quarterly
exposure measurements from four background locations over this time period was 19.3 mR
per quarter (about 8.8E-03 mR/h). The maximum for any single quarter was 35 mR/quarter
(about 1.6E-02 mR/h).

Background environmental radiation levels were used to evaluate measurements from

onsite TLDs near process facilities, waste storage areas, and burial areas. (See Appendix
B for a map showing the locations of background TLDs. See section 4.2.6 for a discussion

of onsite exposure measurements.)

10 Note that historical and current data, which were generated over more than 40 years of NFS and WVDP

operations, may not be directly comparable because different sampling and analytical methodologies have
been used over the years. Historical and current data were compared with background concentrations using
different statistical methods, as described in Appendix B.
11 While radiation levels were measured at the WVDP prior to 1986, the current methodology has been used
only since 1986. Therefore, for comparability, only data generated from 1986 through the present were
used in the background calculation.

Revision 0 4-28



WVDP PHASE 1 DECOMMISSIONING PLAN

4.2.3 Radiological Status of Surface Soil and Sediment

Since the facility has operated, numerous soil sampling studies have been conducted
on site, not as part of a formal site-wide soil program, but rather as area-specific
investigations in response to specific circumstances or events (WVNSCO 1994). In 1993, a
site-wide soil sampling program was conducted to obtain additional data to support the EIS

and RCRA processes. As part of this program, surface soil, sediment, and subsurface soil
samples were collected. Results were summarized in WVNSCO 1994.

NUREG-1757 (NRC 2006) defines surface soil as the soil within the top 15 to 30 cm
(six to 12 inches) of the soil column. That definition has been broadened in this plan to
include soil within the top 60 cm (0 to two feet) of the soil column. This was done so that
available data from the top interval (0 to two-foot depth) from onsite soil-borings collected
as part of the 1993 program could be used to assess the radiological status of surface soil.
Data from the subsurface portions of the boreholes (i.e., at depths greater than two feet)
are discussed in section 4.2.5.

Areas With Radionuclide Concentrations in Excess of Site Background Levels

Figure 4-6 shows locations at which radiological concentrations exceeding background
were noted in surface soil and sediment for (1) gross alpha or alpha-emitting radionuclides
and (2) gross beta or beta-gamma emitting radionuclides. 12

The highest radionuclide concentrations were found in sediment from the lagoons
in the WMA 2 Low-Level Waste Treatment Facility. See Table 4-14 for a listing of
maximum radionuclide concentrations above background noted in the lagoon and
drainage system. The highest radionuclide concentrations were noted in sediment
from Lagoon 2. (Although higher concentrations are listed for Lagoon 1, the'
Lagoon 1 sediment was transferred to Lagoon 2 when Lagoon 1 was deactivated in
1984.)

" Cs-137 concentrations in excess of background were found in surface soil samples
from all waste management areas at which samples had been collected. Although
no surface soil data were available from WMA 1 (the Process Building and
Vitrification Facility area), it is suspected that radionuclide concentrations in excess
of background would be found here based on proximity to the Process Building and
the elevated concentrations observed in adjoining WMAs. The highest levels noted
in surface soil from other areas (i.e., 2.8E+02 pCi/g in WMA 2 near the
Interceptors, 1.6E+02 pCi/g in WMA 6 near the Fuel Receiving and Storage Area
and 2.3E+01 pCi/g in WMA 3 near the Waste Tank Farm) were all from areas in
closest proximity to WMA 1. Elevated Cs-137 concentrations are thought to be
largely attributable to historical releases and continuing low-level airborne releases
from the main stack of the Process Building.

12 WMA 12 is not labeled on the figures in this section because it extends to the boundaries of the Center.
Areas on the project premises (i.e., within the security fence) that are considered to be part of WMA 12
include (1) the area between the north and south plateaus, which contains much of the drainage for Erdman
Brook and Franks Creek, and (2) a small area north of WMA 4.
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* Surface soil concentrations of Sr-90 exceeding background were noted in several

areas, most notably in areas affected by the north plateau groundwater plume,
such as WMA 2 (the Low-Level Waste Treatment Facility area) and WMA 4 (the

area of the Construction and Demolition Debris Landfill).

* Radionuclide concentrations exceeding background, primarily from Sr-90 and Cs-
137, were found in sediment samples from streams and drainage ditches in several

waste management areas (WMAs 2, 4, 5, 6, 7, 10, and 12). Concentrations of

alpha-emitting radionuclides (i.e., U-232, Pu-238, Pu-239/240, and/or Am-241) in

excess of background were also noted in WMAs 2, 4, 5, 7, and 12 downgradient of
liquid release points or waste burial areas.

* High radionuclide concentration levels were also associated with soil and sediment

from the area of the Old Interceptors, the Solvent Dike, and inactive (filled-in)

Lagoon 1 in WMA 2.

* South plateau areas with radionuclide concentrations exceeding background in

surface soil include the two former shallow land burial disposal facilities, the NDA
(WMA 7) and SDA (WMA 8). Elevated radiological concentrations in the surface

and near-surface soils in the vicinities of those facilities is expected due to the
nature of their operations. (As noted previously, WMA 8 is not within plan scope.)

Levels at which radionuclide concentrations in excess of background were found in

surface soil and sediment are listed by WMA in the tables in section 4.2.5. As, shown in
Figure 4-6, only one surface soil sampling location (SS-11) had no concentrations
exceeding background. All sediment sampling locations had at least one constituent
exceeding background.

4.2.4 Radiological Status of Subsurface Soil

Figure 4-7 shows locations at which concentrations of radiological constituents above

background were noted in subsurface soil for (1) gross alpha or alpha-emitting
radionuclides and (2) gross beta or beta-gamma emitting radionuclides. All subsurface

soil samples had at least one constituent that exceeded background concentrations.
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Figure 4-6. Surface Soil and Sediment Locations With Radionuclide Concentrations in
Excess of Background
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Figure 4-7. Subsurface Soil Locations With Radionuclide Concentrations in Excess of
Background
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Most subsurface soil data were taken from the 1993 RCRA Facility Investigation
sampling program and two Geoprobe® sampling efforts (one in 1994 and one in 1998) to
better define the origin and extent of the north plateau groundwater plume.

The highest subsurface radiological concentrations on the north plateau were observed
in WMA 1 (the Process Building and Vitrification Facility area), WMA 2 (the Low-Level
Waste Treatment Facility area), and WMA 6 (the Central Project Premises), downgradient
of the Process Building. On the south plateau, highest concentrations were from WMA 7
(the NDA). Subsurface soil concentrations exceeding background were primarily

associated with the north plateau groundwater plume (see Section 2) or with former waste
processing or burial activities. Figure 4-8 presents a cross-section of Sr-90 concentrations
in subsurface soil with depth in the north plateau below the Process Building. Data from this
cross-section were taken from samples collected in 1993, 1994, and 1998 from WMAs 1, 2,
and 6. The highest concentrations of Sr-90 were observed in the sand and gravel unit
below the water table.

In WMA 1, high levels of Sr-90 were measured during the Geoprobe® investigations
near the Process Building. In WMA 2, the highest levels of both beta-gamma and alpha-

emitting radionuclides in subsurface soil were observed in sediments from borings taken
near the Solvent Dike, the interceptors, and the Maintenance Shop leach field. In WMA 6,
elevated subsurface soil concentrations were noted near the Utility Room and the Fuel
Receiving and Storage Building. Data from WMA 7 were taken from rolloffs and boxes of

excavated soil removed from "special holes" during NDA burial activities and from the
Interceptor Trench, immediately downgradient of the NDA, when it was installed in 1990.
Although the packaged soil has since been shipped offsite, it is likely that radionuclide

concentrations in subsurface soil remaining in the NDA would be similar to those from the
excavated soil.

Concentrations of radionuclides observed in excess of background levels in subsurface
soils are summarized in Section 4.2.5.
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Figure 4-8. Cross-section of Sr-90 Concentrations Versus Depth in Subsurface Soil on the North Plateau

Revision 0 4-34



WVDP PHASE 1 DECOMMISSIONING PLAN

4.2.5 Radionuclide Concentrations Exceeding Background in Surface Soil,
Sediment, and Subsurface Soil By WMA

The following tables summarize locations in each WMA where radionuclide

concentrations were noted in excess of background. (See Table 4-11 and Appendix B for
background radionuclide concentrations used to evaluate soil, sediment, and subsurface
soil.) Data from surface soil, sediment, and subsurface soil are combined into one table for
each WMA, except for WMA 2, where data are presented in three tables due to the large
volume of information.

For each area, the maximum concentration at which the radionuclide was found is

listed, together with source 'and location (i.e., reference or specific sample identifier).
Identifiers from the 1993 RCRA Facility Investigation sampling program are specified as
boreholes ("BH-"), surface soil ("SS-") or stream sediment ("ST-"). For subsurface soil, the

depth at which the maximum was noted (if available) is also provided. Gross alpha and
gross beta measurements are not presented because the measurements represent a mix

of radionuclides (including those naturally occurring), and because data for specific alpha-

and beta-emitting radionuclides were available. Ratios of above-background radionuclide
concentrations to Cs-137 are presented in Appendix B in Tables B-9 (Surface Soil), B-10
(Sediment), and B-11 (Subsurface Soil).

WMA 1, Process Building and Vitrification Facility Area

Limited data are available for WMA 1, none for surface soil or sediment. Most

subsurface soil data were taken from the 1994 and 1998 Geoprobe® investigations. Data
from the Fuel Receiving and Storage Building subsurface soil and from near the Laundry
were taken from the 1993 RCRA Facility Investigation sampling. Additional data were taken
from one sample collected in 2004 near a breach in an underground wastewater line near

the Laundry. The maximum Sr-90 value at the Fuel Receiving and Storage Building
borehole (BH-21A) was observed in saturated soil from a depth of 30 to 32 feet. All
maxima from the Geoprobe® samples were found at depths between 19 and 29 feet.
Records from the 1998 sampling noted that this depth was in the saturated area. The ratio
of the maximum Sr-90 to Cs-137 concentrations noted from the Geoprobe® samples was
about 1600 to 1, reflecting the influence of the north plateau groundwater plume.

Table 4-12. Above-Background Concentrations of Radionuclides in Subsurface Soil
at WMA 1(1)

Maximum Concentration (pCi/g dry)Location
Cs-1 37 Sr-90 Pu-238 Am-241

Subsurface soil near Laundry (BH-18, 3.3E+03 <Bkg 7.1E-02 8.7E+01
Laundry line breach)

Subsurface soil north of FRS (BH-21A <Bkg 2.2E+03 <Bkg <Bkg
at a depth of 30-32')
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Table 4-12. Above-Background Concentrations of Radionuclides in Subsurface Soil
at WMA 1(')

Maximum Concentration (pCi/g dry)Location
Cs-1 37 Sr-90 Pu-238 Am-241

Subsurface soil from Geoprobe® 3.1E+01 8.OE+03 <Bkg 9.8E-02
sampling near Process Building (GP-
72 [Cs-1 37 at 27-29' depth in 1998] ;
GP-78 [Sr-90 at 19-23' depth in 1994];
GP-77 [Am-241 at 19-23' depth in
1994])

LEGEND: FRS = Fuel Receiving and Storage Building. "<Bkg" = Background was not exceeded.
NOTE: (1) See Figure 4-2 for a map of facilities in WMA 1. The Laundry (not labeled in Fig.'4-2), is located

adjacent to the Utility Room Expansion.

WMA 2, Low-Level Waste Treatment Facility Area

Extensive data, available both electronically and from historical reports, were available
for WMA 2. The maximum concentrations observed at each location within WMA 2 are
listed below. Due to the large volume, data are presented in three tables: Table 4-13
(surface soil), Table 4-14 (sediment), and Table 4-15 (subsurface soil).

The radionuclides observed above background in surface soil (Table 4-13) were Cs-
137 and Sr-90. The maximum ratio of Sr-90 to Cs-137 (about 1.4 to 1) was observed in

surface soil north of Lagoons 4 and 5, which is affected by the north plateau groundwater
plume. No gross alpha concentrations or concentrations of alpha-emitting radionuclides
were observed at concentrations above background in surface soil from WMA 2.

Table 4-13. Above-Background Concentrations of Radionuclides in Surface Soil
From WMA 2(l)

[Location Maximum Concentration (pCi/g dry)

Cs-1 37 Sr-90

Surface soil near the Old and New 2.8E+02 4.1E+00
Interceptors (BH-13)

Surface soil between the Interceptors and 1.4E+01 1.4E+00
inactive Lagoon 1 (WVNSCO 1994 [Table 3-
2] and BH-14)

Surface soil between inactive Lagoon 1 and 4.8E+00 1.1E+00
active Lagoon 2 (BH-08)

Surface soil from Maintenance Shop Leach 2.1E+01 1.3E+00
Field (WVNSCO 1994 [Table 3-2] and BH-
35)

Surface soil near the LLW2 Facility (BH-36) <Bkg 3.2E-01

Surface soil near the Vitrification Test 6.6E-01 <Bkg
Facility (BH-37)
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Table 4-13. Above-Background Concentrations of Radionuclides in Surface Soil
From WMA 2(1)

T Maximum Concentration (pCi/g dry)
Cs-1 37 Sr-90

Surface soil north of Lagoons 4 and 5 (BH- 8.5E-01 1.2E+00
04)

Surface soil between the lagoons and WMA 3.6E+00 3.6E-01
4 (SS-03, SS-06)

Surface soil between the road and Lagoon 2 8.9E-01 <Bkg
(BH-33A)

LEGEND: "-<Bkg" = Background was not exceeded.

NOTE: (1) See Figure 4-3 for a map of facilities in WMA 2. Facilities not labeled in Fig. 4-3 include the former
Maintenance Shop (which was located southwest of the LLW2 Facility), and the Vitrification Test
Facility (located northwest of the LLW2 Facility). See Figure 4-6 for a map with the above sampling
locations.

Radionuclides observed above background in sediment (Table 4-14) were Cs-137, Sr-
90, U-232, U-233/234, U-235/236, U-238, Pu-238, Pu-239/240, and Am-241. Maximum
ratios to Cs-137 for each were: Sr-90 (144 to 1), U-232 (0.0054 to 1), U-233/234 (0.056 to
1), U-235/236 (0.011 to 1), U-238 (0.057 to 1), Pu-238 (0.018 to 1), Pu-239/240 (0.019 to
1), and Am-241 (4.2 to 1). (See Appendix B, Table B-10, for a summary of radionuclide

ratios in sediment from WMA2.)

Maximum ratios to Cs-137 were found in sediment from (or downgradient of) the
Solvent Dike (Sr-90, U-233/234, U-235/236, Pu-239/240, and Am-241), sediment from
Lagoon 3 (U-232 and U-238), and sediment from the Lagoon 2 shoreline (Pu-238). The
highest Am-241 to Cs-137 ratio (4.2 to 1) was from one Solvent Dike sediment sample
collected in 1986. For comparison, the median Am-241 to Cs-137 ratio in WMA 2 was
0.0019 to 1.

Table 4-14. Above-Background Concentrations of Radionuclides in Sediment From WMA 2

Maximum Concentration (pCilg dry)
Location U-233/ U-235/ [ Pu-239/L Cs-137 Sr-90 U-232 U 236 U-238 Pu-238 240 Am-241I 234 236 240

Sediment from drainage 2.OE+00 3.5E-01 NA NA NA NA NA NA NA
north of Test and Storage
Building (ST-34)

Sediment from Solvent 3.11E+02 1.6E+03 NA NA NA NA NA NA 1.11E+03
Dike (WVNSCO 1994,
Table 3-12, 1986 samples)

Sediment from drainage 1.7E+01 2.9E+00 <Bkg 9.5E-01 <Bkg <Bkg 2.9E-01 3.2E-01 7.1E-01
downgradient of Solvent
Dike (ST-28)
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Table 4-14. Above-Background Concentrations of Radionuclides in Sediment From WMA 2

Maximum Concentration (pCi/g dry)

Location Cs-137 Sr-90 U-232 U-233/ U-235!U-238 Pu-238 Am-241

234 236 1 3 240

Sediment from Lagoon 1 4.7E+05 1.5E+05 NA NA NA NA 3.9E+04 1.8E+04 1.9E+04
(Passuite and Monsalve-
Jones 1993, Tables 3-2

[1982 data] and 3-3 [1984
data])
Sediment from Lagoon 2.7E+05 3.6E+04 NA NA 6.5E-01 6.2E+00 8.OE+02 6.4E+02 8.3E+02
2(1) (WVNSCO 1994,
Tables 3-5 [1982 data]
and 3-8 [1990 data])
Sediment from Lagoon 3 1.1E+04 7.7E+02 7.6E+00 4.5E+00 1.3E+00 8.8E+00 3.1E+00 1.4E+00 5.1E+00
(WVNSCO 1994, Tables
3-11 [1990 data], 3-9
[1967 data]; and 1994
Lagoon 3 sampling)

Sediment from Lagoon 4 3.2E+01 7.3E+00 NA NA NA NA NA NA NA
(1994 sampling)

Sediment from Lagoon 5 5.2E+01 4.1E+01 NA NA NA NA NA NA NA
(1994 sampling) I

NOTE: (1) In 1984, an estimated 22,400 cubic feet of sediment were pumped from Lagoon 1 to Lagoon 2 (Passuite and
Monsalve-Jones 1993) so the 1982 sample results are not necessarily representative of the of the activity in
Lagoon 2 sediment.

(2) See Figure 4-3 for a map of facilities in WMA 2. The Test and Storage Building (which was located near the
southwestern boundary of WMA 2) is not labeled in Fig. 4-3. See Figure 4-6 for a map with the above
sampling locations.

LEGEND: NA = No analysis. "-<Bkg" = Background was not exceeded.

Radionuclides observed above background in subsurface soil (Table 4-15) were Cs-
137, Sr-90, U-232, U-233/234, U-235/236, U-238, Pu-238, Pu-239/240, and Am-241. The
highest concentrations were noted downgradient of inactive Lagoon 1, near the Old and
New Interceptors, near the Solvent Dike, and near the Maintenance Shop Leach Field.

All maxima downgradient of inactive Lagoon 1 were found in saturated soil from the six
to eight foot depth. Near the Solvent Dike, the Cs-137 maximum was found in moist soil at
the four to six foot depth, while maxima of the other radionuclides were found in saturated
soil from the eight to ten foot depth. Near the Old and New Interceptors, maxima were
located in saturated soil from the eight to ten foot depth.

r.
The maximum ratios to Cs-137 for each were: Sr-90 (78 to 1), U-232 (0.081 to 1), U-

233/234 (5.0 to 1), U-235/236 (0.74 to 1), U-238 (3.1 to 1), Pu-238 (0.089 to 1), Pu-239/240
(0.10 to 1), and Am-241 (0.15 to 1).

The maximum ratios to Cs-137 were found in subsurface soil near the Solvent Dike at
the eight to 10 feet depth (Sr-90, U-233/234, U-235/236, U-238, Pu-239/240, and Am-241),
from the Maintenance Shop leach field at the six to eight feet depth (U-232), and from
between the interceptors and inactive Lagoon 1 at the 14-16' depth (Pu-238).
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Table 4-15. Above-Background Concentrations of Radionuclides in Subsurface Soil From
WMA 2(1)

Maximum Concentration (pCi/g dry)

LocationCs-137 Sr-90 U-232 331 U-235 U-238 Pu-238 Pu-2391 Am-241

234 236 240

Downgradientof 3.6E+04 1.5E+04 5.8E+02 2.7E+02 4.2E+00 6.8E+01 6.8E+02 1.2E+03 1.7E+03
inactive Lagoon 1 (BH-
08 at 6-8' depth)

Near Solvent Dike (BH- 1.8E+02 5.6E+01 -<Bkg 3.6E+00 5.3E-01 2.2E+00 -<Bkg 7.5E-02 1.1E-01
11 at 8-10' depth, Cs-
137 max at 2-4' depth)

Near the Old and New 5.2E+03 1.9E+02 5.1E+01 2.4E+01 2.OE-01 3.7E+00 6.6E+01 5.1E+01 5.3E+01
Interceptors (BH-13, 8-
10' depth)

Between the 6.1E+00 2.8E+01 1.OE-01 -<Bkg -<Bkg -<Bkg 1.7E-01 1.9E-01 2.8E-01
Interceptors and
inactive Lagoon 1 (4-6'
depth, Pu-238 at 14-16'
depth)

Maintenance Shop 1.6E+01 3.9E+02 1.3E+00 -<Bkg -•Bkg <Bkg 4.6E-01 7.4E-02 1.3E+00
Leach Field (BH-35, 6-
8' depth)

Near Lagoon 4 (BH-03, <Bkg 2.3E+00 NA NA. NA NA NA NA NA
12-14' depth)

North of Lagoons 4 and <Bkg 3.5E+00 NA NA NA NA NA NA NA
5 (BH-04, 16-18' depth)

Near Old Interceptor <Bkg 1.0E+01 <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg
(BH-31, 10-12' depth)

Between the Vitrification <Bkg 1.1 E+02 <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg
Test Facility and LSA 4
(BH-37, 8-10' depth)

Near LLW2 facility (BH- <Bkg 2.9E+01 <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg <Bkg,
36, 20-22' depth) I _ I _ I _ \_ I_ I IIII

LEGEND: NA = No analysis. "-<Bkg" = Background was not exceeded.

NOTE: (1) See Figure 4-3 for a map of facilities in WMA 2. Facilities not labeled in Figure 4-2 include the former
Maintenance Shop (which was located southwest of the LLW2 Facility), and the Vitrification Test Facility (located
northwest of the LLW2 Facility). See Figure 4-7 for a map with the above sampling locations.
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WMA 3. High-level Waste Tank Farm

Minimal data were available for the Waste Tank Farm. Table 4-16 lists maximum
concentrations of radionuclides found in surface soil at levels above background. Data
were from a 1990 sampling, as summarized in Table 3-2 of WVNSCO 1994.
Concentrations in excess of background levels were noted for Cs-1 37, U-238, and Am-241.
The ratios of U-238 and Am-241 to Cs-137 in surface soil from the Waste Tank Farm were
0.047, and 0.011, respectively. No sediment or subsurface soil data were available,
although subsurface soil concentrations exceeding background are expected because of
leaks or breaches in transfer lines (see Section 2) and because of elevated radionuclide
concentrations found in groundwater as discussed below.

Table 4-16. Above-Background Concentrations of Radionuclides in Surface Soil at
WMA 3(1)

Maximum Concentration (pCi/g dry)Location______________________________________________ I
Cs-1 37 U-238 Am-241

Surface soil at the Waste Tank Farm 2.3E+01 1.1E+00 2.5E-01
(WVNSCO 1994, Table 3-2 [1990 data]) _

NOTE: (1) See Figure 4-4 for a map of facilities in WMA 3 and Figure 4-6 for a map showing areas with above-
background levels of radionuclides in surface soil.

WMA 4, Construction and Demolition Debris Landfill Area

Concentrations of radiological constituents measured at levels in excess of background
in surface soil, sediment, and subsurface soil from WMA 4 are listed in Table 4-17. Surface
soil from WMA 4, a portion of which includes the landfill, was found to contain
concentrations of Cs-137 and Sr-90 in excess of background. The maximum ratio of Sr-90
to Cs-1 37 in surface soil was about 9.5 to 1.

Table 4-17. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil From WMA 4(1)

Maximum Concentration (pCi/g dry)

Location Cs-137 Sr-90 234 U-238 PU-238 240 Am-241

Surface soil along drainage though 9.1E+00 1.2E+01 NA NA NA NA NA
CDDL (SS-02 and WVNSCO 1994,
Table 3-2 [1990 data])

Sediment from drainage through 7.OE+00 8.4E+01 NA NA 7.3E-02 7.4E-02 1.3E-01
CDDL (ST-31, ST-38)

Sediment from Northeast Swamp 3.1E+01 3.OE+01 1.1E+00 1.1E+00 4.3E-01 6.4E-01 1.3E+00
drainage (SNSWAMP)

Subsurface soil in CDDL (BH-27 [Cs- 7.3E-01 4.1 E+00 NA NA NA NA NA
137 max at 2-4'], BH-25 [Sr-90 max
at 12-14]) 1

LEGEND: CDDL = Construction and Demolition Debris Landfill; NA = No analysis.
NOTE: (1) See Figures 4-6 and 4-7 for maps showing locations with radionuclide concentrations in excess of background.
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Sediment from drainage locations on WMA 4 also contained Sr-90 and Cs-1 37 at levels

exceeding background. However, it also contained above-background levels of the alpha-

emitting radionuclides U-233/234, U-238, Pu-238, Pu-239/240, and Am-241. Maximum

radionuclide ratios to Cs-137 were: Sr-90 (16 to 1), U-233/234 (1.4 to 1), U-238 (1.3 to 1)

Pu-238 (0.057 to .1), Pu-239/240 (0.21 to 1), and Am-241 (0.22 to 1).

The maximum Sr-90 to Cs-137 ratio in sediment was noted from drainage through
WMA 4 north of the landfill. The north plateau groundwater plume surfaces near ST-38

where this sample was taken (see Figure 4-6). Maximum ratios for the remaining nuclides

were noted at the. routine monitoring point SNSWAMP, which is located where drainage
from WMA 4 leaves the site. Sediment (or soil, depending upon annual rainfall and

drainage flow patterns) is collected at this location as part of the WVDP Environmental
Monitoring Program. (See Appendix B for average and median radionuclide concentrations

at the SNSWAMP location from 1995 through 2007.)

The comparatively high Sr-90 to Cs-137 ratios observed for surface soil and sediment

in WMA 4 reflect the presence of Sr-90 in the north plateau groundwater plume.

Both Cs-137 and Sr-90 concentrations exceeding background were noted in

subsurface soil from WMA 4. Because the landfill located on WMA 4 was not used for
radioactive waste disposal, it was not thought to be the origin of the radionuclides. Cs-1 37

in subsurface soil is most likely leached from the overlying surface soil (the concentration of

Cs-137 at the two to four feet depth was roughly one-tenth of the concentration at the

surface). As seen in other areas, elevated levels of Cs-137 in surface soil were most likely
attributable to airborne deposition (see Section 2). The maximum ratio of Sr-90 to Cs-137
for subsurface soil was about 0.73 to 1. As with the surface soil and sediment media, the
north plateau groundwater plume is thought to be the origin of Sr-90 in subsurface soil in

WMA 4.

WMA 5, Waste Storage Area

Concentrations of radiological constituents measured at levels in excess of background

in surface soil, sediment, and subsurface soil from WMA 5 are listed in Table 4-18. Cs-137

and Sr-90 concentrations exceeding background were found in surface soil -and sediment.

Concentrations of the alpha-emitting radionuclides Pu-238, Pu-239/240, and Am-241

exceeding background were also found, possibly attributable to residual activity from the

old/new hardstand, on which contaminated vessels and equipment from the Process

Building had been stored when NFS was operating. Historical site surveys have noted
elevated gamma radiation readings and soil contamination in the area of the old/new
hardstand (Marchetti, 1982). Material from the hardstand was excavated and used to fill

Lagoon 1 when it was closed in 1984. (See Section 2.)

Maximum ratios to Cs-137 in soil and/or sediment were: Sr-90 (3.3 to 1), Pu-238 (0.015

to 1), Pu-239/240 (0.096 to 1), and Am-241 (0.087 to 1). The maximum ratios were all

found in sediment from the North Swamp drainage point SNSW74A.
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No concentrations exceeding background of Cs-137 or alpha-emitting radionuclides

were noted in subsurface soil samples from WMA 5. However, Sr-90 concentrations above

background were found six to eight feet below-ground at a point between Lag Storage

Addition 3 and Lag Storage Addition 4 and 22 to 24 feet below the surface at the

southernmost point of WMA 5 near the Lag Storage Building.

Table 4-18. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil at WMA 5(1)

I Maximum Concentration (pCi/g dry)
Location I]1 1Pu-239/ m-4Cs-137 Sr-90 Pu-238 240 Am-241

Surface soil on north plateau 2.0E+01 3.7E-01 NA NA NA
near security fence (SS-01)

Surface soil near Remote-
Handled Waste Facility 1.1E+01 8.2E-01 3.6E-02 1.6E-01 3.7E-01
location (BH-38)

Surface soil from footers for
LSA 3 and LSA 4 (WVNSCO 2.8E+01 NA NA NA 9.1E-01
1994, Table 3-15 [1990 data])

Surface soil from the Lag 7.8E-01 5Bkg <Bkg 5Bkg 5Bkg
Storage Building (BH-32)

Sediment near old LSA 2 (ST- 6.1E+01 8.3E+00 5Bkg 5Bkg 6.5E-02
37)

Sediment from north swamp 8.8E+00 2.1E+00 SBkg 1.9E-01 2.6E-01
drainage (SNSW74A)

Subsurface soil between LSA <Bkg 2.8E+00 NA NA NA
3 and 4 (BH-29, 6-8' depth)

Subsurface soil by the lag
storage building (BH-32, 22- <Bkg 5.8E-01 <Bkg <Bkg <Bkg
24' depth)

LEGEND: LSA = Lag Storage Addition. NA = No analysis. "<Bkg" = Background was not exceeded.

NOTE: (1) See Figures 4-6 and 4-7 for maps showing locations with radionuclide concentrations in excess of
background.

WMA 6, Central Project Premises

Concentrations of radionuclides measured at levels in excess of background in surface

soil, sediment, and subsurface soil from WMA 6 are listed in Table 4-19. Cs-137 and Sr-90

were the only radionuclides found in concentrations exceeding background in surface soil

and sediment from WMA 6. The highest concentrations of both Cs-137 and Sr-90 were
found in surface soil collected near the Fuel Receiving and Storage Building.

The highest Sr-90 to Cs-137 ratio in surface soil (1.7 to 1) was also found in soil near

the rail spur by the Fuel Receiving and Storage Building. The highest Sr-90 to Cs-1 37 ratio
in sediment (0.59 to 1) was found in sediment from the south Demineralizer Sludge Pond.
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The highest radionuclide concentrations in surface soil and sediment were from the
northern portion of WMA 6, closest to the Process Building. However, elevated
concentrations were also found along the rail spur south of the Sewage Treatment Plant.
These elevated concentrations may be attributable to events in the 1960s and 1970s (e.g.,

increased radioactivity in treated effluents or possible line leaks [see further detail in

Section 2.3.2]).

Subsurface'soil samples - one from near the Utility Room and one from near the Fuel
Receiving and Storage Building - contained Cs-137, Sr-90, Pu-238, Pu-239/240, and Am-
241 concentrations exceeding background. The highest concentrations were found near
the Fuel Receiving and Storage Building at a depth of 22 to 24 feet in the sand and gravel

unit below the water table. (See Figure 4-8.) The maximum concentrations near the Utility
Room were from 16 to 18 feet below the surface.

Ratios to Cs-137 for Pu-238, Pu-239/240, and Am-241 were similar for subsurface soil

samples taken near the Utility Room and the Fuel Receiving and Storage Building (about
0.03 to 1, 0.04 to 1, and 0.2 to 1, respectively). However, the Sr-90 to Cs-137 ratios for
each were strikingly different. Near the Utility Room, the ratio was about 1 to 1, but near the

Fuel Receiving and Storage Building the ratio was 133 to 1, suggesting that the Fuel
Receiving and Storage Building subsurface location was more central to the north plateau
groundwater plume.

Table 4-19. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil at WMA 6(1)

Maximum Concentration (pCi/g dry)
Location Pu-31Cs-137 Sr-90 JPu-238 Pu- 2 3 OIAm- 2 4 1

240

Surface soil along rail spur south of 1.8E+00 3.2E-01 NA NA NA
STP (BH-23, SS-13)

Sediment along drainage by rail spur 2.1E+00 1.3E-01 NA NA NA
south of STP (ST-25)

Surface soil by FRS (1994 sampling 1.6E+02 1.2E+01 NA NA NA
near rail spur)

Surface soil by Cooling Tower (SS- 1.3E+01 1.4E+00 NA NA NA
10)

Surface soil by Old Incinerator 1.9E+01 2.3E+00 NA NA NA
(WVNSCO 1994, Table 3-2 [1990
data])

Surface soil by Old Warehouse (SS- 1.3E+01 9.3E-01 NA NA NA
09)

Sediment from North Demineralizer 1.3E+01 7.7E-01 NA NA NA
Sludge Pond (WVNSCO 1994 Table
3-18 [1988 data], ST-35)
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Table 4-19. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil at WMA 6(1)

Maximum Concentration (pCi/g dry)
Location I I IIPu-239/L Cs-137 Sr-90 Pu-238 240 Am-241240

Sediment from South Demineralizer 3.8E+01 3.5E-01 NA NA NA
Sludge Pond (WVNSCO 1994 Table
3-19 [1988 data], ST-36)

Subsurface soil near the Utility Room 2.4E+00 2.7E+00 6.1E-02 9.7E-02 4.9E-01
(BH-17, 14-16' depth)

Subsurface soil near the FRS (BH- 4.3E+00 5.7E+02 1.5E-01 2.OE-01 8.0E-01
19A, 22-24' depth)

LEGEND: FRS = Fuel Receiving and Storage Building, STP = Sewage Treatment Plant
NOTE: (1) See Figure 4-5 for a map showing facilities in the northern portion of WMA 6. See Figures 4-6 and 4-7

for maps showing locations with radionuclide concentrations in excess of background.

WMA 7, NDA and Associated Facilities

Concentrations of radiological constituents measured at levels in excess of background
in surface soil and sediment from WMA 7 are listed in Table 4-20. Cs-137, Sr-90, and Am-

241 were found in concentrations exceeding background in surface soil. Sediment samples

collected near the Interceptor Trench contained concentrations of Cs-137, Sr-90, Pu-238,

and Am-241 in excess of background. Ratios of Sr-90 to Cs-137 in surface soil ranged from

0.11 to 1 to 8.2 to 1. The Sr-90 to Cs-137 ratio for sediment was about 3.7 to 1. Maximum
ratios to Cs-137 for Pu-238, Pu-239/240, and Am-241 in surface soil and sediment were,
respectively: 0.096 (sediment), 0.022 (surface soil), and 0.046 (sediment). All were ,found
near the Interceptor Trench.

No concentrations above background were found in boreholes of subsurface soil taken
in 1993 at WMA 7. (Note that the two subsurface soil borings done at this location in 1993

were taken from the edges of the burial area, one upgradient of the buried waste and the

other on the opposite side of the Interceptor Trench downgradient of the area.) However,
analytical results from boxes and rolloffs filled with subsurface soil excavated from "special

holes" during burial activities on the NDA or during construction of the Interceptor Trench

contained Am-241 concentrations well in excess of background. Ratios of Am-241 to Cs-
137 ranged from 0.024 to 0.077 to 1. The excavated soil has been shipped offsite, however,
results suggest that subsurface soil remaining in the NDA contains radionuclide

concentrations exceeding background.
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Table 4-20. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil at WMA 7(1)

Maximum Concentration (pCi/g dry)
Location T11Pu-239/ m-4Cs-137 Sr-90 Pu-238 Am-241240

Surface soil by the NDA 4.7E+00 3.3E+00 8.5E-02 9.2E-02 1.5E-01
Interceptor Trench (SS-15, BH-
42)

Surface soil by the NDA 6.8E+01 7.7E+00 NA NA. NA
Hardstand (SS-20)

Surface soil at remainder of NDA 3.2E+00 2.1E+01 NA NA NA
(1994 data from special
sampling)

Sediment from drainage near 9.OE-01 3.3E+00 8.6E-02 <Bkg 4.1E-02
Interceptor Trench (ST-23)

Subsurface soil excavated from 3.5E+01 NA NA NA 1.8E+00
"special holes" or Interceptor
Trench (1997 sampling of
excavated soil in boxes and
rolloffs)

NOTE: (1) See Figures 4-6 and4-7 for maps showing locations with radionuclide concentrations in excess of
background. Not shown on the map, the Interceptor Trench borders the northeast and northwest
boundaries of the NDA. The Trench was installed in 1990 to intercept and collect leaching from the
NDA. The NDA Hardstand (not shown on the map) was located at the easternmost point of WMA 7..

WMA 9, Radwaste Treatment Drum Cell Area

Data from only two surface soil samples were available for WMA 9. Although gross
beta concentrations exceeded background for both, data for specific beta-emitting
radionuclides did not. (See Figure 4-6.) No subsurface soil or sediment data were available
for WMA 9.

WMA 10, Support and Services Area

Concentrations of radiological constituents measured at levels in excess of background
in surface soil and sediment from WMA 10, the Support and Services Area, are listed in
Table 4-21. This area includes support facilities (e.g., administrative buildings, offices,
parking lots, the Environmental Laboratory) that are not known to be radiologically
contaminated. Note that only one surface soil sample shown on Figure 4-6 did not have
concentrations exceeding background: SS-11 on the north plateau, located on the western
side of the project premises in WMA 10.

Low-level concentrations of Cs-137 exceeding background were found in surface soil
near support trailers close to the Process Building and in sediment from a drainage ditch
south of the Environmental Laboratory. Elevated Cs-137 in surface soil is thought to be
attributable to airborne releases. Elevated Cs-137 in the drainage ditch could be
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attributable to runoff from WMA 6 (i.e., possibly related to historical releases or leaks from
the old Sewage Treatment Plant that released radionuclides to drainage by the railroad

bed, as discussed in Section 2). Although gross alpha and gross beta concentrations
slightly above background were noted for certain surface soil samples from WMA 10 (as

shown on Figure 4-6), no other concentrations of specific radionuclides above background
have been reported.

Table 4-21. Above-Background Concentrations of Radionuclides in Surface Soil and
Sediment at WMA 10(1)

LoatonMaximum Concentration (pCi/g dry)Location -- " C-7

Maxim Cs-137'
Surface soil by former Trailer City (1998 1.OE+00
special soil sampling)

Sediment samples by drainage south of 1
Environmental Laboratory (ST-26)

NOTE: (1) See Figure 4-6 for a map showing locations with radionuclide concentrations in excess of background.
Not shown on maps, the former Trailer City was located directly opposite the western entrance to the
Process Building. The Environmental Laboratory (shown, but not labeled, on Figure 4-6) is located
immediately north of sampling point ST-26.

WMA 12, Remainder of the Site

Concentrations of radiological constituents measured at levels in excess of background
in surface soil and sediment from WMA 12 are listed in Table 4-22. Only the portion of
WMA 12 within the project premises, which includes the onsite segments of Franks Creek
and Erdman Brook, is addressed in this evaluation.

Surface soil concentrations of both Cs-137 and Sr-90 were noted in excess of

background in WMA 12 (see Figure 4-6). Cs-137 and Sr-90 exceeding background
concentrations were also found in sediment samples from both Franks Creek and Erdman
Brook, as well as in drainage downgradient of the demineralizer sludge ponds. Sediment

samples collected along the lengths of both Franks Creek and Erdman Brook also
contained alpha-emitting radionuclides at concentrations in excess of background, although

the radionuclides varied in relationship to the stream segment.

In Erdman Brook downstream of drainage from the NDA (locations ST-22 and ST-21),
Am-241 and Pu-238 were observed in concentrations greater than background. Further
downstream, at point ST-20, after the stream receives inflow from via a drainage from
WMA 2, Am-241, Pu-238, and Pu-239/240 concentrations were all above background. At
point ST-19, located downstream where the stream receives effluent from Lagoon 3, U-232

(in addition to the other nuclides) was also found above background.

Similarly, sediment at the southernmost segments of Franks Creek (points ST-13, ST-

12, and ST-11) contained gross alpha concentrations in excess of background. However,
at point ST-10, located downstream of its junction with Erdman Brook, concentrations of
Am-241, Pu-238, and Pu-239/240 were found in its sediment in excess of background.
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Table 4-22. Above-Background Concentrations of Radionuclides in Surface Soil and
Sediment at WMA 12(1)

Maximum Concentration (pCi/g)
Location I I TPu-239/Cs-137 Sr-90 U-232 Pu-238 24 - Am-241240

Surface soil near borders 8.1E+00 1.3E+00 NA NA NA NA
with WMA 2 and WMA 6
(SS-08 [Cs-1 37], BH-16 [Sr-
90])

Surface soil near eastern 1.6E+00 4.4E+00 <Bkg <Bkg <Bkg <Bkg
fence line (SS-07)

Sediment from drainage 6.OE+00 8.5E-01 <Bkg <Bkg 7.3E-02 1.4E-01
downgradient of
Demineralizer Sludge
Ponds (ST-27)

Sediment from Erdman 3.5E+01 1.6E+00 1.1E-01 2.5E-01 7.3E-02 1.4E-01
Brook (ST-19 [Cs-1 37, Sr-.
90, U-232], ST-20 [Pu-238,
Pu-239/240], ST-22 [Am-
241])

Sediment from Franks 1.OE+02 1.OE+01 1.4E-01 1.4E-01 1.1E-01 2.4E-01
Creek (ST-10 [Cs-1 37 only],
SNSP006)

NOTES: (1) See Figure 4-6 for a map showing locations with radionuclide concentrations in excess of
background. The location of the Demineralizer Sludge Ponds is shown in Figure 4-5.

LEGEND: NA = No analysis. "-<Bkg" = Concentrations did not exceed background.

The highest concentrations of all radionuclides (except Pu-238, for which the maximum
was found at point ST-20 on Erdman Brook) were observed in sediment from Franks Creek

at location SNSP006, where it flows off site at the security fence.13 As was found with
sediment from Erdman Brook, sediment from Franks Creek collected downgradient of the
controlled effluent water release point WNSP001 contained U-232)at concentrations
exceeding background. (Effluent water discharged from lagoon 3 through WNSP001 often

contains measureable quantities of U-232.) Summary statistics for radionuclide
concentrations at SNSP006 are presented in Appendix B.

The highest ratio of Sr-90 to Cs-137 (about 3 to 1) in surface soil from WMA 12 was
noted for one sample collected near the eastern edge of the fenced area. In sediment, the

maximum ratios to Cs-137 for Sr-90 (0.1 to 1), Pu-239/240 (0.012 to 1), and Am-241 (0.023

13 In 1990, a sample from a hot spot in Erdman Brook that measured 3000 pR/h during the ground-level

survey showed 0.01 pCi/g (10,000 pCi/g) Cs-137. (This was a screening analysis that may have been
performed on a wet sample; it was not validated.) This area of localized contamination was described as
about six inches by six inches located one meter from the edge of the water. Limited investigation indicated
that the contamination extended more than seven inches below the streambed surface. (Passuite and
Monsalve-Jones 1993, Appendix C)
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to 1) were all found downgradient of the Demineralizer Sludge Ponds. The highest ratios to
Cs-137 of U-232 (0.003 to 1) and U-238 (0.007 to 1) were found in sediment from Erdman
Brook, immediately after the point where it receives Lagoon 3 effluent.
4.2.6 Environmental Radiation Levels'

K.

As part of the WVDP Environmental Monitoring Program, since 1986 thermolumines-

cent dosimeters (TLDs) have been placed in the field to measure levels of integrated
gamma radiation exposure. TLDs are placed:

(1) At background locations far from the Center,

(2) At communities near the Center,

(3) At a ring of perimeter locations around the Center, and

(4) At onsite locations near process areas, waste storage areas, and waste burial
locations.

Figure 4-9 shows the locations of onsite TLDs.

Note that not all areas on the project premises have environmental TLD monitoring
locations, therefore, data are not available for these areas. Average results over the last ten
years, in mR/quarter and in mR/h, are summarized in Table 4-23. Onsite results are presented
by waste management area. For comparison, measurements from background are included.

Exposure measurements from the ring of TLDs around the perimeter of the Center and

at the community locations are evaluated each year as part of. preparing the Annual Site
Environmental Report. Values from offsite TLDs have consistently been indistinguishable
from background.

Results from all onsite TLDs, with the single exception of DNTLD27 located on the
eastern border of the security-fenced area, were in excess of background levels. Note that
exposure levels in the above table may not be indicative of radionuclides in soil, but of
radiation from the wastes being processed and/or stored nearby.

The on-site monitoring point with the highest dose readings was location DNTLD24 on
the north plateau (Figure 4-9). Sealed containers of radioactive components and debris
from the plant decontamination work are stored nearby in the Chemical Process Cell Waste

Storage Area. Exposure rates at this location have been generally decreasing over time
because the radioactivity in the materials stored nearby is decaying. This storage area is
well within the Center boundary, just inside the WVDP fenced area, and is not accessible
by the public.

The maximum quarterly exposure level (1298 mR/qtr [0.59 mR/hr]) was noted at
DNTLD35, near the rail spur by the Drum Cell in the second quarter of 2007. This high
reading was associated with waste storage and with staging and shipping drums of
cement-stabilized waste from the Drum Cell. All remaining drums were shipped from the
Drum Cell in 2007, and in the fourth quarter of 2007 the exposure level at DNTLD35 had

dropped to 23 mR/qtr (0.011 mR/hr).

Revision 0 4-48



WVDP PHASE 1 DECOMMISSIONING PLAN

Figure 4-9. Onsite Environmental TLD Locations
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Table 4-23. Environmental Radiation Levels on the WVDP Site (1998-2007 data)

Average Average Maximum Maximum (1)ExceedsTL () octinmR/t mR/h mR/qtr mR/h Background?

DNTLD40 Waste Tank Farm (WMA 3) 119 0.054 268 0.122 Yes

DNTLD26 Construction and Demolition 23 0.011 30 0.014 Yes
Debris Landfill fence line (WMA
4) _

DNTLD24 Chemical Process Cell Waste 523 0.239 717 0.327 Yes
Storage Area fence line (WMA
5)

DNTLD25 Quarry Creek, between 23 0.011 31 0.014 Yes
security fence and public road
(WMA 5)

DNTLD30 Northwest parking lot, near 23 0.010 32 0.015 Yes
public road (WMA 10)

DNTLD39 On fence between parking lot 49 0.022 70 0.032 Yes
and Process Building (WMA
10)

DNTLD38 Nurse's office across Process 34, 0.015 55 0.025 Yes
Building (WMA 10)

DNTLD29 On fence near Environmental 22 0.010 29 0.013 Yes
Laboratory (WMA 10)

DNTLD28 Southwestern corner of Project 22 0.010 38 0.018 Yes
Premises (WMA 10)

DNTLD35 (2)Near rail spur by Drum Cell 109 0.050 1298 0.592 Yes
(WMA 9)

DNTLD36 (2)Drum Cell north fence (WMA 61 0.028 458 0.209 Yes
9)

DNTLD43 Drum Cell northeastern fence 31 0.014 69 0.031 Yes
(WMA 9)

DNTLD33 Drum Cell southeastern comer 32 0.014 54 0.025 Yes
(WMA 9)

DNTLD19 Western fence line near waste 22 0.010 39 0.018 Yes
burial areas (WMA 12)

DNTLD27 Eastern fence line farthest from 20 0.009 27 0.012 No
process and waste storage
areas (WMA 12)

Background Four background locations 19 0.009 35 0.016 NA
(map in Appendix B)

NOTE: (1) Data sets from each location were compared with background data sets using one-way analysis of variance
(see Appendix B).

(2) Exposure measurements near the Drum Cell have been elevated in the last several years because the area
is being used as a storage area for vessels removed from the Process Building and for staging waste for
shipping. Waste drums formerly stored in the Drum Cell itself were removed in 2007.
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As summarized in WVNSCO 1994, two aerial radiation surveys of the WNYNSC in
1969 and 1979 identified above-background gamma radiation extending from the
reprocessing plant in a northwest direction along Buttermilk Creek (1969) and in a prong
extending westward offsite across Rock Springs Road (1979). Cs-137 was determined to
be the source of the gamma activity. (See Section 2.)

Soil sampling by NYSDEC in 1971 and by WVNSCO in 1982 determined that Cs-137

activity was greater in soil northwest of the plant and that activity was greatest at the soil
surface and decreased with depth (WVNSCO 1994). Activity in the cesium prong is
attributed to airborne releases from a filter blow-out in 1968, as indicated in Section 2.
Elevated radionuclide concentrations in the Buttermilk Creek drainage are attributed to
routine radioactive liquid releases.

Posted Radiation Areas

At the WVDP Site, radiation areas are posted if exposure can exceed 5 mrem/hr at 30
centimeters (WVNSCO 2006). Posted radiological control areas on the project premises
are shown in Figure 4-10. Posted radiation levels are generally indicative of surface and/or
near surface contamination, storage of radioactive waste, and proximity to radiological
process areas. Posted areas are delineated in accordance with 10 CFR 835, Occupational
Radiation Protection.
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Lensnd
--- . RadtaionAres:

Radiological Control Areas Any- Z %, m rad mo s r 30 cm.

W Waste Management Areas Cortarntn Ae:
See 10 CFR 835,Af~oedx D

Figure 4-10. WVDP Radiological Control Areas. (Facilities with radiological controlled
areas are outlined in black. Radiological Control Areas are current as of June 2008. )

Revision 0 4-52



WVDP PHASE 1 DECOMMISSIONING PLAN

4.2.7 Radiological Status of Onsite Surface Water

The WVDP Environmental Monitoring Program routinely collects surface water samples
from the following locations on the project premises:

(1) Two controlled effluent discharges (releases from lagoon 3 through the weir at

point WNSP001 and from the Sanitary Waste Treatment Facility at point
WNSP007);

(2) Two drainages where water from the North Swamp and the Northeast Swamp
leave the site (points WNSW74A and WNSWAMP, respectively);

(3) Facility cooling water from the Cooling Tower (WNCOOLW);

(4) Two drainage ditches (facility drainage [point WNSP005] and NDA surface

drainage [point WNNDADR]); and

(5) Three locations on two streams (point WNERB53 on Erdman Brook, point
WNFRC67 on Franks Creek, and point WNSP006 where Franks Creek leaves the
project premises at the security fence).

Figure 4-11 shows the location of these routine surface water monitoring locations and
indicates those with gross alpha (or alpha-emitting radionuclide) concentrations and gross
beta (or beta/gamma-emitting radionuclide) concentrations in excess of background. All
surface water locations had at least one constituent exceeding background (i.e., no non-
impacted locations were noted).

Table 4-24 summarizes median, average, and maximum concentrations of those
radionuclides observed to exceed background in surface water over the ten-year period
1998-2007. (For a complete summary of radionuclide concentrations in surface water,
including those not detected above background, see Table B-13 of Appendix B.) Note that
concentrations of the beta-emitting radionuclide Sr-90 exceeding background were
observed in surface water throughout the project premises. (See Appendix B for
comparable summary statistics for each radionuclide in surface water from background
locations.) The highest Sr-90 concentrations were observed at location WNSWAMP, which
is downstream of the point where the leading edge of the north plateau groundwater plume
surfaces.

The full suite of radionuclides monitored in surface water was detected at above-
background concentrations at the Lagoon 3 discharge point WNSPOO1. Tritium was
detected downstream of the Low-Level Waste Treatment Facility (points WNSP001 and
WNSP006), at the Northeast Swamp Discharge Point (WNSWAMP), at a point immediately
downstream of the NDA on the south plateau (WNNDADR), and in Erdman Brook and
Franks Creek on the south plateau (locations WNERB53 and WNFRC67, respectively).

Alpha-emitting radionuclides at concentrations exceeding background were noted only
in surface water from the north plateau, primarily at locations downstream of the Low-Level
Waste Treatment Facility discharge, but also at the North (WNSW74A) and Northeast
Swamp (WNSWAMP) discharge points.
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Figure 4-11. Surface Water Locations with Radionuclide Concentrations in Excess of
Background
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Table 4-24. Radionuclide Concentrations (pCi/L)(1) in Excess of Background in Surface
Water(2)

Location Median Average MaximumResult + Uncertainty

Lagoon 3 discharge weir (WNSP001), WMA 2

H-3 2.5E+03 2.8E+03 ± 1.4E+02 7.2E+03

C-14 < 2.8E+01 1.4E+01 ± 2.2E+01 4.8E+01

Sr-90 9.9E+01 1.2E+02 ± 7.4E+00 3.2E+02

Tc-99 6.5E+01 7.9E+01 ± 4.8E+01 3.4E+03

1-129 2.1E+00 2.4E+00 ± 1.5E+00 1.OE+01

Cs-137 6.1E+01 7.6E+01 ± 1.9E+01 3.3E+02

U-232 8.0E+00 9.OE+00 ± 9.9E-01 2.1E+01

U-233/234 5.OE+00 5.5E+00 ± 6.2E-01 1.4E+6)1

U-235/236 2.6E-01 2.8E-01 + 1.2E-01 5.8E-01

U-238 3.8E+00 3.8E+00 ± 4.9E-01 7.6E+00

Pu-238 6.5E-02 1.5E-01 ± 6.8E-02 1.6E+00

Pu-239/240 5.2E-02 1.3E-01 ± 6.2E-02 1.4E+00

Am-241 6.8E-02 1.2E-01 ± 6.OE-02 9.7E-01

Northeast swamp drainage (WNSWAMP), WMA 4

H-3 1.1E+02 1.1E+02 ± 8.2E+01 5.2E+02

Sr-90 1.5E+03 1.7E+03 ± 3.1E+01 5.2E+03

U-233/234 1.7E-01 2.0E-01 ± 1.4E-01 9.3E-01

U-238 1.OE-01 1.2E-01 1.1E-01 7.2E-01

North swamp drainage (WNSW74A), WMA 5

Sr-90 5.5E+00 5.5E+00 + 1.8E+00 1.2E+01

U-233/234 1.5E-01 1.6E-01 + 8.4E-02 3.5E-01

U-238 1.OE-01 1.0E-01 + 6.6E-02 2.OE-01

Sanitary waste discharge (WNSP007), WMA 6

Sr-90 [ 3.1E+00 I 3.4E+00 ± 1.9E+00 1.2E+O1

Franks Creek at security fence (WNSP006), WMA 12

H-3 < 8.5E+01 1.4E+02 ± 8.3E+01 2.2E+03

Sr-90 1.9E+01 2.OE+01 ± 3.OE+00 5.OE+01

Tc-99 < 2.1E+00 3.3E+00 ± 2.1E+00 5.2E+01

Cs-137 < 8.OE+00 6.3E+00 ± 9.5E+00 7.3E+01

U-232 3.2E-01 3.2E-01 + 1.3E-01 7.5E-01

U-233/234 3.7E-01 3.7E-01 + 1.3E-01 6.9E-01

U-238 2.5E-01 2.8E-01 + 1.1E-01 7.4E-01
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Table 4-24. Radionuclide Concentrations (pCi/L)(" in Excess of Background in Surface
Water(2)

Location Median Maximum

Result ± Uncertainty

Pu-238 3.E-02 2.1E-02 3.E-02 1.4E-01

Facility yard drainage (WNSP005), WMA 12

H-3 < 8.3E+01 3.8E+01 ± 8.2E+01 1.2E+03

Sr-90 9.6E+01 1.OE+02 ± 6.5E+00 2.OE+02
Drainage between NDA and SDA (WNNDADR), WMA 12

H-3 1.0E+03 1.1E+03 ± 1.OE+02 4.OE+03

Sr-90 8.5E+01 8.4E+01 ± 5.4E+00 1.2E+02

Erdman Brook north of disposal areas (WNERB53), WMA 12

H-3 < 8.3E+01 3.9E+01 ± 8.0E+01 4.9E+02

Sr-90 8.2E+00 8.OE+00 ± 2.OE+00 9.9E+00

Franks Creek East of SDA (WNFRC67), WMA 12

H-3 < 8.3E-01 3.1E+01 ± 8.1E+01 3.5E+02

NOTES: (1) 1 pCi/L = 3.7E-02 Bq/L
(2) Refer to Table 4-11 for median and maximum background values and to Appendix B for summary statistics

of background radionuclide concentrations in surface water.

4.2.8 Radiological Status of Groundwater

Groundwater at the WVDP is routinely monitored in accordance with the WVDP

Groundwater Monitoring Program. Although the primary focus of the program is on
nonradiological constituents, all wells are monitored for radiological indicator parameters
(gross alpha, gross beta, and H-3). Several wells, especially those impacted by the north
plateau groundwater plume, are sampled for Sr-90. Select wells are monitored for a full
suite of radionuclides. Table 4-25 lists routine groundwater monitoring locations at which
radiological concentrations were found at levels exceeding background. Medians,
averages, and maximum concentrations (in pCi/L) are presented for each.

For groundwater (unlike the other environmental media discussed in this section),
gross alpha and gross beta concentrations exceeding background are presented. This is

because limited radionuclide data are available for routinely monitored groundwater
locations, and gross alpha and gross beta measurements, taken at all wells, may indicate

the presence of other alpha- or beta-emitting radionuclides. For instance, gross beta
measurements are used as a surrogate measurement for Sr-90 at monitoring points where
the Sr-90-to-gross beta ratio has been determined to be approximately 0.5 to 1.

Locations at which gross alpha (or alpha-emitting radionuclide) concentrations and/or
gross beta (or beta-emitting radionuclide, including H-3) concentrations exceeded

background are shown on Figure 4-12. Locations at which no radiological constituents
were found to exceed background are also shown. For a complete summary of
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radionuclide data from both impacted and. non-impacted routine groundwater monitoring
locations, see Appendix B, Table B-14. A listing of supplementary information for each

point (e.g., geographical coordinates, well construction, screened interval, geologic unit) is
provided in Appendix B, Table B-15.

Table 4-25. Routine Groundwater Monitoring Locations With Radionuclide Concentrations
(pCi/L)(1) in Excess of Background(2)

WMA Monitoring Constituent Median Average -Maximum

Point jResult ± Uncertainty

WMA 1 WP-A Gross beta 2.4E+01 3.1E+01 ± 4.6E+00 5.4E+01

H-3 1.2E+04 1.1E+04 ± 6.2E+02 1.3E+04

WMA 2 WP-C Gross beta 2.4E+01 4.2E+01 ± 5.5E+00O 1.2E+02
i i

H-3 4.9E+04 4.7E+04 ± 1.6E+03 6.6E+04

WP-H Gross alpha 6.1E+00 7.9E+01 ± 2.3E+01 7.4E+02

Gross beta 7.OE+03 7.2E+03 ± 1.9E+02 1.2E+04

H-3 3.OE+03 3.4E+03 ± 5.0E+02 7.4E+03

WNW0103 Gross beta 1.4E+02 1.8E+02 ± 1.9E+01 5.5E+02

WNW0104 Gross beta 5.9E+04 5.6E+04 (± 1.6E+03 1.OE+05

H-3 3.7E+02 3.9E+02 + 8.6E+01 7.5E+02

WNW0105 Gross beta 3.9E+04 3.3E+04 ± 1.5E+03 1.0E+05

H-3 3.6E+02 3.7E+02 + 9.1E+01 7.1E+02

WNW0106 Gross beta 1.6E+01 8.2E+01 ± 8.OE+00 5.8E+02

H-3 9.6E+02 1.OE+03 + 1.0E+02 1.8E+03

WNW0107 Gross beta 7.0E+00 8.2E+00 + 2.6E+00 2.2E+01

H-3 3.7E+02 4.8E+02 ± 9.0E+01 9.9E+02

WNW0108 Gross alpha 1.6E+00 1.5E+00 + 1.5E+00 4.3E+00

H-3 1.2E+02 1.1E+02 ± 8.4E+01 2.5E+02

WNW0110 H-3 1.3E+03 1.3E+03 ± 1.1E+02 1.7E+03

WNW0111 Gross alpha <4.4E+00 3.2E+00 ± 5.1EE+00 1.OE+01

Gross beta 5.6E+03 5.9E+03 ± 1.4E+02 1.2E+04

H-3 2.0E+02 2.3E+02 ± 8.4E+01 8.OE+02

WNW0116, Gross beta 8.7E+02 2.OE+03 ± 1.6E+02 9.5E+03

14-3 1.7E+02 1.9E+02 ± 8.2E+01 4.7E+02

WNW0205 Gross beta 1.6E+01 1.7E+01 ± 8.4E+00 4.1E+01

WNW0408 Gross beta 4.OE+05 4.OE+05 ± 3.0E+03 6.3E+05

H-3 1.5E+02 1.9E+02 ± 1.1E+02 2.2E+03

Sr-90 1.5E+05 1.5E+05 ± 1.7E+02 2.5E+05

Tc-99 1.6E+01 1.7E+01 ± 3.3E+00 2.5E+01
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Table 4-25. Routine Groundwater Monitoring Locations With Radionuclide Concentrations
(pCi/L)(1) in Excess of Background (2)

- __________ - rAverage
WMA Monitoring Constituent Median Maximum

Point Result ± Uncertainty
WMA2 U-233/234 4.5E-01 5.3E-01 ± 2.2E-01 1.3E+00

U-238 2.9E-01 3.1E-01 ± 1.6E-01 4.8E-01

WNW0501 Gross beta 1.9E+05 1.9E+05 ± 2.6E+03 3.2E+05

H-3 1.4E+02 1.2E+02 ± 8.4E+01 3.2E+02

Sr-90 9.2E+04 9.3E+04 ± 2.4E+02 1.5E+05

WNW0502 Gross beta 1.7E+05 1.6E+05 ± 2.8E+03 2.3E+05

H-3 1.3E+02 1.4E+02 ± 8.4E+01 5.OE+02

Sr-90 8.4E+04 8.3E+04 ± 2.1EE+02 1.2E+05

WNW8603 Gross beta 5.7E+04 4.8E+04 ± 1.2E+03 9.0E+04

H-3 3.4E+02 3.4E+02 ± 8.8E+01 5.8E+02

WNW8604 Gross beta 4.1E+04 4.6E+04 ± 1.1E+03 1.OE+05

H-3 3.5E+02 3.8E+02 ± 8.4E+01 6.4E+02

WNW8605 Gross alpha 9.1E+00 8.5E+00 ± 7.7E+00 2.1E+01

Gross beta 1.1E+04 1.1E+04 ± 1.7E+02 1.6E+04

H-3 3.7E+02- 4.2E+02 ± 8.7E+01 1.3E+03

WMA 3 WNW8609 Gross beta 1.5E+03 1.4E+03 ± 4.2E+01 2.3E+03

H-3 4.5E+02 4.7E+02 ± 9.1E+01 7.9E+02

Sr-90 8.OE+02 7.2E+02 ± 2.1E+01 1.1E+03

WMA 4 WNW0801 Gross beta 8.OE+03 8.6E+03 ± 2.7E+02 1.5E+04

H-3 1.5E+02 1.6E+02 ± 8.2E+01 3.8E+02

Sr-90 4.1E+03 4.3E+03 ± 4.7E+01 8.OE+03

WNW0802 Gross beta 9.9E+00 3.5E+01 ± 5.1E+00 2.8E+02

H-3 <1.1E+02 9.OE+01 ± 8.OE+01 4.2E+02

WNW0803 Gross beta 1.5E+01 1.5E+01 ± 4.7E+00 2.5E+01

H-3 1.8E+02 1.6E+02 ± 8.5E+01 3.4E+02

WNW0804 Gross beta 2.6E+02 2.9E+02 ± 1.1E+01 6.9E+02

H-3 1.2E+02 1.1E+02 ± 8.OE+01 3.6E+02

WNW8612 H-3 4.2E+02 4.3E+02 ± 8.9E+01 8.5E+02

WMA 5 WNW0406 Gross beta 7.4E+00 8.1 E+00 ± 3.5E+00 1.7E+01

H-3 1.2E+02 1.1E+02 ± 8.4E+01 4.4E+02

Tc-99 2.2E+00 2.5E+00 ± 1.9E+00 8.5E+00

WNW0409 Gross alpha <1.OE+00 9.4E-01 ± 9.9E-01 2.3E+00

WNW0602A Gross beta 1.2E+01 1.3E+01 ± 2.9E+00 3.5E+01
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Table 4-25. Routine Groundwater Monitoring Locations With Radionuclide Concentrations
(pCi/L)(1) in Excess of Background (2)

Monitoing IAverage .
WMA Monitoring Constituent Median Result MaximumPoint EResult ± Uncertainty

WMA 5 H-3 2.2E+02 2.2E+02 ± 8.9E+01 4.9E+02

WNW0604 Gross beta 6.1E+00 6.3E+00 ± 3.OE+00 1.3E+01

WNW0605 Gross beta 4.8E+01 5.1E+01 ± 4.OE+00 8.8E+01

WNW0704 Gross beta 8.OE+00 8.2E+00 ± 3.OE+00 1.3E+01

WNW8607 Gross beta 2.6E+01 2.7E+01 ± 5.3E+00 7.6E+01

WNW1 304 U-233/234 2.7E-01 2.9E-01 ± 1.3E-01 5.6E-01

U-238 1.9E-01 2.2E-01 ± 1.OE-01 5.8E-01

WMA 7 WNW0902 Gross alpha 1.5E+00 1.3E+00 ± 1.3E+00 5.4E+00

WNW0909 Gross beta 3.7E,+02 3.7E+02 ± 1.4E+01 6.4E+02

H-3 8.2E+02 1.5E+03 ± 1.2E+02 3.9E+03

Sr-90 1.9E+02 1.8E+02 ± 8.3E+00 2.2E+02

Tc-99 <1.9E+00 1.3E+00 ± 1.8E+00 5.OE+00

1-129 6.2E+00 6.3E+00 ± 1.9E+00 9.7E+00

U-233/234 6.OE-01 7.4E-01 ± 2.4E-01 1.3E+00

U-238 4.7E-01 5.4E-01 ± 2.OE-01 1.OE+00

WNW0910 Gross alpha <2.5E+00 1.9E+00 ± 2.3E+00 3.4E+00

Gross beta 3.8E+01 1.5E+02 ± 8.5E+01 1.5E+03

WNNDATR Gross alpha 2.2E+00 2.1E+00 ± 2.1E+00 1.1E+01

Gross beta 1.5E+02 1.8E+02 ± 8.4E+00 5.5E+02

H-3 3.6E+03 5.OE+03 ± 2.3E+02 2.OE+04

Sr-90 5.8E+01 7.8E+01 ± 5.5E+00 2.8E+02

1-129 <9.1E-01 8.4E-01 ± 9.4E-01 7.OE+00

U-233/234 1.7E+00 1.5E+00 ± 2.8E-01 2.1E+00

U-235/236 1.1E-01 1.4E-01 ± 9.5E-02 3.OE-01

U-238 1.3E+00 1.2E+00 ± 2.5E-01 1.7E+00

WMA9 WNW1006 [Gross alpha <5.1E+00 4.2E+00 ± 5.5E+00 1.0E+01

NOTES: (1) 1 pCi/L = 3.7E-02 Bq/L
(2) Refer to Table 4-11 for median and maximum background values and to Appendix B for summary statistics

of background radionuclide concentrations in groundwater (Table B-7) and at non-impacted groundwater
monitoring locations (Table B-14). Data sets from each location were compared with background data
sets using the nonparametric Mann-Whitney "U" test, as described in Appendix B, section 4.3.

As shown in Figure 4-12, elevated gross beta concentrations are evident in

groundwater northeast of the Process Building (WVNSCO and URS 2005). The beta
activity is primarily found in the surficial sand and gravel unit, and the general direction of

flow in this unit is to the northeast. Elevated gross beta concentrations are largely
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attributed to Sr-90 in the north plateau plume. While concentrations of gross alpha or alpha-
emitting radionuclides exceeding background were found at only a few locations, the
locations were associated with (or downgradient of) historical waste processing or waste
burial activities (i.e., WMAs 1, 2, and 7).

In December 1993, elevated gross beta concentrations were detected in surface water
at a former sampling location near the edge of the north plateau. This discovery initiated a
subsurface groundwater and soil Geoprobe® investigation in 1994 (Carpenter and Hemann
1995). Two additional Geoprobe® investigations were conducted in 1997 (Hemann and
Fallon 1998) and 1998 (Hemann and Steiner 1999). A listing of the Geoprobe® locations,

sample depths, and geologic units from which the groundwater was sampled is provided in
Appendix B, Table B-16. (NOTE: For completeness, Appendix B, Table B-17, provides a
listing of groundwater points - in addition to the routine groundwater monitoring and
Geoprobe® locations included in this evaluation - that have been sampled over the years.
Table B-17 presents information on the locations and depths of these points, and
summarizes the reasons that the points were not included in the current evaluation [dry
wells, wells dropped from program, unvalidated data, located in areas outside the scope of
the Phase I DP, etc.].)

The principal source of the north plateau groundwater plume is believed to be a release
of radioactively contaminated acid from the NFS acid recovery system in the 1960s when
NFS was reprocessing fuel, during 10 CFR Part 50 licensed activities. A detailed

description of the release is provided in Section 2, subsection 2.3.1. See also Table 2-15
for an estimate of radionuclide activity from this release expected to remain in the plume in

2011.
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Figure 4-12. Routine Groundwater Monitoring Locations with Radionuclide
Concentrations in Excess of Background
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The Geoprobe® investigation results were used to estimate the extent of the north plateau
groundwater plume beneath and downgradient of the Process Building. As part of the
Geoprobe® investigations, a more extensive suite of radionuclides was analyzed in groundwater
than was done for routine monitoring. Because the Geoprobe® groundwater samples differed
from those taken from routine monitoring locations in that Geoprobe® samples may have been
taken from several depths (and even from different geologic units) at a single location, the

sample results were not directly comparable and have not been presented in the same table.
However, results from the Geoprobe® investigations provide supplemental information about the
presence of radionuclides in groundwater on the north plateau.

Geoprobe® locations at which concentrations of gross alpha (or alpha-emitting
radionuclides) or gross beta (or beta/gamma-emitting radionuclides, including H-3)

exceeded background are shown on Figure 4-13. The maximum measured radionuclide

concentrations are summarized by WMA in Table 4-26. Since radionuclide data were

available for these sampling locations, gross alpha and gross beta data were not included
in this table.

As can be seen in Figure 4-13, concentrations of gross beta or beta/gamma-emitting
radionuclides exceeding background are evident at all locations, with the exception of the

four non-impacted points in WMA 5 northwest of the north plateau groundwater plume.

Gross alpha or alpha-emitting radionuclide concentrations exceeding background were

found immediately downgradient of the Process Building and downgradient of the

Interceptors.

Table 4-26. Geoprobe® Groundwater Points with Radionuclide Concentrations (pCi/L) in
Excess of Background(')

WMA Point Constituent Maximum Point Constituent IMaximum

WMA 1 GP8098 H-3 6.4E+04 GP76 Cs-137 8.5E+01

GP29 C-14 2.3E+03 GP30 U-232 1.5E-01

GP30 Sr-90 1.2E+06 GP73 U-233/234 1.2E+00

GP72 Tc-99 1.2E+04 GP73 U-238 8.6E-01

GP29 1-129 3.OE+01 GP76 Am-241 4.7E-01

WMA 2 GP47 H-3 3.4E+04 GP44 U-233/234 3.7E+01

GP66 C-14 4.OE+02 GP44 U-235/236 6.2E-01

GP8298 Sr-90 2.8E+05 GP60 U-238 1.5E+01

GP68 Tc-99 5.8E+01 GP59 Pu-238 4.5E+00

GP47 1-129 8.2E+01 GP59 Pu-239/240 7.9E+00

GP46 Cs-137 1.5E+02 GP59 Am-241 5.9E+00

GP44 U-232 7.8E+01 - - -

WMA 3 GP20 H-3 1.5E+03 GP20 1-129 2.5E+00

GP2097 Sr-90 1.2E+04 - - -
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Table 4-26. Geoprobe® Groundwater Points with Radionuclide Concentrations (pCi/L) in
Excess of Background')

WMA Point Constituent Maximum Point Constituent]Maximum

WMA 4 GP32A H-3 1.3E+03 GP0397 Sr-90 8.6E+03

[WMA 5 GP43 H-3 2.OE+04 GP53 Tc-99 8.OE+01

GP40 Sr-90 3.8E+03 GP43 1-129 4.6E+00

WMA 6 GP70 H-3 6.8E+03 GP70 Tc-99 3.1E+01

GP70 C-14 1.4E+02 GP70 1-129 1.1E+01

GP70 Sr-90 2.8E+04

WMAI 12 GP48 H-3 1.5E+03 GP50 U-238 7.2E-01

GP50 Sr-90 1.3E+01 - - -

NOTE: (1) Points ending with "97" or "98" were collected in 1997 or 1998, respectively. The remaining points were

collected in 1994. Sample results were compared with average background values as described in Appendix B, section

4.2.

The north plateau plume, as delineated by the 1,000 pCi/L isopleth, was approximately
300 feet wide and 800 feet long in 1994. By 2004, the plume area had expanded to
approximately 350 feet by 1050 feet, and by 2007 to about 540 feet (at its wide'st point near
the leading edge) by 1300 feet (WVES and URS 2008). (See Figure 4-14.)

The highest gross beta concentrations in groundwater and soil were found near the
southeast corner of the Process Building. In the 1994 study, the maximum concentration in
groundwater was 3.6E+06 pCi/L, and the maximum concentration in subsurface soil was
2.4E+04 pCi/g. Sr-90 and its progeny, Y-90, were determined to be the isotopes
responsible for most of the elevated gross beta activity (WVNSCO and URS 2007).

As a result of recommendations from a 1997 external review of WVDP response
actions on the north plateau, more attention was given in 1998 to the core area of the
plume, determined to be beneath and immediately downgradient of the Process Building.
Results from the 1998 investigation were presented in a summary report (Hemann and
Steiner 1999) that compared groundwater and soil sampling data with the 1994 data.
Concentrations detected in 1998 samples were generally lower than those in the 1994
samples due to radioactive decay and continuing migration and dispersion of the plume.
The study also concluded that Lagoon 1 was a possible contributor of gross beta activity to
groundwater downgradient of the Lagoon.

Figure 4-14 shows the 1 E+03 pCi/L gross beta contour lines defining the extent of the

plume in 1994, 2001, and 2007. (This figure, which duplicates Figure 2-6 in Section 2, is
provided here for the sake of completeness.) Figure 4-14 also shows gross beta
concentrations at the 12 routine groundwater monitoring locations that define the plume as
of the fourth quarter of 2007. Contour lines show a gradual lengthening and expansion of
the plume toward the northeast, with the highest concentration (i.e., well 408 at 3.9E+05
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pCi/L) near the Process Building and lower concentrations near the leading edge. Further W
downgradient, the plume appears to be diverging - one prong moving to the north toward
the surface drainage north of the CDDL and the other toward the east. Figure 4-14 also

shows 1E+03 pCi/L contour lines of gross beta activity in groundwater over time near

inactive Lagoon 1. This smaller area of elevated activity, likely associated with

contamination remaining in Lagoon 1 sediment and backfill, appears to be migrating slightly

eastward over time.
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5.0 DOSE MODELING

PURPOSE OF THIS SECTION

The purpose of this section is to describe dose modeling performed for Phase 1 of
the proposed decommissioning to establish cleanup criteria that would not limit
options for Phase 2 of the decommissioning.

INFORMATION IN THIS SECTION

This section provides the following information:

* Section 5.1 contains introductory material to place information in the
following sections into context.

* Section 5.2 describes the three conceptual models and the mathematical
model (RESRAD) used to develop derived concentration guideline levels
(DCGLs) for 18 radionuclides of interest in surface soil, subsurface soil, and
streambed sediment. It identifies the results in terms of DCGLw values and
DCGLEMC values. It also discusses the results of deterministic sensitivity
analyses of model input parameters.

* Section 5.3 discusses considerations related to dose integration and
describes analyses performed to ensure that cleanup criteria used in Phase
1 would not limit Phase 2 decommissioning options.

* Section 5.4 provides cleanup goals; describes the process for refining the
DCGLs and these cleanup goals; addresses use of a surrogate radionuclide
in field measurements; provides a preliminary, order-of-magnitude dose
assessment related to remediation of subsurface soil; and provides for a final
such dose assessment after completion of the Phase 1 final status surveys.

RELATIONSHIP TO OTHER PLAN SECTIONS

To put into perspective the information in this section, one must consider:

" The information in Section 1 on the project background and those facilities
and areas within the scope of this plan,

* The facility descriptions in Section 3,

* The information on site radioactivity in Section 4,

" The information in Section 6 on the as low as reasonably achievable
(ALARA) analysis,

* The information in Section 9 on characterization surveys and the Phase 1
final status survey,

" The information in Appendix C that supplements the content of this section,
and

" The information in Appendix D on engineered barriers and groundwater flow
fields.
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5.1 Introduction

To help place the dose modeling into context, it is useful to consider information about
the applicable requirements and guidance, information on the environmental media of
interest, and information relevant to consideration of doses from different parts of the
project premises, along with information on matters that could impact dose modeling such
as long-term erosion and potential changes in groundwater flow.

5.1.1 Applicable Requirements and Guidance

As explained in Section 1, certain areas of the project premises are being remediated
in Phase 1 of the proposed decommissioning to NRC's unrestricted release criteria in 10
CFR 20.1402. These criteria state that a site will be considered acceptable for unrestricted
use if the residual radioactivity that is distinguishable from background radiation results in a
total effective dose equivalent to an average member of the critical group that does not
exceed 25 mrem per year, including that from groundwater sources of drinking water, and
the residual radioactivity has been reduced to levels that are ALARA.

NRC provides guidance (NRC 2006) on two approaches that may be used to determine
that these unrestricted release criteria have been achieved:

(1) The dose modeling approach, which involves characterizing the site - after
remediation, if necessary - and performing a dose assessment; and

(2) The DCGL and final status survey approach, which involves developing or using
DCGLs and performing a final status survey to demonstrate that the DCGLs have
been met.

NRC observes that the second option is usually the more efficient or simpler method and
that these two approaches are not mutually exclusive; they are just different approaches to
show that the potential dose from a remediated site is acceptable (NRC 2006).

As explained below, DOE is using the DCGL approach in Phase 1 of the proposed
decommissioning and then, after remediation of subsurface soil in the two areas of interest,
would perform dose modeling using Phase 1 final status survey data to estimate potential
future doses from these areas assuming the rest of the project premises were to also be
cleaned up to the unrestricted release criteria in 10 CFR 20.1402.

DCGLs and Cleanup Goals

DCGLs are radionuclide-specific concentration limits used during decommissioning to
achieve the regulatory dose standard that permit the release of the property and
termination of the license. The DCGL applicable to the average concentration over a
survey unit is called the DCGLw and the DCGL applicable to limited areas of elevated
concentrations within a survey unit is called the DCGLEMC (NRC 2006). However,
Phase 1 of the decommissioning would not result in the release of any property or in
termination of the NRC license for the site. As explained below, cleanup goals below
the DCGLs are used to ensure that Phase 1 criteria do not limit Phase 2 options.

5.1.2- Context for DCGL Development

Figure 5-1 shows the areas of interest for surface soil, subsurface soil, and streambed
sediment for which separate DCGLs have been developed. Each of these areas is
discussed below.
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Figure 5-1. Areas of Interest - Surface Soil, Subsurface Soil, and Streambed Sediment
Within the Project Premises
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Surface Soil

As explained in Section 1 of this plan, surface soil and sediment in drainage ditches on
the project premises would be characterized for radioactivity early in Phase 1 to better
define the nature and extent of radioactive contamination. Section 4.2 summarizes
available data on radioactivity in these environmental media' Available data indicate that
radioactive contamination is present in some areas but the magnitude and areal extent of
this contamination have not been fully defined. Figure 4-6 shows locations where soil and
sediment is known to have radioactivity concentrations in excess of background.

Cs-137 concentrations in excess of background have been measured in surface soil
samples from all waste management areas (WMAs) where samples have been collected,
with the highest measured concentration being 280 pCi/g. Sr-90 concentrations above
background have been measured in surface soil samples from several WMAs, with a
maximum of 12 pCi/g. Data on other radionuclides in surface soil are very limited, but
above-background concentrations of Pu-238, Pu-239/240, and Am-241 have been
identified as indicated in Section 4.2.

DCGLs for surface soil based on the unrestricted criteria in 10 CFR 20.1402 serve two
purposes:

* They would support remediation of surface soil on selected portions of the project
premises in Phase I of the proposed decommissioning if this plan were to be
revised to provide for such remediation, and

* They would support decision-making for Phase 2 of the decommissioning.

Subsurface Soil

The subsurface soil DCGLs, which are also based on the unrestricted release criteria
of 10 CFR 20.1402, apply only to the bottoms and lower sides of the two large excavations
to be dug to remove facilities in WMA 1 and WMA 2.1 Figure 5-2 shows a conceptual cross
section view of the planned WMA 1 excavation with representative data on Sr-90
concentrations. Figure 5-3 shows a conceptual cross section view of the planned WMA 2
excavation with representative data. Both excavations would extend one foot or more into
the Lavery till, as indicated in Section 7.

As explained in Section 1 and detailed in Section 7, the Process Building and the other
facilities in WMA 1 would be completely removed during Phase 1 of the proposed
decommissioning, along with the source area of the north plateau groundwater plume. The
excavation for this purpose would be approximately 2.8 acres in size and extend more than
40 feet below the ground into the top surface of the unweathered Lavery till. Figure 5-1
shows the approximate location of this excavation.

1 The subsurface soil DCGLs would be applied to the sides of these excavations at depths greater than three

feet below the surface; the surface soil DCGLs would be applied to the portions of the excavation sides closer
to the ground surface. Note that the sides of the excavations that are upgradient or cross-gradient (i.e., not
hydraulically downgradient) of the contamination source are not expected to be contaminated.
These DCGLs may also be applicable to excavations made in Phase 2 of the decommissioning depending
on the approach selected for Phase 2 and other factors if the conceptual model described in this section is
representative of the Phase 2 conditions.
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Figure 5-2. Conceptual Cross Section View of WMA 1 Excavation With Representative Data on Sr-90 Concentrations
(See Section 4.2 for more data and 7 for the excavation details.)
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Figure 5-3. Conceptual Cross Section View of WMA 2 Excavation With Representative Data on Subsurface Soil Contamination
(See Section 4.2 for more data and 7 for excavation details. Analytical data shown are 1993 data from WVNSCO and D&M 1997.)
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Available data on radioactive contamination in subsurface soil in WMA 1 described in

Section 4.2 show Sr-90 to be the dominant radionuclide at depth. Figure 4-8 shows key

data, which include three samples from several feet into the unweathered Lavery till that

show Sr-90 concentrations of 13 pCi/g, 5.6 pCi/g, and 2.2 pCi/g at depths in the 35 to 40

feet range.

Other radionuclides with measured above-background concentrations in subsurface

soil in WMA 1, with their maximum concentrations and the associated sample depth,

include: Tc-99 (19 pCi/g at 19-23 feet), Cs-137 (31 pCi/g, at 27 to 29 feet), Pu-241 (15

pCi/g at 21 to 23 feet), and Am-241 (0.1 pCi/g, 19 to 23 feet). Table 5-1 shows the
maximum measured radionuclide concentrations in the Lavery till in the areas of the large

excavations in WMA 1 and WMA 2. Data in the Lavery till in these areas are limited - the

complete set of data is provided in Table C-4 of Appendix C.

Table 5-1. Measured Maximum Lavery Till Radionuclide Concentrations(l)

WMA 1 Excavation Area WMA 2 Excavation AreaNuclideT Result (pCi/g) Depth (ft) Result (pCi/g)(3) Depth (ft)

C-14 <8.6E-02 40-42 None None

Sr-90 5.9E+01 38.5-39 8.5E-01(4) 12-14

Tc-99 <2.6E-01 40-42 None None

1-129 <2.3E-01 40-42 None None

Cs-137 2.6E-02 26-28 4.5E-01(4) 12-14

U-232 <7.4E-03(2) 36-38 1.2E-02(4) 12-14

U-233/234 1.6E-01 26-28 2.2E-01(5) 12-14

U-235 <5.8E-03 26-28 <6.6E-03(5) 12-14

U-238 1.1E-01 26-28 1.5E-01(5) 12-14

Pu-238 <4.8E-03(2) 36-38 1.0E-02(4 ) 12-14

Pu-239/240 <4.8E-03(2) 36-38 <6.2E-03(5) 12-14

Pu-241 1.3E+00 26-28 9.5E-01(5 ) 12-14

Am-241 <9.6E-03 26-28 3.0E-02(4) 12-14

NOTES: (1) Data are from the 1993 RCRA facility investigation and the Geoprobe® studies described in Section
4. Data for C-14, Tc-99, and 1-129 were taken from only one sample at location GP80-98.

(2) From location BH-21A shown in Figure 4-8.
(3) Higher concentrations were measured at location BHL08, but the BH-08 sample contained material

from the sand and gravel layer as well as from the Lavery till. The location of this sample and BH-5
are shown in Figure 5-3.

(4) From the lowest sample collected at location BH-05, just below the surface of the Lavery till, as
shown in Figure 5-3.

(5) From location BH-07 shown in Figure 5-3.
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Additional Characterization Planned

The characterization program to be undertaken early in Phase 1 of the
decommissioning, as described in Section 9 would provide additional data on
radioactivity in subsurface soil in WMA 1 and WMA 2 and lagoon sediment in WMA 2.
As noted in Section 4, additional characterization measurements being taken in 2008
are expected to somewhat better define subsurface contamination in both areas.

The actual depth of the WMA 1 excavation would be based on removal of soil
exceeding the subsurface soil cleanup goals, as explained in Section 7. The excavation
would extend at least one foot into the Lavery till, as noted previously, and this is the point
where the cleanup goals would apply. The configuration of the residual source would
therefore be similar to the bottom of the excavation shown in the representative cross
section in Figure 5-2.

Figure 5-1 also shows the approximate location of the major excavation in WMA 2. As

explained in Section 1 and detailed in Section 7, a single excavation would be made to
remove Lagoons, 1, 2, and 3, the interceptors, the Neutralization Pit, and the Solvent Dike.
The area of this excavation would be approximately 4.2 acres and its depth would vary
from approximately 12 feet on the southwest end to approximately 26 feet on the northeast
end.2

Figure 5-3 shows a conceptual cross section of the WMA 2 excavation. This figure also

shows representative data on subsurface radioactivity. As indicated on the figure, Table 2-
18 provides an estimate of residual radioactivity in Lagoon 1 and Table 4-14 shows
maximum radionuclide concentrations measured in sediment in Lagoon 2 and Lagoon 3.

As indicated in order-of-magnitude estimates in Table 2-18, Cs-137 (at 510 curies) is
expected to dominate the radioactivity in Lagoon 1. Other radionuclides expected to be
present include Pu-241 (134 curies), Sr-90 (17 curies), and Pu-238 (6.4 curies). Table 4-14
shows significant concentrations of Sr-90, Cs-137, Pu-238, Pu-239/240, and Am-241 in
Lagoon 2 sediment and lower concentrations of these radionuclides in Lagoon 3 sediment.

The actual depth of the WMA 2 excavation would be based on removal of soil
exceeding the subsurface soil cleanup goals, as explained in Section 7. The excavation
would extend at least one foot into the Lavery till or, in the cases of Lagoon 2 and Lagoon
3, approximately two feet below the bottom the lagoons, which extend into the Lavery till.
The configuration of the residual source would therefore be similar to the bottom of the
excavation shown in the representative cross section in Figure 5-3.

While the subsurface soil cleanup goals serve as the remediation criteria for the two

excavations as specified in Section 7, actual residual contamination levels in the Lavery till
are expected to be well below these criteria. The concentrations of Sr-90 and Cs-137 are
expected to be of the same order of magnitude as the lower surface soil cleanup goals.

2 The 26-foot estimate is based on using the ground surface adjacent to Lagoon 3 as a reference point. The

excavation is expected to extend several feet below the bottoms of Lagoons 2 and 3 to remove sediment
with radioactivity concentrations above DCGLs.
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This conclusion is based on contamination data shown in Table 5-1 and the relative
impermeability of the Lavery till to radionuclide migration compared to the sand and gravel
layer above it.

Streambed Sediment

Streambed sediment refers only to sediment in Erdman Brook and the portion of
Franks Creek running through the project premises. Surface soil DCGLs would be applied
to sediment in ditches and in other parts of the project premises, with the subsurface
DCGLs being applied to the bottom of Lagoons 2 and 3. Unique DCGLs are appropriate for
Erdman Brook and Franks Creek because the areas of these streams would not support
farming or grazing of livestock as would other areas of the project premises, owing to the
steep stream banks.

Section 4.2 summarizes the limited available data on radioactivity in the sediment of
Erdman Brook and the portion of Franks Creek on the project premises. Figure 4-6 shows
sample locations, with five in Erdman Brook and four in Franks Creek. Table 4-22 shows
the highest measured concentrations of Cs-137 and other radionuclides. The highest
measured Cs-137 concentration was 100 pCi/g and the highest Sr-90 concentration was 10
pCi/g. Section 4.2 describes a hot spot found in Erdman Brook in 1990 with a gamma
radiation level of 3000 pR/h; a sample collected at that location showed 10,000 pCi/g Cs-
137. The characterization program to be undertaken early in Phase 1 would provide
additional data in radioactivity in the sediment of the two streams.

DCGLs for streambed sediment based on the unrestricted use criteria in 10 CFR
20.1402, like the surface soil DCGLs, serve two purposes:

* They would support remediation of contaminated sediment in Erdman Brook and
the portion of Franks Creek on the project premises in Phase 1 of the proposed
decommissioning if this plan were to be revised to provide for such remediation,
and

* They would support decision-making for Phase 2 of the decommissioning.

5.1.3 Context for the Integrated Dose Assessment

Three sets of DCGLs have been developed as described in Section 5.2 to be applied to
the particular areas of interest, that is:

* Surface soil DCGLs for surface soil and sediment in drainage ditches on the project
premises (except for the sediment in Erdman Brook and Franks Creek), and for the
sides of the WMA 1 and WMA 2 excavations from the ground surface to three feet
below the surface;

* Subsurface soil DCGLs for the bottoms of the WMA 1 and WMA 2 excavations and
for the excavation sides more than three feet below the ground surface; and

• Streambed sediment DCGLs for sediment in Erdman Brook and the portion of
Franks Creek on the project premises.
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Each set of DCGLs was developed as if the area of interest remediated to the
applicable DCGLs were the only area to which a hypothetical future resident or
recreationist might be exposed. However, it is more likely that a variety of receptors would
be exposed to multiple sources under a range of land use scenarios. Considering each
source independently allows for flexibility in subsequent combined dose evaluations, as
discussed further in Section 5.3.

Phase 1 and Phase 2 Sources

Inherent in the proposed phased decision-making approach is the concept of Phase 1
and Phase 2 sources. Figure 5-4 identifies these different sources.

Phase 1 sources are those to be remediated during Phase 1 of the proposed

decommissioning: mainly the WMA 1 area and the area in WMA 2-to be excavated. The
surface soil and streambed sediment sources within the project premises may or may not

be remediated in Phase 13. Based on current characterization data, the main Phase 2
sources are the non-source area of the north plateau groundwater plume in WMA 2, WMA
4, and WMA 5; the Waste Tank Farm in WMA 3, and the NRC-Licensed Disposal Area
(NDA) in WMA 7.

The table at the bottom of the Figure 5-4 shows the approximate amounts of total
radioactivity in the different source areas based on estimates provided in Section 4. In this
illustration, the remediated WMA 1 and WMA 2 excavated areas are the Phase 1 sources.
The Waste Tank Farm, the non-source area of the north plateau groundwater plume, and
the NDA are the Phase 2 sources. Low-level contamination in surface soil and streambed
sediment - which may or may not be remediated during Phase 1 - could be either be a
Phase 1 (remediated) or Phase 2 (remediated or not) source, with the potential impact from
these sources much smaller than for the others.

Figure 5-4 shows other features of the project premises at the conclusion, of the Phase
1 proposed decommissioning activities that could potentially influence future doses from
residual radioactivity on the project premises:

* Groundwater flow, with the water table in the sand and gravel unit on the north
plateau, with elevations expressed in feet above mean sea level, and the current
pre-remediation general direction of groundwater illustrated on the figure;

" The two north plateau groundwater plume control measures to be installed before
Phase 1 of the proposed decommissioning begins, the full-scale Permeable
Treatment Wall and the Permeable Reactive Barrier; and

* The hydraulic barrier walls to be installed during Phase 1 of the proposed
decommissioning as described in Section 7 and the French drain to be emplaced
upgradient of the WMA 1 hydraulic barrier wall.

3 As noted in Section 1, surface soil and sediment are to be remediated only in the Process Building-
Vitrification Facility and Low-Level Waste Treatment Facility excavation areas during the proposed Phase 1
decommissioning activities. Soil and sediment in other areas may be remediated in Phase 1 by revision to
this plan.
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Area 30-45 ft. below grade remediated below subsurface DCGLs for unrestricted release

Area 12-26 ft. below grade remediated below subsurface DCGLs for unrestricted release

Underground tanks with -345,000 curies in 2011

Contaminated subsurface soil and groundwater, -40 curies Sr-90 in 2041

Low-level contamination in some areas, may be remediated below DCGLs

Low-level contamination, especially Cs-137, may be remediated below DCGLs

NRC-Licensed Disposal Area buried waste containing -180,000 curies in 2011

Figure 5-4. Sources at the Conclusion of Phase 1 of the Proposed Decommissioning
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The effectiveness of these features impacts potential future doses to the receptor and

overall contribution to the evaluation of combined dose from all sources.

Potential Conditions at the Conclusion of the WVDP Proposed Decommissioning

To determine whether criteria used in Phase 1 proposed remediation activities could
potentially limit the decommissioning options for Phase 2 of the decommissioning,
consideration must be given to potential approaches to Phase 2. The Decommissioning
EIS evaluates a range of closure alternatives. Two of these alternatives would provide
bounding conditions for assessment of whether the criteria used for Phase 1 remediation
activities could limit Phase 2 options:

The site-wide close-in place-alternative, where the major facilities would be closed
in place, with residual radioactivity in the Waste Tank Farm and the NDA being
isolated by engineered barriers and the non-source areas of the north plateau
groundwater plume being allowed to decay in place; and

* The site-wide removal alternative, where the Phase 2 sources would be removed
and the entire site remediated to the unrestricted release criteria of 10 CFR

20.1402.

Compatibility of Phase 1 Remediation With the Site-Wide Close-In-Place Alternative

With the site-wide close-in place-alternative, the Phase 2 source areas would remain
under NRC license. With Phase 1 of the decommissioning being accomplished as
proposed, the contamination remaining in the WMA 1 and WMA 2 excavations would be
residual radioactivity at concentrations below the subsurface soil DCGLs located far below
the surface and covered with uncontaminated earth.

Under a site-wide close-in-place approach, the remediated Phase 1 areas would be
expected to fall within the controlled licensed area because of their close proximity to the
Phase 2 source areas. In view of this situation, the proposed remediation of the Phase 1
areas to unrestricted release standards would clearly be compatible with the Phase 2
source areas remaining under license. That is, remediation of the Phase 1 source areas as
planned would have no impact on the site-wide close-in place-alternative and Would not
limit its implementation in any way.

Compatibility of Phase 1 Remediation With the Site-Wide Removal Alternative

Under the site-wide removal alternative, the Phase 2 source areas would be
remediated to unrestricted release standards like the Phase 1 source areas. All of the.
associated radioactive waste would be disposed of offsite. However, while the remediation
standards would be the same, the critical group for potential future exposures would not be
the same for all parts of the site. Because remediation to unrestricted release standards
under Phase 1 of the proposed decommissioning does not preclude achievement of
unrestricted release standards under Phase 2, all remedial options may be considered.

However, this situation requires consideration of potential exposures to members of the
different critical groups, a matter which is addressed below.
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Critical Group

Critical Group means the group of individuals reasonably expected to receive the
greatest exposure to residual radioactivity for any applicable set of circumstances (10
CFR 20.1003).

Section 5.2 describes the critical groups for development of the different DCGLs. The
average member of the critical group for development of the surface soil and subsurface
soil DCGLs is a resident farmer. The average member of the critical group for development
of the streambed sediment DCGLs is a recreationist, that is, a person who would spend
time in the Erdman Brook and Franks Creek areas engaged in activities such as fishing
and hiking.

One reasonably foreseeable set of circumstances would involve a person engaged in

farming at some time in the future on one part of the remediated project premises who also
spends time fishing and hiking at Erdman Brook and Franks Cr'eek. This scenario would
involve an individual being exposed to two different remediated source areas and being a
member of the two different critical groups. Because this scenario is not considered in
development of the DCGLs for the different areas of interest, it would be appropriate to
consider whether it could result in such a hypothetical individual exceeding the unrestricted
dose limit, that is, 25 mrem in one year, and whether the residual radioactivity has actually
been reduced to levels that are ALARA in accordance with 10 CFR 20.1402.

Considering the foregoing discussion, Section 5.3 evaluates the potential impacts of
this set of circumstance (combined sources of dose to receptor) on the DCGLs and the
associated cleanup goals to be used to guide remediation during Phase 1 of the proposed
decommissioning.

Two other factors that could potentially affect potential future doses from the
remediated Phase 1 areas would be long-term erosion and potential changes in
groundwater flow.

5.1.4 Potential Impact of Long-Term Erosion

The potential impact of long-term erosion is a considefation in development of DCGLs
for Phase 1 of the proposed decommissioning and for estimating potential future doses
from different parts of the project premises assuming that the entire site would be
remediated for unrestricted use.

Section 3.5.3 of this plan describes the site geomorphology, including erosion
processes such as channel incision, slope movement, and gully formation. Table 3-13
provides information on site erosion rates from various sources.

Detailed erosion studies performed in support of the Decommissioning EIS are
described in Appendix F to that document. Thisappendix describes past studies and recent
analyses that made use of two different landscape evolution models, SIBERIA and CHILD.
The SIBERIA model is a physically based model that uses average precipitation over a
specified timeframe and accounts for both fluvial and diffusional processes that move
sediment through a drainage system (Willgoose 2000). The CHILD model performs
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simulations like the SIBERIA model but incorporates additional features. Both models were
calibrated for the site.

Analyses using these models were performed to predict erosion rates at the WVDP
over a 10,000-year time period. The two models predicted a total erosion depth on the
central portion of the north, plateau generally no greater than 3.2 feet, with the assumption
of no climate change over the evaluation period. This rate would amount to about four
inches over a 1000-year period.

Limited field data showing actual sheet and rill erosion rates are available as indicated
in Table 3-13. The maximum measured erosion among 19 measurements over an 11-year

period ending in 2001 was 0.04 feet (approximately 0.5 inch) on the slope of a gully. One
spot south of Lagoon 2 showed buildup of 0.04 feet (about 0.5 inch) during that period.

Conclusions that can be drawn from the available field data and the erosion studies
detailed in Appendix F of the Decommissioning EIS include:

* The central portion of the north plateau is expected to be generally stable over the

next 1000 years;

" The WMA 2 area, which is near the Erdman Brook stream valley, is more
susceptible to erosion than the WMA 1 area;

* Existing gullies will propagate, becoming deeper and longer, and new gullies will
form, mainly on the edges of the north plateau, if erosion is unchecked;

* Rim widening and channel downcutting could occur in Erdman Brook and Franks
Creek;

" With unmitigated erosion, gullies could eventually extend into the areas of Lagoons

1, 2, and 3 during the 1000-year evaluation period; and

* With unmitigated erosion, rim widening and downcutting of Erdman Brook could

possibly impact the eastern edge of the areas of these lagoons, especially Lagoon
3.

5.1.5 Potential Changes in Groundwater Flow Fields

Changes in the groundwater flow pattern that might result from installation of the
hydraulic barriers shown in Figure 5-1 could increase the potential for recontamination of
the areas remediated in Phase 1. Groundwater in the sand and gravel unit on the north
plateau currently flows northeast as indicated on Figure 5-4. With this flow pattern, and with

the WMA 1 and WMA 2 hydraulic barriers remaining in place, the potential for transport of
contaminants by groundwater into the WMA 1 and WMA 2 areas remediated during Phase,
1 of the proposed decommissioning from Phase 2 source areas is low.

Appendix D describes the results of an analysis performed to evaluate groundwater
flow conditions near these engineered barriers. This analysis suggests that the potential for
recontamination of the remediated WMA 1 and WMA 2 areas would not be significantly
increased with the engineered barriers in place.
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5.1.6 Seepage of Groundwater

Figure 5-5 shows the locations of groundwater seeps on the north plateau. As can be
seen in the figure, any groundwater from the seeps located on the project premises runs
into Erdman Brook or Franks Creek. (Dames and Moore 1994)

ErmnBrook j<
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5-5. Locations of Perimeter Seeps on the North Plateau (From Dames and Moore

1994)
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One other factor that could possibly affect conditions following Phase 1 of the proposed
decommissioning is seepage of radioactively contaminated groundwater into Erdman Brook
and Franks Creek.

As noted previously, surface soil and streambed sediment may be remediated during
Phase 1 of the proposed decommissioning if this plan were to be revised to provide for
these activities. The presence of groundwater seeps in the Erdman Brook area would be
one factor taken into account in any decision to proceed with this remediation, since these
seeps could possibly result in recontaminating the sediment in Erdman Brook.

However, the potential for significant radioactivity in seeps in this area following Phase
1 of the proposed decommissioning would be low due to the following factors:

* Any residual radioactivity that might remain in the Lavery till at the bottom of the
remediated WMA 2 excavation would be at very low concentrations; and

. Groundwater flow changes with the Phase 1 vertical hydraulic barriers in place, as
described in Appendix D, would be expected to substantially reduce the potential
for contamination from the non-source area of the north plateau groundwater
plume seeping into Erdman Brook.

Another factor that would be taken into account in any decision to proceed with
remediation of sediment in Erdman Brook and in the portion of Franks Creek on the project
premises during Phase 1 of the proposed decommissioning would be surface water runoff,
especially runoff from the two radioactive waste disposal areas on the south plateau.
Surface water runoff from both waste disposal sites is potentially contaminated due to
surface soil contamination in these areas, although the potential impact on the streams is
limited so long as the geomembrane covers for the waste disposal sites are intact.

5.1.7 Potential Impacts on the Kent Recessional Sequence

The potential for impacts on groundwater in the Kent Recessional Sequence from the
any residual radioactivity that might remain in the bottom of the WMA 1 and WMA 2
excavated areas has been evaluated and found to be very low.

Groundwater in the sand and gravel unit generally flows to the northeast across the
north plateau towards Franks Creek as shown in Figure 5-4. Water balance estimates
(Yager 1987 and WVNSCO 1993a) suggest that approximately 60 percent of the
groundwater from the sand and gravel unit discharges to Quarry Creek, Franks Creek, and
Erdman Brook through surface water drainage discharge points and the groundwater seeps
located along the margins of the north plateau that are shown in Figure 5-5.

Approximately two percent of the total discharge from the sand and gravel unit travels
vertically downward to the underlying unweathered Lavery till, where groundwater flows
vertically downward toward the underlying Kent Recessional Sequence at an average
vertical groundwater velocity of 0.20 feet per year (WVNSCO 1993a). The unweathered
Lavery till is approximately 30 to 45 feet thick below the planned WMA 1 excavation and 40
to 110 feet thick below the planned WMA 2 excavation (WVNSCO 1993b).

It would take approximately 200 years for groundwater to migrate through the
unweathered Lavery till at WMA 1 and WMA 2 assuming a Lavery till thickness of 40 feet
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and an average groundwater velocity of 0.20 feet per year. Mobilization and migration of
the residual radionuclide inventory at the bottom of the WMA I and WMA 2 excavations

through the Lavery till groundwater pathway would take even longer considering the
sorptive properties of the Lavery till.

Short-lived radionuclides (Sr-90, Cs-137, and Pu-241) will have decayed away during
these time frames. The long-lived radionuclide inventory is not an issue as the residual

concentrations within the Lavery till are expected to be comparable to background
concentrations for surface soil. The residual radionuclide concentrations in the Lavery till in
the bottom of the WMA 1 and WMA 2 excavations are expected to be lower than those
reported in Table 5-1 and would therefore not significantly impact the Kent Recessional
Sequence. Groundwater reaching the Kent Recessional Sequence flows laterally to the

northeast at an average velocity of 0.40 feet per year and eventually discharges to
Buttermilk Creek.

The potential for impacts on groundwater in Lavery till sand has also been considered.

The Lavery till sand is located 30 to 40 feet below grade within the Lavery till and is
recharged by downward groundwater flow from the Lavery till. The Lavery till sand is

located south of the WMA 1 excavation (Figure 3-64) and would not be impacted by the
Phase 1 excavation of WMA 1.

However, the Lavery till sand underlies approximately 15,000 square feet of the

southwestern most portion of WMA 2 near the Solvent Dike (Figure 3-64). TheSolvent Dike
was originally excavated in 1986 and would be excavated down into the Lavery till during
the excavation of WMA 2. Because any residual radionuclide concentrations are expected
to be less than those reported in Table 5-1, groundwater flow from the Lavery till would not
significantly impact the Lavery till sand.

5.1.8 General Dose Modeling Process

The general process for the dose modeling described in Section 5.2 and 5.3 is
illustrated in Figure 5-6. As indicated in the figure, the process involves the following major
steps:

* Calculating the DCGLs,

* Performing parameter sensitivity analyses and refining the conceptual models and
the DCGLs as appropriate based on the results,

* Analyzing a combined source area exposure scenario,

" Factoring in the results of the ALARA analysis described in Section 6,

* Establishing cleanup goals (target levels below the DCGLs) to ensure that the
degree of remediation in Phase 1 of the proposed decommissioning would not limit
Phase 2 options,

* Characterizing surface soil, subsurface soil, and streambed sediment early in
Phase 1,
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Develop DCGLs for 25 mrem/yr using
RESRAD (surface soil, subsurface soil,
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evaluate uncertainty, recalculate
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Q)

-Z

-C

Cý
Estimate potential annual dose from WMA 1 and WMA 2
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Figure 5-6. General Dose Modeling Process

4* Refining the DCGLs and cleanup goals based on the resulting data

• Completing remediation of the WMA 1 and WMA 2 excavations to
goals,

the cleanup

• Performing Phase 1 final status surveys in the remediated Phase I areas, and

* Making an estimate of the potential future doses for the remediated WMA 1 and
WMA 2 areas using these data.

4 The characterization to be performed early in Phase 1, which is described in Section 9, would provide data
that may be useful in better defining source geometry in the conceptual model. For example, if the depth of
surface soil contamination were to be found to typically be about six inches, rather than three feet (one
meter) as used in the conceptual model, then the conceptual model thickness would be changed and the
DCGLs recalculated. While DCGLs are developed for 18 radionuclides, characterization data may indicate
that some radionuclides may be dropped from further consideration. This could be the case, for example, if
one or more of the 18 radionuclides do not show up above the minimum detectable concentration in any of
the soil or sediment samples.
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Note that use of a surrogate radionuclide such as Cs-1 37 to represent all radionuclides
in a mixture of radionuclides is not practical at this time because available data are not
sufficient to establish radionuclide distributions in environmental media. This matter is
discussed further in Section 5.4.3.

5.2 DCGL Development

This section describes the conceptual models used for developing DCGLs for surface

soil, subsurface soil, and streambed sediment. It then describes the mathematical model
(RESRAD) used to calculate these DCGLs and identifies the DCGLs. It concludes with a
discussion of input parameter sensitivity and uncertainty.

The analyses simulate the behavior of residual radioactivity over 1000 years, a period
during which peak annual doses from the radionuclides of primary interest would be
expected to occur. DCGLs have been developed for residual radioactivity that would result
in 25 mrem per year dose to the average member of the critical group for each of the
following 18 radionuclides of interest:

Am-241 Cs-137 Pu-239 Tc-99 U-235

C-14 1-129 Pu-240 U-232 U-238

Cm-243 Np-237 Pu-241 U-233

Cm-244 Pu-238 Sr-90 U-234

Early studies related to the long-term performance assessment for residual radioactivity
at the site included consideration of the initial inventory of radionuclides received on site
and their progeny. This list was screened to eliminate short-lived radionuclides and those
radionuclides present in insignificant quantities. Thirty radionuclides of interest remained
after this screening process. These radionuclides were important to worker dose and/or
long-term dose from residual radioactivity.

In characterization of radionuclides in the area of the Process Building, the north
plateau groundwater plume, and the lagoons, it was determined that 18 of the 30
radionuclides were important for the development of Phase 1 DCGLs. These radionuclides
were selected based on screening of simplified groundwater release and intrusion
scenarios for north and south plateau facilities. The screening indicated that other
radionuclides would in combination contribute less than one per cent of potential dose
impacts at the individual facility.

The list of radionuclides for which DCGLs are initially developed would be expanded if,
necessary following completion of soil and sediment characterization early in Phase 1 of
the proposed decommissioning. If other radionuclides show up in concentrations
significantly above the minimum detectable concentrations, additional DCGLs would be
developed for these radionuclides and their progeny, as appropriate. Conversely, if any of
the 18 radionuclides of interest fail to show up in concentrations above the minimum
detectable concentrations, then they may be omitted from the final DCGLs for the Phase 1
actions.

As explained in Section 1, the DCGLs for Sr-90 and Cs-137 were developed to
incorporate a 30-year decay period from 2011. That is, achieving residual radioactivity
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levels less than the DCGLs would ensure that dose criteria of 10 CFR 20.1402 would be
met in 2041, around the time when the vitrified HLW canisters are expected to be shipped
to the federal geologic repository. 5 Although a 30-year decay period could have been
applied to all radionuclides, Sr-90 and Cs-137 were selected based on their prevalence in
soil and sediment contamination, their expected peak doses at the onset of exposure, and
the short half lives of these particular radionuclides.

5.2.1 Conceptual Models for DCGL Development

The conceptual model for development of surface soil DCGLs is described first.

Surface Soil Conceptual Model

Figure 5-7 illustrates the conceptual model for surface soil DCGL development. As is
evident from this figure, which was adapted from the RESRAD Manual (Yu, et al. 2001), the
basic RESRAD model is used.

- A resident farmer is the
average member of the
critical group.

Wang
Water

ý- ICover depth and contaminated
zone erosion rate = 0

Sand and Gravel Layer (Saturated Zone)

Well pump intake depth 5 m below water table I

Lavery Till (Silty Clay)

Shale Bedrock

Figure 5-7. Conceptual Model for Surface Soil DCGL Development

5 This approach would support any license termination actions that may take place in Phase 2 of the
decommissioning, which could not be finalized before 2041 considering current expectations about shipment
of the vitrified HLW canisters and the scope of effort necessary to achieve an unrestricted release of major
portions of the project premises.
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RESRAD is a computer model designed to estimate radiation doses and risks from
RESidual RADioactive materials (Yu, et al. 2001). DOE Order 5400.5 designates RESRAD
for the evaluation of radioactively contaminated sites, and NRC has approved the use of
RESRAD for dose evaluation by licensees involved in decommissioning. RESRAD
capabilities are discussed further in Section 5.2.2.

A resident farmer is the average member of the critical group for development of
surface soil DCGLs. The hypothetical residence and farm are assumed to be located on a
part of the project premises impacted solely by radioactivity in surface soil.

Other possible critical groups were considered. However, a resident farmer was
determined to be most limiting because such an individual would be engaged in a wider
range of activities that could result in greater exposure to residual radioactivity in surface
soil than other critical groups considered.

The resident farmer would be impacted by a number of exposure pathways with long
exposure durations. This hypothetical individual would utilize significant amounts of
groundwater that involves consideration of secondary exposure pathways such as
household water use, irrigation, and watering livestock. The resident farmer scenario also is

consistent with current and projected future land uses for Cattaraugus County as discussed
in Section 3.

Note that the geological units shown in Figure 5-7 are representative models of the
north plateau as shown in Figure 3-6. Figure 3-7 shows that the geological units on the
south plateau are different in that the sand and gravel unit does not extend to that area.
However, DCGLs developed using the conceptual model illustrated in Figure 5-7 are
appropriate for surface soil on the south plateau because the input parameters used in the
modeling for the north plateau would generally be conservative for the south plateau. For
example, site-specific distribution coefficients for the sand and gravel unit (where available)
are typically lower than those for the Lavery till, and use of the lower values results in faster
radionuclide movement though soil in the north plateau model, and less time for radioactive

6decay to take place.

Table 5-2 shows the exposure pathways evaluated for development of the surface soil
DCGLs.

Table 5-2. Exposure Pathways for Surface Soil DCGL Development

Exposure Pathways Active

External gamma radiation from contaminated soil Yes

Inhalation (airborne radioactivity from re-suspended contaminated soil) Yes

Plant ingestion (produce impacted by contaminated soil and groundwater Yes
sources)

Meat ingestion (beef impacted by contaminated soil and groundwater sources) Yes

6 Table C-2 of Appendix C shows that site-specific Kd values for neptunium, plutonium, and strontium in the
sand and gravel unit are used in the surface soil model. Table 3-20 of Section 3 shows the basis for these
values.
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Table 5-2. Exposure Pathways for Surface Soil DCGL Development

Exposure Pathways Active

Milk ingestion (impacted by contaminated soil and groundwater sources) Yes

Aquatic food ingestion No0)

Ingestion of drinking water (groundwater impacted by contaminated soil) Yes

Ingestion of drinking water (from surface water)(2) No

Soil ingestion (while farming and residing on contaminated soil) Yes

Radon inhalation No(3)

NOTES: (1) Fish ingestion is considered in development of the streambed sediment DCGLs and in the combined
scenario discussed in Section 5.3.

(2) Groundwater was assumed to be the source of all drinking water because the low flow volumes in
Erdman Brook and Franks Creek could not support the resident farmer. Also, use of surface water
would not be as conservative as groundwater since surface water is diluted by runoff from the entire
watershed area. Incidental ingestion of water from the streams is evaluated in development of the
streambed sediment DCGLs as shown in Table 5-6.

(3) For the standard resident farmer scenario, the radon pathway is not considered (Appendix J, NRC
2006).

RESRAD requires a variety of input parameter values to completely describe the

conceptual model. All of the input parameters for development of the surface soil DCGLs
appear in Appendix C. Table 5-3 identifies selected key input parameters.

Table 5-3. Key Input Parameters for Surface Soil DCGL Development(1 )

Parameter (Units) Value Basis

Area of contaminated zone (M 2) 1.OE+04 Necessary for subsistence
farming.

Thickness of contaminated zone (m) 1.01E+00 Conservative assumption.(2)

Cover depth (m) 0 Contamination on surface.

Contaminated zone erosion rate (m/y) 0 Conservative assumption.(3)

Well pump intake depth below water table (m) 5.OE+00 Consistent with water table.

Well pumping rate (m3/y) 5.72E+03 See Table C-2.

Unsaturated zone thickness (m) 2.0E+00 Typical for north plateau.

Distribution coefficient for strontium (mug) 6.16E+00 See Table C-2.

Distribution coefficient for cesium (mL/g) 2.8E+02 See Table C-2.

Distribution coefficient for americium (mUg) 1.9E+03 See Table C-2.

NOTES: (1) See Appendix C for other input parameters. Metric units are used here because they are normally
used in RESRAD.

(2) Available data discussed in Sections 2.3.2 and 4.2 suggest that most contamination will be found
within a few inches of the surface except where the north plateau groundwater plume has impacted
subsurface soil.

(3) This assumption is conservative because it results in no depletion of the source through erosion.

0
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Key features of this conceptual model and key assumptions include:

* The areal extent of surface soil contamination, which has not been well defined,
can be represented by a distributed source spread over a relatively large area

(10,000 square meters or approximately 2.5 acres);

* The average depth of contamination (contamination zone thickness) is
approximately 3.3 feet (one meter), a conservative assumption for the site;

" All water use (e.g., household, crop irrigation, and livestock watering) is from
contaminated groundwater;

* Adequate productivity from a well pumping from the aquifer would be available in

the future to support a subsistence farm;

" Soil erosion (i.e., source depletion) does not occur over the 1,000-year modeling

period;

" The non-dispersion groundwater model is used because of the large contaminated
area consistent with applicable guidance (Yu, et al. 2001, Appendix E);

* The groundwater flow regime under the post-remedial conditions is unchanged
from the current configuration (e.g. flow direction, aquifer productivity); and

* DCGLs that reflect 30 years of decay (i.e., apply to the year 2041) are appropriate

for Sr-90 and Cs-137. Although a 30-year decay period could have been applied to
all radionuclides, Sr-90 and Cs-137 were selected based on their prevalence in

surface soil, their expected peak doses at the onset of exposure, and the short half
lives of these particular radionuclides, as noted previously.

Subsurface Soil Conceptual Model

Figure 5-8 illustrates the conceptual model for subsurface soil DCGL development. The

basic RESRAD model is used as with development of surface soil DCGLs, with a resident
farmer being the average member of the critical group. The hypothetical residence and
farm are assumed to be located in the remediated WMA 1 area. Exposure to the
subsurface radioactivity occurs following intrusion and surface dispersal when installing a
water collection cistern.

Other possible critical groups were considered as with the conceptual model for
surface soil DCGLs. However, a resident farmer was determined to be most limiting
because such an individual would be engaged in a wider range of activities that could result

in greater exposure to residual radioactivity in subsurface soil than other critical groups

considered.

Consideration was given to a home construction scenario with the basement in the
hypothetical home extending 10 feet below the surface. However, this scenario was not
considered to be plausible because any contaminated subsurface soil would be more than
10 feet below the surface in the remediated WMA 1 and WMA 2 areas (the bottoms of the
excavations would be more than 10 feet below the surface and uncontaminated soil would

be used to backfill the excavations).
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L

The contaminated zone is garden
soil in a 100 m2 area 0.3 m thick,

contaminated by drill cuttings.

1lant jFoods

A resident farmer is the
average member of the
critical group.

MHk
'Wter Hypothetical cistern

(2 m diameter well,
10 m deep)

r-- intaminated zoi n' area, 0.3m thick)

Uncontaminated backfill, saturated zone

I Well (cistern) intake depth 5 m below water tableI

Contamination on bottom of excavation in area
where cistern is installed is brought to surface

Residual Radioactivity at Bottom of Excavation (Lavery Till) )
Lavery Till (Silty Clay)

Shale Bedrock

Figure 5-8. Conceptual Model for Subsurface Soil DCGL Development
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Note that Section 7 specifies that the uncontaminated backfill as shown in the figure
would be soil obtained from outside of the Center from an area that has not been impacted
by site radioactivity. No soil removed during the excavation work would be used in filling the
excavation, even if that soil were determined to be uncontaminated.

Consideration of NRC Guidance Related to Buried Radioactivity

Also considered in development of this conceptual model was NRC guidance related to
assessment of buried radioactivity in Appendix J to NUREG-1757, Volume 2 (NRC
2006). This guidance applies to cases where radioactive material is buried deep enough
that an external dose is not possible in its existing configuration; any radioactivity
remaining at the bottom of the WMA 1 and WMA 2 excavations would meet this
condition, and the VVVDP situation is consistent with the intent of the guidance.

The NRC notes that a conservative analysis could be performed that assumes all of the
material is spread on the surface. It describes two alternative exposure scenarios: (1)
leaching of the radionuclides to groundwater, which is then used by a residential farmer,
and (2) inadvertent intrusion into the buried radioactive material, with part of the
radioactivity being spread across the surface where this fraction causes exposure to a
resident farmer through various pathways. NRC further notes that

"The second alternative exposure scenario encompasses all the exposure pathways
and, although not all of the source term is in the original position, leaching will occur
both from the remaining buried residual radioactivity (if there is any) and the surface
soil. Unless differences in the thickness of the unsaturated zone will make a
tremendous difference in travel time to the aquifer, the groundwater concentrations
should be similar and, therefore, will generally result in higher doses than the first
alternate scenario."

The surface soil DCGLs discussed previously represent the case where all of the
radioactive material of interest is located on the surface; as explained in Section 6,
possible application of these DCGLs to the subsurface soil of interest would be
addressed in the ALARA analysis. DOE has selected the second alternative exposure
scenario - inadvertent intrusion into the buried material, that is, into any residual
radioactivity at the bottom of the WMA 1 and WMA 2 excavations - as the basis for
development of the subsurface soil DCGLs. NRC discusses in Appendix J to NUREG-
1757 (NRC 2006) the use of RESRAD in analysis of the inadvertent intrusion scenario,
which DOE has implemented here.

This conceptual model has the following features, some of which are indicated on
Figure 5-8:

The initial modeled source of contamination brought to the surface consists of
residual radioactivity in an area two meters (about six feet) in diameter and one
meter (about three feet) thick, the top surface of which lies nine meters (about 30
feet) below the ground surface. The contamination assumed to be in this volume of
subsurface soil represents the residual radioactivity of interest at the bottom of the
WMA 1 or WMA 2 excavation. The exposure occurs when the subsurface
radioactivity is deposited on the ground surface where it can result in exposure to
members of the critical group through various pathways.-
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* For conservatism the hypothetical well is assumed to have a large diameter
representative of a cistern, rather than the smaller diameter of a typical water
supply well (eight inches). The larger diameter provides for a greater volume of
contamination being brought to the surface, and is therefore conservative
compared to the typical well diameter.

* The nine meters (about 30 feet) of uncontaminated backfill above the initial source
of contamination comingles with the contaminated soil, and the mixture is assumed
to uniformly cover a cultivated garden area of 100 square meters (about 1000
square feet), i.e., a small portion of the 10,000 square meter garden, to a depth of
0.3 meter (one foot).7

* The remainder of the contamination in the bottom of the excavation was not
modeled as a continuing source to groundwater because this source is located
below the assumed well pump intake depth and would not be expected to leach
upward into the source of water available to the resident farmer. The potential dose
contribution from this source has been determined to be small compared to the
potential dose from contamination brought to the surface during installation of the
hypothetical cistern. This matter is discussed further in Section 5.2.4.

Table 5-4 shows the exposure pathways for development of the subsurface soil
DCGLs, which are the same as for the surface soil DCGLs.

Table 5-4. Exposure Pathways for Subsurface Soil DCGL Development

Exposure Pathways Active

External gamma radiation from contaminated soil Yes

Inhalation of airborne radioactivity from re-suspended contaminated soil Yes

Plant ingestion (produce impacted by contaminated soil and groundwater Yes
contaminated by impacted soil)

Meat ingestion (beef impacted by contaminated soil and groundwater Yes
contaminated by impacted soil)

Milk ingestion (impacted by contaminated soil and groundwater contaminated Yes
by impacted soil)

Aquatic food ingestion No(i)

Ingestion of drinking water (from groundwater contaminated by impacted soil) Yes

Ingestion of drinking water (from surface water)(2) No

Soil ingestion Yes

Radon inhalation No(3)

NOTES: (1) Fish ingestion is considered in development of the streambed sediment DCGLs and in the
combined scenario discussed in Section 5.3.

(2) Groundwater was assumed to be the source of all drinking water because the low flow volumes in
Erdman Brook and Franks Creek could not support the resident farmer. Use of surface water would
also not be as conservative as groundwater since surface water is diluted by runoff from the entire

7 Consideration was given to using a contaminated area larger than 100 square meters for the hypothetical
garden. If the material brought to the surface during installation of the hypothetical cistern were spread over
an area of 1000 square meters, for example, it would extend to an average depth of only about three
centimeters (1.2 inches). If sufficient material were brought to the surface to cover 1,000 square meters to a
depth of 0.3 meter (one foot), DCGLs would be reduced by a factor similar to that observed for surface soil
DCGLs (reduction factors ranged from 1.3 for Cs-137 to 28 for C-14, see Appendix C).
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watershed area. Incidental ingestion of water from the streams is evaluated in development of the
streambed sediment DCGLs as shown in Table 5-6.

(3) In using the standard resident farmer scenario in modeling of buried radioactivity, the radon pathway
is not considered (Appendix J, NRC 2006).

All of the input parameters for development of the subsurface soil DCGLs appear in
Appendix C. Table 5-5 identifies selected key input parameters.

Table 5-5. Key Input Parameters for Subsurface Soil DCGL Development1 ')

Parameter (Units) Value Basis

Initial source - cistern diameter (m) 2.OE+00 Conservative values used

Initial source - depth below surface (m) 9.0E+00 to estimate radioactivity
brought to the surface to be

Initial source - thickness (m) 1.0E+00 mixed in garden soil.

Area of contaminated zone (M 2) 1.0E+02 Area drill cuttings from
cistern installation spread
on surface.

Thickness of contaminated zone (m) 3.OE-01 Contaminated soil depth in
garden.

Cover depth (m) 0 Contamination on surface.

Contaminated zone erosion rate (m/y) 0 Conservative assumption.(2)

Well pumping rate (m3/y) 5.72E+03 See Table C-2.

Unsaturated zone thickness (m) 2.0E+00 Reasonable for WMA 1 and
WMA 2.

Distribution coefficient for strontium (mL/g) 1.5E+01 See Table C-2.

Distribution coefficient for cesium (mL/g) 4.8E+02 See Table C-2.

Distribution coefficient for americium (mUg) 4.0E+03 See Table C-2.

NOTES: (1) See Appendix C for other input parameters. Metric units are used here because they are normally
used in RESRAD.

(2) This assumption is conservative because it results in no depletion of the source.

Key assumptions associated with this conceptual model include:

* Contamination in the bottom one meter of the 10 meter deep excavation of the two
meter diameter cistern would be brought to the surface, along with the overlying
uncontaminated backfill, and blended into the soil over a 100 square meter area
used by the resident farmer.

• All water used by the resident farmer (e.g., household, crop irrigation, and livestock
watering) is groundwater which has been impacted by leaching of contaminants
from surface soil (distributed excavated material) via infiltration of precipitation and
irrigation water;

• Surface soil erosion (i.e., source depletion) does not occur over the 1,000 year-
modeling period;

" The groundwater flow regime under the post-remedial conditions is unchanged
from the current configuration (e.g. flow direction, aquifer productivity); and

Rev 0 5-27



WVDP PHASE 1 DECOMMISSIONING PLAN

* DCGLs that reflect 30 years of decay (i.e., apply to the year 2041) are appropriate
for Sr-90 and Cs-1 37. Although a 30-year decay period could have been applied to
all radionuclides, Sr-90 ad Cs-137 were selected based on expected peak doses at
the onset of exposure and the short half lives of these particular radionuclides.

Other Possible Conceptual Models for Subsurface Soil DCGL Development

Other possible conceptual models were considered, such as a drilling worker. A drilling
worker scenario would evaluate dose to a hypothetical individual installing the cistern, such
as from contamination brought to the surface in the form of drill cuttings that could be set
aside near the cistern.

A well driller scenario was evaluated in the Decommissioning EIS. The exposure
pathways considered included inadvertent ingestion of contaminated soil, inhalation of
contaminated dust, and direct exposure to contaminated water in a cuttings pond. The
results, shown in Table H-44, indicate that dose to the hypothetical well driller in a
representative area - the unremediated north plateau groundwater plume area after 100
years - would be insignificant (less than 1 E-08 mrem per year).

Even considering the larger volume of removed contaminated soil in the two meter
diameter cistern scenario, the potential dose to the drilling worker would be much smaller
than the dose to a hypothetical resident farmer (see Section 5.4.4). Additionally, exposure
to the drilling worker from the excavated Lavery till material would only occur in the final
stages of the excavation because the majority of the material removed would be clean
overlying soil. This factor would further reduce any potential exposure to the person
constructing the hypothetical cistern.

Streambed Sediment Conceptual Model

Figure 5-9 illustrates the conceptual model for development of streambed sediment
DCGLs. Table 5-6 identifies the exposure pathways considered.

A recreationist fishing, hunting, and
hiking in the stream area is the
average member of the critical group.

/

I Typical streambed contour

The contaminated zone is assumed
to be 1 meter (3 feet) thick. I

Figure 5-9. Conceptual Model for Streambed DCGLs Development

Rev 0 5-28



WVDP PHASE 1 DECOMMISSIONING PLAN

Table 5-6. Exposure Pathways for Streambed Sediment DCGL Development

Exposure Pathways Active

External gamma radiation from contaminated sediment Yes

Inhalation of airborne radioactivity from resuspended contaminated Not1)

sediment

Plant ingestion (produce impacted by soil and water sources) No

Meat ingestion (venison impacted by soil and water sources) Yes

Milk ingestion (impacted by soil and water sources) No

Aquatic food ingestion (fish) Yes

Ingestion of drinking water (from groundwater well) No

Ingestion of drinking water (incidental from surface-water) Yes

Sediment ingestion (incidental during recreation) Yes

Radon inhalation No(2)

NOTES: (1) Sediments adjacent to streambed have significant moisture content that inhibits their resuspension
potential and contradicts the consideration of inhalation exposure. Additionally, vegetation along the
streambed would likely preclude significant wind scour and subsequent inhalation.

(2) The radon pathway is not considered because radon is primarily naturally occurring and neither
radon nor its progeny are among the radionuclides of significant interest in dose modeling.

Key features of this conceptual model include the following:

* A person spending time in the area of the streams for recreation purposes was
determined to be the appropriate member of the critical group; the area is not
suitable for farming, livestock grazing, or residential use because of the steep
stream banks, especially considering further erosion that is likely to occur as

discussed previously.

* In this exposure scenario the primary radiation source is considered as the
sediment deposited on the stream bank. The ability of sediment to adsorb and
absorb radionuclides would be expected to concentrate otherwise dilute species of
ions from the water (NRC 1977). The water in the stream provides some shielding
and separation from radionuclides in sediments on the stream bottom, thus
reducing direct exposure and incidental ingestion pathways from those sources.8

* The hypothetical recreationist is assumed to be located on the contaminated
stream bank for 104 hours per year, which could involve spending two hours per

day, two days per week for 26 weeks a year, reasonable assumptions considering
the local climate.

8 Note that modeling of transport, deposition, and concentrations of radionuclides in the stream itself would
require assumptions on potential releases after Phase 1 of the decommissioning, and involve consideration
of the Phase 2 end-state, which are not appropriate at this time.
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* The contaminated zone of interest is located on the stream bank and is assumed to
be three meters (10 feet) wide and 333 meters (1093 feet) long, with a total area of
1000 square meters (approximately 1/4 acre).

" Having the contaminated zone on the stream bank takes into account a situation
where the stream level might rise significantly then fall again to a lower level.

* The hypothetical recreationist is assumed to eat venison from deer whose flesh is

contaminated with radioactivity from contaminated stream banks, such as from
grazing on grass, and ingesting stream water.

Consideration was given to both receptor location and stream bank geometry.

Potential doses to a recreationist from impacted stream water would be less significant
than potential doses from the stream bank for the following reasons:

* It would be plausible for the hypothetical recreationist to spend more time on the
stream bank than immersed in stream water;

* The water would provide radiation shielding for radioactivity in the streambed
sediment, which would decrease potential dose from direct radiation;

* While on the stream bank, the external dose from surface water would be
negligible compared with the dose from the stream bank source; and

* Neglecting erosion of the stream bank source leads to greater doses than
considering erosion of the source from the stream bank to the streambed, where
significant shielding from surface water would reduce the dose.

The stream bank geometry was assumed to be represented by a plane source of
contamination along the stream bank. Potential doses from alternative source
configurations were not included in this evaluation for the following reasons:

* Any dose variation due to a sloped stream bank would likely result in doses similar

to level sources due to movement of the receptor and exposure to an equivalent
uniform dose (e.g. receptor is assumed to spend time moving throughout the
source area and facing all directions for equal amounts of time);

* Although exposure to a source area wider than several meters is unlikely
considering the steep terrain, the receptor is assumed to be externally exposed to
a circular infinite plane source for conservatism; and

* Because the mass balance model was used for the sediment calculations, the
source width parameter is not used in the calculations for water dependent
pathways.

* All of the input parameters for development of the streambed sediment DCGLs appear
in Appendix C. Table 5-7 identifies selected key input parameters.
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Table 5-7. Key Input Parameters for Streambed Sediment DCGL Development(1'

Parameter (Units) Value Basis

Area of contaminated zone (M
2
) 1.0E+03 Area on stream bank.

Thickness of contaminated zone (m) 1 .OE+00 Conservative assumption.

Fraction of year spent outdoors 1.2E-02 104 hours (out of a total of
8760 hours per year) in
area.

Cover depth (m) 0 Contamination on surface.

Contaminated zone erosion rate (m/y) 0 Conservative assumption.(2)

Well pump intake depth (m below water table) 0 Only applicable to farming.

Well pumping rate (m 3/y) 0 Only applicable to farming.

Unsaturated zone thickness (m) 0 Contamination on stream
bank surface.

Contaminated zone distribution coefficient for 1.5E+01 See Table C-2.
strontium (mUg)

Contaminated zone distribution coefficient for 4.8E+02 See Table C-2.
cesium (mL/g)

Contaminated zone distribution coefficient for 4.0E+03 See Table C-2.
americium (mL/g)

NOTES: (1) See Appendix C for other input parameters. Metric units are used here because they are normally
used in RESRAD.

(2) This assumption is conservative because it results in no erosion of the source.

In development of the conceptual model, consideration was given to .protection of
environmental and ecological resources, as well as human health. It was determined that
no changes to the model or the radioactivity cleanup criteria would be necessary for this
purpose. 9

5.2.2 Mathematical Model

As noted previously, RESRAD (Yu, et al. 2001) is used as the mathematical model for
DCGL development. Version 6.4 was used to calculate the unit dose factors (in mrem/y per
pCi/g) for each of the 18 radionuclides in each of the three exposure scenarios. Unit dose

9 DOE Order 450.1, Environmental Protection Program, requires that DOE Environmental Management
facilities such as the WVDP have an environmental management system to ensure protection of the air,
water, land, and other natural and cultural resources in compliance with applicable environmental; public
health; and resource protection laws, regulations, and DOE requirements. Implementing guidance includes
DOE Standard 1153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial
Biota. This guidance includes the use of biota concentration guides to evaluate potential adverse ecological
effects from exposure to radionuclides.
The WVDP routinely evaluates potential annual doses to aquatic and riparian animals and plants in relation
to the biota concentration guides using the RESRAD-BIOTA computer code (DOE 2004) and radionuclide
,concentrations measured in water and streambed sediment. These evaluations show compliance with the
guides (WVES and URS 2008). The environmental monitoring and control program for Phase 1 of the
decommissioning described in Section 1.8 would ensure compliance with DOE Order 450.1 during the
decommissioning activities.
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factors were then scaled in Microsoft Excel to calculate individual radionuclide DCGLs
corresponding to 25 mrem per year.

RESRAD was selected as the mathematical model for DCGL development due to the
extensive use by DOE and by NRC licensees in evaluating doses from. residual
radioactivity at decommissioned sites. The RESRAD model considers multiple exposure
pathways for direct contact with radioactivity, indirect contact, and food uptake, which are
the conditions being evaluated at the WVDP.

RESRAD was used with the post-Phase 1 conceptual models described previously to

generate doses for unit radionuclide source concentrations (i.e., dose per pCi/g of source).
The resulting doses were then scaled to the limiting acceptable dose (25 mrem in a year) to
provide the radionuclide specific DCGLs (see Appendix C). For example, the maximum
estimated annual dose from 1 pCi/g of Cs-137 in surface soil was determined to be 1.7
mrem, so the DCGL for 25 mrem per year is 25 divided by 1.7 or 14.8 pCi/g prior to
accounting for decay (see Table C-5). The calculated DCGLs were then input into the
model as the source concentration to verify that the dose limit of 25 mrem per year was not

exceeded.

Among the general considerations for the application of RESRAD to the post-Phase 1

decommissioning conceptual models were:

0 Use of the non-dispersion groundwater pathways model for surface soil due to the
relatively large source area;

* Use of the mass balance model, instead of the less conservative non-dispersion
model, for the subsurface and streambed sediment models due to the relatively
small source areas; and

* The conservative assumption of no erosion for soil and sediment sources in the
development of DCGLs, so there would be no source depletion from erosion.

RESRAD input parameters were selected from the following sources, generally in the
order given based on availability:

* Site-specific values where available, (e.g. groundwater and vadose zone
parameters such as the distribution coefficients listed in Table 3-20);

" Semi site-specific literature values, (e.g. physical values based on soil type from
NUREG/CR-6697 (Yu, et al. 2000) and behavioral factors based on regional data
in the U.S. Environmental Protection Agency's Exposure Factors Handbook (EPA
1997);

* Scenario-specific values using conservative industry defaults, (e.g., from the
Exposure Factors Handbook, the RESRAD Data Collection Handbook (Yu, et al.
1993), NUREG/CR-6697 (Yu, et al. 2000), and NUREG/CR-5512, Volume 3
(Beyeler, et al. 1999);

" The most likely values among default RESRAD parameters defined by a

distribution, when available, otherwise mean values from NUREG/CR-6697 (Yu, et
al. 2000).

Rev 0 5-32



WVDP PHASE 1 DECOMMISSIONING PLAN

5.2.3 Summary of Results

Table 5-8 provides the calculated individual radionuclide DCGLs for surface soil,
subsurface soil, and streambed sediment which assure that the dose to the average
member of the critical group would not exceed 25 mrem per year when considering the

dose contribution from each radionuclide individually.

Table 5-8. DCGLs For 25 mrem Per Year (pCi/g)

Surface Soil Subsurface Soil Streambed Sediment
Nuclide DCGLw I DCGLEMc (1) DCGLw DCGLEMC(1) DCGLw DCGLEMc(1)

Am-241 5.4E+01 4.4E+03 6.4E+03 4.6E+04 1.6E+04 3.7E+05

C-14 3.5E+01 1.7E+06 4.3E+05 1.5E+08 3.4E+03 1.1E+07

Cm-243 4.7E+01 8.4E+02 1.1E+03 9.OE+03 3.6E+03 3.3E+04

Cm-244 1.0E+02 1.4E+04 2.OE+04 1.5E+05 4.7E+04 3.2E+07

Cs-137(2) 2.9E+01 3.4E+02 4.4E+02 3.7E+03 1.3E+03 1.2E+04

1-129 6.5E-01 2.1E+03 4.2E+02 4.3E+04 3.7E+03 9.3E+05

Np-237 1.1E-01 2.3E+02 3.7E+01 3.7E+03 5.4E+02 1.7E+04

Pu-238 6.4E+01 8.5E+03 1.2E+04 9.2E+04 2.0E+04 1.6E+07

Pu-239 5.8E+01 7.7E+03 1.1E+04 8.3E+04 1.8E+04 1.4E+07

Pu-240 5.8E+01 7.7E+03 1.1E+04 8.3E+04 1.8E+04 1.5E+07

Pu-241 1.8E+03 1.5E+05 2.2E+05 1.5E+06 5.2E+05 1.3E+07

Sr-90(2) 9.7E+00 8.9E+03 3.1E+03 2.OE+05 9.5E+03 1.5E+06

Tc-99 3.2E+01 5.4E+04 1.1E+04 1.1E+06 2.2E+06 1.4E+08

U-232 6.3E+00 6.7E+01 1.2E+02 1.0E+03 2.7E+02 2.5E+03

U-233 2.2E+01 1.6E+04 1.7E+03 1.6E+05 5.8E+04 1.6E+06

U-234 2.3E+01 2.6E+04 1.7E+03 1.7E+05 6.1E+04 1.5E+07

U-235 1.6E+01 6.7E+02 9.5E+02 7.5E+03 2.9E+03 2.5E+04

U-238 2.4E+01 3.3E+03 1.8E+03 3.7E+04 1.3E+04 1.3E+05

NOTES: (1) DCGLEMc values are for an area 1 m2 in size.
I

(2) Sr-90 and Cs-1 37 DCGLs reflect 30 years of decay and apply to the year 2041 and later.

The DCGLEMc values were calculated using each RESRAD model with an area of one
square meter for the contaminated zone, in place of the larger contaminated zone area

assumed in the base case model. This calculation produced the maximum dose in mrem
per year in the peak year for a one square meter contaminated zone, which was used to
estimate the DCGLEMC value.

As noted previously, the sum-of-fractions rule would be applied if characterization data
indicate that a mixture of radionuclides is present in an area.
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Conclusions About Results

Detailed outputs of the RESRAD simulations are presented in Appendix C. For surface
soil, the results show that:

" Am-241 doses are due primarily to ingestion of plants,

* Cs-1 37 doses are due primarily to external exposure, and

* Sr-90 doses are due primarily to ingestion of plants.

The modeling to develop the subsurface soil DCGLs indicated that:

* Am-241 doses are due primarily to external exposure and ingestion of impacted
plants,

* Cs-1 37 doses are due primarily to external exposure,

* Sr-90 doses are due primarily to ingestion of impacted plants, and

* DCGLs for subsurface soil are greater than those for the surface soil.

The modeling to develop the streambed sediment DCGLs indicated that:

" Am-241 doses are due primarily to incidental ingestion of sediment and to external
exposure,

" Cs-137 doses are due primarily to external exposure, as well as ingestion of soil
and venison,

" Sr-90 doses are due primarily to ingestion of venison, and

" DCGLs for the sediment source are orders of magnitude greater than those for

surface soil.

Conservatism in Calculations

A number of factors make the calculated DCGLs conservative. For the surface soil
DCGLs, these factors include, for example:

* Based on limited available data, the typical thickness of the contaminated zone is
likely smaller than the one meter (about 3.3 feet) value used in the analysis.

* Because of the relatively short local growing season, it is likely that crop and forage
yields would be less than those assumed for the site.

For the subsurface soil DCGLs, conservative factors include:

* As discussed previously, the diameter of the hypothetical well (cistern) at two
meters (about 6.6 feet) is much larger than the diameter of a typical water well
(eight inches)1°.

10 With the larger diameter, much more contaminated soil and residual radioactivity would be brought to the
surface where it could cause exposure through various pathways. The difference in volume would vary with
the square of the radius; 100 times as much contaminated soil would be brought to the surface in the
conceptual model with the two meter diameter well than with a model that assumed a 20 centimeter (eight
inch) diameter well. The larger diameter well assumed ensures that the pumping needs of the residential
farm would be met, since a smaller diameter well could not do this on some parts of the project premises.
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" Use of the mass balance model within RESRAD is conservative in that all
radionuclide inventory in leachate reaches the intake well.

" Because of the relatively short local growing season, it is likely that crop/forage
yields would be less than those assumed for the site.

For the streambed sediment DCGLs, conservative factors include:

* Based on limited available data, the typical thickness of the contaminated zone is
likely smaller than the one meter (about 3.3 feet) value used in the analysis.

" Based on available data, most contamination will be found in the stream beds, not
on the banks.

* It is unlikely that the incidental ingestion rate (50 mg/d) for sediment will be
exclusively from the contaminated area.

* It is assumed that all fish ingested by the recreationist are impacted by the
streambed sediment source; however, it is more likely that a recreationist may
ingest fish from other locations as well.

* Similarly, it is unlikely that the venison ingested would be impacted by streambed
sediment sources exclusively. It is more likely that exposure would be from both
impacted and non-impacted areas.

" Assumptions regarding the availability of an adequate fish population to allow long
term fish ingestion may also result in overestimation of doses related to the
sediment source, as there are currently no fish in the streams of sufficient quality or
quantity for sustained human consumption.

5.2.4 Discussion of Sensitivity Analyses and Uncertainty

Table 5-9 summarizes the sensitivity analyses performed for the surface soil DCGLs,
which are detailed in Appendix C.

Table 5-9. Summary of Parameter Sensitivity Analyses - Surface Soil DCGLs{1 )

Parameter (Base Run Change Minimum DCGL Change Maximum DCGL Change

Case) Made Change] Nuclide(s) Change Nuclide(s)

Indoor/Outdoor 1 -32% -23% U-232 0% 1-129
Fraction (0.66/0.25)

2 21% 0% 1-129 U-234 30% U-232

Source Thickness 3 -50% 9% Cs-1 37 82% Sr-90
(1 m) 4 200% -30% U-235 -0.1% Cs-137

Unsaturated Zone 5 -50% -2% U-238 6% U-235
Thickness (2 m) 6 150% -4% U-235 1% U-238

Irrigation/Pump 7 -57% -1% U-232 52% 1-129
Rate (0.5 m/y/ 8 70% -31% 1-129 2% U-232
5720 m3/y) _________ ____ ________
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Table 5-9. Summary of Parameter Sensitivity Analyses - Surface Soil DCGLst l)

Parameter (Base Run Change Minimum DCGL Change Maximum DCGL Change

Case) Made Change Nuclide(s) Change Nuclide(s)

Soil/Water 9 lower -67% Sr-90 6% U-232
Distribution
Coefficients (Kd) 10 higher -4% U-232 1146% U-234
(Table C-2)

Hydraulic 11 -99% 0% Sr-90 1873% 1-129
Conductivity
(140 m/y)

12 150% 0% Cs-137, Sr-90, 122% U-235
U-232

Runoff/Evapotrans- 13 -69% -28% U-234 3% U-232
poration Coefficient
(0.6/0.55)

14 64% -3% U-232 121% U-234

Depth of Well Intake 15 -40% -42% 1-129 0.1% U-232
(5 m)

16 100% 0% Cs-137 92% 1-129

Length Parallel to 17 -50% 0% Cs-137 78% U-235
Aquifer Flow
(100 m)

18 100% -44% U-235 0.1% U-232

Plant Transfer 19 -90% -4% 1-129 387% Sr-90
Factors
(RESRAD default) 20 900% -90% Sr-90 -6% 1-129

Mass Balance 21 -69% -81% U-234 0.1% U-232
Model (non-
dispersion model)

Contaminated Layer - Various - - See note (1)
Area (10,000 M2) smaller

areas

NOTES: (1) Information from the DCGLEMC calculations was used for evaluation of the sensitivity of the
contaminated layer area. DCGLs generally increased with smaller areas. Results presented here are
for radionuclides considered likely to contribute significantly to the overall surface soil dose based on
available characterization data.

Discussion of Surface Soil Results

The uncertainty results for the surface soil source model been evaluated considering
those radionuclides that are the primary dose drivers, i.e., those that are likely to contribute
significantly to predicted dose based on available characterization data. The radionuclides
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are Sr-90 (due to water independent plant uptake), 1-129 (due to water dependent
pathways), Cs-137 (external radiation dose), and most uranium radionuclides (water
dependent pathways).

The sensitivity analysis of the surface soil model, for these radionuclides, indicates the
following:

" A lower indoor exposure fraction results in the largest DCGL decrease for U-232

and no change for 1-129. Similarly, a higher indoor exposure fraction results in the
largest increase for U-232 and no change for 1-129 and U-234. However, it is

unlikely that the indoor fraction is too low based on the local climate. The U-232
doses are mainly due to external exposure, which accounts for the relative
sensitivity to this parameter.

" Decreasing the source thickness increased the DCGL for all radionuclides and
increasing the source thickness resulted in the most significant DCGL decrease for

U-235. The sensitivity to this parameter is due to increased/decreased dose from
the water ingestion and plant pathways (both water dependent and independent).

" Decreasing the unsaturated zone thickness resulted in an increased DCGL for U-
235 and a decrease for U-238. Similarly, increasing the unsaturated zone thickness

decreased the U-235 DCGL and increased the U-238 DCGL. Sensitivity to this
parameter is mainly due to increased/decreased travel time of contaminants to the
saturated zone, resulting in water dependent doses occurring earlier/later with
respect to doses from water independent pathways.

" Reducing the irrigation/well pump rate increased the DCGL for 1-129 most
significantly. Similarly, increasing the pump rate decreased the DCGL for 1-129. This
is because reducing the pumping rate results in a lower dilution factor, and
increasing the pumping rate results in more radionuclide inventory available for

exposure.

" The most significant effects of varying the Kd values were observed for Sr-90 and U-
234.

" Decreasing the hydraulic conductivity significantly increased the DCGL for 1-129 due
to increasing the travel time to the well. Increasing the hydraulic conductivity
significantly increased the DCGL for U-235 because dilution is greater.

" Variations in the runoff/evapotranspiration coefficients had the greatest effect on U-
234 and the least impact on U-232. Radionuclides that are most sensitive to this

parameter have doses mainly due to water dependent pathways.

" Decreasing the well intake depth most significantly decreased the DCGL for 1-129,
while increasing this parameter results in significantly increased the DCGL for 1-129,

due to increased/decreased dilution in the well water.
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* Changes to the parameter for length of contamination parallel to the aquifer flow
had the most significant effect on the U-235 DCGL, due to increased/decreased

dilution in the aquifer.

" Decreasing/increasing the plant transfer factors significantly increased/decreased
the DCGL for Sr-90, as dose is mainly due to ingestion via plant uptake from soil.

" Use of the mass balance groundwater model significantly decreases the DCGL for
U-234 but had no effect on U-232. Radionuclides most sensitive to this parameter
have doses mainly due to water dependent pathways.

Table 5-10 summarizes the sensitivity analyses performed for the subsurface soil
DCGLs, which are detailed in Appendix C.

Table 5-10. Summary of Parameter Sensitivity Analyses - Subsurface Soil DCGLs(1'

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 (0.66/0.26)

2 21% -1% U-238 35% U-232

Source Thickness 3 -67% 10% U-238 193% Sr-90
(im) 4 233% -66% Sr-90 -1% Cs-137

Unsaturated Zone 5 -50% -1% U-238 0% Cs-1 37, Sr-90,
Thickness U-232, U-235
(2 m) 6 150% 0% Cs-137 Sr-90 U- 16/6 U-238

232 U-235

Irrigation/Pump 7 -57% -36% 1-129 0% Cs-137
Rate (0.5 m/y/ 8 70% 0% Cs-137 159% U-238
5720 m3/y)

Soil/Water 9 lower -85% U-238 9% U-232
Distribution
Coefficients (Kd) 10 higher -27% U-232 3144% U-234
(Table C-2)

Hydraulic 11 -99% -1% U-238 3% 1-129
Conductivity
(140 m/y)

12 150% 0% Cs-137 1-129 Sr-90 0% Cs-1 37, 1-129,
U-232 U-233 U-234 Sr-90, U-232,
U-235 U-238 U-233, U-234,

U-235, U-238

Runoff/Evapotrans- 13 -69% -38% U-234 16% U-232
poration Coefficient 14 64% -19% U-232 188% U-234
(0.6/0.55)
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Table 5-10. Summary of Parameter Sensitivity Analyses - Subsurface Soil DCGLs(1 )

Parameter Run Change Minimum DCGL Change Maximum DCGL Change

(Base Case) Made Change Nuclide(s) Change Nuclide(s)

Plant Transfer 15 -90% -0.4% U-238 574% Sr-90
Factors
(RESRAD defaults) 16 900% -89% Sr-90 -1% U-234

Contaminated Layer - Various - - See note (1).
Area smaller
(100 M2) areas

NOTES: (1) Information from the DCGLEMC calculations was used for evaluation of the sensitivity of the
contaminated layer area. DCGLs generally increased with smaller areas. Results presented here are
for radionuclides considered likely to contribute significantly toithe overall subsurface soil dose based
on available characterization data.

Discussion of Subsurface Soil Results

The uncertainty results for the subsurface soil source models have been evaluated
considering those radionuclides that are the primary dose drivers, i.e., those that are likely
to contribute significantly to predicted dose based on available characterization data (see
Table 5-1). The radionuclides are Sr-90 (due to water independent plant uptake), 1-129
(due to water dependent pathways), Cs-137 (external radiation dose), and uranium
radionuclides (water dependent pathways).

The sensitivity analysis of the subsurface soil model for these radionuclides indicates
the following:

" A lower indoor exposure fraction results in a DCGL decrease for Cs-137 and no
change, for U-234. A higher indoor exposure results in a significant increased
DCGL for U-232. However, it is unlikely that the indoor fraction is too low based on
the local climate. Doses for these isotopes are mainly due to external exposure,
which accounts for the relative sensitivity to this parameter.

" The source thickness parameter sensitivity was most significant for Sr-90 The
sensitivity to this parameter is due to increased/decreased dose from the water
ingestion and plant pathways (both water dependent and independent).

* Decreasing or increasing the unsaturated zone thickness resulted in little change to

the DCGLs.

. The 1-129 and U-238 DCGLs were sensitive to changes in the irrigation/well pump
rate but the Cs-137 DCGL was not. This effect is because reducing the pumping
rate results in a lower dilution factor, and. increasing the pumping rate results in
more dilution for water dependent pathways.

. The most significant effects of varying the Kd values were observed for U-232, U-
234, and U-238.

Decreasing or increasing the hydraulic conductivity resulted in no -change to the
DCGLs due to use of the mass balance model.
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" The U-232 and U-234 DCGLs are sensitive to changes in the runoff/
evapotranspiration coefficient. Radionuclides that are most sensitive to this
parameter have doses mainly due to water dependent pathways.

* The plant transfer factor is most sensitive for Sr-90, as the dose is mainly due to
ingestion via plant uptake.

Table 5-11 summarizes the sensitivity analyses performed for the streambed sediment
DCGLs, which are detailed in Appendix C:

Table 5-11. Summary of Parameter Sensitivity Analyses - Streambed Sediment
DCGLs0

1 )

Parameter R 1 M Minimum DCGL Change Maximum DCGL Change

(Base Case) Run Change Made Change I Nuclide(s) Change J Nuclide(s)

Indoor/Outdoor 1 -50% 3% Sr-90 86% Cs-1 37
Fraction
(0.66/0.25) 2 100% -48% Cs-137 -5% Sr-90

Source Thickness 3 -50% 1% Cs-137 29% Sr-90
(1 m) 4 200% -0.2% Sr-90 0% Cs-1 37

Unsaturated Zone 5 0 m to 1m 0.3% Cs-1 37 8% Sr-90
Thickness 6 0 m to 3 m 0.3% Cs-1 37 8% Sr-90
(2 m)

Soil/Water 7 lower 0.5% Cs-137 12% Sr-90
DistributionCicien 8 higher 0.3% Cs-137 7% Sr-90Coefficients (Kd)

(Table C-2)

Runoff/Evaporation 9 -54% 0% Cs-1 37 0.4% Sr-90
Coefficient
(0.6/0.55) 10 78% -0.3% Sr-90 0% Cs-1 37

Plant Transfer 11 -90% 1% Cs-137 82% Sr-90
Factors
(RESRAD defaults) 12 900% -82% Sr-90 -9% Cs-137

Fish Transfer 13 -90% 0.3% Cs-137 7% Sr-90
Factors
(RESRAD defaults) 14 900% -39% Sr-90 -3% Cs-137

Contaminated Layer - Various - See note (1).
Area smaller
(1000 m2) areas

NOTES: (1) Information from the DCGLEMC calculations was used for evaluation of the sensitivity of the
contaminated layer area. DCGLs generally increased with smaller areas. Results presented here are
for radionuclides considered likely to contribute significantly to the overall sediment dose based on
available characterization data.
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Discussion of Streambed Sediment Results

The streambed sediment model sensitivity simulations have been evaluated

considering those radionuclides that are likely to significantly contribute to the overall doses
in this media, which are Sr-90 (venison ingestion) and Cs-137 (external radiation dose).

The sensitivity analysis for the sediment model, for these radionuclides, indicates:

* The DCGLs for Sr-90 and Cs-137 are inversely related to changes in outdoor
fraction, with Cs-137 being the most sensitive. Radionuclides with primary doses
from water independent pathways are more sensitive to changes in this parameter.

* Decreasing the source thickness results in higher DCGLs for Sr-90 and Cs-137.

While increasing the source thickness has little effect on these radionuclides. Sr-
90 is most sensitive to this parameter.

* Increasing the unsaturated zone thickness increases DCGLs for Sr-90 but had no

effect on Cs-137. Radionuclides with primary doses from water dependent
pathways are more sensitive to changes in this parameter.

* Varying the Kd values had no effect on the Cs-137 DCGLs, but increased the Sr-90
DCGLs due to doses from water dependent pathways.

* Varying the runoff/evapotranspiration coefficient had little effect on Cs-1 37 or Sr-90
DCGLs. Radionuclides most sensitive to this parameter have doses mainly due to
water dependent pathways.

Decreasing both plant and fish transfer factors resulted in increased DCGLs for Sr-
90, and increasing these parameters resulted in decreased DCGLs for both Cs-137
and Sr-90.

Other Uncertainties

The RESRAD model does not account for the fate and transport of eroded particles

due to surface soil source erosion/overland transport, and the rate of erosion input for

RESRAD is only used to deplete the source. The assumption of no sediment source

erosion is considered an appropriate simplification since it provides a conservative estimate
of dose based on no source depletion via erosion. Additionally, while overland erosion via

runoff is not considered, neither is the receiving water body diluted by the runoff.

The assumption of no change to groundwater conditions in terms of flow direction and
aquifer productivity is a source of potential uncertainty. However, DCGLs based on this

assumption can be further refined if site specific information indicates different conditions

are likely.

Leaching of Residual Subsurface Contamination to Groundwater

The evaluation of DCGL radioactivity concentrations in the Lavery till (that is, at the

bottom of the WMA 1 and WMA 2 excavations) as a continuing source to groundwater
could not be modeled using RESRAD, because the code does not provide for a site

configuration with a source below the water table. Pore water concentrations estimated
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from the soil partition coefficients indicate that even assuming minimal dilution, the resulting

well concentration would be low compared with the contribution from well cuttings leaching

from the surface (see Appendix C). The uncertainty in neglecting this contribution to the

overall dose is considered to be acceptable when considering the large percentage of the

dose from pathways associated with subsurface soil cuttings spread on the surface

compared to the potential dose from leaching of residual radioactivity at the bottom of the

WMA 1 and WMA 2 excavations.

The following conditions suggest that the dose associated with subsurface soil cuttings

as a surface source does not warrant consideration in the overall combined dose

assessment:

* Even with conservative assumptions of a large cistern diameter and well depth,

combined with a small thickness over which the cuttings are spread, the result is a

source area of approximately 1,000 square feet (100 square meters). When this

source area is used in conjunction with the required area for a resident farmer of

100,000 square feet (10,000 square meters), the result is a large DCGL for
subsurface soil when compared with surface soil DCGLs (except in the case of Cs-

137).

" Dilution of contaminated well cuttings with overlying clean fill results in further

reduction of overall dose from subsurface sources relative to surface sources.

" Doses from potential surface soil sources are orders of magnitude greater than

those from subsurface sources based on the resident farmer scenario.

Changes to Base-Case Models Based on Sensitivity Analysis Results

Development of the conceptual model for surface soil DCGLs was an iterative process
that used conservative assumptions for model parameters and took into account the results

of early model runs and the related input parameter sensitivity analyses.

The initial model runs produced inordinately low DCGLs for uranium radionuclides in

surface soil. The calculated DCGLw for U-238, for example, was 1.0 pCi/g, slightly above
measured background concentrations in surface soil shown in Table 4-11 of this plan.

The next iteration involved changes to radionuclide distribution coefficients. Evaluation
of the basis for the original distribution coefficients and sensitivity analysis results led to the
conclusion that some distribution coefficients used were inappropriate. These distribution

coefficients were changed. The resulting distribution coefficients are' based either on site-

specific data for the sand and gravel layer or, where site-specific data are not available,
values for sand from Sheppard and Thibault 1990, as shown in Table C-2.

These model changes produced higher DCGLw values for uranium radionuclides, e.g.,

4.8 pCi/g for U-238. However, these values were still low compared to uranium DCGLs for

unrestricted release developed at other sites. Further evaluation showed that the main
reason for the low uranium DCGLs was the conservative use of the RESRAD mass

balance model. After considering the results of the sensitivity analysis that evaluated use of
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the non-dispersion model, and RESRAD Manual guidance11 , it was determined to be more
appropriate to use the non-dispersion model in the surface soil analysis and this was done.

No other conceptual model changes were considered to be necessary given the
approach of selecting input parameters that are generally conservative and taking into
account the built-in modeling conservatism from selecting peak doses from all years and
neglecting the decay of long-lived radionuclides. For the subsurface soil DCGL model,
because of the limited amount of material excavated and distributed on the surface, the
contaminated layer thickness at the ground surface was not increased (this provides a
larger area over which to spread subsurface cuttings).

Overall Conclusion

The DCGLs developed for Phase 1 of the proposed decommissioning as shown in
Table 5-8 are protective of human health. Evaluation of the dose modeling results indicates
that:

" Primary contributions to dose associated with surface soil sources are due to
external exposure to Cs-137 in surface soil, and ingestion of Sr-90 in plants.
Surface soil source results indicate that Cs-137 dose is most sensitive to changes
in the indoor/outdoor fraction and plant transfer factors, while Sr-90 is sensitive to

changes in the contaminated zone thickness, plant transfer factors, and the use of
the mass balance groundwater model.

* Primary contributions to dose associated with subsurface sources are due to
external exposure to Cs-137 in excavated material, and ingestion of Sr-90 in
plants. Subsurface soil source results indicate that Cs-137 is most sensitive to

changes in indoor/outdoor fraction and source thickness. Sr-90 is most sensitive to
source thickness and plant transfer factors.

* Primary contributions to dose associated with sediment sources are due to external
exposure to Cs-137 in sediment, and ingestion of Sr-90 in venison. Sediment
source results indicate that Cs-137 dose is most sensitive to the indoor/outdoor
fraction, while Sr-90 is sensitive to plant transfer factors.

The DCGLs developed as described in this section were based on exposure to a single
radionuclide in a specific source media (e.g., Sr-90 in sediment). The next section
discusses refinement of the DCGLs to account for exposure to multiple radionuclides and
sources.

5.3 Limited Site-Wide Dose Assessment

This section describes the limited integrated dose assessment performed to ensure
that criteria used in Phase 1 remediation activities would not limit options for Phase 1 of the
proposed decommissioning.

1 The RESRAD Manual (Yu, et al. 2001) notes in Appendix E that:"The user has the option of selecting
which [groundwater] model to use. Usually, the MB [mass balance] model is used for smaller contaminated

2areas (e.g., 1,000 m or less) and the ND [non-dispersion] model is used for larger areas."
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5.3.1 Basis for this Assessment

Section 5.1.3 explains why such a dose assessment is appropriate, considering the

Phase 1 and Phase 2 sources illustrated in Figure 5-4. Section 5.1.3 also explains that the
appropriate dose assessment involves a hypothetical individual engaged in farming at

some time in the future on one part of the remediated project premises who also spends
time fishing and hiking at Erdman Brook and Franks Creek.

This scenario would involve an individual being exposed to two different remediated
source areas and being a member of the two different critical groups. As described in

Section 5.2, the exposure group for the resident farmer scenario used for development of
DCGLs for surface and subsurface soil is significantly different from the exposure group for
the development of the streambed sediment DCGLs, which involves a hypothetical
individual spending a relatively small fraction of his or her time hiking, fishing, and hunting
in the areas of Erdman Brook and Franks Creek.

In both of these cases, it was assumed that the hypothetical individual (the average
member of the critical group) would be exposed only to the residual radioactivity of interest.
That is, the resident farmer would not be exposed to residual radioactivity in the areas of
the streams and the recreationist would not be exposed to residual radioactivity in surface
soil or subsurface soil.

5.3.2 Assessment Approach

The approach used involves partitioning doses between two critical groups and two
areas of interest: (1) the resident farmer who lives in an area of the project premises where
surface soil or subsurface soil has been remediated to the respective DCGLs and (2) the
person who spends 'time in the areas of the streams hiking, fishing, and hunting (the

recreationist). This approach is analogous to addressing multiple radionuclides in
contaminated media of interest using the sum-of-fractions approach or unity rule (NRC
2006).

Consideration of potential risks related to the different areas led assigning 90 percent
of the total dose limit of 25 mrem per year to the resident farmer activities and 10 percent to
the recreational activities. This arrangement involves assigning an acceptable dose of 22.5
mrem per year to resident farmer activities and 2.5 mrem per year to recreation in the area

of the streams, values which total 25 mrem per year.12 The assessment was then
performed using the base case analysis results for the resident farmer and the recreationist

at Erdman Brook and Franks Creek.

Two separate assessments were performed with the resident farmer located in: (1) the

area of the remediated WMA 1 subsurface soil excavation, and (2) the resident farmer

12 This 0.90/0.10 split is based on judgment related to relative risk. Consideration was given to using a split
based on the relative time the hypothetical farmer would spend in the area of the farm compared to the area
of the streams. However, because the assumed time in the area of the streams is relatively small at 104
hours per year, such as spilt could result in an allowable annual dose of 24.7 mrem for resident farmer
activities and 0.3 mrem for recreation at the streams. This split would have a minimal impact on the soil
DCGLs while driving the streambed sediment DCGLs to unrealistically low levels.
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located in an area where surface soil was assumed to have been remediated. Details

appear in Appendix C.

5.3.3 Results of the Assessments

Table 5-12 provides the assessment results for the WMA 1 subsurface soil case and

Table 5-13 provides the results for the surface soil case. The streambed sediment DCGLw
values are the same in both cases because the apportioned dose limit of 2.5 mrem per

year is the same.

Table 5-12. Limited Site-Wide Dose Assessment I Results (DCGLs in pCi/g)

Subsurface Soil DCGLw Values Streambed Sediment DCGLw Values
Nuclide Base Case(1 ) Assessment(2 ) Base Case(1 ) Assessment(2)

Am-241 6.4E+03 5.8E+03 1.6E+04 1.6E+03

C-14 4.3E+05 3.8E+05 3.4E+03 3.4E+02

Cm-243 1.1E+03 1.OE+03 3.6E+03 3.6E+02

Cm-244 2.OE+04 1.8E+04 4.7E+04 4.7E+03

Cs-137(3 ) 4.4E+02 3.9E+02 1.3E+03 1.3E+02

1-129 4.2E+02 3.8E+02 3.7E+03 3.7E+02

Np-237 3.7E+01 3.3E+01 5.4E+02 5.4E+01

Pu-238 1.2E+04 1.1E+04 2.01E+04 2.0E+03

Pu-239 1.1 E+04 9.9E+03 1.8E+04 1.8E+03

Pu-240 1.1E+04 9.9E+03 1.8E+04 1.8E+03

Pu-241 2.2E+05 2.OE+05 5.2E+05 5.2E+04

Sr-90(3) 3.1 E+03 2.8E+03 9.5E+03 9.5E+02

Tc-99 1.1E+04 9.9E+03 2.2E+06 2.2E+05

U-232 1.2E+02 1.11E+02 2.7E+02 2.7E+01

U-233 1.7E+03 1.5E+03 5.8E+04 5.8E+03

U-234 1.7E+03 1.5E+03 6.1E+04 6.1E+03

U-235 9.5E+02 8.6E+02 2.9E+03 2.9E+02

U-238 1.8E+03 1.6E+03 1.3E+04 1.3E+03

NOTE: (1) The base case values from Table 5-8.
(2) The results for the analysis of the combined resident farmed located in the area of remediated surface

soil and the recreationist in the area of the streams.
(3) These DCGLs apply in the year 2041 and later.

As can be seen from Table 5-13, the dose partitioning approach reduced the DCGLw

values for surface soil by 10 percent and reduced the DCGLw values for streambed

sediment by an order of magnitude.
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Table 5-13. Limited Site-Wide Dose Assessment 2 Results (DCGLs in pCi/g)

Surface Soil DCGLw Values Streambed Sediment DCGLw Values

Base Case(1 ) Assessment(2) Base Case(1 ) Assessment(2)

Am-,241 5.4E+01 4.9E+01 1.6E+04 1.6E+03

C-14 3.5E+01 3.1E+01 3.4E+03 3.4E+02

Cm-243 4.7E+01 4.2E+01 3.6E+03 3.6E+02

Cm-244 1.OE+02 9.4E+01 4.7E+04 4.7E+03

Cs-137(3) 2.9E+01 2.7E+01 1.3E+03 1.3E+02

1-129 6.5E-01 5.8E-01 3.7E+03 3.7E+02

Np-237 1.1E-01 9.6E-02 5.4E+02 5.4E+01

Pu-238 6.4E+01 5.8E+01 2.OE+04 2.OE+03

Pu-239 5.8E+01 5.2E+01 1.8E+04 1.8E+03

Pu-240 5.8E+01 )5.2E+01 1.8E+04 1.8E+03

Pu-241 1.8E+03 1.6E+03 5.2E+05 5.2E+04

Sr-90(3 ) 9.7E+00 8.7E+00 9.5E+03 9.5E+02

Tc-99 3.2E+01 2.9E+01 2.2E+06 2.2E+05

U-232 6.3E+00 5.6E+00 2.7E+02 2.7E+01

U-233 2.2E+01 2.0E+01 5.8E+04 5.8E+03

U-234 2.3E+01 2.1E+01 6.1E+04 6.1E+03

U-235 1.6E+01 1.4E+01 2.9E+03 2.9E+02

U-238 2.4E+01 2.2E+01 1.3E+04 1.3E+03

NOTE: (1) The base case values from Table 5-8.
(2) The results for the analysis of the combined resident farmed located in the area of remediated surface

soil and the recreationist in the area of the streams.
(3) These DCGLs apply in the year 2041 and later.

5.4 Cleanup Goals and Additional Analyses

This section (1) identifies the cleanup goals to be used in remediation of surface soil,

subsurface soil, and streambed sediment and the basis for these cleanup goals; (2)
describes how the DCGLs and the cleanup goals would be later refined; (3) discusses use
of surrogate radionuclides; and (4) identifies plans for the dose assessment of the
remediated WMA 1 and WMA 2 areas.

5.4.1 Cleanup Goals

As explained in Section 5.1.6, the dose modeling process includes establishing cleanup

goals below the DCGLs developed to meet the 25 mrem per year unrestricted dose limit
that are to be Used to guide remediation efforts, considering the results of the analysis of

the combined source area exposure scenario described in Section 5.3 and the ALARA
analysis described in Section 6.
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Combined Source Area Analysis

As indicated in Section 5.3, analysis of the limiting scenario for dose integration - a
resident farmer living on the remediated project premises who spends time in the vicinity of

Erdman Brook and Franks Creek hiking, fishing, and hunting - produced lower DCGLw
values for both critical groups, with the reduction for the recreationist in the area of the
streams being a much greater percentage.

ALARA Analysis

Section 6 describes the process used to evaluate whether remediation of surface soil,
subsurface soil, and streambed sediment below DCGLs based on 25 mrem/y would be

r- cost-effective, following the standard NRC methodology for ALARA analyses. Section 6
provides the results of a preliminary analysis and provides for a final ALARA analysis to be
performed during the Phase 1 proposed decommissioning work.

The preliminary ALARA analysis suggests that the costs of removing slightly
contaminated soil or sediment at concentrations below the DCGLs for 25 mrem per year
would outweigh the benefits. That is, areas where surface soil, subsurface soil, and
sediment are remediated to radioactivity concentrations at the DCGLs satisfy the ALARA
criteria. The evaluation process balances the cost of offsite disposal of additional
radioactively contaminated soil (cost of $6.76 per cubic foot) and the benefits of reduced
dose (benefit of $2000 per person-rem as set forth in NRC guidance).

The final ALARA analysis that would be performed during the Phase 1 proposed
decommissioning activities would make use of updated information, such as actual rather

than predicted waste disposal costs. However, the results would likely be similar to the
preliminary analysis.

Section 6 explains that the methods to be used in remediation of contaminated soil
and sediment, which involve excavation of the material in bulk quantities, would generally
remove more material than necessary to meet the DCGLs. As noted in Section 6, NRC
recognizes that soil excavation is a coarse removal process that is likely to remove large
fractions of the remaining radioactivity (NRC 1997). The contaminated soil and sediment
removal method is therefore expected to produce residual radioactivity concentrations well

below the DCGLs.

Cleanup Goals

Demonstration that the proposed decommissioning activities have achieved the desired
dose-based criteria is through a process described in the Multi-Agency Radiation Survey
and Site Investigation Manual (MARSSIM) (NRC 2000). Samples of the post-
decommissioning media are analyzed for the individual radionuclides of interest (or for a

surrogate radionuclide in a mixture 13), and the average concentration is compared to the
DCGL using various statistical tests. Because the average concentration is compared to

13 Section 4.3.2 of the MARSSIM (NRC 2000) describes how for sites with multiple radionuclides it may be
practical to measure just one of the contaminants and still demonstrate compliance with cleanup criteria for
all of the contaminants through the use of surrogate measurements. Section 9 of this plan discusses the use
of surrogate radionuclides in Phase I of the decommissioning.
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the DCGL, and due to the statistical fluctuations inherent in measuring low concentrations

of radioactivity, it is likely that some post-remediation samples would exceed the DCGL. It
is not necessary that all samples be below the DCGL, but to increase success in the

statistical evaluation, the planned post-remediation average (in-process or cleanup goal)
should be somewhat below the DCGL. How far below the DCGL is appropriate depends on
the variation of the post-remediation concentration across the area and on the inherent

costs in responding to a false positive decision (concluding that remediation was successful

but finding that analysis of samples from the area fails the statistical evaluation).

For surface soils and sediments in the WVDP Phase 1 areas, the field cleanup goal

need not be too far below the DCGL, if at all. As discussed previously, bulk excavation

would generally remove more material than necessary to meet the DCGL, so it is likely that
the post-remediation average concentration would be below whatever in-process goal is
chosen. And the costs for additional remediation of a surface soil or sediment site, while
extra, are not unusually high.

However, for subsurface soils a field cleanup goal should be well below the DCGL

because of the large costs to be incurred if additional remediation were necessary to an
area that failed the statistical testing. Re-excavating to depth with shoring, engineering
controls, and management or disposal of extensive overburden would be expensive
compared to excavating some additional material in the original remediation.

Consideration of such factors led to DOE establishing in this plan the cleanup goals
shown in Table 5-14.

Table 5-14. Cleanup Goals to be Used in Remediation in pCi/!g1 )

Surface Soil(2) Subsurface Soil(3) Streambed Sediment(2)

Nuclide CGw CGEMC CGw CGEMC CGw CGEMC

Am-241 4.9E+01 4.OE+03 2.9E+03 2.1E+04 1.6E+03 3.7E+04

C-14 3.1E+01 1.5E+06 1.9E+05 6.6E+07 3.4E+02 1.1E+06

Cm-243 4.2E+01 7.6E+02 5.1E+02 4.0E+03 3.6E+02 3.3E+03

Cm-244' 9.4E+01 1.2E+04 8.8E+03 6.6E+04 4.7E+03 3.2E+06

Cs-137(4) 2.7E+01 3.0E+02 2.0E+02 1.7E+03 1.3E+02 1.2E+03

1-129 5.8E-01 1.9E+03 1.9E+02 1.9E+04 3.7E+02 9.3E+04

Np-237 9.6E-02 2.1E+02 1.7E+01 1.7E+03 5.4E+01 1.7E+03

Pu-238 5.8E+01 7.7E+03 5.5E+03 4.1E+04 2.0E+03 1.6E+06

Pu-239 5.2E+01 6.9E+03 5.OE+03 3.8E+04 1.8E+03 1.4E+06

Pu-240 5.2E+01 7.0E+03 5.OE+03 3.8E+04 1.8E+03 1.5E+06

Pu-241 1.6E+03 1.3E+05 9.8E+04 7.0E+05 5.2E+04 1.3E+06

Sr-90(4) 8.7E+00 8.OE+03 1.4E+03 9.1E+04 9.5E+02 1.5E+05

Tc-99 2.9E+01 4.9E+04 5.OE+03 4.9E+05 2.2E+05 1.4E+07

U-232 5.6E+00 6.0E+01 5.3E+01 4.7E+02 2.7E+01 2.5E+02
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Table 5-14. Cleanup Goals to be Used in Remediation in pCi/gtl)

Surface Soil(2) Subsurface Soil(3) Streambed Sediment(2)

Nuclide CGw CGEMC CG,, CGEMC CG. CGEMC

U-233 2.OE+01 1.4E+04 7.5E+02 7.2E+04 5.8E+03 1.6E+05

U-234 2.1E+01 2.3E+04 7.7E+02 7.9E+04 6.1E+03 1.5E+06

U-235 1.4E+01 6.1E+02 4.3E+02 3.4E+03 2.9E+02 2.5E+03

U-238 2.2E+01 3.OE+03 8.2E+02 I 1.7E+04 1.3E+03 1.3E+04

NOTE: (1) These cleanup goals (CGs) are to be used as the criteria for the remediation activities described in
Section 7 of this plan.

(2) The CGw values for surface soil and streambed sediment are the same as the limited dose
assessment DCGL values in Table 5-11. The CGEMC values were producing by scaling the values
provided in Table 5-8 and apply to 1 m2 areas of elevated contamination.

(3) These CGw values and CGEMC values are the DCGL values in Table 5-8 reduced by a factor of 0.50
as discussed below.

(4) These cleanup goals apply in the year 2041 and later.

The basis for these cleanup goals is as follows. Compliance with the cleanup goals
used for remediation when mixtures of radionuclides are present would be determined by
use of the sum-of-fractions approach.

Basis for Cleanup Goals for Surface Soil

The surface soil CGw values are the values in the Surface Soil DCGLw Assessment
column of Table 5-13. DOE considers these goals to be conservative and appropriate to
provide assurance that any remediation of surface soil and sediment in drainage ditches on
the project premises that may be accomplished during Phase 1 of the proposed
decommissioning would support releasing the remediated areas under the criteria of 10
CFR 20.1402, should the licensee eventually determine that approach to be appropriate for

14Phase 2 of the decommissioning.

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.

Basis for Cleanup Goals for Streambed Sediment

DOE has used the DCGLw values from the limited site-wide dose assessment (the last
column in Table 5-12 and Table 5-13) as the cleanup goals for streambed sediment. These
values are substantially less than those developed for the base-case recreationist scenario

14 As noted previously, surface soil may or may not be remediated in Phase 1 of the decommissioning.

However, it is possible that characterization performed early in Phase 1 could identify surface soil
contamination that would warrant remediation to reduce radiation doses during the period between Phase 1
and Phase 2 of the decommissioning. In the unlikely event that this situation developed, the areas of
concern would be remediated in Phase 1.
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and are considered to be supportive of any approach that may be selected for Phase 2 of

the proposed decommissioning.

As noted in the discussion on the ALARA analysis results, DOE expects that the actual
levels of residual radioactivity would turn out to be less than the DCGLs used for
remediation, i.e., these cleanup goals, owing to the characteristics of the remediation
method to be used.

5.4.2 Refining DCGLs and Cleanup Goals

The calculated DCGLs for 25 mrem per year and the associated cleanup goals would
be refined as appropriate after the data from the soil and sediment characterization
program to be completed early in Phase 1 of the proposed decommissioning becomes
available. These data are expected to provide additional insight into the radionuclides of
interest in environmental media and the depth and areal distribution of the contamination.
Such information could, for example, lead to deleting one or more radionuclides from
further consideration in the Phase 1 cleanup or lead to more realistic source geometry for
development of DCGLs for surface soil contamination. Analytical data from the subsurface
soil characterization measurements being taken in 2008 could also provide information to
help refine the subsurface soil DCGLs.

If evaluation of the new data leads to refinement of the DCGLs and cleanup goals, then
this plan would be revised accordingly to reflect the new values. Since such a change could
affect the project end conditions, the plan revision would be provided to NRC for review and
input prior to issue following the change process described in Section 1.

5.4.3 Use of a Surrogate Radionuclide DCGL

A surrogate radionuclide is a radionuclide in a mixture of radionuclides whose
concentration is easily measured and can be used to infer the concentrations of the other
radionuclides in the mixture. If actual radioactive contamination levels of the surrogate
radionuclide are below the specified concentration, then the sum of doses from all
radionuclides in the mixture would fall below the dose limit."

The tables in this section do not provide DCGLw values for a surrogate radionuclide

because available data on radionuclide distributions in soil and sediment are not sufficient
to support this. However, surrogate radionuclide DCGLw values for the cleanup goals
would be developed and incorporated into this section if evaluation of additional
characterization data shows that Cs-137 or another easy to measure radionuclide can be
used effectively as a surrogate for all radionuclides in source soil, subsurface soil, and/or
streambed sediment in an area.

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

15 Guidance on the use of surrogate measurements provided in Section 4.3.2 of NUREG-1575, Multi-Agency

Radiation Survey and Site Investigation Manual (MARSSIM) (NRC 2000) would be followed.
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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 as shown in Table
5-8. The results were as follow:

WMA 1, a maximum of 1.0 mrem a year

WMA 2, a maximum of 0.08 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.

5.4.5 Final Dose Assessment

As noted previously, DOE would perform a dose assessment for the residual

radioactivity in the WMA 1 and WMA 2 excavated areas using Phase 1 final status survey
data. This assessment would use the same methodology used in development of the

subsurface soil DCGLs to estimate the potential radiation dose using the actual measured
residual radioactivity concentrations. The results of the dose assessment would be made

available to NRC and other stakeholders. Note that a more-comprehensive dose
assessment that also takes into account the Phase 2 sources may be performed in
connection with Phase 2 of the proposed decommissioning, depending on the approach
selected for that phase.
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6.0 ALARA ANALYSIS

PURPOSE OF THIS SECTION

The purpose of this section is to describe how DOE would achieve a proposed
decommissioning goal below the 25 mrem per year dose limit in those areas
remediated during Phase 1 of the proposed decommissioning and describe
quantitative cost-benefit analyses to demonstrate that potential future doses from
residual radioactivity in surface soil, subsurface soil, and streambed sediment would
be as low as reasonably achievable (ALARA).

INFORMATION IN THIS SECTION

This section provides the following information:

" In Section 6.1, brief summaries of relevant NRC requirements and guidance
and the planned remediation approach, along with a discussion of the derived
concentration guideline levels (DCGLs);

* In Section 6.2, a brief summary of how DOE would achieve a proposed

decommissioning goal below the dose limit; and

* In Section 6.3, a description of the ALARA analysis process, which focuses

on the DCGLs, and the results of preliminary ALARA analyses which indicate
that remediation of contaminated surface soil, subsurface soil, and
streambed sediment below DCGLs for 25 mrem per year would not be cost-

effective.

RELATIONSHIP TO OTHER PLAN SECTIONS

To put into perspective the information in this section, one must consider the
information in Section 1 on the project background and those facilities and areas
within the scope of the DP. Useful background information is also provided in Section
2 on site history, in Section 3 on the facilities of interest, and in Section 4 and

Appendix B on the radiological status of the project premises.

Section 5 describes the DCGLs that are the primary focus of the analysis process

described in this section and summarizes how they were developed. Section 7
describes the Phase 1 proposed decommissioning activities.
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6.1 Introduction

To put into context the ALARA process described below, it is useful to consider the

applicable requirements and guidance, the planned remediation activities, and the DCGLs on

which the ALARA process focuses.

After an area has been remediated to meet the cleanup criteria, additional remediation

actions could be taken to further reduce the level of residual radioactivity. An ALARA

analysis compares the benefits and costs of those additional remediation actions to

determine whether or not it would be cost effective to implement any of them.

6.1.1 Applicable Requirements and Guidance

The NRC's Final Policy Statement on Decommissioning Criteria for the WVDP (NRC

2002) prescribed the NRC's License Termination Rule (10 CFR 20, Subpart E) as the
decommissioning criteria for the WVDP. As explained in Section 1, certain areas of the

project premises are being remediated in Phase 1 of the proposed decommissioning to

NRC's unrestricted release criteria of the License Termination Rule. These criteria, which

appear in 10 CFR 20.1402, state that:

"A site will be considered acceptable for unrestricted use if the residual radioactivity that
is distinguishable from background radiation results in a TEDE [total effective dose

equivalent] to an average member of the critical group that does not exceed 25 mrem per

year, including that from groundwater sources of drinking water, and the residual
radioactivity has been reduced to levels that are as low as reasonably achievable

(ALARA). Determination of the levels which are ALARA must take into account

consideration of any detriments, such as deaths from transportation accidents, expected
to potentially result from decontamination and waste disposal."1

Appendix N of NUREG-1 757,' Volume 2 (NRC 2006) "describes methods acceptable to
NRC staff for determining when it is feasible to further reduce the concentrations of residual

radioactivity to below the concentrations necessary to meet the dose criteria", i.e., methods

for performance of an ALARA analysis. NUREG/BR-0058 (NRC 2004) recommends use of a

value of $2,000 per person-rem for ALARA analyses.

1 In 10 CFR 20.1003, NRC defines ALARA as follows: ALARA (acronym for "as low as is reasonably

achievable") means making every reasonable effort to maintain exposures to radiation as far below the dose
limits in this part [10 CFR 20] as is practical consistent with the purpose for which the licensed activity is
undertaken, taking into account the state of technology, the economics of improvements in relation to state of
technology, the economics of improvements in relation to benefits to the public health and safety, and other
societal and socioeconomic considerations, and in relation to utilization of nuclear energy and licensed
materials in the public interest.
DOE defines ALARA in DOE Order 5400.5 as follows: "an approach to radiation protection to control or
manage exposures (both individual and collective to the work force and the general public) and releases of
radioactive material to the environment as low as social, technical, economic, practical, and public policy
considerations permit. ... ALARA is not a dose limit, but rather it is a process that has as its objective the
attainment of dose levels as far below the applicable limits of the Order as practicable."
How the ALARA process is applied for the subject analysis is discussed in Section 6.3.1.
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As explained in Section 1.7 of this plan, the ALARA process is an integral part of DOE
radiation control procedures applicable to Phase 1 of the proposed decommissioning. The
ALARA process has been incorporated into the remediation strategy for the Phase 1
proposed decommissioning work as explained below.

6.1.2 Remediation Activities of Interest

Section 1.10.2 of this plan identifies the facilities within the scope of Phase 1 proposed
decommissioning activities and explains that a soil and sediment characterization program
would be undertaken early in the proposed decommissioning to better define the nature and
extent of radioactive contamination in surface soil, subsurface soil, and streambed sedirnient

on the project premises. This section also explains that radioactively contaminated
subsurface soil in excess of DCGLs would be removed from large areas to be excavated in
WMA 1, the Process Building and Vitrification Facility area, and WMA 2, The Low-Level
Waste Treatment Facility area. Figure 1-2 shows these areas.

Section 1.10.2 also explains that remediation of environmental media during Phase 1 of
the proposed decommissioning would be limited to soil within these large excavations unless
this plan is revised. This plan may be revised to provide for remediation of surface soil in
other parts of the project premises and streambed sediment in Erdman Brook and Franks
Creek (within the project premises only) during Phase 1 of the proposed decommissioning
depending on factors such as the results of the characterization program and available
funding.

Section 7 of this plan provides additional details of Phase 1 proposed decommissioning
activities including conceptual drawings showing the two major excavations and the methods
for contaminated soil removal.

6.1.3 The DCGLs Involved

As explained in Section 5, three sets of DCGLs have been developed for Phase 1 of the
proposed decommissioning. These DCGLs apply to (1) surface soil, (2) subsurface soil in the

large WMA 1 and WMA 2 excavations, and (3) streambed sediment in Erdman Brook and
Franks Creek.

The DCGLs were based on the unrestricted release dose limit of 25 mrem per year to the

average member of the critical group of interest. Section 5 identifies the DCGLs and
describes the conceptual models and the mathematic model (RESRAD) used in their
development. Section 5 also describes additional dose assessments performed to ensure
that remediation criteria used in Phase 1 do not limit potential options for Phase 2 of the

decommissioning and the resulting cleanup goals, which are provided in Table 5-13.

6.2 Achieving a Decommissioning Goal Below the Dose Limits

DOE's plans to ensure that doses from residual radioactivity at the conclusion of the
WVDP Phase 1 proposed decommissioning are ALARA include:

A Phase 1 proposed decommissioning strategy that promotes ALARA,

Revision 0 6-3



WVDP PHASE 1 DECOMMISSIONING PLAN

* Conservatism inherent in development of DCGLs and the lower cleanup goals that
would guide the decontamination efforts, and

* Use of remediation processes that are conservative by nature.

Cost-benefit analyses would be performed during Phase 1 of the proposed
decommissioning to determine whether residual radioactivity levels should be decreased to

further reduce future potential doses. The cost-benefit analysis process is described in
Section 6.3.

Upon completion of Phase 1 of the proposed decommissioning and in preparation for
Phase 2, additional dose evaluations would be performed utilizing 'Phase 1 final status

survey data as a further demonstration that potential future doses from residual radioactivity

in those areas remediated in Phase 1 are ALARA.

6.2.1 Phase 1 Proposed Decommissioning Strategy Promotes ALARA

As summarized in Section 1.10.2 and detailed in Section 7, DOE's Phase 1 proposed

decommissioning strategy for the WVDP has been designed to reduce risk from residual
radioactivity consistent with the ALARA process. For example:

* A new Canister Interim Storage Facility would be built on the south plateau and the
vitrified HLW canisters moved there to allow removal of the contaminated Process
Building.

* Most other contaminated surface structures would also be completely removed,

including the Vitrification Facility, a process that would significantly reduce risk by
reducing residual radioactivity on the project premises.

* The source area of the north plateau groundwater plume beneath the Process
Building would be completely removed, a process that would also significantly
reduce risk from residual radioactivity on the project premises.

* Vertical hydraulic barrier walls installed to support the WMA 1 and WMA 2

excavations would be left in place after Phase 1 of the proposed decommissioning to
minimize the potential for contaminant migration though groundwater among

different parts of the project premises, including the potential for recontamination of
the remediated WMA 1 and WMA 2 excavated areas.

* All radioactive waste generated in Phase 1 proposed decommissioning activities
would be disposed of offsite.

" Potentially contaminated soil and sediments within the project premises would be

characterized to better define potential risk from residual radioactivity in these media,
and surface soil and streambed sediment exceeding DCGLs may be remediated in
Phase 1, which would effectively eliminate the risk associated with this
environmental media contamination.
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* Essentially all radioactive material that would remain after the Phase 1 activities
have been completed would be located underground, primarily in the underground
waste tanks and in the NDA. Controlled access to the WVDP would continue during
the Phase 1 institutional control period, which would prevent access to this
underground radioactivity.

6.2.2 Conservatism in DCGL Development

• The process for developing DCGLs for Phase 1 of the proposed decommissioning as
described in Section 5 was conservative in several respects. Section 5 provides
examples of this conservatism.

6.2.3 Conservatism from the Decontamination and Final Status Survey Processes

As explained in Section 7, bulk soil removal techniques using equipment such as tracked
excavators and backhoes would be used to remove contaminated soil. These techniques are
not precision processes, but remove soil (and its associated contamination) in discrete
increments. Typically, they remove more soil than necessary so that the remaining
concentration falls well below the DCGL. This inherent characteristic would result in average
residual contamination in 'decontaminated areas generally being well below the DCGLw
value.

NRC recognizes in NUREG-1496 (NRC 1997) that the soil remediation process would
result in residual contamination below the DCGLs by stating:

"In actual situations, it is likely that even if no specific analysis of ALARA were required
for soil removal that the actual dose will be reduced to below 25 mrem/y because of the
nature of the removal process. For example, the process of soil excavation is a coarse
removal process that is likely to remove large fractions of the remaining radioactivity."

Another factor that adds conservation is the final status survey process, which is
described in Section 9. This process follows guidance in NUREG-1575, Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM) (NRC 2000) and the MARSSIM
statistical techniques require the average residual radioactivity concentrations to be less than
the DCGLw values. (In the case of this plan, the average residual radioactivity concentrations
would be less than the cleanup goals or CGw values.)

6.3 DCGL ALARA Analysis

This section describes the ALARA analysis process as a cost-benefit process as
recommended by NRC (NRC 2006) and then provides the results of preliminary ALARA
analyses for DCGLs for surface soil, subsurface soil, and streambed sediment.

6.3.1 ALARA Analysis Guidance

NRC guidance on ALARA analysis for remediation actions is found in Appendix N to

NUREG-1757, volume 2 (NRC 2006). The guidance discusses possible costs and benefits
that may be considered as indicated in Table 6-1.
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Table 6-1. Possible Benefits and Costs Related to Decommissioning1 )

Possible Benefits Possible Costs

Collective dose averted(2' Remediation costs

Regulatory costs avoided Additional occupational/public dose

Changes in land values Occupational nonradiological risks

Esthetics Transportation direct costs and implied risks

Reduction in public opposition Environmental impacts

Loss of economic use of site/facility

NOTES: (1) From Table N-1 of NUREG-1757, Volume 2 (NRC 2006).
(2) Collective dose averted is the primary possible benefit as discussed below.

The NRC guidance includes additional discussion of monetary costs that may be

considered in the analysis, explaining that the costs.associated with remediation beyond the
cleanup goals (the remediation action) "generally include the monetary costs of: (1) the
remediation action being evaluated, (2) transportation and disposal of the waste generated
by the action, (3) workplace accidents that occur because of the remediation action,
(4) traffic fatalities resulting from transporting the waste generated by the action, (5) doses
received by workers performing the remediation action, and (6) doses to the public from
excavation, transport, and disposal of the waste." (NRC 2006)

The NRC guidance also includes the following guidance related to limiting the scope of a
preliminary analysis:

" "The primary benefit from a remediation action is the collective dose averted in the
future, i.e., the sum over time of the annual doses received by the exposed

population."

• "In the simplest form of the [ALARA] analysis, the only benefit estimated from a
reduction in the level of residual radioactivity is the monetary value of the collective

averted dose to future occupants of the site."

Consistent with this guidance, the only benefit considered in the preliminary ALARA
analysis for the DCGLs is the collective dose averted by the action. The primary quantifiable
cost is the disposal of the waste generated by the action, and that is the cost considered in
this preliminary ALARA analysis.

6.3.2 Calculating Benefits and Costs

As defined in Section N.1.3 of NUREG-1757, Volume 2 (NRC 2006), the "residual
radioactivity level that is ALARA is the concentration, Conc, at which the benefit from
removal equals the cost of removal." The benefit from removal, i.e., the present worth of a
future collective averted dose, can be calculated via NUREG-1757, Volume 2 (NRC 2006),
Equations N-1 and N-2, combined below:
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BAD =$ 2 0 0 0 x PD x A x 0.025 xFx Conc

DCGLw r +A

where: BAD = benefit from an averted dose for a remediation action ($),
$2000 = value in dollars of a person-rem averted (NRC 2004) ($/person-

rem),
PD = population density for the critical group scenario (persons/m 2),
A = area being evaluated (M2),

0.025 = annual dose to an average member of the critical group from
residual radioactivity at the DCGLw (rem/y),

F = effectiveness, or fraction of the residual radioactivity removed by
the remediation action (unit-less),

Conc = average concentration of residual radioactivity in the area being
evaluated (pCi/g),

DCGLw = derived concentration guideline equivalent to the average
concentration of residual radioactivity that would give an annual
dose of 25 mrem to the average member of the critical group
(pCi/g),

2

r = monetary discount rate (per year),

k = radiological decay constant (per year), and
N = number of years over which the collective dose was calculated

(years).

Setting the benefit from removal, BAD, equal to the cost of the remediation, COStT, and
solving for the ratio of the concentration, Conc, to the DCGLw gives NUREG-1757, Equation
N-8:

Conc CostT r r+Xx
DCGLW $2 0 0 0 x PD x,0.025 x F x A - e-(r+x)N

Where all parameters are as previously defined.

For convenience in the following discussion, the ratio of the concentration, Conc, to the
DCGLw is defined as R.

When R is 1. or greater, the residual concentration (Conc) that is ALARA is equal to or
greater than the DCGLw, and no further remediation is needed to reduce the concentration to
below the DCGLw level. When R is less than 1, then the concentration that is ALARA is less
than the DCGLw, and further remediation should be undertaken to reduce the residual
concentration. For example, if R is equal to 0.5 for a particular remediation action, and the
measured surface concentration is below the DCGLw value, but above 0.5 times the DCGLw

2 The DCGL applicable to the average concentration over a survey unit is called the DCGLw (W = Wilcoxon
Rank Sum), whereas the DCGL applicable to limited areas of elevated concentrations within a survey unit is
called the DCGLEMC (EMC = Elevated Measurement Comparison). (NRC, 2006).
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value, then in order to meet the ALARA criterion that particular remediation action should be

implemented.

6.3.3 Surface Soil Preliminary ALARA Analysis

For surface soil, the NUREG-1757, Volume 2 (NRC 2006), Table N.2 generic parameters

are PD = 0.0004 person/m2 , r = 0.03/y, and N = 1000 y. Also since surface soil remediation
usually involves total removal of the soil, the remediation action efficiency (F) has been
conservatively set to 1.0. Using these values to calculate the soil Conc to DCGLw ratio (R)
gives:

R CTx 0.03 + 2
$2000 x 0.0004 x 0.025 x 1.0 1-e-(0"03+A)1000

In the above equation the total cost of remediation (CostT) divided by the total area to be
remediated (A) has been replaced by the total unit cost of remediation (CTu, $/m 2).

If the surface soil concentration is set equal to the DCGLw (i.e., R = 1) then the above

equation can be solved to determine the maximum remediation unit cost that would be

ALARA. This is shown in the equation below, which has conservatively removed the

radiological decay term.3

1 - e-(0.03)1000
CTu = $2000 x 0.0004 x 0.025 x 1.0 x 0.03

Solving the above equation for CT, gives the maximum ALARA unit cost of $0.67/M2. In

other words, if surface soil can be removed and disposed of for $0.67/M2, or less, then it

would be consistent with the ALARA process to do so, but if it costs more than $0.67/M2 to

remove and dispose of surface soil, then no further remediation below the DCGLw is

necessary.

Removing six inches of soil would result in waste volumes of 5.38 cubic feet per square

meter remediated. With a LLW disposal cost of $6.76 per cubic foot (URS 2008, Table 3-16),

the soil disposal component of the total remediation cost alone is about $36.38/M2 .

Consequently, residual radioactivity in surface soil at the DCGLw at the WVDP is ALARA,

and soil remediation below the surface soil DCGLw is not necessary.

This result is consistent with NUREG-1496 (NRC 1997, page 7f6), which states: "there

appears to be a strong indication that removing and transporting soil to waste burial facilities

to achieve exposure levels at the site at or below a 25 mrem/y unrestricted use dose criterion

is generally not cost-effective". It is also consistent with the surface soil example given in

NUREG-1757, Section N.1.4, which states: "the dose limit [25 mrem/y] would be limiting by a

3 Omitting the decay constant is conservative for shorter-lived radionuclides. For example, including a 30-year
decay constant for Cs-1 37 or Sr-90 would result in a maximum ALARA unit cost of approximately $0.38/M2 for
those radionuclides. The value of $0.67/M2 for long-lived radionuclides is not changed by omission of the
decay constant in the equation.
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considerable margin. Based on these results, it would rarely be necessary to ship soil to a
waste disposal facility to meet the ALARA requirement. The licensee could use this [NUREG-
1757] evaluationto justify not removing soil." (NRC 2006, page N-12).

6.3.4 Subsurface Soil Preliminary ALARA Analysis

For subsurface soil, it is appropriate to use the same parameter values to determine the
Conc to DCGLw ratio (R) as were used for surface soil. Therefore, if subsurface soil can be

removed and disposed of for $0.67/M2, or less, then it is consistent with the ALARA process
to do so, but if it costs more than $0.67/M2 to remove and dispose of subsurface soil, then no
further remediation below the DCGLw is necessary.

While the disposal unit cost for surface soil and subsurface would be the same, the cost
to remediate subsurface soil would likely be higher than the cost for surface soil removal

because removal of soil from the bottom or sides of the excavation would likely be more
difficult than removal of surface soil.

Therefore, since for subsurface soil: (1) the Conc to DCGLw ratio (R) would be the same
as for surface soil, (2) the cost to remediate would likely be higher than for surface soil, and
(3) surface soil at the DCGLw is ALARA, it is concluded that remediation below the sub-

surface soil DCGLw is similarly not necessary, and that subsurface soil at the DCGLw
satisfies the ALARA criteria.

6.3.5 Streambed Sediment Preliminary ALARA Analysis

Likewise, for streambed sediment it is appropriate to use the same parameter values to

determine the Conc to DCGLw ratio (R) as were used for surface and subsurface soils. 4

Therefore, if streambed sediment can be removed and disposed of for $0.67/M2, or less, then
it is consistent with the ALARA process to do so, but if it costs more than $0.67/M2 to remove
and dispose of streambed sediment, then no further remediation below the DCGLw is
necessary.

The cost to remediate and dispose of streambed sediment would be similar to the cost

for surface soil removal, except that streambed sediments of interest are located in Erdman
Brook and the portion of Franks Creek on the project premises and are likely to be wet. Both
of these factors would complicate the removal process - that is, managing the wet

contaminated soil and the difficultly in providing equipment access .owing to the steep stream
banks - with the result that the remediation of streambed sediments would likely be more
costly than the remediation of an equivalent amount of surface soil.

4 One parameter that would be appropriately different for streambed sediment is the population density. The
steep slopes in the areas of Erdman Brook and Franks Creek would reasonably be expected to preclude
building residences in the area of these streams. However, use of the 0.0004 persons/m 2 value (about 1040
persons per square mile) is conservative because'a more realistic smaller value would produce a higher R
value. The population density in Cattaraugus County in 2000 was 64 persons per square mile using the total
population figure in Table 3-6.
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Therefore, since for streambed sediments: (1) the Conc to DCGLw ratio (R) would be the
same as for surface soil, (2) the cost to remediate would likely be higher than surface soil,
and (3) surface soil at the DCGLw is ALARA, it is concluded that remediation below the
streambed sediment DCGLw is similarly not necessary, and that streambed sediment at the
DCGLw is ALARA.

6.4 Additional Analyses

Additional ALARA analyses would be performed in connection with remediation of the
WMA 1 and WMA 2 excavations. These analyses would make use of updated values for
parameters such as LLW disposal costs, as well as in-process survey results for radioactivity
in soil at the base of the excavation during soil removal activities.

Factors not included in the simple preliminary analyses such as other societal and
socioeconomic considerations, the costs related to occupational risks, and transportation of

additional waste would be taken into account in the additional ALARA analyses.
Consideration would also be given in these analyses as to whether remediation of the WMA
1 and WMA 2 excavations to DCGLs (actually to the cleanup goals) for surface soil, rather
than for subsurface soil, would be cost-effective.

NOTE

As mentioned previously, DOE has already established cleanup goals below the DCGLs

calculated for 25 mrem per year for surface soil, subsurface soil and streambed sediment
as explained in Section 5, based on considerations such as the complexity of the site and
its different source areas, to ensure that cleanup criteria used in Phase 1 of the proposed
decommissioning would support all potential options for Phase 2.

Also, as described in Section 5, a final dose analysis would be performed using Phase 1
final status survey data for the WMA 1 and WMA 2 excavations to estimate potential

doses from residual radioactivity from these areas assuming that the entire project
premises were to be remediated to the License Termination Rule criteria for unrestricted
release.

0
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7.0 PLANNED DECOMMISSIONING ACTIVITIES

PURPOSE OF THIS SECTION

The purpose of this section is to describe the Phase 1 decommissioning activities.

INFORMATION IN THIS SECTION

This section provides the following information:

* In Section 7.1, a brief summary of site conditions expected at the beginning
of the Phase 1 decommissioning activities;

* In Section, 7.2, a summary of the general approach and the general require-
ments that apply to the decommissioning activities;

" In Sections 7.3 through 7.10, descriptions of the Phase 1 decommissioning

activities;

* In Section 7.11, a summary of the types of remediation and demolition
technologies to be employed; and

• In Section 7.12, a discussion of the conceptual project schedule.

RELATIONSHIP TO OTHER PLAN SECTIONS

To put into perspective the information in this section, one must consider the

information in Section 1 on the project background and those facilities and areas
within the scope of the plan, Section 2 on facility operating history, and Section 3 that
describes the facilities at the WVDP. One should also consider the radiological status
information presented in Section 4.

The activities described here would be accomplished in accordance with
requirements in other sections, as follows:

• Section 1.6, project management and project organization,

* Section 1.7, radiation safety and monitoring of workers;

* Section 1.8, environmental monitoring and control;

* Section 1.9, radioactive waste management;

* Section 8, quality assurance for engineering design, data, and calculations;
for characterization; for engineered barrier installation; and for final status
surveys; and

* Section 9, characterization surveys, in-process surveys, and final status
surveys.
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7.1 Conditions at the Beginning of the Phase I Decommissioning Work

Section 1.10 of this plan describes the interim end state to be reached at the
conclusion of WVDP facility deactivation work. Section 4 summarizes the radiological
conditions of facilities and areas within the scope of this plan. Table 7-1 notes the expected

conditions in each facility or area in the interim end state, i.e., at the beginning of the Phase
1 proposed decommissioning work, based on information provided in Section 2 and Section
4. This table does not address soil and groundwater except in WMA 1 and WMA 2 where
large areas would be excavated.

Table 7-1. Facility and Area Conditions at the Beginning of Phase 1(1)

WMA I Facility/Area Conditions (See legend at tabls end for acronyms)

nProcess Building Partially decontaminated, high radiation levels in some cells, vitrified
HLW canisters in the HLW Interim Storage Facility, CSRF removed.

Vitrification Facility Partially decontaminated, high radiation levels in Vitrification Cell.

01-14 Building Significant contamination in filters, portion of off-gas line in building(2).

Vitrification off-gas line Significant residual radioactivity.

Utility Room No contamination above MDC in most areas.

Utility Room Expansion No contamination above MDC in most areas.

Load-In/Load-Out Facility No contamination above MDC in most areas.

Plant Office Building No contamination above MDC.

Fire Pump House Not impacted by radioactivity.

Water Storage Tank Not impacted by radioactivity.

Electrical Substation Not impacted by radioactivity.

Underground tanks Significant contamination in Tank 7D-13, little in others.

Underground lines Significant contamination in some lines, especially 7P120-3.

Subsurface soil, groundwater Significant contamination in plume source area under the Process
Building

Surface soil Low-level contamination may be present in several areas.

2 Lagoon 1 Deactivated, significant radioactivity in sediment.

Lagoon 2 In use, radioactive water, significant radioactivity in sediment.

Lagoon 3 In use, radioactive water, low levels of radioactivity in sediment.

Lagoon 4 In use, radioactive water, low levels of radioactivity in sediment.

Lagoon 5 In use, radioactive water, low levels of radioactivity in sediment.

Interceptors In use, significant contamination in Old Interceptor, less in new ones.

Neutralization Pit In use, low-level contamination.

LLW2 Building In use, low level contamination, radioactive water in sump.

2 Underground lines Most in use, low-level contamination.

Solvent Dike Low-level contamination in soil.

Subsurface soil, groundwater Contaminated with Sr-90 in plume area, other subsurface soil
contamination.
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Table 7-1. Facility and Area Conditions at the Beginning of Phase 1f1)

WMA Facility/Area Conditions (See legend at table's end for acronyms)

Surface soil Low-level contamination in much of area.

3 Tank 8D-1(3) Laid up, one HLW transfer pump and five mobilization pumps in place.

Tank 8D-2(3) Laid up, one HLW transfer pump and four mobilization pumps in place.

Tank 8D-3(3) Laid up, one submersible pump in place.

Tank 8D-4(3) Laid up, one submersible pump in place.

Con-Ed Building Low levels of residual radioactivity, mostly inside equipment.

Equipment Shelter Low levels of residual radioactivity, mostly inside equipment.

HLW transfer trench High levels of residual radioactivity inside piping and equipment.

4 Construction and Demolition Low level Sr-90 contamination from the north plateau groundwater
Debris Landfill plume in some buried waste and in other parts of WMA 4. [WMA 4 and

the landfill are not within the Phase 1 proposed decommissioning
scope.]

5 Lag Storage Addition 4, No contamination above MDC.
Depot

RHWF Low levels of contamination, but may be significant in Work Cell.

6 Sewage Treatment Plant Not impacted by radioactivity.

South WTF Test Tower Not impacted by radioactivity.

Demineralizer sludge ponds Low levels of radioactivity in soil.

Equalization basin Not impacted by radioactivity.

Equalization tank Not impacted by radioactivity.

7 NRC-Licensed Disposal Area Significant radioactivity in buried waste, low-level surface soil
(NDA) contamination. [The NDA is not within the Phase I proposed

decommissioning scope.]

9 Drum Cell No contamination above MDC.

10 New Warehouse Not impacted by radioactivity.

NOTES: (1) See also Table 2-12 in Section 2, which contains information on the radiological status of remaining
concrete floor slabs and foundations.

(2) The filters may be removed before Phase 1 begins.
(3) These tanks contain significant amounts of residual radioactivity and the mobilization and transfer

pumps are expected to have high radiation levels as indicated in Section 4.1.
LEGEND: CSRF = Contact Size Reduction Facility (former Master-Slave Manipulator Repair Shop)

MDC = minimum detectable concentration
RHWF = Remote-.Handled Waste Facility
WTF = Waste Tank Farm

7.2 General Approach and General Requirements

7.2.1 General Approach

As explained in Section 1, it is proposed that the WVDP decommissioning be
accomplished in two phases. The following activities would take place in Phase 1.

Facility and Equipment Removal

The following facilities and equipment would be removed:
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" All WMA 1 facilities, including the three underground wastewater tanks and the
underground lines;

" In WMA 2, the five lagoons, the Interceptors, the Neutralization Pit, the LLW2
Building, the Solvent Dike, the Maintenance Shop leach field, the remaining
concrete slabs and foundations, and the underground wastewater lines within the
large excavation;

* In WMA 3, the waste tank mobilization and transfer pumps, the Con-Ed Building,
the Equipment Shelter and condensers, and the piping and equipment in the HLW
transfer trench;

* In WMA 5, the two remaining structures - Lag Storage Addition 4 and the Remote-
Handled Waste Facility - and the remaining concrete floor slabs and foundations;

" In WMA 6, the Sewage Treatment Plant, the south Waste Tank Farm Test Tower,
the two demineralizer sludge ponds, the equalization basin, the equalization tank,
and the remaining concrete floor slabs and foundations;

* In WMA 7, the remaining gravel pads associated with the NDA hardstand;

" In WMA 9, the Integrated Radwaste Treatment System Drum Cell, the sub-
contractor maintenance area, and the trench soil container area; and

" In WMA 10, the New Warehouse.

The following facilities and equipment on the project premises are not within the scope
of the Phase 1 proposed decommissioning activities:

* In WMA 2, the North Plateau Pump and Treat System, the Pilot Scale Permeable
Treatment Wall, the Full-Scale Permeable Treatment Wall, and underground lines
not within the excavated areas;

* In WMA 3, the four underground waste tanks, the Permanent Ventilation System
Building, the Supernatant Treatment System Support Building, the HLW transfer
trench itself, and the underground lines;

* In WMA 4, the Construction and Demolition Debris Landfill and the 6ew Permeable
Reactive Barrier;

* In WMA 6, the rail spur;

* In WMA 7, the NDA and the associated interceptor trench; and

* In WMA 10, the Meteorological Tower and the Security Gatehouse.

Approach

Soil and sediment on the project premises would be characterized for radioactivity.
Before the Process Building is removed, the new Canister Interim Storage Facility would be
built on the south plateau, the Load-In Facility converted to a Load-Out Facility, and vitrified
HLW canisters transported to the new Canister Interim Storage Facility.

One large excavation would be dug to remove the WMA 1 facilities and a second large
excavation dug to remove key WMA 2 facilities. These excavations would extend down into
the underlying Lavery till. Contaminated surface and subsurface soil in these excavations
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would be removed to achieve derived concentration guideline levels (DCGLs) for
unrestricted release specified in Section 51. The source area of the north plateau
groundwater plume in WMA 1 would be removed, but not the non-source area portion of
the plume, except for those portions that fall within the large WMA 1 and WMA 2
excavations.

Activity Integration

The work would be sequenced for maximum efficiency. For example, the Low-Level
Waste Treatment Facility would be kept in service until the Process Building is taken down
so its wastewater treatment capabilities can be utilized during the Process Building
decontamination and demolition work. The conceptual schedule in Figure 7-15 describes
the general sequence. Section 1.6 describes the more-detailed schedules that would be
used in management of the project.

More details would appear in one or more Decommissioning Work Plans, which would
be completed before the Phase 1 proposed decommissioning activities begin and would
address matters such as demolition of the Process Building and the Vitrification Facility.

7.2.2 General Requirements

The following general requirements would be adhered to during proposed
decommissioning activities described in Sections 7.3 through 7.10.

Use of Approved Written Procedures

Following DOE policy, the proposed decommissioning activities would be accomplished
in accordance with written procedures formally approved by the appropriate member(s) of
the decommissioning team.

Remedial Technologies

The decommissioning contractor would utilize efficient, proven technologies in
accomplishment of the work. Section 7.11 provides examples of these technologies. DOE
has generally avoided being prescriptive in methods to be used to give the
decommissioning contractor the flexibility to make use of improved methods that may
become available. Excelotions include the conceptual designs for engineered barriers,
which are more specifically described because of their importance in support of Phase 2 of
the proposed decommissioning. The Decommissioning Work Plan(s) would provide more-
detailed information on remedial technologies to be used.

Dealing With Unique Remediation Issues

Given the complexities of the site, some remediation issues would be faced during
Phase I of the proposed WVDP decommissioning that are highly unusual, if not entirely
unique. Two such issues are demolition of the Process Building and removal of the

1 As explained in Section 5, cleanup goals have been established below the DCGLs for unrestricted release

to account for combined exposure scenarios that could potentially be encountered if the entire project
premises were to be cleaned up to unrestricted release standards in Phase 2 of the decommissioning.
Where the term DCGLs is used in this section, it refers to the cleanup goals specified in Section 5. The
surface soil cleanup goals would be applied from the ground surface to a depth of three feet; below that
depth the subsurface soil cleanup goals would apply.
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radioactive contamination in the source area of the north plateau groundwater plume that
extends far below the building.

The Process Building is an unusually complex structure, much of which is built of

heavily-reinforced concrete. Some cells and the spent fuel handling and storage areas

extend far below the ground as explained in Section 3. Despite extensive decontamination
efforts over a lengthy period, significant amounts of residual radioactivity and high radiation
levels will remain in some parts of the structure at the beginning of the Phase 1 proposed
decommissioning work as indicated in Tables 4-7 and 4-8 of Section 4. Equipment
containing significant amounts of radioactive contamination will also remain in some areas,
such as the Liquid Waste Cell.

The process to be followed in demolition of the Process Building is outlined in Sections
7.3.3 and 7.3.8 below. To assist the decommissioning contractor with demolition of the
building, DOE is having a Decommissioning Work Plan prepared. This work plan, which
would provide implementing details for the requirements in this plan, is being prepared by
DOE's current WVDP contractor to take advantage of that contractor's experience with
deactivation and partial decontamination of various parts of the building. Experience with
demolition of large contaminated buildings at other DOE sites is also being considered in
development of this work plan.

Remediation of the source area of the north plateau groundwater plume is being
carefully planned. The process to be followed is outlined in Section 7.3.8. Conceptual
engineering work performed in support of the Decommissioning EIS has been considered
in design of the excavation. The excavation design makes use of an unusually thick (13

feet) vertical hydraulic barrier on the downgradient side to facilitate removal of as much

contaminated soil as practical in that area. DOE has considered deep soil remediation
experience at other DOE and commercial sites in developing plans to deal with this
unusual remediation issue.

Mitigative Measures

Actions would be taken as necessary to eliminate or reduce potential impacts to human
health and the environment during the proposed decommissioning work and to prevent
recontamination of remediated areas. For example, the excavations for WMA 1 and WMA 2

would be planned to minimize the impacts associated with handling of removed
contaminated soil, such as protecting laydown areas with a suitable covering material.
Fixatives and water spray would be used as necessary to minimize airborne radioactivity
during demolition of contaminated structures and equipment. Suitable covering material
would be placed over removed contaminated soil and other loose radioactive waste to
prevent the spread of contamination.

Confinement structures also would be used or other radiological control measures
taken to minimize the release of airborne radioactivity associated with removal of soil
containing significant concentrations of radioactivity. Appropriate dust suppression
measures would be taken also during demolition of noncontaminated concrete and steel
and during transportation of waste generated in such work.

Mitigative measures would include as low as reasonably achievable (ALARA)
considerations, such as removal of contaminated soil to concentrations below the cleanup
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goals in cases where this would be practical. Details would be provided in the
Decommissioning Work Plan(s) or in a separate Mitigative Measures Plan.

Radiological Controls

Radiological controls and personnel monitoring during proposed decommissioning
activities would be in accordance with the DOE radiological control procedures identified in
Section 1.7.

Worker Safety

DOE would follow its internal requirements discussed in Section 1.7 and all other
applicable requirements to ensure worker safety during the proposed decommissioning
work. These requirements would be detailed in a project Health and Safety Plan.

Waste Management

Radioactive waste generated during proposed decommissioning activities would be
managed in accordance with DOE procedures identified in Section 1.9, characterized, and
disposed of offsite at appropriate government-owned or commercial disposal facilities.
Hazardous and toxic waste would be managed and disposed of offsite in accordance with
applicable .requirements. Non-radioactive equipment and demolition debris would be
disposed of offsite at a construction and demolition debris landfill.

Quality Assurance

The quality assurance requirements of Section 8 would be adhered to during
engineering analysis and design, compilation of engineering data, characterization, and the
Phase 1 final status surveys. Applicable DOE quality assurance requirements would be
implemented in other proposed decommissioning activities.

Conceptual and Detailed Designs

This plan describes the processes to be utilized during remediation activities in general
terms and designs for engineered barriers and supporting facilities in a conceptual fashion.
Detailed procedures for the remediation processes would later be developed consistent
with the DOE policy stated above. Likewise, more detailed designs would later be
developed for engineered barriers and other engineered features of the proposed
decommissioning.

Characterization

As indicated in Section 4, the WVDP facilities and areas had not been completely
characterized for radioactivity as of 2008. Additional characterization would be performed
as necessary in accordance with the Characterization Sample and Analysis Plan, as
explained in Section 9. The soil and sediment characterization would include the portions of
the streambeds of Erdman Brook and Franks Creek located on the project premises2.

2 It is not intended that the characterization extend outside of the project premises, even in cases where

environmental media contamination has been previously identified outside of the project premises, i.e., in
the cesium prong area to the northwest of the project premises and in stream sediment in Franks Creek
downstream of the project premises.
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Some specific cases where additional characterization surveys and sampling would be
necessary are identified in this section.

Characterization of subsurface soil in the area of the large WMA 1 and WMA 2
excavations would include collecting samples in the top portion of the Lavery till. Samples
of subsurface soil would also be collected along the upgradient and cross-gradient edges

of the excavation footprint in WMA 1 and on the edges of the WMA 2 excavation footprint.
Analytical data from these samples (1) would help determine the best location for the

excavation boundaries, (2) may be useful in refining the conceptual model used in
developing subsurface soil DCGLs as described in Section 5, and (3) would support
planning Phase 1 final status surveys to be performed on the sides of the excavations.

Characterization measurements would include those necessary for waste management

purposes. The decommissioning contractor would provide a procedure for characterizing
materials for waste management purposes and obtain DOE approval of this procedure.
This procedure would be consistent with applicable DOE requirements and guidance, as
well as any applicable State-specified waste acceptance criteria for radioactivity in the
offsite landfill(s) where uncontaminated material may be disposed of. This procedure would
apply to, among other materials, surface and subsurface soil not known to have been
impacted by radioactivity.

Note that the specific proposed decommissioning activities described below are based
on assumptions about conditions that will be encountered during the course of the work. If
characterization were to disclose unexpected conditions, the proposed decommissioning
activities would be changed as necessary to ensure that conditions at the conclusion of the
Phase 1 proposed decommissioning activities meet the DCGLs (i.e., the cleanup goals).
This plan would be revised as appropriate under these circumstances with NRC
involvement as described in Section 1.13.

DCGLs and Cleanup Goals

DCGLs for surface soil, subsurface soil, and stream sediment referred to in this section
are the cleanup goals specified in Section 5. The DCGLs for Sr-90 and Cs-137 are based
on a 30-year decay period, as discussed previously.

ALARA Analyses

The results of the preliminary ALARA analysis are described in Section 6. As specified
in Section 6, additional ALARA analyses would be performed during the WMA 1 and WMA
2 excavations using in-process survey data. These analyses would determine whether

remediation to residual radioactivity concentrations below the cleanup goals would be cost-
effective. If this is determined to be the case, then additional subsurface soil would be
removed as indicated by the results of the analyses.

In-Process Radiological Surveys

In-process surveys would be performed in connection with the proposed
decommissioning activities for radiation protection and waste management purposes in
accordance with the requirements of Section 9.
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Final Status Surveys and Confirmatory Surveys

Phase 1 final status surveys would be accomplished in accordance with the Final
Status Survey Plan as explained in Section 9 of this plan, which would also address
confirmatory surveys to be performed by NRC or its contractor. When Phase 1 final status
surveys are specified below, inherent in the survey process would be any additional
remediation necessary to achieve the cleanup criteria and resurveys of areas remediated
to ensure that the criteria were achieved.3

The Phase 1 final status surveys focus on areas to be made inaccessible by proposed
decommissioning activities. Phase 1 final status surveys would be performed and
confirmatory surveys coordinated with NRC or its contractor before these areas are made
inaccessible. An example of such an area would be the lagoon excavation in WMA 2,
which would be filled with earth only after the Phase 1 final status surveys and confirmatory
surveys have been accomplished and the resulting data reviewed and accepted.

7.3 WMA 1 Proposed Decommissioning Activities

This section describes the proposed decommissioning activities in WMA 1, the Process
Building and Vitrification Facility area, to be accomplished in Phase 1. Figure 7-1 shows
WMA 1.

f-1. VWMA I in zUu

3 Section 9 uses the term Phase I final status surveys to describe these surveys of excavations, which
would follow the final status survey protocols of the Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM) (NRC 2000).
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7.3.1 Characterizing Soil and Streambed Sediment

Soil and sediment in WMA 1 would be characterized for residual radioactivity in
accordance with the Characterization Sample and Analysis Plan described in Section 9.
The results of this effort would be used in planning the excavation work described below.

7.3.2 Relocating the Vitrified HLW Canisters

The 275 vitrified HLW canisters would be relocated to the new Canister Interim Storage

Facility to permit demolition of the Process Building.

General Approach

The new Canister Interim Storage Facility (if the approach is selected by DOE) would
be set up on the south plateau. The Equipment Decontamination Room would be modified
to support handling the vitrified HLW canisters and the Load-In Facility would be converted

to a Load-Out Facility. The vitrified HLW canisters would then be moved from the HLW
Interim Storage Facility (the former Chemical Process Cell) and loaded into shielded dry
storage canisters. Each storage canister would be placed in a shielded onsite transport
cask and moved by truck to the new Canister Interim Storage Facility. The storage
canisters would be maintained there in protective storage until they can be transported to
the federal geologic repository.

This approach is among several approaches described in a preliminary conceptual

engineering study (WVNSCO and Scientech 2000) which is currently under evaluation by
DOE. If this approach is selected by DOE, detailed designs based on the preliminary

conceptual designs would be developed. These designs would take into account the size of
the canisters (two feet in diameter by 10 feet long), their weight (approximately 5,000
pounds each), their high radiation levels (about 1,750 to 7,500 R/h when they were moved
into the HLW Interim Storage Facility in the former Chemical Process Cell), and the
amounts of radioactivity they contain (an average of approximately 37,000 curies each in
2005) (WVNSCO 2006)4. The DOE is expected to make a decision on the preferred
approach in the near future. A shielded dry interim storage system similar to those used at
nuclear power plants for spent nuclear fuel is assumed for purposes of this plan.

Procurement of Interim Storage System for the Vitrified HLW Canisters

The interim storage system would include 69 shielded canisters and shielded modules

made of reinforced concrete in which to store these shielded canisters. Each shielded
canister would be capable of (1) holding four vitrified HLW canisters, (2) being loaded in a
horizontal position, (3) being transported onsite within a shielded transport cask by truck,
and (4) being transported within a shielded transport cask to the geologic repository by rail.
The shielded canisters would be used for both onsite storage within the reinforced concrete
storage modules and transport within a shielded transport cask.

The onsite shielded transport cask would be capable of (1) holding a single shielded
canister, (2) loading and discharging the shielded canister in a horizontal position, and (3)

4 Table 2-10 in Section 2 shows the activity estimate for a typical HLW canister.
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being positioned on the onsite transport trailer so the open end can be partially inserted
into a shielded area during both loading and discharge.

NOTE

The conceptual designs described below for the modifications to the Equipment
Decontamination Room and the Load-In Facility and for the new Canister Interim

Storage Facility for the vitrified HLW canisters depend on the characteristics described
above. If DOE were to use an interim storage system with different characteristics, this
plan would be revised to reflect the appropriate changes.

Modifications to the Equipment Decontamination Room

These modifications would involve setting up the Equipment Decontamination Room to

remotely-handle the vitrified HLW canisters and prepare them for insertion into the shielded

canisters. The vitrified HLW canisters would be moved into the Equipment Decontamination
Room from the HLW Interim Storage Facility using the existing transfer cart, which holds

four canisters in a vertical position, or in a similar conveyance. New equipment would be
installed to remove the canisters from the transfer cart, lower them into a horizontal

position, and move them into a shielded transfer cell constructed in the Load-In/Load-Out
Facility.

Conversion of the Load-In Facility

The shielded transfer cell would be constructed at the east wall of the facility between

the shield door to the Equipment Decontamination Room and the air lock. This cell would

be designed for operators to remotely perform the following activities: (1) verify canister
dimensions as necessary, (2) weigh the canisters, (3) measure gamma radiation levels and
removable surface radioactivity, (4) decontaminate the outside surfaces of the canisters, (5)

load them in the shielded storage canisters, (6) weld the storage canister lids in place, and
(7) load the shielded storage canisters into the onsite transport cask.

The transfer cell would be constructed of material such as steel plate to provide
necessary radiation shielding and facilitate dismantlement after use. One or more viewing
windows and remote manipulators would be provided, along with ventilation utilizing high-

efficiency particulate air (HEPA) filters.

To avoid the need to remove the shielded transport cask from the trailer, the transfer

cell would be designed so that trailer can be backed up to it to position the cask to receive
a loaded shielded storage canister. With this arrangement, the trailer would be supported
by jacks for stability, the open end of the onsite transport cask would be positioned within
the outer part of the transfer cell to provide necessary radiation shielding, and the loaded

shielded canister would be inserted into the cask and the cask shield plug installed. Figure
7-2 shows the conceptual arrangement.
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*- To Vitrification Facility To Chemical Process Cell -
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Figure 7-2. Conceptual Arrangement for Transferring Vitrified HLW Canisters

Construction of the New Canister Interim Storage Facility

The new Canister Interim Storage Facility would be constructed on the south plateau

near the rail spur. The facility would consist of a reinforced concrete pad with reinforced

concrete storage modules to provide radiation shielding and mechanical protection. The

concrete pad would be sufficient in size and load capacity to accommodate reinforced
concrete storage modules for the 69 loaded shielded canisters.
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Figure 7-3 shows the conceptual design for a storage module, which is similar to the
NUHOMS® standard horizontal storage 'module provided by AREVA (Transnuclear
Incorporated) for dry storage of containerized spent nuclear fuel. (This design is provided
as an example only and its inclusion here does not imply that DOE would necessarily
select this interim storage system, which is among a variety of systems approved by NRC
for general use that would be considered by DOE.)

Roof Slab

Air Outlets

Shielded
Access
Door

Air Inlets

Base Unit Dry Storage Canister Support Structure

Dry Storage Canister

Figure 7-3. Storage Module Conceptual Design (from WVNSCO and Scientech 2000)

Appropriate fence(s); lighting, and remote monitoring equipment for security purposes
would be provided. DOE would consider applicable NRC guidance in detailed design of the
new Canister Interim Storage Facility, such as that found in NUREG-1536, Standard
Review Plan for Dry Cask Storage Systems (NRC 1997). DOE would provide information
on the detailed design of the facility to NRC and consult with NRC on preparation of the
related safety analysis report.

Moving the Vitrified HLW Canisters to the New Canister Interim Storage Facility

A process such as the following would be used to transport the vitrified HLW canisters
to the new Canister Interim Storage Facility:

* Readiness reviews would be performed to ensure that all preparations for the move
have been satisfactorily completed;

* The first shielded canister would be placed inside the shielded, transfer cell;

" The onsite transport cask to receive the first shielded canister would be moved into
the Load-In/Load-Out Facility and positioned next to the transfer cell;

* The first group of four vitrified HLW canisters would be moved into the Equipment
Decontamination Room on the transfer cart or similar conveyance;

Revision 0 7-13



WVDP PHASE 1 DECOMMISSIONING PLAN

" The vitrified HLW canisters would be lifted from the cart one by one, lowered to a

horizontal position, and moved into the transfer cell where appropriate
measurements would be taken;

* After measurements and any necessary decontamination are completed, each of

the four vitrified HLW canisters would be loaded into a shielded canister and the
shielded canister would be loaded into the onsite transport cask; and

" The cask would be transported to the new Canister Interim Storage Facility where

the shielded canister would be inserted into the designated reinforced concrete
storage module and the module shielded access door installed.

This process would be repeated until all 275 vitrified HLW canisters have been relocated to

the new Canister Interim Storage Facility.

7.3.3 Removing the Above-Grade Portion of the Process Building

As explained in Section 3, the Process Building is a complex structure comprised of
various shielded cells, rooms, aisles, and supporting areas. It is approximately 270 feet
long, 130 feet wide, and stands 79 feet above ground. Much of the structure is formed of
heavily reinforced concrete. Figure 7-4 illustrates the Process Building and identifies key
areas.
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XPC3 \ \ VEC & PCR
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LEGEND: CPC = Chemical Process Cell PPC = Product Purification Cell
EDR = Equipment Decontamination Room SRR = Scrap Removal Room
GOA = General Purpose Cell Operating Aisle UPC = Uranium Product Cell
GPC = General Purpose Cell UWA = Upper Warm Aisle
MC = Miniature Cell VEC = Ventilation Exhaust Cell
MSM = Master-Slave Manipulator XC1 = Extraction Cell 1
PCR = Process Chemical Room XC2 = Extraction Cell 2
PMC = Process Mechanical Cell XC3 = Extraction Cell 3

*The MSM Repair Shop and the Contact Size-Reduction Facility now located in

this area will be removed before the decommissioning begins.

Figure 7-4. Process Building General Arrangement
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Removal of the above-grade portion of the Process Building would be performed as
specified below. The below-ground portion of the building would be removed as specified in
Section 7.3.8. As indicated previously, this work would be performed in accordance with the
Decommissioning Work Plan, which would provide more details on the activities described
below.

Removing Equipment

Equipment would be removed during demolition of the building. Equipment to be
removed from the areas that supported interim storage of the vitrified HLW canisters
includes the canister storage racks and ventilation equipment in the HLW Interim Storage
Facility, remote manipulators, the two cranes in the Chemical Crane Room, the vitrified
HLW canister handling equipment in the Equipment Decontamination Room, and various
pieces of ventilation equipment.

Other equipment remaining inside the Process Building after the interim end state is
reached - such as the vessels in the Liquid Waste Cell, other vessels and equipment, the
other cranes, and the master-slave manipulators - would also be removed. This equipment
would be size reduced as necessary, characterized, packaged, and disposed of offsite.
Size reduction would be accomplished either in the areas where the equipment is located
or in another area set up for this purpose, such as the Vitrification Cell in the Vitrification
Facility.

Removing Hazardous and Toxic Materials

Hazardous and toxic materials in the building would be removed to the extent practical
before demolition. These materials would include:

" Any remaining temporary lead shielding and all permanently-installed lead
shielding from areas such as the wall outside of the Off-Gas Blower Room and the
shield doors and door frames in the Radiological Counting Room;

* The lead-glass viewing windows, whose frames contain lead;

* Any remaining bulk hazardous materials;

• Any electrical equipment known to contain polychlorinated biphenyls (PCBs); and

* Any remaining piping insulation known to contain asbestos.

These materials would be size reduced as necessary, characterized, packaged, and
disposed of at an appropriate offsite disposal facility.

Completing Process Building Decontamination

Process Building areas known to have significant residual radioactivity would be
evaluated and decontaminated as necessary to support unconfined demolition of the
building, including the following areas used to support vitrified HLW canister storage:

* HLW Interim Storage Facility 0 Ventilation Exhaust Cell

* Chemical Crane Room 0 Head-End Ventilation Building
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0 Equipment Decontamination Room

The process used would involve activities such as the following:

* Removing remaining equipment from these areas, size reducing it as necessary,
characterizing it, packaging it, and disposing of it at appropriate offsite disposal

facilities;

* Performing radiological characterization surveys as specified in Section 9 to assess
the extent of contamination on facility surfaces; and

* On the basis of characterization data results, verify that the process building can be

demolished without exceeding National Emission Standards for Hazardous Air
Pollutants (NESHAP) limits (40 CFR 61), making use of the CAP88-PC code (EPA
2007) and considering other sources of airborne radioactivity emissions during the

calendar year in which the demolition would be accomplished.

Removing the Building to Grade Level

The Process Building would be demolished to grade level using conventional

demolition methods such as those described in Section 7.11. Fixatives would be applied to
building surfaces with significant radioactive contamination before this is accomplished to

help avoid the need for radiological containment. The resulting debris would be sized
reduced as necessary, packaged for disposal or managed as bulk waste, and disposed of

offsite at an appropriate waste disposal facility.

Demolition of the building to grade level would be coordinated with demolition of other

WMA 1 facilities and installation of the vertical hydraulic barrier wall for the WMA 1
excavation described in Section 7.3.8.

7.3.4 Removing the Above-Grade Portion of the Vitrification Facility

As explained in Section 3, this structural steel frame and sheet metal building houses

the reinforced concrete Vitrification Cell, operating aisles, a control room, and other support
areas. It is approximately 91 feet wide and 150 feet long. The peak of the roof stands
approximately 50 feet high with the crane house extending another 26 feet above the roof.
Figures 3-11 through 3-21 show the outside of the building and representative interior

areas.

Removal of the above-grade portion of the Vitrification Facility would be performed as

specified below. The below-grade portion of the building would be removed as specified in
Section 7.3.8.

Preparing for Facility Removal

Preparations to remove the Vitrification Facility to grade would be similar to those for
the Process Building. Installed equipment would be removed as necessary, along with the
nine lead glass viewing windows in the Vitrification Cell and any remaining hazardous and

toxic materials. Residual radioactivity levels inside the Vitrification Cell would be evaluated
to ensure compliance with NESHAP emission limits during demolition. Fixatives would be
applied to surfaces with significant radioactive contamination levels.
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Removal of the Facility to Grade Level

After such -preparations are completed, the Vitrification Facility would be removed to
grade level using conventional demolition methods such as those described in Section
7.11. The thick reinforced concrete walls and roof structures would be segmented as
necessary using a technique such as diamond wire cutting.

The resulting debris would be sized reduced as necessary, packaged for disposal or
managed as bulk waste, and disposed of offsite at an appropriate waste disposal facility.
The demolition work would be coordinated with demolition of the Process Building and the
other WMA 1 facilities and with removal of piping in the HLW transfer trench in WMA 3,
which connects to the north side of the building.

7.3.5 Removing the 01-14 Building and the Vitrification Off-Gas Line

As indicated in Section 3, the four-story 01-14 Building stands at the southwest corner
of the Process Building. Figures 3-11 shows the building. The 10-inch vitrification off-gas

line runs from the Vitrification Facility to the 01-14 Building in a 340 feet long subgrade
concrete trench.

An approach such as the following would be used to remove this building to its floor
slab and foundation:

* Performing characterization surveys;

* Removing any remaining equipment from the building, along with any hazardous or
toxic materials and the lead-glass viewing window (the frame contains lead);

* Decontaminating the building structure and applying fixatives if necessary to allow

demolition without the use of containment; and

* Demolishing the structure to its floor slab and foundation, as well as the cement
silo and the entrance enclosure; and

* Characterizing the resulting debris, packaging it for disposal or managing it as bulk
waste, and disposing of it at an offsite disposal facility.

The floor slab and foundation would remain in place temporarily and would be removed in

connection with the excavation of the underground portions of the Process Building and
Vitrification facility and the source area of the north plateau groundwater plume.

The off-gas line would be cut into segments, removed from the concrete trench,

characterized, packaged for disposal, and disposed of at an offsite disposal facility. The
trench itself would remain in place temporarily and would be removed in conjunction with
removal of the WMA 1 subgrade structures and the plume source area.

7.3.6 Removing the Load-In/Load-Out Facility

As explained in Section 3, this 60 feet by 70 feet by 54 feet high steel building has a
concrete floor. The process for removal of this building would be similar to the process
used for the 01-14 Building and would include major steps such as the following:

* Performing characterization surveys;
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* Removing equipment such as the vitrified HLW canister handling system, lead
glass windows in the transfer cell, and the crane;

• Decontaminating the facility and applying fixatives to surfaces with significant
radioactive contamination to facilitate demolition without containment;

* Demolishing the structure to its floor slab and foundation;and

* Characterizing the resulting debris, packaging it for disposal or managing it as bulk
waste, and disposing of it at an offsite disposal facility.

The floor slab and foundation would remain in place temporarily and would be removed in
conjunction with removal of the WMA 1 subgrade structures and the plume source area.

7.3.7 Removing Other WMA 1 Structures

The remaining WMA 1 structures would be removed to their concrete floor slabs and
foundations, which would removed during excavation of the subgrade structures and the
plume source area.

Utility Room and Utility Room Expansion

The Utility Room and the Utility Room Expansion are concrete block structures
containing site utilities as explained in Section 3. The proposed decommissioning process
for these facilities would include steps such as the following:

" Performing characterization surveys,

• Removing equipment from the building, along with any hazardous or toxic
materials;

* Demolishing the building to its floor slab and foundation;

* Characterizing the resulting debris, managing it as bulk waste, and disposing of it
at an offsite disposal facility.

Plant Office Building

The three-story concrete block Plant Office Building is shown in Figures 3-11 and 7-1.
Decommissioning this structure would entail a process such as the following:

" Performing characterization surveys;

" Removing equipment from the building, along with any hazardous or toxic
materials;

* Demolishing the building to its floor slab and foundation; and

* Characterizing the resulting debris, managing it as bulk waste, and disposing of it
at an offsite disposal facility.

Fire Pump House

As of mid-2008, this 20 feet by 24 feet by 10 feet high steel building was not known to
have been impacted by radioactivity. Decommissioning this structure would entail a
process such as the following:
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* Performing characterization surveys to confirm that the building is not impacted by
radioactivity;

* Removing equipment only to the extent necessary to support building demolition;
and

* Demolishing the building to its floor slab and foundation, disposing of the debris in

an offsite landfill.

Water Storage Tank

This 475,800-gallon tank was not known to have been impacted by radioactivity as of
late 2008. Decommissioning would entail emptying the tank, draining the water to the storm

sewer system, and dismantling the tank.

Electrical Substation

This 34.5 kilovolt/480 volt transformer was not known to have been impacted by
radioactivity as of late 2008. Decommissioning would entail de-energizing it and removing
it, with the equipment containing PCBs managed in accordance with applicable State and
U.S. Environmental Protection Agency requirements.

7.3.8 Removing the Underground Structures and Equipment and the Plume Source
Area

Figure 7-5 shows the layout of the underground portions of the Process Building. The
floor of the melter pit in the Vitrification facility, which is not shown on this figure, also
extends approximately 14 feet below grade.

To facilitate removal of the underground structures of the Process Building and
Vitrification Facility, along with the source area of the north plateau groundwater plume, an
area larger than the footprint of both buildings would be excavated. Figure 7-6 shows this
area.

Figure 7-6 provides information on Sr-90 contamination in groundwater that represents
the upgradient portion of the north plateau groundwater plume based on measurements
made in the 1998 investigation (Hemann and Steiner, 1999). This figure also shows the

location of the main source of the plume, identified near the bottom of the drawing as "7P-
240 Release," and key underground lines in the area.
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Figure 7-7 shows a cross section view of the excavation. This figure also shows key
soil contamination data from Geoprobe® samples collected in the 1998 investigation
(Hemann and Steiner 1999).
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Figure 7-5. Layout of Process Building Underground Structures
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See Figure 7-8 for section views A and B.

Figure 7-6. Conceptual Layout of WMA I Excavation
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Figure 7-7. Conceptual WMA 1 Excavation Contour, With Selected Subsurface Soil Data
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Figure 7-8. Excavation Cross Sections (From URS Drawing C-102)
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Excavation Conceptual Design

The horizontal limits of the excavation would be based primarily on physical considerations,
although consideration would also be given to analytical data on subsurface soil contamination at
the planned excavation boundary acquired early during Phase 1. As can be seen in Figure 7-6, the
western edge of the excavation would lie near the road in front of the Plant Office Building. The
northern edge of the excavation would follow the walkway between the Vitrification Facility and the
Waste Tank Farm. The eastern edge would follow the road between the Process Building area and
the interceptors. The southern edge would correspond with a line running immediately south of the
01-14 Building, the Utility Room, and the Utility Room Expansion. The footprint of the excavation
would comprise approximately three acres.

The depth of the excavation would vary depending on the subsurface structures. Figure 7-8
shows two representative cross sections (which are identified on Figure 7-6).

Hydraulic Barrier Wall Installation

To control groundwater, a vertical hydraulicbarrier would be installed around the area to be
excavated as shown in Figure 7-6 and Figure 7-7. The upgradient portion would be built of sheet
pile. The downgradient portion would consist of a soil-cement-bentonite slurry wall. Both would
extend approximately two feet into the Lavery till and the slurry wall would remain in place after the
excavation is backfilled.

Before the hydraulic barrier wall is installed, underground lines in its footprint that carried
radioactive liquid would be located. Sections of these lines in the area where the barrier walls would
be constructed would be removed in a controlled manner to avoid unnecessary release of
contamination. During this process, characterization measurements would be taken in the end of
each line that would remain in place outside of the excavation and the line capped.

The total length of the slurry wall would be approximately 750 feet, with approximately 525 feet
of this length directly adjacent to the WMA 1 area to be excavated. The 525-foot portion of the
slurry wall adjacent to the area to be excavated would be sufficiently wide to provide the stability
necessary to permit excavation up to the base of the wall, with the remainder a more typical two
foot width. The extra width of the main portion of the slurry wall and the inclusion of cement in the
mixture would provide the stability necessary to accommodate the nearby excavation.5

The sheet pile section of the hydraulic barrier wall would be installed using a conventional pile
driver. Construction of the soil-cement-bentonite slurry wall would involve activities such as the
following:

* Making preparations to handle the soil to be excavated, with characterization data,
including data collected during the excavation process, used to determine the portion of the
soil that is radioactively contaminated;

* Using a hydraulic excavator to dig the trench for installation of the slurry wall;

* Preparing the slurry and backfill mixtures in earthen containment berms that would be
constructed near the slurry wall;

" Keeping the trench filled with slurry during the excavation process to help support the
trench walls during the excavation;

5 Consideration of industry experience in use of slurry walls at the boundaries of deep excavations indicates that the
barrier planned for the WMA 1 excavation would perform as planned in controlling groundwater intrusion and
supporting the excavation design. The extra thickness would accommodate some excavation into the upper portion
of the barrier wall with sufficient thickness remaining to ensure satisfactory performance.
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" Backfilling the trench with a mixture of clean soil, cement, and bentonite to displace the
slurry, which would then be used to continue the trench excavation;

* Collecting the radioactively contaminated removed soil in lift liners, adding absorbent to the
saturated soil, and transporting it offsite for disposal as low specific activity waste; and

* Disposing of the uncontaminated soil at an appropriate offsite disposal facility..

The resulting slurry wall would have a maximum in-place saturated hydraulic conductivity of
6.OE-06 cm/s. It would extend to within about three feet of grade and be topped with
uncontaminated soil.

Preparations for Removal of Contaminated Soil and Groundwater

Removal of contaminated soil and groundwater is addressed first because of the issues in
dealing with highly contaminated soil expected beneath the Process Building. However, removal of
the underground structures and equipment would be coordinated with soil removal since the north
plateau plume source area lies beneath the Process Building. Detailed planning for the excavation
would take into account available information on radioactivity in the soil and groundwater as
summarized in Section 4.2 and the results of the soil characterization program. The depth of the
water table in the area - typically about 10 feet below the surface - would also be taken into
account.

Preparations, in addition to installation of the hydraulic barrier wall, would include installation of
extraction wells to dewater the excavation. The removed water would be sent to the Low-Level
Waste Treatment Facility for treatment prior to discharge through a State Pollutant Discharge
Elimination System (SPDES)-permitted outfall or, as an alternative, a portable wastewater
treatment system using ion exchangers and filters provided for this purpose. Preparations would
also include making provisions for appropriate radiological controls, such as design and erection of
a pre-engineered confinement structure over the north plateau plume source area or over the entire
excavation to provide for weather protection and airborne radioactivity control.

Removal of Contaminated Soil and Groundwater

Before excavation begins, the hydraulic barrier wall would be installed, the sheet piles installed,
the dewatering wells installed and placed in operation, and appropriate radiological controls
established. The excavation process would be accomplished in two phases using conventional
excavation equipment.

The first phase would involve removal of soil in the vadose zone, except for the soil in the north
plateau plume source area and soil immediately downgradient of this area. Excavation of soil in the
saturated zone would begin after the dewatering wells have removed groundwater in the confined
area to the extent practical. The groundwater would be treated as discussed previously and
discharged to Erdman Brook through a SPDES-permitted outfall after confirmation that radioactivity
concentrations are acceptably low. The groundwater extraction wells would be removed during the
excavation.

Soil would be excavated to a depth of at least one foot into the Lavery till, with the extent of
additional soil removal determined by the use of the cleanup goals specified in the Section 5.
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

6removed and disposed of offsite as radioactive waste. Contaminated soil with radioactivity

6 It is unlikely that the sides of the excavation that are not hydraulically downgradient will be contaminated. In any
case, the extent of soil remediation on the sides of the excavation would be limited by the excavation boundaries.
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concentrations below cleanup goals would be removed where practical, consistent with the ALARA
process as described in Section 6 and Section 7.2.2. Soil would be excavated as close to the
hydraulic barrier wall as practical. The other sides of the excavation would have a slope of
approximately 45 degrees as indicated on Figure 7-8.

Removal of Underground Structures, Floor Slabs, and Foundations

The demolition of below-grade cells and structures shown in Figure 7-5 would be coordinated
with the removal of the three underground tanks, the underground piping, and contaminated soil
associated with the source area of the north plateau groundwater plume. All remaining concrete
floor slabs and foundations in the area, including those outside of the excavation,, would be
removed early in the process to facilitate the excavation work. After soil is excavated to expose
their structures, the below-grade cells would be demolished with conventional demolition equipment
such as diamond wire saws.

The foundation pilings supporting the Process Building would be cut off at the bottom of the
excavation or slightly below the bottom and the cut-off portion removed as well. All demolition
debris would be characterized and disposed of offsite. In connection with this work, samples of soil
would be collected around representative pilings, including at points several feet below the surface.
Analytical data from the samples would be used to evaluate the potential for preferential flow paths
around the pilings and be considered in the Phase 1 final status surveys described in Section 9.

Removal of Underground Tanks and Piping

The three underground tanks and radioactively contaminated underground piping within the
excavated area would be removed and disposed of as radioactive waste. Planning for underground
line removal would take into account one line of particular interest: waste transfer line 7P120-3,
which is expected to contain high levels of residual radioactivity as described in Section 4.1. The
concrete off-gas trench would be removed. (Removal of the piping in the trench was provided for in
Section 7.3.5.)

Duriron wastewater piping under the Process Building and east of the building, which contains
lead in the piping joints, would be cut near the joints, with pieces containing the joints being
disposed of as mixed waste. The remainder of this piping would be disposed of as LLW.

This process would apply to radioactive lines and also to nonradioactive sanitary lines and
utility lines, which would be removed during the course of the work because it is unlikely that it
would be practicable to leave them in place. Underground piping outside of the excavation would
remain in place.

7.3.9 Site Restoration

Once the below-grade structures of the Process Building and Vitrification Facility, the three
wastewater tanks, the underground piping, and the remaining concrete floor slabs and foundations
have been removed, and the underlying contaminated soils associated with the source area of the
north plateau groundwater plume have been removed, a Phase 1 final status survey would be
performed in the excavation bottom and sides as specified in Section 9 to verify that residual
radioactivity levels are below the cleanup goals. Special attention would be paid to areas around
the remaining sections of the Process Building support pilings. Surveys performed around the
support pilings would extend to sufficient depth to evaluate the extent, if any, of the downward

That is, any soil found to exceed the cleanup goals would be removed only within the confines of the downgradient
hydraulic barrier wall and the sheet piles installed on the other sides of the excavation.
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migration of contamination along the pilings. Arrangements would also be made for an independent
verification survey to be performed on behalf of the regulatory agencies.

After the verification survey is completed and regulatory approval is received, the area would
be backfilled with uncontaminated earth and graded as necessary to restore to it a near natural
appearance. The backfill material would be obtained from similar offsite geologic deposits. The
properties of this material (especially the texture, hydraulic conductivity, and distribution
coefficients) would be similar to those of the sand and gravel layer on the project premises as
described in Section 3.

A French drain would be emplaced during backfilling of the excavation to prevent groundwater
from mounding near the hydraulic barrier wall. Water from the French drain would be allowed to
passively discharge into a small tributary of Erdman Brook. More detail on the French drain design
appears in Appendix D.

The sheet pilings installed on the upgradient sides of the excavation would be removed after
the excavation is backfilled. The piling and any confinement structure used would be disposed of
offsite at appropriate waste disposal facilities.

Appendix D addresses monitoring and maintenance of the WMA 1 area between the
completion of Phase 1 of the proposed decommissioning and the beginning of Phase 2. Appendix
D also provides information on expected changes to the groundwater flow field that would occur
with completion of the Phase 1 proposed decommissioning activities in WMA 1.

7.4 WMA 2 Proposed Decommissioning Activities

This section addresses proposed decommissioning of the Low-Level Waste Treatment Facility
area, which is shown in Figure 7-9.
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The sequence for the Phase 1 proposed decommissioning activities in WMA 2 would be

developed during detailed planning. The LLW2 facility would be kept in service until it is no longer
needed to treat the water in the lagoons and contaminated groundwater removed from the
excavation before it is discharged though an SPDES-permitted outfall into Erdman Brook.

Demolition debris, soil, sediment, and other material removed during this work would be
characterized for waste management purposes and disposed of at appropriate offsite waste

disposal facilities. Absorbents would be added as necessary to containers of wet contaminated soil

to absorb moisture.

7.4.1 Characterizing Soil and Sediment

Soil and sediment in WMA 2 would be characterized for residual radioactivity in accordance
with the Characterization Sample and Analysis Plan described in Section 9. The results of this effort
would be used in planning the excavation work described below. (This characterization would not
include subsurface soil in areas impacted by the north plateau groundwater plume except in the

portion of WMA 2 where the excavation would be located.)

7.4.2 Removing Structures

The structures in WMA 2 would be removed with appropriate radiological controls, along with

the remaining concrete floor slabs and foundations. Removal of the Neutralization Pit, the Old
Interceptor, the New Interceptors, and Lagoons 1, 2, and 3 would be coordinated with digging the

WMA 2 excavation addressed in Section 7.4.3, which would encompass the area of these facilities
as well as the Solvent Dike. During this process, characterization measurements Would be taken in

the end of each underground line that would remain in place and the line capped.

LLW2 Facility

This metal-sided building with skid-mounted process equipment and a 900-gallon stainless
steel lined sump is expected to contain low levels of radioactive contamination. Its demolition would

involve activities such as the following:

* Removing the process equipment;

* Removing any water in the sump, stabilizing it in cement for disposal as LLW;

* Demolishing the structure to grade level;

* Removing the floor slab and foundation and the sump liner;

* Removing soil under the floor slab and foundation to a depth of approximately two feet7 ;

" Performing Phase 1 final status surveys in the area excavated for these purposes;

" Making arrangements for any independent confirmatory surveys to be performed in the

excavated area; and

" Filling in the excavated area with clean earthen backfill.

7 The two-foot prescriptive excavation depth was selected to avoid unnecessary excavation into soil contaminated by
the north plateau groundwater plume during Phase 1 of the decommissioning. As noted previously, the plume would
be among the sources considered in Phase 2 of the decommissioning.

Revision 0 7-28



WVDP PHASE 1 DECOMMISSIONING PLAN

Neutralization Pit

The Neutralization Pit would be removed using a process similar to the following:
I

* Removing any residual water, treating it for disposal via an SPDES-permitted outfall or

solidifying it for disposal as LLW; and

" Removing the liner, concrete walls, and floor of the pit.

The underground wastewater lines in the area of the Neutralization Pit would be removed in

connection with digging the WMA 2 excavation described in Section 7.4.3. Phase 1 final status
surveys, independent confirmatory surveys, and filling the excavation are also addressed in Section

7.4.3.

Old Interceptor

The Old Interceptor would be demolished using a process similar to that used for the
Neutralization Pit, with additional radiological controls appropriate to the larger amount of residual

radioactivity it contains.

New Interceptors

The New Interceptors would be demolished using a process similar to that used for the

Neutralization Pit.

Concrete Floor Slabs and Foundations

The concrete floor slabs of the 02 Building, Test and Storage Building, Vitrification Test Facility,

Maintenance Shop, Maintenance Storage Area, and the Vehicle Maintenance Shop would be
removed and the building footprints excavated approximately two feet below grade. Phase 1 final

status surveys would be performed in the excavated areas, and arrangements made for an
independent verification survey if desired by the regulators. After the surveys have been completed,

the excavations would be filled with earth.

7.4.3 Decommissioning the Lagoons

Decommissioning of Lagoons 1, 2, and 3 would involve constructing a vertical hydraulic barrier

on the northwest side of the lagoons and digging a single large excavation. Lagoons 4 and 5 would

be removed separately. Figure 7-10 shows the conceptual plan view of the large excavation and

the location of the hydraulic barrier wall. Figure 7-11 shows the conceptual cross section.
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Figure 7-10. Conceptual Arrangement of WMA 2 Excavation, Plan View

Revision 0 7-30



WVDP PHASE 1 DECOMMISSIONING PLAN

J/GlS/NcMacpiEtS/Laqoon Cross Section Anted r. 5/12/2008 .RL

R~nr1 A, (•rnvv=/Sand & Gravel!

Elevation S Elevabon
(Feet above Lavery Till Interface (Feet above

mean sea level) mean sea level)

1410 - Forwn 411
Lagoon 2 

Lagoon3

1400 n00B- -10I N G 0 I 1 9_ .. 0-4 - •_ '- 2 ' D ep t h 1 91aNTOP ur9 \ o o-.-..._ l - -1 1 pcitg
Cla 0-2 Depth

1390 - wsa m41 - 1 3 pC/g 
-19

13B5 -Material Sr90 - 67 0 pCL/g - 13-

6-8'Depth
0-13 Am241 - 1.700 pCi/g

01-380pt SrO0- 15,000 pC~ig Proposed Extent 18

1 Cs137- 280 pCI/g SH-07 10'-12' Depth of Excavation
S r9 0 -44 1 p C i/g .4 ,Bre p h , H -0 5 A rn2 4 1 - 1 1 0 p C i/g

1308'-10 Depthl ej241 - 0014 pCtlg 4'-6' Depth -1371
Am241 -53 pCi/g SI90 0• 0 p3 PO i Am241 -75 pCi/g

Cs137 - 5,200 pCi/g --10'Depth S 9 -280 pCil/g 1361
Pu238 - 66pCLg Aj241 - 00024 pCfg -0 et
St90 - 190 pCi/g -r•,-0n n A n24 -11 IUDpep i
\r9 -....... 24 ..... g Z4 -< I\ p Sand & Grve/- 3

1350 80-20De pth \12'-14'Depth Sr 0- 57 0 pCi/g Lavery TillI nterfaceAm241 -0 09 pCl/g Laver Til4Int rfah13l56 - Cs137 - 2 7 pCi/g Am241 - 0 00051 pCi/g 1 14Dph- 
IPu238 - 0 02 pCig s rg90 - 0 13 pCi/g 124L1- 0 03 pct Unweathered Lavery Till

S0 -Sr g0 18 pCi/g SM - 0 85 pCVg

Vertical Exaggeration = -5.3x Soil radioactivity data are from the 1998 Geoprobe investigation (Hemann and Sterner 1999).

Figure 7-11. Conceptual Arrangement of WMA 2 Excavation, Cross Section
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Hydraulic Barrier Wall Installation

To isolate the area of WMA 2 to be excavated from the north plateau groundwater plume, a

vertical hydraulic barrier wall would be installed as shown in Figure 7-10. This hydraulic barrier

would consist of a soil-cement-bentonite barrier wall that would extend approximately two feet into
the Lavery till. It would remain in place after the excavation is backfilled.

Before the hydraulic barrier wall is installed, underground lines in its footprint that carried

radioactive liquid would be located. Sections of these lines in the area where the wall would be

constructed would be removed in a controlled manner to avoid unnecessary release of
contamination. During this process, characterization measurements would be taken in the end of
each line that would remain in place and the line capped.

The total length of the barrier wall would be approximate 1100 feet. It would be sufficiently wide
to provide the stability necessary to permit excavation up to the base of the wall. This barrier wall
would connect with the WMA 1 hydraulic barrier wall as shown in Figure 7-10. It would be

constructed in the same manner as the WMA 1 slurry wall and have an in-place maximum
saturated hydraulic conductivity of approximately 6E-06 cm/s. It would extend to within about three
feet of grade and be topped with excavated material. Sheet piles on the southeastern side of the
excavation are not expected to be necessary to control groundwater, except possibly in the Lagoon

1 area as indicated below.

Preparations for Removal of Contaminated Lagoon Sediment and Soil

Detailed planning for the excavation would take into account available information on

radioactivity in the lagoon sediment, soil, and groundwater as summarized in Section 4, along with
the results of the soil characterization program. The depth of the water table in the area - typically
about seven feet below the surface - would also be taken into account.

Preparations, in addition to installation of the hydraulic barrier wall, would include provisions for

appropriate radiological controls to minimize airborne radioactivity releases during the excavation

work, such as a single-span confinement structure for the Lagoon 1 area.

Removal of Contaminated Soil and Underground Wastewater Lines

Removal of Lagoons 1, 2, and 3 and the facilities within the area to be excavated as described
below would be coordinated with removal of soil in other parts of the excavation. Before excavation

begins, the hydraulic barrier wall would be installed. The excavation process would be
accomplished in two phases using conventional excavation equipment.

The first phase would involve removal of soil in the vadose zone. It is expected that

approximately one-half of the total amount of soil to be removed would be unsaturated.

The second phase would involve removal of soil in the saturated zone. Wastewater piping
within the excavated area would be removed. Groundwater accumulating in the excavation would

be pumped out, treated using a portable treatment system containing ion exchangers and filters,
and discharged to Erdman Brook through an SPDES-permitted outfall.

Figure 7-11 shows the planned depth of excavation. The excavation would extend at least one

foot into the Lavery till and one foot below the sediment in the bottoms of Lagoons 2 and 3 as
indicated in the figure, with the amount of additional soil removal determined by the use of cleanup
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goals specified in Section 5.8 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. Soil with radioactivity concentration exceeding cleanup goals
would be excavated as close to the hydraulic barrier as practicable. However, the lateral extent of
the remediation would not exceed the boundary shown in Figure 7ý-10 during Phase 1.

Lagoon 1

Lagoon 1 during operation was approximately 82 feet by 82 feet by five feet deep. It now
contains radioactively contaminated sediment, asphalt, soil and vegetation and is capped with clay
and covered with topsoil.

Sheet piles would be installed around Lagoon 1 as necessary to control groundwater flow into
the area to be excavated. The excavation would be dug to encompass an area roughly 100 feet by
100 feet and extend approximately two feet into the Lavery till, with a total depth of approximately
14 feet. The clay cap, hardstand waste, and contaminated sand and gravel underlying Lagoon 1
would be excavated, along with the underlying sediment. The excavation would extend at least one
foot into the underlying Lavery till, with the cleanup goals specified in Section 5 being used to
determine the need for any additional soil removal. Phase 1 final status surveys would be
performed in the excavated area and arrangements would be made for independent confirmatory
surveys before the excavation is filled in, as described below. (These surveys would be performed
when the entire WMA 2 excavation has been completed.)

Lagoon 2

As indicated previously, Lagoon 2 is an unlined basin approximately 280 feet long, 195 feet
wide, and 17 feet deep with a significant amount of radioactive contamination in the bottom
sediment.

Water in the lagoon would be treated in the LLW2 Facility and discharged though an SPDES-
permitted outfall into Erdman Brook. Auxiliary equipment such as piping in the pump shed and the
shed itself would be removed. Contaminated lagoon sediment would be removed along with at
least one foot of underlying Lavery till, with the cleanup goals specified in Section 5 being used to
determine the extent of any additional soil removal. As with Lagoon 1, Phase I final status surveys
would be performed in the excavated area and arrangements would be made for independent
confirmatory surveys before the excavation is filled in, as described below.

Lagoon 3

As indicated previously, Lagoon 3 is an unlined basin similar in design to Lagoon 2, but 24 feet
deep rather than 17 feet deep, with low level radioactivity in the sediment. It would be
decommissioned using the same process as Lagoon 2.

Solvent Dike

Radioactively contaminated soil in the Solvent Dike area would be removed before the large
excavation is dug. This sequence would facilitate management of any unexpected wastes that
might be present.

8 Note that Figure 7-11 shows the interface between the sand and gravel unit and the Lavery till in the area of Lagoon
1; Lagoon 2 and Lagoon 3 extend well into the Lavery till.
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Other Parts of the Excavation

Removal of soil in between the facilities in the area to be excavated would be coordinated with
excavation of the facilities themselves so that the entire area is excavated as indicated in Figures 7-
10 and 7-11, with the excavation extending at least one foot into the Lavery till. Any sheet piles
installed to facilitate excavation of Lagoon 1 would be removed after that lagoon is excavated,

Surveying and Backfilling the Excavation

Phase 1 final status surveys would be performed in the bottom and sides of the excavation to
verify that the cleanup goals have been achieved and arrangements made for independent
confirmatory surveys. After these surveys are completed and any issues resolved, the excavation
would be filled with uncontaminated earthen backfill and the surface leveled with the surrounding
area. The backfill material would be obtained from similar offsite geologic deposits. The properties
of this material would be similar to the backfill used in the WMA 1 excavation.

Lagoons 4 and 5

Lagoons 4 and 5 are similar above-grade lagoons that were constructed in 1971 from till
material. Lagoon 4 has a capacity of 204,000 gallons and Lagoon 5 has a capacity of 166,000
gallons. Both are now lined with concrete grout and geomembranes. Low levels'of radioactive
contamination are expected in sediment both above and below the lagoon liners.

The geomembranes and the concrete and clay liners in Lagoons 4 and 5 would be removed
and underlying soil excavated to a maximum depth of two feet. After completion of this work, a
Phase 1 final status survey would be performed in the area, and arrangements made for any
independent verification surveys described by the regulators. The excavated area would be filled
with clean earth after the surveys.

Appendix D addresses monitoring and maintenance of the WMA 2 area between the'
completion of Phase 1 of the proposed decommissioning and the beginning of Phase 2. Appendix
D also provides information on expected changes to the groundwater flow field that would occur
with completion of the Phase 1 proposed decommissioning activities in WMA 2.

7Z5 WMA 3 Proposed Decommissioning Activities

This section addresses proposed decommissioning activities in the Waste Tank Farm area,
which include removal of two structures, piping and equipment in the HLW transfer trench, and the
mobilization and transfer pumps in the underground waste tanks, along with requirements for
continuing maintenance of the underground waste tanks. WMA 3 is shown in Figure 3-29.

7.5.1 Removing Structures

The Con-Ed Building and the Equipment Shelter and Condensers would be removed with
appropriate radiological controls and the resulting demolition debris characterized and disposed of
at an appropriate offsite disposal facility.

Con-Ed Building

This small concrete block building located over the Tank 8D-3/8D-4 vault would be removed by
removing the installed equipment, demolishing the structure to grade level, and performing Phase 1
final status surveys in the area of the building footprint.

Revision 0 7-34



WVDP PHASE 1 DECOMMISSIONING PLAN

Equipment Shelter

This concrete-block building - which is approximately 40 feet long, 18 feet wide, and 12 feet
high - would be removed using a process similar to that used for the Con-Ed Building. The

condensers would also be removed and disposed of at an offsite waste disposal facility. Soil in the
footprints of the building and condenser foundations would be removed to a maximum depth of two

feet below grade. Phase 1 final status surveys would be performed in the excavated areas and
arrangements made for any independent confirmatory surveys to be performed. Afterwards, the
excavated areas would be filled with clean earthen backfill.

7.5.2 Removing Waste Tank Pumps and Pump Support Structures

As noted previously, Tank 8D-1 contains five HLW mobilization pumps and Tank 8D-2 contains
four of these centrifugal pumps. Tanks 8D-1 and 8D-2 also each contain a HLW transfer pump.
Each pump has an overall length of more than 50 feet and contains significant amounts of
radioactive contamination. Figure 3-32 shows both pump designs. Figure 3-34 shows a typical
pump pit. As noted in Section 3, Tanks 8D-1 and 8D-2 each contain another suction pump and
Tanks 8D-3 and 8D-4 are each expected to contain a small submersible pump.

The HLW mobilization and transfer pumps have been impacted by liquid HLW. DOE would
follow applicable provisions of DOE Manual 435.1-1, Radioactive Waste Management Manual,
concerning these pumps.

The HLW mobilization pumps, transfer pumps, and suction pumps would be removed and
disposed of offsite using a process such as the following:

* Preparations would be made for handling the removed pumps in a controlled manner
consistent with their expected high radiation and contamination levels and the expected
waste classification of different parts of the pump assembly;

* Each pump would be removed using appropriate radiological controls, decontaminated as
necessary, cut into sections during removal, and packaged for disposal;

" The pump support structures would be removed in conjunction with removal of the pumps;
and

" The pump segments and the support structures would be disposed of offsite at appropriate
waste disposal facilities.

The submersible pumps in Tanks 8D-3 and 8D-4 would also be removed using appropriate
radiological controls and disposed of offsite as radioactive waste.

7.5.3 Removing HLW Transfer Trench Piping and Equipment

As noted previously, the HLW transfer trench, which is shown in Figure 3-33, is approximately
500 feet long, extending from the Tank 8D-3/8D-4 vault to the Vitrification Facility. The trench
contains lines comprising approximately 3000 linear feet of double-walled stainless steel pipe.
Each pump pit contains a waste transfer pump (which would be removed as specified in Section
7.5.2), discharge piping, and flow monitoring equipment; Pump Pit 8Q-2 also contains grinding
equipment that was used to size reduce contaminated zeolite. The inner piping, valves, and the
other equipment are expected to contain significant radioactive contamination.
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The piping that was actually used and some of the other equipment were wetted by liquid HLW.
DOE would follow applicable provisions of DOE Manual 435.1-1, Radioactive Waste Management
Manual concerning the piping and such other equipment.

The piping and other equipment would be removed and disposed of offsite using a process

such as the following:

" Preparations would be made for handling the removed piping and other equipment in a

controlled manner consistent with their expected high radiation and contamination levels;

" The piping would be cut into sections and packaged for disposal;

* The other equipment would be removed, segmented as necessary, and packaged for

disposal, with this effort coordinated with removal of the piping and waste mobilization and
transfer pumps; and

* The piping and other equipment would be disposed of offsite at an appropriate waste

disposal facility.

After the piping has been removed, Phase 1 final status surveys would be performed in the
empty transfer trench and the trench covers reinstalled.

7.5.4 Monitoring and Maintenance

Monitoring and maintenance of the Waste Tank Farm would continue during the Phase 1
proposed decommissioning and until such time that Phase 2 of the proposed decommissioning

begins. The tank and vault drying system installed during the work to establish the interim end
state described in Section 3 would remain in operation.

The existing dewatering well would continue to be used to artificially lower the water table to

minimize in-leakage of groundwater into the tank vaults. After the Low-Level Waste Treatment
Facility is taken out of operation, the water from this well would be collected, sampled, treated if
necessary using a portable wastewater treatment system, and released to Erdman Brook through a

SPDES-permitted outfall.

Appendix D provides additional information on these matters.

7.6 WMA 5 Proposed Decommissioning Activities

This section addresses removal of Lag Storage Addition 4, the Remote-Handled Waste Facility,

and remaining concrete floor slabs and foundations and gravel pads in WMA 5, the Waste Storage
Area. Figure 3-35 shows this area.

7.6.1 Removing Lag Storage Addition 4 and the Shipping Depot

Lag Storage Addition 4, a clear-span structure with a pre-engineered frame and steel

sheathing, is approximately 291 feet long, 88 feet wide, and 40 feet high. The attached steel
framed, steel sided structure houses the Shipping Depot and Container Sorting and Packaging

Facility.

These structures would be removed and the demolition debris disposed of at an appropriate
off-site waste disposal facility using a process such as the following:
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* Demolishing the structure to grade level;

0 Removing the floor slab and excavating the building footprint to approximately two feet

below grade;

* Disposing of the demolition debris at appropriate offsite waste disposal facilities;

* Performing Phase 1 final status surveys in the area excavated;

* Making arrangements for any independent confirmatory surveys to be performed in the
excavated area; and

* After completion of the surveys, filling in the excavated area with clean earthen backfill.

7.6.2 Removing the Remote-Handled Waste Facility

This metal-sided, steel-frame building, which became operational in 2004, includes a receiving
area, a buffer cell, a work cell, a waste packaging area, an operating aisle, and a load-out/truck
bay. It is shown in Figures 3-36 and 3-37.

This facility is used to remotely section and package high-activity equipment and waste and is

permitted as a mixed waste treatment and storage containment building. The closure of the facility
under an approved Resource Conservation and Recovery Act closure plan would be coordinated
with the demolition under this plan.

The Remote-Handled Waste Facility would be removed using a process such as the following:

* Removing the installed equipment such as the cranes and tanks;

* Demolishing the structure to grade level;

* Removing the floor slab and foundation, removing the below-grade part of the structure,

and excavating the rest of the building footprint to approximately two feet below grade;

* Disposing of the demolition debris at appropriate offsite waste disposal facilities;

" Performing Phase 1 final status surveys in the area excavated;

" Making arrangements for any independent confirmatory surveys to be performed in the

excavated area; and

" After completion of the surveys, filling in the excavated area with clean earthen backfill.

The underground decontamination waste transfer lines from the Batch Transfer Tank in the

building to Tank 8D-3 in WMA 3 would be removed and disposed of as LLW if they have been
exposed to radioactivity; otherwise, they would remain in place.

7.6.3 Removing Remaining Floor Slabs and Foundations and Gravel Pads

All remaining concrete floor slabs and foundations would be removed, including those

associated with the Lag Storage Building, Lag Storage Addition 1, and Lag Storage Addition 3. The
Lag Storage Addition 2 hardstand would also be removed, along with the gravel pads associated
with the Chemical Process Cell Waste Storage Area, the hazardous waste storage lockers, the cold
hardstand area, the vitrification vault and empty container hardstand, the old/new hardstand
storage area, the lag hardstand, and the Product Purification Cell box storage area.
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The remaining floor slabs, foundations, and gravel pads would be removed along with the
underlying soil to approximately two feet below grade, with the debris and removed soil disposed of
at appropriate offsite waste disposal facilities. This work would be followed by Phase 1 final status

surveys of the excavated areas and any independent verification surveys desired by the regulators.
After the surveys have been completed, the excavations would be filled with earth.

7.7 WMA 6 Proposed Decommissioning Activities

This section addresses proposed decommissioning activities in WMA 6, the Central Project

Premises, which is shown in Figure 3-38. These activities involve removal of the Sewage
Treatment Plant, the south Waste Tank Farm Test Tower, the two demineralizer sludge ponds, the

equalization basin, and the equalization tank. The demolition debris and the removed soil would be
disposed of at appropriate offsite disposal facilities.

7.7.1 Removing the Sewage Treatment Plant

This wood frame structure with metal siding and roofing was used to treat sanitary waste and

contains six in-ground concrete tanks, one above-ground polyethylene tank, and one above-ground

stainless steel tank. This facility would be completely removed, including the underground concrete

tanks, with the concrete foundation and underlying soil removed approximately two feet below
grade.

After completion of this work, a Phase 1 final status survey would be performed in the
excavated area and arrangements made for any independent verification surveys requested by the

regulators. Experience with buildup of natural and manmade radioactivity in sewage sludge

(ISCORS 2005)-would be taken into account in these surveys. After completion of the surveys, the
excavated area would be filled with earth.

7.7.2 Removing the Equalization Basin

The equalization basin is an earthen basin lined with Hypalon® approximately 50 feet by 125

feet by seven feet deep that has served as a replacement for the demineralizer sludge ponds.

The liner and approximately two feet of underlying soil would be removed and disposed of

offsite. After completion of this work, a Phase 1 final status survey would be performed in the area

and arrangements made for any independent verification surveys requested by the regulators. After
completion of the surveys, the area would be filled with earth.

7.7.3 Removing the Equalization Tank

The Equalization Tank is a 20,000-gallon underground concrete tank immediately north of the

Equalization Basin that serves as a replacement for the Equalization Basin.

The tank would be demolished and approximately two feet of underlying soil removed, with this

material disposed of offsite. After completion of this work, a Phase 1 final status survey would be

performed in the area and arrangements made for any independent verification surveys requested
by the regulators. After completion of the surveys, the area would be filled with earth.
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7.7.4 Removing the Demineralizer Sludge Ponds

The north and south demineralizer sludge ponds are separate, unlined basins excavated in the
sand and gravel layer that are known to contain low-level radioactive contamination.

The area of the ponds would be excavated to a total depth of approximately five feet, with the
material removed being disposed of offsite at an appropriate waste disposal facility. After
completion of this work, a Phase 1 final status survey would be performed in the area and
arrangements made for any independent verification surveys requested by the regulators. After
completion of the surveys, the area would be filled with earth.

7.7.5 Removing the South Waste Tank Farm Test Tower

This test tower would be removed, including its concrete foundation and underlying soil to
approximately two feet below grade, with the debris and soil disposed of offsite. After completion of
this work, a Phase 1 final status survey would be performed in the area and arrangements made for
any independent verification surveys requested by the regulators. After completion of the surveys,
the area would be filled with earth.

7.7.6 Removing the Remaining Floor Slabs and Foundations

The remaining floor slabs and foundations in the area - including the underground structure of
the Cooling Tower- would be removed, with underlying soil removed to a maximum depth of two
feet below grade. After completion of this work, a Phase 1 final status survey would be performed
in the area and arrangements made for any independent verification surveys requested by the
regulators. After completion of the surveys, the area would be filled with earth.

7.8 WMA 7 Proposed Decommissioning Activities

WMA 7, the NDA area, is shown in Figure 3-41. The NDA would continue to be monitored and
maintained during Phase 1 and no decommissioning actions related to the NDA itself would take
place in this phase of the proposed decommissioning. The only Phase 1 proposed

decommissioning actions would involve removal of the remaining concrete slabs and gravel pads
associated with the NDA hardstand.

These concrete slabs and gravel pads would be removed and the footprints of these areas
would be excavated to a maximum of depth two feet below grade, with the debris and excavated
materials disposed of offsite. Phase 1 final status surveys would be performed in the excavated
areas and arrangements made for any independent verification surveys requested by the
regulators. After completion of the surveys, these areas would be filled with earth.

7.9 WMA 9 Proposed Decommissioning Activities

This section describes proposed decommissioning activities in the Integrated Radwaste
Treatment System Drum Cell area, which is shown in Figure 3-42. Phase 1 proposed
decommissioning activities in this area would involve removal of the Drum Cell, the trench soil
container area, and the subcontractor maintenance area.

The Drum Cell is a pre-engineered metal building 375 feet long, 60 feet wide, and 26 feet high,
with concrete shield walls, remote waste handling equipment, container storage areas, and a

control room. It would be demolished by conventional means and the floor slab, gravel pad, and
foundation removed, along with underlying soil to at least two feet below grade. After completion of
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this work, a Phase 1 final status survey would be performed in the excavated area and
,arrangements made for any independent verification surveys requested by the regulators. After
completion of the surveys, the excavated area would be filled with clean earth.

The trench soil container area is located northwest of the Drum Cell. The material in this area
would be removed and its footprint excavated to a maximum depth of approximately two feet below
grade, with the excavated materials disposed of offsite. Phase 1 final status surveys would be

performed in the excavated area and arrangements made for any independent verification surveys
requested by the regulators. After completion of the surveys, the area would be filled with clean
earth.

The subcontractor maintenance area, a gravel pad near the rail spur, would be removed using
the process used for the trench soil container area.

7.10 WMA 10 Proposed Decommissioning Activities

The Phase 1 proposed decommissioning activities in this WMA, the support and services area,
would consist of removing the New Warehouse and the remaining concrete floor slabs and

foundations, along with the former Waste Management Storage Area. WMA 10 is shown in Figure
3-43.

The New Warehouse would be removed. This structure is 80 feet wide, 250 feet long, and 21.5
feet high and rests on concrete piers and a poured concrete foundation wall. It would be
demolished by conventional means and its foundation and the underlying soil removed to a
maximum depth of approximately two feet below grade. After completion of this work, a Phase 1
final status survey would be performed in the excavated area and arrangements made for any

independent verification surveys requested by the regulators. After completion of the surveys, the
excavated area would be filled with clean earth.

The remaining floor slabs and foundations in the area - including those for the Administration
Building, the Expanded Environmental Laboratory, and the Fabrication Shop - would also be
removed, with underlying soil removed to a maximum depth of approximately two feet below grade.
The former Waste Management Storage Area would also be removed in the same manner. After
completion of this work, a Phase 1 final status survey would be performed in each excavated area
and arrangements made for any independent verification surveys requested by the regulators.
After completion of the surveys, the excavated areas would be filled with earth.

The Meteorological Tower and the Security Gatehouse and fences would remain in place.

7.11 Remedial Technologies

A combination of conventional technologies and proven innovative technologies would be used

to accomplish the proposed decommissioning activities specified in the preceding sections. This
section summarizes these technologies in the following categories:

* Pipe cutting and other metal cutting,

* Tool positioning,

• Concrete cutting and demolition,

* Concrete decontamination,
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" Demolition of structures, and

* Excavation and grading

It is not the intention of this summary of remediation technologies to preclude the use of other,

better technologies that may be developed, so long as they are comparable with and equivalent to

those discussed here, nor is it DOE's intention to endorse the products of particular manufacturers

beyond observations about cases where those products have been successfully used. More

specific information on the technologies to be used would be provided in the Decommissioning

Work Plan(s).

7.11.1 Pipe Cutting and Other Metal Cutting

The following methods would be used as applicable for cutting radioactively contaminated

piping and metal liners, equipment, and structural components. Methods would be selected based

on efficiency and suitability for the particular applications, with consideration of factors such as

personnel safety, metal thickness, and radioactive contamination control. These technologies are

listed in alphabetical order.

Diamond Wire Cutting Systems

This technology is suitable for cutting thick steel plate such as that which may be used in the

shielded transfer cell in the Load-In/Load Out Building. It is described below under Concrete Cutting

and Demolition.

Duriron Pipe Cutting

Because Duriron is hard and brittle, Duriron wastewater piping is typically cut into sections

using either a chain-type tool or a special tool provided by the piping manufacturer to score the

pipe, and tapping it with a mallet to fracture it at the score mark.

Hand-Held Shear

This technology, manufactured by Res-Q-Tek, Inc., cuts stainless-steel pipes up to 1.5 inches

in diameter, and has been used at DOE's Fernald site. This shear can also crimp pipes to minimize

potential spillage of pipe contents.

High-Speed Clamshell Pipe Cutter

This technology can cut through large pipes up to 24 inches in diameter with minimal clearance

requirements. This equipment is manufactured by Tri-Tool, Inc., and has been used at DOE's

Hanford site.

Mega-Tech Hydraulic Shears

This equipment, manufactured by Mega-Tech, Inc., can be used to cut stainless steel pipes up

to 1.5 inches in diameter and has been used at Argonne National Laboratory.

Nd:YAG Laser

A Lumonics two kilowatt neodymium-doped yttrium aluminum garnet (Nd:YAG) laser has been

used to remotely size reduce about 300 fuel storage tubes and radioactively-contaminated

converter shells from the former K-25 Gaseous Diffusion Plant site at Oak Ridge, Tennessee.
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Nibblers

Electric nibblers have been found effective in cutting sheet metal in many applications. They

are readily available commercially.

Pipe Cutting and Crimping System

The Burndy Lightweight Portable Crimper is an electrically powered hydraulic crimping tool that

cuts smaller-diameter piping by crimping and minimizes the potential spillage of piping contents.
This equipment is manufactured by Burndy, Inc, and has been used at DOE's Mound facility.

Pipe Cutting and Isolation System

This robotic technology developed by TPG Applied Technology consists of three tools: a pipe-

cutting tool, a pipe-cleaning tool, and a pipe-plugging tool. This system has been used to cut pipes
within storage tanks at the K-25 Plant at DOE's Oak Ridge site.

Powered Pipe Cuffing Machines

Air-powered pipe cutoff machines have been found effective by the U.S. Navy in cutting

stainless steel piping of varying diameters.

Reciprocating Saws and Portable Band Saws

Variable-speed electric reciprocating saws and portable band saws were found effective in

cutting stainless steel piping and other metal shapes up to one-half inch thick during the

decommissioning of the Barnwell Nuclear Fuel Plant. Effectiveness depends on blade type, cutting
speed, and blade lubricant.

Roller Cutters

Manually operated roller cutters have been found effective by the U.S. Navy on highly-

contaminated, smaller diameter piping where radiological containment is required.

Size Reduction Machine

The Mega-Tech Services size reduction machine has been used at DOE's Savannah River Site

and is capable of hydraulically shearing piping from six feet below floor level to 15 feet above floor
level. It can shear pipes up to four inches in diameter

Thermal Cutting Technologies

Oxy-acetylene and oxy-gasoline cutting torches have been used to cut steel pipe and plate at

DOE sites. The oxy-gasoline cutting torch is specially suited for cutting carbon-steel pipes and
plates, and can cut steel up to 4.5-inch in thickness at a rate three times faster than oxy-acetylene

cutting. This equipment is manufactured by Petrogen International, and has been used at DOE's
Oak Ridge, Fernald, and Mound sites.

7.11.2 Tool Positioning Technologies

The following three systems have been found to be useful at DOE sites:
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Dual Arm Work Platform

The dual arm work platform is a remotely operated deployment platform that uses a variety of
equipment to dismantle metal assemblies. Two Schilling Titan III manipulator arms provide six
degrees of freedom, and are powered by a 3000 psi hydraulic system.

Each arm is capable of lifting 240 pounds, while the grippers on the end of the arms can exert
1,000 lbs of crushing force. The platform is designed to be free standing or suspended from an

overhead crane. This system was used at the DOE CP-5 Research Reactor Large-Scale
Demonstration Project at Argonne National Laboratory - East.

Mobile Work Platform

The Mobile Work Platform is a remote-controlled machine designed to remove pipe/conduit. A
rotating turret is equipped with a folding main boom and a telescoping job boom capable of
reaching 27 feet. The boom system can lift over four tons with the outriggers in place. With the dual
crimper/shear attached to the jib boom, the reach extends out to 32 feet above the ground.

Rosie - Mobile Work Platform

Rosie evolved from the Remote Work Vehicle that supported cleanup work at the Three Mile
Island nuclear power plant. The Rosie is a remotely operated, mobile work platform built by
RedZone Robotics. It is a four-wheel drive, four-wheel steer locomotor that is capable of deploying
tools weighing up to 2,000 lbs to a height of 27 ft with a telescoping boom with various end
effectors.

A control console allows a single operator to remotely manipulate Rosie using video and data,
displays. Video displays are provided by up to ten cameras mounted on Rosie, in addition to
cameras mounted in the facility. During the demonstration at the CP-5 Research Reactor, Rosie
was fitted with a jackhammer and used to remove, high-density concrete from the reactor's upper

shield plug.

7.11.3 Concrete Cutting and Demolition

Concrete Saws

Concrete saws such as those used during highway pavement maintenance have been used
effectively in cutting out sections of concrete floors during nuclear facility decommissioning. They
are available from various manufacturers with carbide and diamond-impregnated saw blades
ranging up to 30 or more inches in diameter.

Remote Controlled Demolition Machines

Demolition machines have been used to remotely remove and size-reduce concrete, piping,
and structural steel. The Brokk remote controlled demolition machines, such as the model shown in
Figure 7-12, are manufactured by Holmhed Systems AB. They can be operated remotely with a
hydraulic hammer, excavating bucket, concrete crusher, and a shear. The arm has a reach of 15

feet, and can be operated remotely at distances up to 400 feet.

One was used effectively in dismantling equipment in the Vitrification Cell during cell
deactivation. These machines could be used in various places in the Process Building and
Vitrification Facility.
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Figure 7-12 Typical Demolition Machine

Diamond Wire Cutting Systems

Diamond wire cutting utilizes diamond-impregnated wire to cut metal and concrete. The system
uses a series of guide pulleys to draw the continuous wire strand through the cut. This technology

has been used at numerous decommissioning projects, such as Fort St. Vrain, DOE's C Reactor
Interim Safe Storage Project at the Hanford site (Trentec, Inc., Cincinnati, Ohio), and the Tokamak

Fusion Test Vessel (Bluegrass Bit Co., Greenville, Alabama).

Diamond wire cuts through reinforced concrete, rebar, structural steel, and steel plate without

generating large amounts of dust. The wire is cooled with either water collected in a sump, which
controls any loose contamination generated during cutting, or with liquid nitrogen in situations
where waste generation is a prime concern.

Jackhammers and Chipping Hammers

Pneumatic jackhammers and chipping hammers have been used on many projects to break up
contaminated concrete by creating localized fractures with repeated blows. They are available from
numerous manufacturers.

7.11.4 Concrete Decontamination

Contaminated concrete surfaces would be decontaminated using conventional means such as

vacuuming and wiping with cloths dampened with water or non-hazardous decontamination agents.
The following technologies would also be considered and used as appropriate:

Concrete Shaver

Marcrist Industries and Demolition Technologies manufacture manned and remote concrete

shavers that remove surface concrete from flat and curved surfaces. The diamond-impregnated
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shaving blades are ten to 12 inches wide, and each pass of the shaver can remove up to one-
quarter inch of concrete at a rate of 128 square feet per hour. The Marcrist DTF-25 can shave

floors to depths of 0.5 inches. Dust is contained within a HEPA-filtered vacuum system. Manned
equipment has been used at the Hanford C Reactor and the remote-controlled equipment has been
used at the Rancho Seco Nuclear Plant.

Concrete Spaller

This hand-held tool is used to decontaminate flat concrete walls and floors by removing

concrete pieces ranging from seven to 16 inches in diameter by hydraulically expanding within pre-
drilled holes. A shroud collects the pieces of concrete, while a HEPA filter controls the potential
release of airborne materials. The spaller removes concrete faster, to a greater depth and at a
lower cost per square foot than traditional baseline scabblers and scalers when removing to a depth
of one-eighth inch or greater. Pacific Northwest National Laboratory is a manufacturer of spallers.

Centrifugal Shot Blast System

Concrete Cleaning, Inc. and Pentek manufacture manned and remotely operated centrifugal
shot blast scabbling systems that use hardened steel shot at high velocities to remove the outer
surface area of concrete. The concrete fragments are captured by an integrated vacuum system.
This technology is used in confined space situations and for shallow depths of contamination (less
than one inch).

The MOOSE®, a remotely operated floor scabbling centrifugal shot blasting system from Pentek, is
capable of effectively removing concrete to a depth of 3/16 of an inch and has removed concrete to
a depth of one inch with some difficulty (Figure 7-13). The technology was successfully

demonstrated at DOE's Fernald facility.

Remote Dry-Ice Blasting System

The ROVCO 2 system integrates two
demonstrated technologies: a remotely operated
vehicle and a dry-ice (COA2 ) blasting system. The
vehicle transports and powers the vehicle-mounted
subsystems, including the CO 2 XY orthogonal end
effector (COYOTEE), cryogenesis dry-ice blasting
system, and the vacuum/filtration/containment
subsystems. The COYOTEE manipulates a
specially designed vacuum containment workhead
with the cryogenesis blasting nozzle to cover every
point within a rectangular workspace. Since
ROVCO 2 utilizes CO 2 gas, it has the potential to Figure 7-13. MOOSE®
eliminate process waste resulting from the
blasting material.

Rotary Drum Planer

The rotary drum planer is widely used to remove concrete in highways and parking lots. This
technology consists of a drum with replaceable tungsten-carbide teeth. The planer is attached to a
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Bobcat loader and cuts a 16-inch swath up to six inches deep, providing that there is no wire or
rebar present within the concrete because this metal would break the cuffing teeth.

The system can be customized to be dust free by simultaneously drumming the waste with a
vacuum shroud. This baseline technology has been used at numerous DOE facilities, including
Fernald.

Scabblers

This manual or remote technology utilizes a series of tungsten carbide-tipped bits mounted on
a hammer head that pulverize the concrete surface via mechanical impacts. The dust and debris
removed from contaminated concrete surfaces are then captured by a HEPA-filtered vacuum
system. This technology is suitable for removing contaminated concrete from large areas, but is
less successful in corners and in concrete seams and cracks. Scabblers have been used on many
decommissioning projects, including those at the Argonne National Laboratory and the Idaho
National Engineering and Environmental Laboratory.

Soft Media Blast Cleaning

Soft Media Blast Cleaning uses, a pneumatically propelled soft media to remove surface
contaminants. The soft blast media impacts the surface with high energy, absorbing the
contaminants and carrying them away from the substrate for easy disposal. This system is used for
low levels of surface contamination.

Steam Vacuum Cleaning

The Kelly Decon System uses a pressurized (250 psi) superheated (up to 300°F) water stream
to remove contamination from surfaces. Several of the cleaning heads integrate a vacuum hood
and return line which captures and controls the steam, water droplets, and dislodged contaminants
generated when the water spray impacts on the surface being cleaned. The primary application for
the Kelly System has been the surface decontamination of rooms, pools, walls, large components,
or similar applications related to large and/or smooth surfaces.

Robotic Hammer

This robotic jackhammering system, manufactured by Bluegrass Bit Co. of Greenville,
Alabama, has been used where jack hammering is preferred, but where radiation levels preclude
manned operation.

Remote-Controlled Brokk Concrete Demolition Systems

As indicated above, Brokk demolition machines such as the BM 330 model pictured in Figure 7-
12, can be used effectively in concrete demolition where radiological conditions make use of

remote-controlled equipment preferable.

7.11.5 Demolition of Structures

Structures would be demolished using conventional methods and proven, advanced
technologies such as the following:

Revision 0 7-46



WVDP PHASE 1 DECOMMISSIONING PLAN

Backhoe Pulverizer

This machine uses air-powered or hydraulic jaws mounted on a backhoe to crush concrete and

separate rebar.

Backhoe Ram

A track-mounted backhoe ram is typically used for demolition of thick concrete or cinder block.

It uses a pneumatic or hydraulic moil or chisel point to deliver blows to the area of interest.

Bulldozer

Bulldozers would typically be used to push structure sections down with the blade and pull

sections down using wire rope attached to the structure section.

Portable Concrete/Asphalt Crusher

The Eagle Crusher Company, Inc. manufactures a portable concrete/asphalt crusher for size-
reducing concrete debris. This equipment is bulky and is setup outside and adjacent to structures. It

is best suited for concrete with little or no radioactive contamination.

Track-Mounted Shear/Crusher

This hydraulic equipment (manufactured by Tiger Machine Company) is one of the baseline
tools for breaking up concrete surfaces into pieces for disposal. It is effective in razing structures

quickly. Criteria for using this equipment are generally the amount of surface area to be broken up

and accessibility for large equipment, because the track mounted configuration limits
maneuverability.

Universal Demolition Processor

This technology, made by several manufacturers (e.g., Tramac), is essentially three different

technologies in one. By exchanging jaw sets, it can be a concrete pulverizer, concrete cracker
(including rebar), or a shear capable of cutting thick steel plates. The universal demolition

processor is attached to a standard track-mounted carrier. One benefit is that it reduces the amount
of equipment on site, due to its multiple capabilities. This equipment has been used at DOE's

Fernald facility and at other demolition sites (Figure 7-14)

7.11.6 Excavation and Grading

DOE would use conventional equipment to remove soil, equipment, and portions of concrete

structures, such as tracked excavators. Backhoes and bulldozers would be used as needed. Similar

equipment would be used for grading the site.
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Figure 7-14. Universal Demolition Processor

7.12 Schedule

Due to the circumstances of the proposed decommissioning - such as the annual federal
government funding process and the prerequisite of issuing the Record of Decision for the
Decommissioning EIS - it is not practicable for DOE to provide a detailed schedule for the project
at this time. Figure 7-15 provides a conceptual schedule for the project, with the basic sequence
and order-of-magnitude time frames for major actions.

The dates on the schedule are contingent upon NRC approval of this plan. Before the proposed
decommissioning begins, DOE would provide a more detailed schedule to NRC for information.
DOE also recognizes that circumstances can change during the proposed decommissioning so that
the proposed decommissioning could not be completed as outlined on the schedule. In such a case
DOE would revise the schedule and provide the revised schedule to NRC.
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Activity Years from Beginning of Phase I Proposed Decommissioning Work
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ~ 31

1. Complete detailed planning and preparations I I
- LEGEND: EDR Equipment Decontamination Room

2. Characterize surface soil and sediment LSA = Lag Storage Addition
RHWF = Remote-Handled Waste Facility

3. Modify EDR and Load-In/Load-Out Facility

4. Construct new Canister Interim Storage Facility ee_

5. Relocate HLW canisters to new facility

6. Store HLW Canisters in new Interim Storage Facility

7. Remove WMA 1 facilities to grade

8. Install WMA 1 hydraulic barrier

9. Remove WMA 1 underground structures, equip.

10. Remove source area of north plateau plume

11. Perform WMA 1 final status surveys, fill excavation i
The lagoons may remain in service longer

12. Remove WMA 2 lagoons, other facilities to allow processing of WMA 1 wastewater.

13. Perform WMA 2 final surveys, fill excavations eI _I

14.__ Remove __ 3 -qu n SThere is considerable flexibility in the
14. Remove WMA 3 Equipment Shelter I__Ih_ Isequence for activities 14 through 20.

One potential sequence is shown.
15. Remove HLW pumps, HLW transfer trench piping

16. Remove LSA4 and RHWF in WMA 5

17. Remove WMA 6 facilities hissin
18. Remove slabs and gravel pads in WMA 7 nIi
19. Remove Drum Cell in WMA 9 IIIB
20. Remove New Warehouse, floor slabs in WMA 10 omF e studies may take longer.

21. Perform studies to inform Phase 2 decisions oLW _i-

Figure 7-15. Conceptual Schedule of Phase I Proposed Decommissioning Activities
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8.0 QUALITY ASSURANCE PROGRAM

PURPOSE OF THIS SECTION
The purpose of this section is to describe the Quality Assurance Program for Phase I
of the WVDP proposed decommissioning, focusing on characterization, engineering

data, calculations, dose modeling, and the final status surveys. The information in this
section shows how the Quality Assurance Program would be managed and
implemented. It is also intended to show NRC staff how accurate, high-quality
information would be provided to support Phase 1 of the proposed decommissioning.

INFORMATION IN THIS SECTION

The focus of this section is appropriate because the proposed decommissioning is

being conducted under the WVDP Act as explained in Section 1. The information
provided is necessarily generic in nature because contractual arrangements for the
proposed decommissioning have not yet been made.

This section begins with a description of the quality assurance organization and the
duties and responsibilities of the quality assurance and proposed decommissioning
organizations that are associated with the Quality Assurance Program. It continues with
a description of the Quality Assurance Program, control of documents, measuring and
test equipment, purchased materials, and subcontractor services. The section

concludes with descriptions of corrective action, audits and surveillances, and
management of quality assurance records.

Because some preliminary engineering work such as dose modeling and the
engineered barrier design would be completed before proposed decommissioning
activities commence under this plan, this section refers to existing quality control

assurance programs for those activities and briefly describes these programs.

RELATIONSHIP TO OTHER PLAN SECTIONS

To understand the scope of the Quality Assurance Program, one must consider the
information in Section 1. Section 1 discusses the project background, the proposed
decommissioning activities, and project management and organization.

This section provides the quality assurance requirements for the programs and
activities identified in Sections 5, which addresses dose modeling, and Section 9, which
deals with radiation surveys. It also applies to engineering data and calculations related
to designs described in Section 7 for the Interim Storage Facility for the vitrified HLW
canisters and the hydraulic barrier walls that would remain in place after Phase 1 is

completed.
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8.1 Quality Assurance Organization

The Quality Assurance (QA) Organization is shown in Figure 8-1. The QA Manager, who

reports directly to the Decommissioning Contractor Senior Executive, manages the

organization. The QA Manager provides central leadership, direction, and management to

the proposed decommissioning project.

Legend: . Supervision and support
- - . Oversight, advice and technical direction

regarding quality.

Figure 8-1. Decommissioning Organization Quality Assurance Relationships
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Quality must be built into the proposed decommissioning project by project personnel.
Each person in the decommissioning organization is responsible for QA related to the tasks
he or she performs. To help ensure that quality is built in, QA procedures implementing the
QA Program would be developed by the decommissioning organization. QA would be
provided through implementation of the QA Program and project implementing procedures
as it relates to QA/quality control (QC) issues.

The QA duties and responsibilities of the QA organization and the decommissioning
organization are listed below.

8.1.1 Quality Assurance Organization Duties and Responsibilities

The QA Manager is responsible to:

" Develop the project QA Program manual or plan as a formal document implementing
the requirements of this section and maintain this document current;

* Provide central leadership, direction, and management of the decommissioning QA
Program;

* Ensure that preparation and maintenance of the QA Program are responsive to DOE
and NRC QA requirements and act as the primary QA interface with DOE and NRC;

* Implement DOE and WVDP quality policies and define the direction of the QA
Program with respect to these policies;

* Perform as the certifying agency for the QA Program;

* Make final interpretations of established QA requirements;

* Determine when conditions during proposed decommissioning are not in compliance
with the QA Program;

* Provide input and direction for QA training;

* Provide oversight of subcontractor and vendor activities;

* Provide receipt inspection services for purchased materials;

* Evaluate the adequacy and effectiveness of the QA Program;

* Review and approve procedures implementing the requirements of the WVDP QA
Program;

" Review and approve procurement documents as required;

* Perform and document independent audits, surveillances, inspections and tests as
required;

* Stop unsatisfactory work and control processing and delivery of unsatisfactory
materials; and

* Maintain required QA records.
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8.1.2 Decommissioning Project Quality Assurance Duties and Responsibilities

Project personnel are responsible to:

* Provide the requisite level of quality in work performed;

" Develop organizational procedures implementing the requirements of the WVDP QA

Program;

" Implement the policies and procedures established to support the QA Program;

* Ensure that activities affecting quality are prescribed by documented instructions,
procedures, and drawings and that such activities are accomplished through
implementation of these documents;

• Prepare QA Project Plans in support of characterization and the final status survey;

" Perform work safely and correctly the first time, and assure that reliability,
performance, and customer satisfaction are maximized;

" Meet established requirements and recommend improvements in material and work
process quality;

* Inform management of suspected unsafe or unacceptable quality conditions; and

" Stop work when it is known or suspected that work being performed could potentially
result in an unsafe or unacceptable quality condition.

8.2 Assuring Quality in Preliminary Engineering Work

Some engineering work in support of the proposed decommissioning has already been
performed by DOE contractors and more would be performed before this plan is approved
and placed into effect. Two especially important examples of this work are dose modeling
and preliminary conceptual design of engineered barriers to be installed during Phase 1 of
the WVDP proposed decommissioning.

DOE ensures that QA programs used for such work meet applicable requirements, such
as DOE Order 414.1C and the quality assurance requirements of Code of Federal
Regulations 10 CFR 830.120. How this was accomplished for the two examples cited is as
follows.

8.2.1 Dose Modeling

The dose modeling was performed by Science Applications International Corporation
(SAIC) under contract to DOE.

SAIC Quality Assurance Plan and Supporting Procedures

SAIC prepared and followed a QA Project Plan that applied to the modeling work (SAIC
2008a), along with four supporting QA procedures (SAIC 2008b, 2008c, 2008d, and 2008e)
that relate to the dose modeling. This plan was based on the SAIC Business Unit QA
Program that was developed to meet customer requirements including those in DOE Order

Revision 0 8-4



K

WVDP PHASE 1 DECOMMISSIONING PLAN

414.1C, 10 CFR 830.120, and ASME NQA-1 (ASME 2000). Elements of the QA Project Plan
and the supporting procedures included:

* Project organization and responsibilities,

* Personnel qualification and certification,

* Document preparation,

• Preparation of code development and verification packages,

* Performing calculations and analyses,

* Independent technical reviews by a qualified person(s),

* Documented comment resolution with formal revisions for significant changes,

* Management and independent assessment, and

• Project records.

Oversight and Review

In addition to the oversight and review provided by SAIC, DOE provided QA oversight

and review of this effort, including peer review of the modeling process.

8.2.2 Engineered Barrier Design

Conceptual engineering work related to engineered barriers was performed by
Washington Safety Management Solutions (WSMS) and its subcontractor URS Corporation
under the requirements of the WSMS QA Plan (WSMS 2006a)1 .

WSMS Quality Assurance Program

The WSMS QA program embodies the QA criteria of 10 CFR 830.122 and DOE Order
414.1A (the earlier version of DOE Order 414.1C) and applicable DOE technical standards.
The programs also use ASME NQA-1 (ASME 2000) as a basis with program enhancements
from other consensus standards to ensure that the requisite level of quality for all key

activities is maintained. Elements of the programs include:

* Line management responsibility for quality;

• Individual responsibility for quality at all levels;

" QA management providing planning, direction, control, and support to achieve
quality objectives;

* Formal personnel training and qualification;

* A formal quality improvement process;

• Design controls, with formal design and verification processes;

WSMS is now part of the Washington Division of URS Corporation.
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* Work process controls;

* Procurement controls;

" Inspection and acceptance testing; -

* Management assessment; and

* Independent assessment.

Contractual arrangements between WSMS and URS required URS to comply with
applicable requirements of: --

* The SAIC QA Project Plan that applies to proposed decommissioning preparations
(SAIC 2008a), and

* The WSMS procedure for preparing technical documents and performing

engineering calculations for the EIS and this plan (WSMS 2006b).

Oversight and Review

WSMS review of subcontracted work related to this plan is carried out in accordance with
the WSMS QA Plan (WSMS 2006a) and the related procedure (WSMS 2006b). In addition,

DOE provides independent oversight of the work performed by site contractors.

8.2.3 Other Engineering Work

DOE would ensure that other engineering data and engineering work, calculations, and
modeling provided by DOE contractors in support of Phase 1 of the proposed

decommissioning conforms to applicable QA requirements. For example, if another
contractor(s) were to complete engineered barrier designs begun by URS and WSMS, then
DOE would ensure that the QA program of the new contractor(s) is equivalent to applicable
requirements in the WSMS QA Plan and the WVDP supporting procedure (WSMS 2006b).

8.3 Decommissioning Quality Assurance Program

The Decommissioning QA Program identifies and describes the integral elements of the
QA activities that apply to a broad spectrum of proposed decommissioning work performed
at the WVDP. The QA Program provides the framework and criteria for implementing a QA
program to control activities that affect the quality of the WVDP Phase 1 proposed

decommissioning.

Specifically, the QA Program would be used to plan, perform, and assess the
effectiveness of project activities such as data acquisition and evaluation. It also provides the
framework for the development of new or revised engineering data, calculations, and
modeling associated with engineered barrier design and any revisions to the dose modeling.
Activities affecting quality of the WVDP proposed decommissioning would be subject to the
applicable controls of the QA Program and activities covered by the QA Program would be
identified in program-defining documents.
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The Decommissioning QA Program would meet the intent of 10 CFR 830.120, Subpart
A, QA Requirements and the requirements of DOE Order 414.1 C.

8.3.1 General Description of the Program

The WVDP Phase 1 Decommissioning QA Program would include the following
elements:

" It would be established by the WVDP to govern those activities that may affect
quality of the project, including the health and safety of the general public as well as
project personnel.

* It would be described in a formal document that incorporates the requirements of this
section.

* It shall be implemented by written procedures and carried out throughout Phase 1 of
the WVDP proposed decommissioning in accordance with those procedures. The
QA procedures would be consistent with regulatory and QA Program requirements.

" Activities affecting quality shall be accomplished under suitable controlled conditions.
Controlled conditions include the use of appropriate equipment; suitable

environmental conditions for accomplishing the activity, such as adequate
cleanliness;' and assurance that all prerequisites for the given activity have been
satisfied.

* The program shall take into account the need for special controls, processes, test
equipment, tools, and skills to attain the required quality, and the need for verification
of satisfactory implementation.

* Management of organizations participating in the program shall regularly review and

assess the status, adequacy, and compliance of the parts of the program that they
would be implementing.

* It shall utilize this plan and appropriate implementing QA procedures to meet its
objectives.

* It would require training and qualification of workers and quality verification
personnel in accordance with DOE Order 414.1C, with instruction on implementing
quality assurance in proposed decommissioning activities and documentation of the
objectives and content of the training or qualification, attendees, and dates of

attendance.

* NRC would be notified when there are changes to the QA Program or organizational

elements as approved in this plan before the revised QA Program is implemented.

8.3.2 Characterization and Final Status Survey Data

The portion of the QA Program that sets the requirements for characterization and
survey data would ensure that the data sets are of the type and quality needed to
demonstrate with sufficient confidence that proposed decommissioning activities can be
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carried out in accordance with applicable requirements. The objective would be met through

the use of the data quality control processes for data collection design, analysis, and
evaluation.

The data quality control processes would ensure that: (1) the elements of the facility

characterization and final status survey plans would be implemented in accordance with the
approved procedures; (2) surveys would be conducted by trained personnel using calibrated
instrumentation; (3) the quality of the data collected would be adequate; (4) all phases of

facility characterization and final survey data acquisition and evaluation would be properly
reviewed, and oversight provided; and (5) corrective actions, when identified, would be
implemented in a timely manner and determined to be effective. This portion of the QA
Program would be applied to all aspects of final facility characterization and status survey

activities. Basic elements of the QA Program as they would be applied to characterization
and survey data are discussed below.

As explained in Section 4, the underground waste tanks have previously been
characterized for residual radioactivity and bounding source term estimates have been
developed for other areas considered in dose modeling evaluations. Reports identified in
Section 4 describe QA associated with obtaining characterization data for making source
term estimates in these areas; the QA processes used were similar to those summarized
below.

Training and Qualification

Personnel performing facility characterization and final status survey measurements
would be trained and qualified in accordance with DOE Order 414.1 0. Training would include
procedures governing the performance of measurements, operation of field and laboratory
instrumentation, and control of measurements and samples.

The extent of training and qualification would be commensurate with the education,

experience and proficiency of the individual and the scope, complexity and nature of the
activity. Records of training would be maintained in accordance with the approved course
description for initial and continuing training for decommissioning.

Measurement Documentation Control

Date, instrument, location, type of measurement, and mode of operation would identify
each measurement. Generation, handling, and storage of the original final status survey and
facility characterization plans and data packages would be controlled. Records would be
designated as quality documents and they would be maintained as such in accordance with
WVDP procedures.

Survey and Sampling Methods

Areas or facilities to be characterized or surveyed would be designated as -separate
characterization or survey areas. Depending on its size, each area may be divided into
smaller areas. The methods for determining the type and number of measurements required
for each area are discussed in Section 9.
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Written Procedures

Sampling and measurement tasks must be performed properly and consistently in order
to assure the quality of the final results. The measurements would be performed in

accordance with approved, written procedures that describe the methods and techniques
used for the final facility characterization or status survey measurements and acceptance
criteria to ensure that sampling and measurements are performed satisfactorily.

Control of Samples

Responsibility for the control of samples from the point of collection through the
determination of the final results would be established by procedure. When control is to be
transferred, chain of custody forms would accompany the sample for tracking purposes.
Secure storage would be provided for archived samples.

Quality Assurance Project Plans

Quality assurance for each major task associated with characterization and the final
status survey would be described in a QA Project Plan that provides a blueprint for how the

quality system of this section would be applied to the particular task. Such plans would be
consistent with guidance contained in the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) (NRC 2000). The applicable guidance in the Uniform
Federal Policy for Implementing Environmental Quality Systems: Evaluating, Assessing, and
Documenting Environmental Data Collection/Use and Technology Programs (DOE 2005)
would also be considered.

Quality Control

Procedures would establish built-in QC verification in the processes for both field and
laboratory measurements. The QC verifications would duplicate the original measurements
where possible. Acceptance criteria would be established to ensure repeatability of the data.
Laboratory analysis verification testing would make use of blank, spiked duplicate and
replicate samples and measurements in addition to duplicates. If the acceptance criteria are
not met, an investigation would be conducted to determine the cause and corrective action.

Selection, Calibration and Operation of Instrumentation

Proper selection and use of instrumentation would ensure that sensitivities are sufficient
to detect radionuclides at the minimum detection capabilities as well as assure the validity of
the data. Instrument calibration would be performed with traceable sources using approved
procedures. Issuance, control and operation of instruments would be conducted in
accordance with WVDP procedures. Instrument operability would be verified using
background and check sources as specified in Section 9.

Control of Tools and Sample Containers

New sample containers would be used for each individual sample taken. This practice
would ensure the data obtained from each sample would meet QA requirements. Tools
would be decontaminated after each sample and surveyed for contamination prior to taking
new or additional samples.

Revision 0 8-9



WVDP PHASE 1 DECOMMISSIONING PLAN

Control of Vendor-Supplied Services

Vendor-supplied services, such as instrument calibration and laboratory sample analysis,
would be procured from appropriate vendors in accordance with approved quality and
procurement procedures.

8.3.3 Engineering Design and Data, Calculations, and Modeling

Engineering designs and data, calculations, and modeling of engineered barrier
modifications would be developed within the framework of applicable engineering
requirements. The adequacy of these engineering products would be verified or validated by
individuals or groups other than those who performed the work. Verification and validation
work would be completed before approval and implementation.

A control process that meets the intent of the appropriate requirements of ASME NQA-1
(ASME 2000) would be implemented. Controls would be determined through a controlled
process that considers environmental and quality impact.

Basic elements of the QA Program as they would be applied to engineering design
modifications, engineering data, calculations, and system, structure, and component
modeling are discussed below.

Design Control

The formal design process defines the control of design inputs, processes, outputs,
changes, lines of communication, interfaces, and records. This process provides for timely
and correct translation of design inputs into design outputs, effective coordination and
interfacing of organizations participating in the design process, and acceptable and verified
design outputs. Design and design modifications shall provide for the intended end use,
including (but not limited to) inspection, acceptance criteria, and hazard mitigation.

Design inputs (such as engineering data) would be correctly translated into design
outputs (such as specifications, drawings, procedures, and instructions). Calculations and
associated design decisions would be checked for correctness during the design process.
Design outputs would be verified to confirm that they would be suitable for their intended use.

Changes to final designs (including field changes and modifications and nonconforming
items that would be dispositioned "use as is" or "repair") would be subjected to design control

measures commensurate with those applied to the original design. These design control
measures may include review of the relevant design analyses to verify their continued
validity.

The acceptability of design activities and documents - including design inputs,
processes, outputs, and changes - would be verified as appropriate. Computer programs
would be proven through previous use, or verified through testing or simulation prior to use.
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Control of Models and Calculations

Revisions to analytical and computer models that support proposed decommissioning
activities would be verified to ensure they satisfy design requirements and solve the right
problem (e.g., correctly model physical laws and implements system, structure, or
component design rules).

Calculations that support proposed decommissioning activities would be completed,
checked, reviewed, and approved prior to using their results. The process for developing
calculations that support proposed decommissioning activities would require that calculations
define the input data, assumptions, analytical methods, results, and conclusions. An
independent reviewer would perform the verification of the correctness of the calculations
including the validity of the input data and assumptions. The reviewer also would verify that
any modeling of engineering barriers correctly models the design as described in the design
documents. As stated above, computer programs would be proven through previous use, or
verified through testing or simulation prior to use.

Written Procedures

The collection of engineering data and design, calculations, and modeling tasks must be
performed properly and consistently in order to assure the quality of the final results. These
tasks shall be performed in accordance with approved, written procedures. Such procedures
would describe acceptable methods used for engineering tasks associated with proposed
decommissioning and contain acceptance criteria to ensure that these tasks would be
performed satisfactorily.

8.4 Document Control

Documents that come under the oversight of the QA Program include, but are not limited
to, the QA Manual or Plan, technical and QA procedures, engineering data documents,
engineering drawings, calculations, instrument calibration records, survey and
characterization documents, contractor and subcontractor quality control records, and
personnel training and qualification records.

Measures shall be established to control the issuance of documents that prescribe
activities affecting quality, such as procedures and drawings and changes thereto. These
measures shall address development of the documents by the responsible party. This would
assure that documents, including changes, would be reviewed for adequacy and approved
for release by authorized personnel, and would be distributed to and used at the location
where the prescribed activity is to be performed. Changes to documents shall be reviewed
and approved by the same organization that performed the original review and approval or
by another designated responsible organization.

All QA documents would be developed, issued, revised, and retired according to the QA
procedures developed for handling these documents. These QA procedures shall be
controlled to assure that current copies would be made available to personnel performing the
prescribed activities. Required procedures shall be reviewed by a technically competent
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person other than the author, and shall be approved by a management member of the
organization responsible for the prescribed activity. Significant changes to required
procedures shall be reviewed and approved in the same manner as the original.

Documents affecting quality would be formally retired after their use has ended or after

they are superceded by another project document. The QA Program would specify details of

how this would be done.

8.5 Control of Measuring and Test Equipment

Measures shall be established to assure that tools, gauges, instruments, and other

measuring and testing devices used in proposed decommissioning activities important to
health and safety would be properly controlled, calibrated, and adjusted at specified periods
to maintain accuracy within necessary limits. See Section 9 for a description of survey test
and measuring equipment, maintenance and calibration requirements, calibration

documentation, and daily check source measurements. Only properly calibrated and
maintained equipment would be used for proposed decommissioning surveys and
measurements. Documentation would be maintained to demonstrate that only properly

calibrated and maintained equipment would be used; details of how this would be
accomplished would appear in the QA Program.

8.6 Control of Purchased Material and Subcontractor Services

Measures shall be established to assure that purchased material, equipment, and
services conform to the procurement documents. These measures shall include provisions,
as appropriate, for vendor evaluation and selection, objective evidence of quality furnished

by the vendor, inspection at the vendor source and inspection of products upon delivery.

The effectiveness of the control of contractor services shall be assessed at intervals
consistent with the importance of the service. The adequacy of a vendor's QA program
specified in procurement documentation shall be verified prior to use when appropriate.
Vendors' adherence to their QA program shall also be verified as appropriate.

Commensurate with potential adverse impacts on quality or health and safety, material

and equipment shall be inspected upon receipt at the WVDP site prior to use or storage to

determine that the procurement requirements would be satisfied.

Materials, parts, or components that would be utilized for shipment of radioactive

material shall be inspected upon receipt to assure that associated procurement document
provisions have been satisfied. Measures shall be established for identifying nonconforming
material, parts and components.

8.7 Corrective Action

Measures shall be established to assure that conditions adverse to quality such as

failures, malfunctions, discrepancies, deviations, defective material and equipment, and non-
conformances would be promptly identified and corrected. The identification of the condition
adverse to quality, the cause of the condition and the corrective action taken shall be
documented and reported to appropriate levels of management. All corrective actions shall
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be reviewed and approved by the decommissioning organization line management and
concurred with by the QA Manager.

8.8 Audits and Surveillances

The WVDP would perform assessments of proposed decommissioning work processes

and operations through the WVDP decommissioning project organization self-assessments,
audits, and surveillances. These may include, but would not be limited to,
inspections/surveillances, tests, and QA audits.

The assessments would be provided by designated decommissioning project or qualified
QA personnel who have sufficient authority and organizational independence to perform
these assessments. These personnel would not have direct responsibilities in the areas they
would be assessing. The assessments would provide (but not be limited to) the following:

* Methods to identify quality issues and problems;

* Recommendations for resolving quality issues and problems;

* Independent confirmation of resolutions and implementation of audit and surveillance
findings by designated project or QA personnel;

* Tracking information on audit and surveillance findings and resolutions to trend
quality issues and problems;

* Identification of improvements to proposed decommissioning project work
processes, operations, procedures, and the QA Program from trending information;

* Audit and surveillance reports which document the items identified above, that
would be managed and controlled by proposed decommissioning project procedures
and designated project personnel;

* Information to line management and the QA Manager to ensure that further
collection, analysis, or use of data would be controlled until the issue or problem is
suitably resolved; and

* Information to line management and the QA Manager to ensure that further design,
fabrication, construction, or operation of engineered features would be controlled
until nonconforming, deficient, or unsatisfactory conditions have been suitably
resolved.

8.9 Quality Assurance Records

Quality assurance records shall conform to the following requirements:

" Sufficient records shall be maintained to furnish evidence of activities affecting
quality.

* Records shall be identifiable and retrievable.
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* Measures shall be established which assure that qualification records of personnel W
performing special process activities, such as welding, nondestructive evaluation,
inspection, etc., would be retained.

* Measures shall be established which assure that quality-related procurement
documents would be retained.

* Measures shall be established which assure that appropriate records pertaining to
audits would be retained.

* Measures shall be established which assure that records associated with radioactive
material and personnel exposure controls would be retained.

* Requirements shall be establis~hed concerning record retention, such as duration,
location, and assigned responsibility. Such requirements shall be consistent with the
potential impact on quality, health and safety of the public, safety of project
personnel, and applicable regulations.

" The QA Program would specify in particular where QA records would be stored
during the proposed decommissioning and after the proposed decommissioning for
the required retention period.

* QA records shall be periodically audited by the Decommissioning QA organization
and stored in a designated QA records facility to be identified prior to implementation

of this plan.
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9.0 FACILITY RADIATION SURVEYS

. PURPOSE OF THIS SECTION

The purpose of this section is to describe radiation surveys to be performed in

connection with Phase 1 of the WVDP proposed decommissioning.

INFORMATION IN THIS SECTION

This section first refers to the cleanup criteria for surface soil, subsurface soil, and
streambed sediment that would be used to ensure that the level of remediation
achieved during Phase 1 would not limit options for Phase 2 of the decommissioning.
It then identifies the types of radiological surveys to be performed and the purpose of
each survey. Requirements for background surveys, characterization surveys, in-
process surveys, and the Phase 1 final status surveys are described.

This section outlines the survey process for each waste management area and then
for environmental media. It concludes with a summary of requirements for the Phase
1 Status Survey Report.

While this section addresses all applicable requirements for facility radiation surveys,
it does so in general terms because two supplemental documents would later be
developed to provide additional details: a Characterization Sample and Analysis Plan
and a Phase 1 Final Status Survey Plan (or multiple Phase 1 Final Status Survey
Plans).

RELATIONSHIP TO OTHER PLAN SECTIONS

To put into perspective the information in this section, one must consider:

* The information in Section 1 on the project background and those facilities
and areas within the scope of the DP;

* The information in Section 2 on facilities to be removed before the Phase 1
proposed decommissioning activities begin;

* The facility descriptions in Section 3;

* The information on the results of scoping and characterization surveys
contained in Section 4 and Appendix B;

" The information in Section 5 on dose modeling and cleanup criteria; and

* The proposed decommissioning activities and related characterization
activities described in Section 7.

The proposed characterization survey process described in this section applies to
characterization surveys performed in connection with proposed decommissioning
activities described in Section 7.
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The survey methodology specified in this section is consistent with the provisions of 0
NUREG-1757, Volume 2 (NRC 2006) and with the guidance found in NUREG-1575, Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM) (NRC 2000). It is also
consistent with DOE requirements of DOE Order 5400.5, Radiation Protection of the Public

and the Environment.

As used in this section, the term surveys includes both systematic scanning and static
measurements performed with an appropriately-sensitive instrument calibrated to the
radiation of interest, as well as the laboratory analysis of physical samples of potentially
contaminated media.

9.1 Release Criteria

Release criteria are based on the dose modeling described in Section 5 and the planned
end-states for facilities and areas within the scope of the plan as discussed in Sections 1 and

7. The appearance of the Phase 1 end-state for the project premises would be similar to that
shown in Figure 1-5. As explained in Section 5, derived concentration guideline levels
(DCGLs) were developed for surface soil, subsurface soil and streambed sediment.

Note that DCGLs for the WVDP Phase 1 proposed decommissioning end state are
expressed on the basis of 25 mrem total effective dose equivalent annually to' the average
member of the critical group. This annual dose is used as the basis for the cleanup criteria
because the resulting DCGLs provide a conservative end state that ensures that all
decommissioning options for the remainder of the project premises and the Center remain
available in Phase 2.

DCGLs and Cleanup Goals

Because of the complexity of the site and the necessity to ensure that the Phase 1
proposed cleanup activities would support a range of approaches that might be used for

Phase 2 of the decommissioning, cleanup goals lower than the DCGLs would be used as
indicated in Section 7. These goals are identified in Table 5-14 of Section 5. The cleanup

qoals are referred to in this section simply as the DCGLs for consistency in terminoloqy.

The DCGLw is the release criterion based on average concentration of radioactivity
distributed over a large area. Area factors are used to adjust the DCGLw values to estimate
the DCGLEMC, the criterion for small areas of contamination elevated above the release
criterion and to estimate the minimum detectable concentration for scanning surveys.

The DCGLw and DCGLEMC values (i.e., the cleanup goals) for 18 radionuclides of interest
are expressed in Table 5-14 in Section 5. Tables 9-1, 9-2, and 9-2 provide ranges of area

factors.
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Table 9-1 Surface Soil Cleanup Goal Area Factors(1 ) -

DCGL w Area Factors (DCGLEMc/DCGLw)
Nuclide 10,000 mrn 5m li 2  mNuclide 10(pCi/g) 5,000 m2 1,000 m2  500 m2  100 m2  50 M2 10 M2 5 M2 I1 M2

Am-241 4.9E+01 1.OE+00 1.OE+00 1.9E+00 7.2E+00 1.1 E+01 2.6E+01 3.8E+01 8.07E+01

C-14 3.1E+01 1.7E+00 4.3E+00 1.2E+01 1.2E+02 3.3E+02 2.9E+03 6.1E+03 3.06E+04

Cm-243 4.2E+01 1.OE+00 1.OE+00 1.4E+00 2.3E+00 2.6E+00 4.2E+00 6.3E+00 1.80E+01

Cm-244 9.4E+01 1.OE+00 1.OE+00 2.OE+00 9.2E+00 1.7E+01 5.4E+01 7.7E+01 1.31E+02

Cs-137 2.7E+01 1.1E+00 1.1E+00 1.2E+00 1.5E+00 1.6E+00 2.5E+00 3.8E+00 1.14E+01

1-129 5.8E-01 1.8E+00 1.0E+01 2.3E+01 1.3E+02 2.5E+02 1.3E+03 2.5E+03 1.27E+04

Np-237 9.6E-02 1.6E+00 8.1E+00 1.8E+01 9.8E+01 2.OE+02 9.7E+02 1.9E+03 9.31E+03

Pu-238 5.8E+01 1.OE+00 1.OE+00 2.OE+00 9.3E+00 1.7E+01 5.5E+01 7.9E+01 1.32E+02

Pu-239 5.2E+01 1.OE+00 1.OE+00 2.OE+00 9.3E+00 1.7E+01 5.5E+01 7.9E+01 1.34E+02

Pu-240 5.2E+01 1.0E+00 1.OE+00 2.OE+00 9.3E+00 1.7E+01 5.5E+01 7.9E+01 1.34E+02

Pu-241 1.6E+03 1.OE+00 1.OE+00 1.9E+00 7.4E+00 1.2E+01 2.7E+01 3.9E+01 8.25E+01

Sr-90 8.7E+00 1.7E+00 3.2E+00 6.5E+00 3.2E+01 6.3E+01 2.9E+Oi 5.7E+02 2.64E+03

Tc-99 2.9E+01 1.OE+00 1.OE+00 2.1E+00 1.OE+01 2.1E+01 1.OE+02 2.OE+02 1.02E+03

U-232 5.6E+00 1.6E+00 7.7E+00 1.6E+01 3.3E+01 3.6E+01 5.8E+01 8.7E+01 2.68E+02

U-233 2.OE+01 1.6E+00 8.3E+00 1.8E+01 9.9E+01 2.OE+02 9.8E+02 1.9E+03 8.87E+03

U-234 2.1E+01 1.6E+00 8.3E+00 1.8E+01 1.OE+02 2.OE+02 1.OE+03 2.OE+03 9.41E+03

U-235 1.4E+01 1.6E+00 8.1E+00 1.7E+01 7.8E+01 9.7E+01 1.5E+02 2.2E+02 6.53E+02

U-238 2.2E+01 1.6E+00 8.2E+00 1.8E+01 9.5E+01 1.8E+02 7.5E+02 1.1E+03 3.18E+03

NOTE: (1) From Table C-16 of Appendix C. The values in the second column are the cleanup goals (CGw) from Table 5-14.

Table 9.2. Subsurface Soil Cleanup Goal Area Factors°1 )

Nuclide DCGLw Area Factors (DCGLEMc/DCGLw)
100 M2 (pCi/g) 50 M2 10 m 2  5 Mm2  1 m

Am-241 2.9E+03 1.4E+00 2.6E+00 3.6E+00 7.1 E+00

C-14 1.9E+05 2.0E+00 9.8E+00 1.8E+01 9.1E+01

Cm-243 5.1E+02 1.1E+00 1.8E+00 2.7E+00 7.9E+00

Cm-244 8.8E+03 1.7E+00 4.1E+00 5.3E+00 7.5E+00

Cs-137 2.0E+02 1.1E+00 1.8E+00 2.7E+00 8.5E+00

1-129 1.9E+02 2.0E+00 9.5E+00 1.9E+01 9.3E+01

Np-237 1.7E+01 1.9E+00 9.3E+00 1.9E+01 9.1E+01

Pu-238 5.5E+03 1.7E+00 4.1E+00 5.3E+00 7.5E+00

Pu-239 5.OE+03 1.7E+00 4.2E+00 5.3E+00 7.6E+00

Pu-24Q 5.0E+03 1.7E+00 4.2E+00 5.3E+00 7.6E+00
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Table 9.2. Subsurface Soil Cleanup Goal Area Factors(1 )

Nuclide DCGLw Area Factors (DCGLEMc/DCGLW)100 M2 (pCi/g) 50 m 2  10 M 2  5 m2  1 m2

Pu-241 9.8E+04 1.4E+00 2.6E+00 3.6E+00 7.2E+00

Sr-90 1.4E+03 1.9E+00 8.1E+00 1.5E+01 6.5E+01

Tc-99 5.OE+03 2.0E+00 9.9E+00 2.OE+01 9.8E+01

U-232 5.3E+01 1.1E+00 1.9E+00 2.8E+00 8.8E+00

U-233 7.5E+02 1.9E+00 9.OE+00 1.8E+01 8.6E+01

U-234 7.7E+02 1.9E+00 9.1E+00 1.8E+01 8.8E+01

U-235 4.3E+02 1.1E+00 1.7E+00 2.6E+00 7.8E+00

U-238 8.2E+02 1.9E+00 6.8E+00 1.0E+01 2.9E+01

NOTE: (1) From Table C-47 of Appendix C. The values in the second column are the cleanup goals (CGw) from Table 5-14.

Table 9-3. Streambed Sediment Cleanup Goal Area Factors(1 ) -

DCGLw _Area Factors (DCGLEMc/DCGLw)

Nuclide 1,000 M2  2 1m02 2 2 1
(pCi/g) 500 mi 1m 50m 1m 5imm2

Am-241 1.6E+03 1.6E+00 3.0E+00 3.6E+00 5.8E+00 8.7E+00 2.5E+01

C-14 3.4E+02 2.2E+00 1.3E+01 2.8E+01 1.5E+02 3.0E+02 1.5E+03

Cm-243 3.6E+02 1.1E+00 1.2E+00 1.3E+00 2.0E+00 3.1E+00 9.1E+00

Cm-244 4.7E+03 2.0E+00 9.8E+00 1.9E+01 8.5E+01 1.6E+02 6.8E+02

Cs-137 1.3E+02 1.1E+00 1.2E+00 1.3E+00 2.1E+00 3.1E+00 9.4E+00

1-129 3.7E+02 2.0E+00 8.6E+00 1.5E+01 4.6E+01 7.7E+01 2.5E+02

Np-237 5.4E+01 1.7E+00 3.7E+00 4.6E+00 8.1E+00 1.2E+01 3.8E+01

Pu-238 2.0E+03 2.OE+00 9.9E+00 2.0E+01 9.2E+01 1.8E+02 8.1E+02

Pu-239 1.8E+03 2.OE+00 9.8E+00 1.9E+01 8.9E+01 1.7E+02 7.7E+02

Pu-240 1.8E+03 2.OE+00 9.9E+00 2.0E+01 9.3E+01 1.8E+02 8.4E+02

Pu-241 5.2E+04 1.6E+00 3.OE+00 3.7E+00 6.OE+00 9.0E+00 2.5E+01

Sr-90 9.5E+02 1.9E+00 7.1E+00 1.1E+01 2.7E+01 4.4E+01 1.4E+02

Tc-99 2.2E+05 1.8E+00 5.1E+00 7.0E+00 1.4E+01 2.1E+01 6.4E+01

U-232 2.7E+01 1.OE+00 1.2E+00 1.3E+00 2.0E+00 3.OE+00 9.5E+00

U-233 5.8E+03 1.9E+00 7.7E+00 8.7E+00 1.3E+01 2.OE+01 6.0E+01

U-234 6.1E4-03 2.OE+00 9.2E+00 1.7E+01 6.2E+01 1.1E+02 4.0E+02

U-235 2.9E+02 1.OE+00 1.2E+00 1.3E+00 1.9E+00 2.9E+00 8.6E+00

U-238 1.3E+03 1.1E+00 1.4E+00 1.5E+00 2.3E+00 3.5E+00 1.1E+01

NOTE: (1) From Table C-75 of Appendix C. The values in the second column are the cleanup goals (CGw) from Table 5-14.
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A surrogate radionuclide is a radionuclide in a mixture of radionuclides whose

concentration is more easily measured and can be used to infer the concentrations of the

other radionuclides in the mixture. If actual radioactive contamination levels are below the

specified concentrations of the surrogate radionuclide, then the sum of doses from all
radionuclides in the mixture would fall below the dose limit of 25 mrem/y. Tables in Section 5

do not presently show DCGLw values for a surrogate radionuclide because available data on
radionuclide distributions in soil and sediment are not sufficient to support this, but Section 5

may be revised after additional characterization data become available to provide such
information.

As characterization and in-process surveys are performed, additional data would become
available that could necessitate re-evaluation of the DCGLs, if, for example, assumptions
used in development of the DCGLs were found to be incorrect based on the additional
data. If such a situation develops, revised DCGLs would be calculated and this plan
changed to incorporate the revised DCGLs and any related changes.

9.2 Types of Surveys and Their Purposes

Seven types of radiological surveys are associated with the WVDP Phase 1 proposed

decommissioning project: (1) background surveys, (2) scoping surveys, (3) end-of-task

surveys taken at the conclusion of deactivation activities, (4) characterization surveys, (5) in-
process or remedial action support surveys, (6) Phase 1 final status surveys, and (7)
confirmatory surveys. The nature of these surveys and, in some cases, the basic

requirements are summarized here; more detail is provided further below on background
surveys (9.3), characterization surveys (9.4), in-process.surveys (9.5), and Phase 1 final
status surveys (9.6).

9.2.1 Background Surveys

Background surveys are performed in non-impacted areas around the facility and in non-
impacted buildings of construction similar to those impacted buildings of interest. Background
surveys establish the baseline levels of radiation and radioactivity from radionuclides

,occurring in the environment or incorporated into the structural materials. Requirements for

background surveys are summarized in Section 9.3 below.

9.2.2 Scoping Surveys

Scoping surveys are conducted (1) to provide preliminary data to supplement historical
site assessment information needed to guide planning of characterization surveys, (2) to
identify radionuclide contaminants, (3) to identify relative radionuclide ratios, and (4) to
identify the general levels and extent of contaminants. As noted in Section 4, much of the

existing radiological data associated with the WVDP proposed decommissioning project falls
into the category of scoping survey data, although these data were generally not acquired as
scoping survey data but were acquired for other operational needs. Additional scoping

surveys are not planned for Phase 1 of the WVDP proposed decommissioning.
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9.2.3 End-of-Task Surveys

As explained in Section 1, additional deactivation work will be completed in certain areas
of the Process Building during deactivation work to be accomplished before the Phase 1

proposed decommissioning activities begin, and numerous ancillary project facilities will be
removed during this period. After each area is deactivated and after each facility is removed,

end-of-task or "final radiological characterization" surveys will be performed to define the
resulting radiological conditions.

Such surveys are not within the scope of this plan since they will be completed before
proposed decommissioning activities begin. However, their results will be considered in

connection with defining characterization surveys and Phase 1 final status surveys to be
performed during the proposed decommissioning.

9.2.4 Characterization Surveys

Characterization surveys include facility and site sampling, monitoring, and analysis
activities to determine the extent and nature of residual contamination. They provide the

basis for planning decommissioning actions, and providing technical information to develop,
evaluate, and select appropriate remediation techniques. They also provide information for
radiation protection purposes and for characterizing waste.

Four WVDP characterization survey programs have been completed: (1) the

characterization program for the underground waste tanks, (2) the Facility Characterization
Project, (3) a series of Resource Conservation and Recovery Act (RCRA) facility

investigations performed in the 1990s, and (4) investigations of the north plateau
groundwater plume using a Geoprobe®.1 Additionally, routine groundwater and other

environmental media sampling and analysis are performed as required by DOE Orders for
annual monitoring programs. The results of these programs are summarized in Section 4.
The approaches used are outlined in Section 9.7 below.

As indicated in Section 4 and Section 7, additional characterization would be performed

in connection with proposed decommissioning fieldwork. The requirements for this
characterization are addressed in Section 9.4.

9.2.5 In-Process Surveys

In-process surveys, also referred to as remedial action support surveys, include facility

and site sampling, monitoring, and analysis activities performed in support of

decontamination work. They provide information necessary for radiation protection, for
guiding cleanup work, for determining when field decontamination goals have been attained,

and to indicate when areas are ready for Phase 1 final status surveys. Requirements for in-
process surveys are discussed in Section 9.5 below.

As indicated in Section 4, additional characterization of subsurface soil in the area of the north' plateau
groundwater plume is being undertaken in 2008. The results of this program will become available in 2009.
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9.2.6 Final Status Surveys

A final status survey using MARSSIM guidance is performed to demonstrate completion

of any necessary decontamination in preparation for release of the site or facility. To reflect

the phased nature of the proposed decommissioning, this plan uses the terminology "Phase
1 final status" rather than "final status". Because the decision to release or a final decision on

status of the Phase 1 decommissioned areas would not be made until during Phase 2
decision making, using the terminology "final status" alone could be misinterpreted. The
Phase 1 final status surveys consist of measurements and sampling to describe the
radiological conditions at the close of Phase I proposed decommissioning activities. The

intent is that Phase 1 final status, surveys would be designed with quality, quantity and

statistical objectives such that the data could be used in a MARSSIM-based "final status"

evaluation in the future without a need to re-survey the areas, unless subsequent site

activities influence the status. Requirements for the Phase 1 final status surveys are

addressed in Section 9.6 below.

9.2.7 Confirmatory Surveys

Confirmatory surveys include limited, independent third-party measurements, sampling,

and analysis to verify the results of the licensee's final status survey. Typically, confirmatory
surveys conducted by NRC or its contractor consist of two components: (1) a review of the
licensee's final status survey plan and report to identify any deficiencies in the planning,

execution, or documentation, and (2) measurements taken at a small percentage of
locations, previously surveyed by the licensee, to determine, whether the licensee's results

are valid and reproducible. (Note that while DOE is performing the Phase 1 final status

surveys as part of its responsibilities under the WVDP Act, DOE is not the licensee for any
part of the Center.).

DOE anticipates that NRC will arrange for independent in-process surveys to be

performed after Phase 1 proposed decommissioning work in an area is completed. DOE also
anticipates that confirmatory surveys will be performed on an area basis after the Phase 1
final status survey has been completed for that area, a strategy that experience shows to be

more efficient that a single confirmatory survey at the conclusion of the project. An area in

this context may be a group of related survey units or an entire waste management area

(WMA).

To facilitate NRC in-process and confirmatory surveys, DOE would:

* Keep NRC informed of the schedule and status of decommissioning activities and

the Phase 1 final status survey,

* Notify NRC when particular areas are to be ready for confirmatory surveys, and

" Prepare the portion of the Phase 1 Final Status Survey Report that addresses survey
results section-by-section and provide to NRC in draft form sections that describe
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DOE survey results for those areas in which NRC is to perform confirmatory surveys.
Experience has shown that this practice promotes efficiency. 2

9.3 Background Surveys

Some information on background radiation and radioactivity in non-impacted areas is

available, such as that contained in annual site environmental reports (WVES and URS
2008) and that described in Section 4. Additional background measurements would be taken
in connection with characterization surveys outlined in Section 9.4. These would include

exposure rates and samples from non-impacted soil and building materials in appropriate
background reference areas.

Applicable guidance in the MARSSIM (NRC 2000) and in NUREG-1505 (Gogolak, et al.

1997) would be considered. The background surveys would be described in detail in the

Characterization Sample and Analysis Plan.

9.4 Characterization Surveys

As noted above, four formal characterization survey programs have been completed for

portions of the project premises, routine sampling and analysis are performed annually, and

additional characterization surveys would be performed in connection with Phase 1 proposed

decommissioning activities. Characterization surveys performed in connection with Phase 1
proposed decommissioning activities would be described in more detail in a Characterization

Sample and Analysis Plan that DOE or its contractor would issue prior to the
decommissioning.

Characterization to be accomplished in connection with proposed decommissioning

activities would be planned with the following objectives and guidance.

9.4.1 Characterization Sample and Analysis Plan Content

This plan would provide details of characterization surveys to be performed to more

precisely determine the extent and the amount of residual radioactivity as proposed
decommissioning activities begin.

Requirements and Guidance to be Followed

This plan would follow provisions in NUREG-1757 Volume 2 (NRC 2006) and applicable

guidance of the MARSSIM (NRC 2000).

Radionuclides of Interest and Radionuclide Ratios

This plan would identify the radionuclides of interest. It would also address the variability

of radionuclide ratios across the site and identify areas where the ratios need to be confirmed
for use in the Phase 1 final status survey analysis.

2 As explained in Section 9.8, DOE and the decommissioning contractor may choose to prepare multiple

Phase 1 final status survey reports because of the site complexity. In this case, complete draft reports could
be provided to NRC in support of the confirmatory surveys.1 0
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Waste Acceptance Criteria

This plan would identify waste acceptance criteria for those waste disposal sites

proposed to be used to establish the context for the characterization measurements.

Hazardous and Toxic Materials of Interest

This plan would identify hazardous and toxic materials to be considered during the

characterization, along with the applicable concentration limits, unless characterization for
hazardous and toxic materials is addressed by a separate program.

Data Quality Objectives

This plan would identify data quality objectives (DQOs) for the characterization surveys,
as discussed in Section 9.4.2.

Use of Characterization Data for Final Status Survey Purposes

A key objective of this plan would be to produce data for the Phase 1 final status survey
of sufficient quality and quantity to serve final status survey purposes when practicable, and
this matter would be addressed in the Characterization Sample and Analysis Plan.

Background Radiation and Radioactivity

The Characterization Sample and Analysis Plan would specify appropriate

measurements in reference areas for materials and structures to establish background
levels, taking into account available data on background radioactivity provided in Section 4,
in Appendix B, and that compiled in connection with the WVDP environmental monitoring
program.

Characterization Methods for Radioactivity

This plan would specify the methods to be used to collect the necessary characterization

data. Among the methods considered would be:

" Exposure rate measurements

" Surface contamination scans

* Surface contamination direct measurements

" Smear surveys for removable contamination

* Debris samples (and/or smears or metal coupons) analyzed for radionuclides of
interest

" Concrete surface samples including paint

* Concrete core samples

* Surface and core samples of other materials

* Soil samples

• Water samples

* Sediment samples
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Other, more technically sophisticated characterization methods may be used as well,
such as in-situ gamma spectroscopy and advanced characterization technologies that DOE
has helped develop. Any new technology or instrumentation to be used would be shown to

perform with sensitivities that allow detection of residual radioactivity at an appropriate
fraction of the DCGLs and corresponding investigative levels.

Radiological Instrumentation

The Characterization Sample and Analysis Plan would specify the field and laboratory
instruments to be used and the sensitivity of these instruments and
shows typical field instruments to be addressed in the plan.

methods. Table 9-4

Table 9-4. Radiological Field Instruments
Instrument Approximate Reak

Survey Type ,nsrument Characteristics Apitivity(2)e
(or equivalen~t) jSenstity 2  tRerk

Exposure rate Eberline RO-7(1) Ion chamber > 1 R/h For high-range
readings.

Exposure rate Eberline RO-2(1) Ion Chamber 0.1 mrem/h For low-range
readings

Exposure rate Bicron Micro Organic scintillator Several prem/h For scanning soil, low
Rem potential areas.

Exposure rate Ludlum 44-10(1) 2-inch Nal scintillator 900 cpm/pR/h For scanning soil, low
potential areas.

Exposure rate FIDLER 5-inch diameter Nal 500 cpm per uCi/m 2 For scanning soil for
scintillator low energy gamma

Alpha Ludlum 43-89(1) ZnS (Ag) scintillator, 100 dpm/100 cm2  Scans 100 dpm,
100 cm probe 85 dpm/100 cm2 direct measurements85 dpm.

Beta Ludlum 43-89(1) ZnS (Ag) scintillator, 2,500 dpm/100 cm 2  Scans 2,500 dpm,
100 cm probe 800 dpm/100 cm2 direct measurements

800 dpm.

Beta-gamma Ludlum 44-40(1) Geiger-Mueller (G-M) 3,300 cpm/mrem/h For scanning in tight
shielded pancake probe areas

Beta-gamma Ludlum 4449(1) G-M unshielded pancake 3,300 cpm/mrem/h For scanning in tight
probe areas

Beta-gamma Ludlum 4446(1) G-M sidewall detector 1,200 cpm/mrem/h For use as a pipe
probe

NOTES: (1) To be used with an appropriate scaler-ratemeter.
(2) These are approximate values based primarily on manufacturer's ratings. The sensitivities depend on

background, count time, and other factors. Calculated, more precise information would be specified in the
Characterization Sample and Analysis Plan.

Samples may be analyzed onsite or shipped to an offsite contract laboratory for analysis.
Laboratory methods, instruments and sensitivities would be in accordance with New York
State protocols for environmental analysis. Any laboratory used for environmental sample

analysis would have appropriate New York State Department of Health Environmental
Laboratory Approval Program certification, or equivalent.

0
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Characterization Methods for Hazardous and Toxic Materials

This plan would specify methods used to determine the presence of hazardous and toxic

materials, such as analysis for lead or polychlorinated biphenyls in paint through direct
measurement by x-ray fluorescence or sampling for analysis in a laboratory, unless such
surveys are covered in a separate characterization program.

Survey Locations

This plan would specify how to locate and identify sampling and measurement locations,

such as how to lay out and mark appropriate size survey grids. Grid control points and
positions of samples and survey readings within the grid would be located using global
position system devices or conventional surveying. Class 1, Class 2, and Class 3 survey
units are discussed in Section 9.6.1.

Surveys and Sampling of Individual Facilities and Areas

This plan would specify the type and extent of characterization measurements in different
facilities and areas.

Surveys of Inaccessible Areas

The plan would address how areas that are inaccessible or difficult to access would be

evaluated.

Characterization of Removed Materials

Characterization measurements would include those necessary for waste management
purposes and the Characterization Sample and Analysis would specify the applicable
requirements and guidance for characterization of materials. The decommissioning

contractor would also provide a procedure for characterizing materials for waste
management purposes and obtain DOE approval of this procedure. This procedure would be
consistent with applicable DOE requirements and guidance, as well as any applicable State-
specified waste acceptance criteria for radioactivity in the offsite landfill(s) where

uncontaminated material may be disposed of. It would apply to, among other materials,
surface and subsurface soil not known to have been impacted by radioactivity.

Handling Waste Generated During Characterization

The Characterization Sample and Analysis Plan would specify how to minimize and
manage investigative derived waste.

Health and Safety

This plan would identify health and safety requirements associated with characterization
activities; it may reference the project Health and-Safety Plan for this purpose.

Quality Assurance

The Characterization Sample and Analysis Plan would address quality control and

quality assurance requirements for characterization, addressing matters identified in Section
9.4.3 and referring to the Quality Assurance Project Plan as appropriate.
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Supporting Procedures 0
This plan would specify necessary supporting procedures, such as those for obtaining,

handling, preserving, and packaging samples, as well as chain of custody procedures.

Documentation

This plan would detail the requirements for formally documenting characterization data in

a written report.

9.4.2 Characterization Data Quality Objectives

The Data Quality Objectives for the characterization would be detailed in the

Characterization Sample and Analysis Plan; they may be briefly stated as follows:

The Problem

Available characterization data in many areas are insufficient to support proposed

decommissioning activities and waste characterization and, in some cases, planning for
radiation protection.

The Decision

The principal study question is what additional radiological data are needed for proposed

decommissioning activities, waste management, and radiation protection. The decision
statement may be expressed as follows: if collection of additional data is warranted, collect

data of sufficient quality and quantity to support proposed decommissioning activities, waste

characterization and/or planning for radiation protection.

Inputs to the Decision

Inputs to the decision include: (1) available data on radiological conditions; (2)

professional judgment concerning data necessary to support the proposed decommissioning

activities, waste management, and- radiation protection; and (3) available characterization
measurement methods to collect necessary additional data, such as using field instruments
to determine exposure rates and contamination levels and obtaining samples of materials

and having them analyzed in a laboratory.

Study Boundaries

The study boundaries include:

* The characteristics of the contaminants of interest: Various radionuclides known to

be present at the site from reprocessing of spent nuclear fuel and the hazardous
and toxic materials that may be present based on facility history and process
history, along with the physical parameters of the facilities and areas involved,

such as size, geometry, and material composition.

* The spatial boundary of the decision statement: The facilities and areas within the

scope of the DP, including soil from the surface to a depth of six inches (15 cm)
from the surface and, when contamination is present, down to a depth indicating
the bound of sub-surface impacts. a
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* The temporal boundary of the problem: The data can be acquired any time before

the beginning of proposed decommissioning activities in the facility or areas

involved, so long as sufficient time is allowed to make preparations based on the
data. Data inside facilities can be acquired without regard to conditions such as
weather, temperature, and wind. Measurements and sampling in outside areas are

dependent on the weather.

* Scale of decision-making: Areas of interest would generally conform to particular
areas to undergo decommissioning, i.e., decisions would be made on specific
areas or survey units, rather than the project premises as a whole.

* Practical constraints on data collection: These include limited access to certain

areas, radiation exposure to those collecting data, availability of personnel and
equipment, laboratory capabilities and capacity, and costs. Another constraint is
the risk of releasing contamination to the environment and introducing new

environmental contamination transport mechanisms.

Decision Rule

The decision rule on whether or not to collect data in particular areas and how much data
to collect would be addressed in the Characterization Sample and Analysis Plan. It would
involve the use of project experience and professional judgment to determine the adequacy

of available data and the type and extent of any additional data needed.

Limits on Decision Errors

The conclusion that a facility or area has been adequately characterized is subject to the
possibility of a decision error. Decisions are based on data subject to different variabilities

due to choices on sample number, location, collection, and analysis. The acceptable
probability of making a decision error on the adequacy of the characterization (false positive
and false negative) would be addressed.

Optimizing the Design

The content of the Characterization Sample and Analysis Plan would reflect an optimum
design based on the various factors considered in its preparation, including the matters
discussed above.

9.4.3 Characterization Quality Requirements

The quality requirements of Section 8 would apply to characterization. The following
matters would also be addressed in the Characterization Sample and Analysis Plan.

Quality Objectives for Measurements

Objectives for precision, bias, completeness, representativeness, reproducibility,

comparability and statistical confidence (control charts) would be addressed.

Field Instruments

Field instruments would be calibrated in accordance with written procedures using
standards traceable to the National Institute of Standards and Technology. They would be
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calibrated every six months and following any substantial repair. Battery status, check source
response, and background measurements would be performed prior to use each day, at the
completion of use each day, and any time that instrument operation is in question. Control
charts with specified limits of acceptability would be used to document and trend source
response and background measurements.

Laboratory Instruments

Laboratory instruments such as alpha spectrometers, gamma spectrometers, low-
background alpha-beta counters, and liquid scintillation counters would also be calibrated in
accordance with written procedures using standards traceable to the National Institute of
Standards and Technology. Appropriate operational checks such as background counts and
reproducibility checks would be performed before use. Control charts with specified limits of
acceptability would be used to document and trend source and background checks.

Offsite analytical laboratories would be required to meet all applicable quality
requirements; the laboratory Quality Assurance Plan would be reviewed to ensure that
applicable requirements are included. Offsite laboratories would be audited to assure quality
performance.

Sample Chain of Custody

Sample chain of custody procedures would be established and followed to ensure that
sample accountability and integrity are maintained. This process would include appropriate
documentation utilized from the point of collection to the point where the sample is consumed
in analysis, transferred to another organization, or properly disposed of.

Analytical Quality Control

Quality controls utilized for analytical chemical processes would include:

" Maintaining the quality of standards,

* Maintaining controls over sample flow,

* Controlling batch quality using method blanks,

* Using laboratory control standards traceable to the National Institute of Standards
and Technology or using other industry-accepted standards or reference materials,

* Formally evaluating unacceptable results, and

" Utilizing process control charts as appropriate.

Data Quality Control

Data would be recorded in a legible manner and reviewed for matters such as accuracy
of recording and transcription, procedure compliance, completeness, and consistency.
Calculations would be checked and conclusions would be peer reviewed. Problems identified
would be resolved before the data are utilized. Data reports and documents would be
archived and maintained to comply with the Project Quality Assurance Program described in
Section 8.
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9.5 In-Process Surveys

In-process or remedial action support surveys would be performed while remediation is
in progress to guide decontamination and determine when remediation to field goals (the
cleanup goals specified in Section 5) has been attained. In-process surveys also support

radiation protection.

Measurement methods and instruments used would be similar to those typically utilized
during characterization and final status surveys. Where practicable, correlations between

gamma exposure rates and soil radioactivity concentrations would be used to help determine
when removal of target soil has been completed and to demonstrate that the instrument scan
and direct measurement sensitivities are sufficient for the purpose of the in-process survey.
Data reports and documents would be archived and maintained to comply with the Project
Quality Assurance Program described in Section 8.

9.6 The Phase I Final Status Survey

As indicated previously, the Phase 1 final status survey would be accomplished in

accordance with a Phase 1 Final Status Survey Plan(s). Because the proposed
decommissioning work spans a significant period of time and area of the site, the Phase 1
final status survey efforts may be more readily described and controlled in several area-
specific or survey unit-specific plans rather than a single, more complex plan. The use of the
DQO process in the project planning cycle would ensure consistency in the design,
execution, and evaluation of Phase 1 Final Status Survey Plans if multiple plans are
developed.

This Phase 1 Final Status Survey Plan(s) would have an integrated design incorporating:

* Analysis of media samples from systematic positions to determine the average

concentration of activity distributions in relatively large areas, and

* Surface scanning meter surveys to identify localized areas of elevated activity.

9.6.1 Phase 1 Final StatusSurvey Plan Content

The Phase 1 Final Status Survey Plan(s) would provide details of the Phase 1 final
status surveys to demonstrate that residual radiological conditions satisfy the cleanup criteria
described in Section 9.1 or to document final radiological conditions as indicated below. (The
plan elements described below would apply to all Phase 1 Final Status Survey Plans if
multiple plans are prepared.)

Requirements and Guidance to be Followed

The Phase 1 Final Status Survey Plan would follow provisions in NUREG-1757 Volume 2

(NRC 2006) and guidance of the MARSSIM (NRC 2000).

Overview of Survey Design

This plan would provide a brief overview of the survey design. This design would closely
follow NUREG-1757 Volume 2 (NRC 2006) and the MARSSIM '(NRC 2000), utilizing
statistical tests to determine adequate sample density.
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Radionuclides of Interest

This plan would specify the radionuclides of interest identified in Section 9.1, considering
that all radionuclides may not be of interest in certain areas.

Designating Residual Radioactivity Limits and Investigative Levels

This plan would identify the cleanup criteria specified in Section 5. It would also identify
investigative levels and how they were established.

Use of Characterization Data for Phase 1 Status Survey Purposes

As indicated previously, DOE plans to produce characterization data of sufficient quality
to serve Phase 1 final status survey purposes when practicable for areas that appear to meet
the cleanup criteria without the need for remediation, and this matter and the data of interest
would be addressed in the Phase 1 Final Status Survey Plan.

Consideration of In-Process Survey Data

Any useful available data compiled during in-process surveys would be summarized in

the Phase 1 Final Status Survey Plan and its use to estimate survey unit variance and
confirm survey unit classification would be addressed.

Additional Radioactivity Not Accounted For During Characterization

If any radioactivity from licensed or WVDP operations is not accounted for by

characterization performed previously or in connection with proposed decommissioning
activities, this would be identified in the Phase 1 Final Status Survey Plan.

Classification of Areas

Different areas of the project premises facilities and areas of interest would be classified
based on potential for radioactive contamination. Four classifications would be used:

-Class 1: impacted areas that, prior to remediation, are expected to have concentrations
of residual radioactivity that exceed the DCGLw;

Class 2: impacted areas that, prior to remediation, are not likely to have concentrations
of residual radioactivity that exceed the DCGLw;

Class 3: any impacted areas that have a low probability of containing residual

radioactivity; and

Non-impacted: areas without reasonable potential for radioactive contamination from
licensed or WVDP activities.

Impacted areas are identified in Section 4 based on information available in 2008.
Preliminary classification would be confirmed or adjusted based on subsequent
characterization and in-process survey data.

Survey Units

Survey units are geographical areas of specified size and shape for which a separate
decision would be made as to whether or not that area exceeds the regulatory limit. Areas
within a survey unit would have a similar usage history and contamination potential and be
contiguous areas of the same area classification.
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Survey units would be specified in the Phase 1 Final Status Survey Plan. They would be
identified in tables or drawings or a combination of the two. Among areas considered in

designating survey units would be:

" Exposed surface areas of the WMA 1 and WMA 2 excavations before they are back-

filled;

* Exposed surface areas of the excavations following removal of foundations and floor

slabs; and

* Surface soil and stream sediment throughout the project premises.

In some survey units, data from characterization would be sufficient for Phase 1 final status

survey purposes; this matter would be addressed in the Phase 1 Final Status Survey Plan.

Background Radiation and Radioactivity

Appropriate measurements would be taken in non-impacted background reference areas

to establish background levels, taking into account available data on background

summarized in Section 4, in Appendix B, that compiled in connection with the WVDP
environmental monitoring program, and that collected during characterization. Media

background would be subtracted from Phase 1 final status survey results.
I

Data Quality Objectives

Data Quality Objectives for the Phase 1 final status survey would be established as

indicated in Section 9.6.2.

Survey Methods

The methods to be used to collect the necessary data in Phase 1 final status surveys

would be similar to methods used in characterization surveys discussed previously. Among
these are:

* Surface contamination scans,

" Direct measurements for contamination,

* Exposure rate measurements, and

" Soil and/or other media samples.

The Phase 1 Final Status Survey Plan would incorporate performance-based.

measurement systems, specifying the analytical sensitivity goal of each survey method.
Individual methods (i.e., static surface counts) would then be translated to field procedures

(instrument, detector, geometry, and count time) to assure attainment of the sensitivity
required. Information necessary to perform the surveys and sampling, such as procedures

for collecting and preparing samples, would be specified. Other survey methods may be
used in support of the methods specified above, such as gamma scans to help identify

locations of soil samples.
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Radiological Instrumentation 0
This plan would specify the field and laboratory instruments to be used and the sensitivity

of these instruments and methods. Table 9-5 shows typical field instruments to be addressed

in the plan.

Table 9-5. Radiological Field Instruments for Phase I Final Status Survey

(oInstrument Characteristics Approximate Remarks

Survey Type requivalent) Sensitivity(R)

Exposure Bicron Micro Organic scintillator Several prem/h For scanning soil.
rate Rem

Exposure Ludlum 44-10 2-inch Nal scintillator 900 cpm/pR/h For scanning soil.
rate

Exposure FIDLER 5-inch diameter Nal 500 cpm per For scanning soil
Rate scintillator PCi/m 2  for low energy

gamma

NOTE: (1) These are approximate values based primarily on manufacturer's ratings. The sensitivities depend on
background, count time, and other factors. Calculated, more precise information would be specified in
the Phase 1 Final Status Survey Plan.

The Phase I Final Status Survey Plan would specify how the minimum detectable

concentration (MDC) for media samples and the MDC for scanning surveys (MDCscan) would

be determined for each instrument and technique using methods specified in NUREG-1757,

Volume 2 (NRC 2006). It would also demonstrate that the instrument scan and direct

measurement sensitivities are consistent with MARSSIM (NRC 2000) guidance and sufficient

for the goals of the Phase 1 final status survey.

The laboratory instruments and methods to be utilized would also be addressed in the

Phase 1 Final Status Survey Plan, along with the minimum detectable concentrations of the

methods used. Instruments and methods are expected to be similar to those shown in Table

9-7.

Scan Surveys

Scan surveys of survey units of the different classifications would be performed as

indicated in Table 9-6 below. The purpose of such scan surveys is to identify small areas of

elevated activity.

Table 9-6. Scan Surveys for Different Survey Area Classifications

Classification Scanning Required Scanning Investigative Levels

Class 1 100% coverage(1 ) >DCGLEMC

Class 2 10-100% coverage(2) >DCGLw or

>MDCscan if MDCscan is greater than DCGLw.

Class 3 Judgmental >DCGLw or

>MDCscan if MDCscan is greater than DCGLw.

Non-impacted None Not applicable.

NOTES: (1) Entire surface of soil areas (and exposed building floor slabs and foundations, if any).
(2) Surveys would be both systematic and judgmental.
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The derivation of scan and fixed MDCs would take into account instrument efficiencies
(surface and detector), scan rates and distances over surfaces, surveyor efficiency, and
minimum detectable count rate, using guidance in the MARSSIM (NRC 2000) and NUREG-
1507 (Abelquist, et al. 1998).

Sample Collection and Handling

A brief description of how samples are to be collected, controlled, and handled would be
provided, with reference to the detailed procedure(s) to be used for this purpose.

Survey Grids

Survey grids of appropriate size would be laid out and marked on excavations and land
areas. Where practicable, grids established for characterization surveys would be re-
established for use in the Phase 1 final status survey. Grid control points and positions of
samples and survey readings within the grid would be located using global position system

devices or conventional surveying.

Surrogate Radionuclides

Surrogate measurements focusing on Cs-137 may be used in areas where the
radionuclide mix in a survey unit is consistent and Cs-137 is one of the dominant
radionuclides. The Phase 1 Final Status Survey Plan would specify how this would be done

in particular areas.

Surveys and Sampling of Individual Facilities and Areas

This plan would specify the process to determine the number of samples required in
different areas following MARSSIM protocols. This process would include the following
elements:

" Developing DQOs consistent with the requirements in Section 9.6.2,

* Utilizing as the null hypothesis (Ho) to be tested the assumption that the residual

contamination exceeds the release criteria with the alternative hypothesis (HA) being
that the residual contamination meets the release criteria,

* Determining the relative shift - a ratio involving the difference between the DCGLw
and the field remediation concentration goal divided by the variability in the

concentration across the survey unit following remediation,

* Determining acceptable decision errors,

* Determining the number of samples needed for the Wilcoxon rank sum test (for
radionuclides present in background),

* Determining the number of samples needed for the Sign test (for radionuclides not
present in background), and

" Determining the number of additional samples needed if the MDCscan is greater than
the DCGLw.
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Evaluation of Results and Determination of Compliance

The measurement data would be first reviewed to confirm that the survey units were
properly classified. In any cases where the results show that an area was misclassified with

a less restrictive classification, the areas would be reclassified correctly, and a survey
appropriate to the new classification would be performed.

Whether the measurement results demonstrate that the survey unit meets the release

criteria would then be determined. The process for this and the statistical tests to be used
would be specified in the Phase 1 Final Status Survey Plan, taking into account the multiple

radionuclides present at the site and the different radionuclide distributions present in some

areas.

If compliance is not demonstrated, then additional remediation followed by additional
Phase 1 final status surveys would be performed until the release criteria are achieved.

Two radionuclides (1-129 and Np-237) in surface soil would be treated as special cases

because their cleanup goals are lower than the minimum detectable concentrations in typical
laboratory sample analyses. Section 7 of the MARSSIM indicates that the analytical

detection limits should be 10-50 percent of the DCGL, but that higher detection sensitivities
may be acceptable when lower limits are impracticable (NRC 2000). Because these two

radionuclides should not appear in background soil samples, analysis at a detection limit
near the DCGL would be sufficient to flag results should a sample indicate the presence of

either radionuclide above its detection limit.

The Phase 1 Final Status Survey Plan would provide an alternate method for evaluating

analytical results for these radionuclides that do not exceed the minimum detectable

concentrations. This alternate method may involve use of an easy to detect surrogate
radionuclide prevalent in surface soil, such as Cs-137 or Am-241, to infer the concentration

of 1-129 and Np-237. Scaling factors for spent fuel reprocessed specified in Table 4-1 would

be suitable for this purpose. Another suitable alternate evaluation method could involve
larger soil volumes and longer counting times for representative samples to reduce the

minimum detectable concentration to a value below the cleanup goal.

The amounts of 1-129 and Np-237 that might be found in surface soil contamination, if
any, would be small. This conclusion is based on comparisons between the estimated

amounts of these radionuclides at the site at the conclusion of spent fuel reprocessing

compared to the estimated amounts of predominant radionuclides such as Sr-90 and Cs-
137. Table 2-5 in Section 2 shows estimates for the radionuclide content of the underground
waste tanks at the completion of reprocessing. This table shows the estimated amount of I-
129 to be more than seven orders of magnitude less than the estimated Cs-1 37 present, with

the estimated amount of Np-237 more than six orders of magnitude less that the estimated

Cs-137 amount.3

3 Although Np-237 is produced during radioactivity decay of Am-241, this factor is accounted for in the
RESRAD model, which accounts for the progeny of the radionuclides of interest.
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WHealth and Safety

This plan would identify health and safety requirements associated with survey activities;
it may reference the project Health and Safety Plan for this purpose.

Quality Assurance

The Phase 1 Final Status Survey Plan would address quality control and quality

assurance requirements for characterization, addressing matters identified in Section 9.6.3

and in Section 8, referring to the project Quality Assurance Plan as appropriate.

Supporting Procedures

This plan would specify necessary supporting procedures, such as those for obtaining

and managing samples.

Documentation

This plan would detail the requirements for formally documenting and archiving Phase 1

final status survey data, in accordance with the requirements of Section 9.8.

9.6.2 Data Quality Objectives for the Phase 1 Final Status Survey.

The DQOs would be detailed in the Phase 1 Final Status Survey Plan; they would

involve considerations such as:

* Stating the problem: Provide adequate data of sufficient quality to determine the

extent and magnitude of residual radioactive contamination.

* Identifying the decision: Will the data generated be adequate to support all survey

objectives?

* Identifying inputs to the decision: Available data, including final characterization data

obtained in connection with deactivation, information needed, measurement methods
that would produce necessary data.

* Defining the study boundaries. Radionuclides of interest, areas of interest, necessity

to obtain data to support the proposed decommissioning schedule, appropriate-sized

units, limited access to certain areas, availability of personnel and equipment,
laboratory analysis throughput.

* Developing a decision rule. How to make the judgment as to whether or not

additional data would need to be collected.

" Specifying limits on decision error. Consider the consequences of inadequate survey
data and express what is acceptable in this regard.

* Optimizing the design. Data quality assessment would be used to determine the
validity and performance of the data collection design and determine the adequacy

of the data set to support the decision.

Rev 0 9-21



WVDP PHASE 1 DECOMMISSIONING PLAN

9.6.3 Phase 1 Final Status Survey Quality Requirements

The quality requirements of Section 8 would apply, along with the quality requirements

for the characterization survey as identified in Section 9.4.3. These matters would be
addressed in the Phase 1 Final Status Survey Plan.

9.7 The Survey Process By Waste Management Area

This section outlines surveys completed and surveys to be accomplished in each WMA

(9.7.1 through 9.7.11) and, separately, surveys completed and planned for environmental
media across the project premises (9.7.12). Note that other considerations such as proposed

decommissioning activities in adjacent areas and the impact of routes for transportation of

radioactive materials on survey units and area classification would be addressed as
appropriate in the Phase 1 Final Status Survey Plan(s).

9.7.1 WMA 1 Process Building and Vitrification Facility Area

Characterization surveys of the Process Building and Vitrification Facility have been

performed in connection with the Facility Characterization Project. However, because
radiological conditions in most building areas would change during deactivation work

performed before the start of the proposed decommissioning, additional surveys would be
performed as proposed decommissioning activities begin. Characterization of the

contaminated soil in WMA 1 that is the source for the north plateau groundwater plume is
addressed in Section 4.2; surveys related to its remediation are addressed in Section 9.7.12

below.

The Facility Characterization Project

As noted previously, the Facility Characterization Project focused on development of

conservative source term estimates for various areas of the Process Building and Vitrification
Facility. It followed the MARSSIM (NRC 2000) process and was carried out in accordance
with the WVNSCO Characterization Management Plan (Michalczak 2004).

Description of Previous Survey Measurements. The primary process for determining

the source term in a particular area involved using exposure rate measurements to
quantify the amount of a surrogate gamma-emitting radionuclide such as Cs-137, and

using scaling ratios to estimate the amounts of other radionuclides present. Scaling
ratios were based on sample analysis, process knowledge, or other bounding

assumptions. In some cases, samples were collected and the analytical results were
used in calculating a source term based on surface area or volumetric computations.

The process entailed four basic steps: (1) collection and evaluation of existing data

and preparation of a draft technical approach, (2) review of these data and the proposed
approach by a Technical Review and Approval Panel, (3) collection of any needed data
and modeling to estimate the source term, and (4) review and concurrence on the

estimated source term by the Panel. Where additional data were needed, a biased
sampling approach was used that typically involved field measurements such as
radiation and contamination levels, along with samples of materials analyzed in a

laboratory. Radiation level measurements were typically taken with a Geiger-Mueller
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detector (Ludlum Model 133-6) or ion chamber (Eberline RO-20) attached to a
scaler/rate meter. Smears were counted with a Tennelec gas-flow proportional counter.
Detection sensitivities for the exposure rate instruments were approximately 0.1 mrem/h
for the RO-20 and higher for the Model 133-6, whose scales range from 1 mR/h to 1000
R/h.

Due to the high activity associated with most of the samples, samples taken in
connection with the project were analyzed in the former onsite Analytical and Process
Chemistry Laboratory. Table 9-7 shows laboratory instruments and methods, along with
their sensitivities.

Table 9-7. Laboratory Methods

Nuclide Instrument/Method WVDP Procedure Approximate Sensitivity~1 )

Am-241 Alpha and/or gamma spectrometry ACM-2707/3104 1.0 E-05 pCi/g

C-14 Sample oxidizer and liquid scintillation ACM-4904 1.0 E-02 pCi/g

Cm-234/244 Alpha and/or gamma spectrometry ACM-2707/3104 1.0 E-03 pCi/g

Cs-137 Gamma spectrometry ACM-3103/3104 1.0 E-03 pCi/g

1-129 Gamma spectrometry ACM-3104 1.0 E-03 pCi/g

Np-237 Alpha and/or gamma spec ACM-2707/3104 1.0 E-03 pCi/g

Sr-90 Liquid scintillation ACM-2707/3002 .11.5 E-05 pCi/g (lg sample)

Tc-99 Gas flow proportional counting ACM-4001 1.0 E-06 pCi/g (1g sample)

Pu-238 Alpha spectrometry ACM-2704 1.0 E-05 pCi/g

Pu-239/240 Alpha spectrometry ACM-2704 1.0 E-05 pCi/g

Pu-241 Liquid scintillation ACM-2707/2708 1.0 E-05 pCi/g

U-232 Alpha spectrometry ACM-2707 1.0 E-05 pCi/g

U-233/234 Alpha spectrometry ACM-2707 1.0 E-05 pCi/g

U-235 (-236) Alpha spectrometry ACM-2707 1.0 E-05 pCi/g

U-238 Alpha spectrometry ACM-2707 1.0 E-05 pCi/g

NOTES: (1) Dependent on sample size, counting time, etc.

Formal quality assurance requirements were implemented. Data quality objectives
following the MARSSIM (NRC 2000) process were used. Data collected were compiled
into individual reports for the area or facility. Each report included a discussion of
available historical data, the approach used to gather additional data, and the
conservatively bounding source term estimate, along with all the supporting information.

Justification for Previous Survey Measurements. The focus on conservative source
terms supported one of the decommissioning alternatives envisioned by DOE when the
Facility Characterization Project began. This alternative would have entailed leaving
most of the Process Building and Vitrification Facility in place beneath a multi-layer cap.

The focus on source term estimates rather than general radiological conditions
produced information important to the performance assessment under this alternative.
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The process for collection and evaluation of historical data was similar to that used for
historical site assessments. Data acquired during the effort were obtained following
MARSSIM quality protocols. However, these data are being treated as scoping survey

data in some cases because of their limited extent.

Process Building and Vitrification Facility Characterization Surveys

In connection with proposed decommissioning activities in each area, characterization

measurements would be taken as specified in the Characterization Sample and Analysis
Plan. The measurements would take into account data from deactivation end-of-task surveys
and fill in data gaps for areas where these surveys were not performed. Characterization

measurements would be performed on the WMA 1 facilities commensurate with plans for
their disposition, which is removal in each case. As indicated in Section 7, there are no plans
to release these facilities from radiological controls before dismantlement or demolition,
which limits characterization data needs.

Description of Planned Survey Measurements. Measurements would typically include

exposure rates, removable contamination, and total contamination. Samples would be
analyzed for specific radionuclides to confirm radionuclide distributions where such
information is not already available and to provide information for radiation protection and
waste characterization. Areas inaccessible to surveys would be exposed so surveys can

be made where indicated in the Characterization Sample and Analysis Plan.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support planning

decommissioning activities and waste management.

Process Building and Vitrification Facility In-Process Surveys

In-process surveys would be performed during remediation as specified in Section 9.5.

Process Building and Vitrification Facility Area Phase 1 Final Status Surveys

As explained previously, the final end-state of the Process Building and Vitrification
Facility would involve total removal including excavation of the subsurface portions, back-
filling with soil, and installing a vertical hydraulic barrier wall on the down-gradient side of the
excavation footprint. Phase 1 final status surveys would be performed for exposed

subsurface areas before they are backfilled; this matter would be addressed in the Phase 1
Final Status Survey Plan, which would provide details of the surveys required.

Process Building and Vitrification Facility Area Confirmatory Surveys

After Phase 1 final status surveys are completed, arrangements would be made to have
any desired confirmatory surveys performed.

Characterization of Other WMA 1 Facilities

The other facilities to remain within WMA 1 after 2008 that may have been impacted by
radioactivity are: (1) the 01-14 Building, (2) the Plant Office Building, (3) the Utility Room, and

(4) the Utility Room Expansion. Because these facilities would be entirely or partially within
the bounds of the planned excavation, characterization measurements would be performed
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on these WMA 1 facilities commensurate with plans for their disposition, which is removal in
each case. As indicated in Section 7, there are no plans to release these facilities from
radiological controls before dismantlement or demolition, which limits characterization data

needs.

Routine WVDP surveys taken through mid-2008 in these areas have typically not shown
removable contamination above detection limits. However, contamination from the major acid
spill during NFS operations that produced the north plateau groundwater plume is known to
be present beneath the floor in the men's shower room of the Plant Office Building. And
some areas in the 01-14 Building, such as areas on the third and fourth floor that contain
ventilation system equipment, are not routinely surveyed.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates, removable contamination, and total contamination. Representative
embedded piping in the 01-14 Building floor slab, except for sealed floor drains, would be
characterized, with measurements such as (1) total beta using a suitable pipe probe
(such as a Ludlum 44-6 sidewall detector) in the exposed ends of the pipe, (2) removable
alpha and beta contamination in the ends of the pipe by smears, and (3) exposure rates
on the accessible piping. (Note that some equipment would be removed from the 01-14
Building during deactivation.)

Characterization is not planned for the non-impacted facilities in WMA 1 - the Fire
Pump House and water tank and the electrical substation.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support planning
decommissioning activities and waste management.

In-Process Surveys of Other WMA I Facilities

In-process surveys would be performed during remediation as described in Section 9.5.
However, the scope of such surveys would be minimal because of the relative low potential

for contamination, except in some areas of the 01-14 Building which may contain significant
contamination.

Phase 1 Final Status Surveys in Other WMA 1 Facilities

As all facilities within the Process Building excavation would be removed, the Phase 1
final status surveys would be surveys of the excavation surface in accordance with the
Phase 1 Final Status Survey Plan.

Confirmatory Surveys in Other WMA 1 Areas

After Phase 1 final status surveys are completed, arrangements would be made to have
any desired confirmatory surveys of these areas performed.

Characterization of Subsurface Piping in WMA 1

DOE has evaluated contaminated underground piping (Luckett, et al. 2004). This

evaluation produced conservative source term estimates based on existing data, but it did
not include characterization measurements. Subsurface piping within the bounds of the WMA
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1 excavation would be removed, packaged and disposed of at offsite disposal facilities.
There is no intent in Phase 1 of the proposed decommissioning to trace or excavate
underground piping outside the bounds of the excavation.

When these lines become exposed during the course of proposed decommissioning
work, measurements would be taken as necessary, for instance for waste characterization

purposes for lines removed or to provide data to support Phase 2 decision-making for
portions of lines remaining in place.

Description of Survey Measurements. The measurements would be taken after the

interior surfaces of the lines are exposed during the course of proposed
decommissioning work. Three types of measurements would be taken as appropriate: (1)

total beta using a suitable pipe probe (such as a Ludlum 44-6 sidewall detector) in the

exposed ends of the pipe, (2) removable alpha and beta contamination in the ends of the
pipe by smears, and (3) exposure rates on the accessible piping. Where sufficient data

on radionuclide distributions are not available, smears or metal coupons would be
obtained and analyzed to determine the radionuclide distributions.

Justification for Survey Measurements. These measurements would provide
information on interior contamination levels that would support radiation protection, waste
management, and subsequent disposition determinations. The lines have a constant
downward slope and ones that carried higher concentrations of radioactive liquid are
made of stainless steel. This design makes contamination traps unlikely and

contamination levels in areas where piping would be cut are expected to be
representative of the entire length. Line 7P120 that carried THOREX waste from the

Chemical Process Cell to Tank 8D-4 is expected to contain the most residual

radioactivity.

In-Process Surveys Related to Subsurface Piping in WMA 1

In-process surveys would be performed during removal of piping as described in Section

9.5. Some characterization surveys would effectively be in-process surveys since they would
be performed in conjunction with piping removal activities.

Phase I Final Status Surveys of Subsurface Piping in WMA I

Separate Phase 1 final status surveys of the piping not encountered during excavation

and subsequently abandoned in place are not planned; characterization survey data are

intended to serve Phase 1 final status survey purposes.

Confirmatory Surveys of Subsurface Piping in WMA 1

Arrangements would be made for any confirmatory surveys NRC desires to be
accomplished at the time when the piping ends are accessible prior to excavation backfilling.

9.7.2 WMA 2 Low-Level Waste Treatment Facility Area

Of the facilities to remain within WMA 2 after 2008 that have been impacted by
radioactivity, significant characterization data are available for only one: the Old Interceptor.
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Only limited data on radiological conditions are available for the others within the scope of
the plan: (1) the LLW2 Building, (2) the Neutralization Pit, (3) the Solvent Dike, (4) the twin
New Interceptors, and (5) the North Plateau Groundwater Pump and Treat Facility.

Note that the five lagoons in WMA 2 are addressed as environmental media in Section

9.7.12 below.

Existing Characterization Data for Old Interceptor

Description of Previous Survey Measurements on Old interceptor. Two radiation
surveys taken in 2003 show levels up to 408 mrem/h (WVNSCO 2003a and WVNSCO

2003b)4.

Justification for Previous Survey Measurements. While these surveys provided
useful information, they did not completely characterize the facility, which is expected to
contain contamination in depth and contamination covered by a layer of concrete added

to the floor.

Characterization of WMA 2 Facilities

Characterization measurements would be performed on the WMA 2 facilities
commensurate with plans for their disposition, which is removal in each case. As indicated in
Section 7, there are no plans to release these facilities from radiological controls before
dismantlement or demolition, which limits characterization data needs.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates, removable contamination, total contamination, and core samples of
facility surfaces in cases where they would produce information of value. Smears or
samples of building materials would be obtained and analyzed to provide information on
radionuclide distributions.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.

In-Process Surveys of WMA 2 Area

In-process surveys would be performed during remediation as described in Section 9.5.
These surveys would include the surface of the soil in excavations made during removal of

the interceptors, the Neutralization Pit, and the associated valve pits.

Phase 1 Final Status Surveys in WMA 2 Areas

After proposed decommissioning activities are completed in these areas, Phase 1 final
status surveys would be performed in each survey unit in accordance with the Phase 1 Final
Status Survey Plan. These surveys would include the exposed soil in the large excavation
made to remove Lagoons 1-3, the interceptors, the Neutralization Pit, and Solvent Dike. Also

4 Although no radioisotope inventory report was issued for the Old Interceptor; these radiation surveys were
taken for characterization purposes for the Facility Characterization Project.

Rev 0 9-27



WVDP PHASE 1 DECOMMISSIONING PLAN

considered in the Phase 1 final status surveys would be the exposed soil surfaces from 0
removal of remaining floor slabs and foundations of facilities removed prior to the start of

decommissioning: the 02 Building, the Test and Storage Building, the Vitrification Test
Facility, the Maintenance Shop, the Maintenance Storage Area, the Vehicle Maintenance
Shop, and the Industrial Waste Storage Area. Phase 1 final status surveys would also be

performed in the excavation to remove the Maintenance Shop leach field equipment.

Confirmatory Surveys in WMA 2 Areas

After the Phase 1 final status surveys are completed, arrangements would be made to

have confirmatory surveys performed. NRC or its contractor would be afforded an

opportunity to perform confirmatory surveys in excavations before they are filled in.

Characterization of Subsurface Piping in WMA 2

Underground piping within WMA 2 is comprised primarily of Duriron wastewater drain
lines leading to the Interceptors and interconnecting with equipment in the treatment

buildings, the interceptors, and the lagoons. Also within WMA 2 is a portion of the Leachate
Transfer Line from the NRC-Licensed Disposal Area (NDA).

Subsurface piping within the bounds of the WMA 2 excavations would be removed,
packaged and disposed of at offsite disposal facilities. There is no intent in Phase 1 of the
proposed decommissioning to trace or excavate underground piping outside the bounds of

the excavations.

When these lines become exposed during excavation of the WMA 2 Facilities, during
removal of the LLW2 Building floor slab and foundations, and during removal of Lagoons 4
and 5, measurements would be taken as necessary, for instance for waste characterization

purposes for lines removed or to provide data to support Phase 2 decision-making for

portions of lines remaining in place.

Description of Survey Measurements. Measurements would be taken after the interior

surfaces of the lines are exposed when the lines are cut. Two types of measurements
would be taken: (1) removable alpha and beta contamination in the end of the pipe

measured by smears, and (2) exposure rates of the accessible piping.

Justification for Survey Measurements. These measurements would provide
information to support for waste characterization purposes and to support decision-

making for Phase 2 of the proposed decommissioning..

In-Process Surveys Related to Subsurface Piping in WMA 2

In-process surveys during excavation as subsurface piping is encountered during
remediation would be performed as specified in Section 9.5.

Phase I Final Status Surveys of Subsurface Piping in WMA 2

Separate Phase 1 final status surveys of the piping not encountered during excavation
and subsequently abandoned in place are not planned; characterization survey data are
intended to serve Phase 1 final status survey'purposes.

~a
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Confirmatory Surveys of Subsurface Piping in WMA 2

Arrangements would be made for any confirmatory surveys NRC desires to be

accomplished at the time when the piping ends are accessible, prior to the excavation being
filled in.

9.7.3 WMA 3, Waste Tank Farm Area

Four facilities or groups of equipment within WMA 3 have been impacted by radioactivity
and are within the scope of the plan: (1) the mobilization and transfer pumps in Tanks 8D-1,
8D-2, 8D-3, and 8D-4, (2) the piping and equipment in the HLW transfer trench, (3) the
Equipment Shelter and Condensers, and (4) the Con-Ed Building. Limited data on
radiological conditions are available for these facilities and this equipment as indicated in
Section 4.

WMA 3 Facility Characterization Surveys

Characterization measurements would be performed in connection with proposed
decommissioning activities.

Description of Planned Survey Measurements. Measurements would typically include

exposure rates, removable contamination, and total contamination in areas of interest.

Justification for Planned Survey Measurements. These )are the appropriate
measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.

WMA 3 Facility In-Process Surveys

In-process surveys would be performed during remediation as specified in Section 9.5.

WMA 3 Facility Phase 1 Final Status Surveys

After proposed decommissioning activities are completed -in this area, Phase 1 final
status surveys would be performed in accordance with the Phase 1 Final Status Survey Plan.
Procedures and detection levels for scan surveys may be modified due to the higher ambient
radiation levels in the area from radioactivity in the HLW tanks.

WMA 3 Confirmatory Surveys

Arrangements would be made for any confirmatory surveys desired by NRC or its
contractor.

WMA 4, Construction and Demolition Debris Landfill

This landfill, which was closed in 1986, is not within the scope of the Phase 1
decommissioning work.

9.7.4 WMA 5 Waste Storage Area

Facilities within WMA 5 impacted by radioactivity and within the scope of the plan are the
Remote Handled Waste Facility and Lag Storage Addition 4 and its associated Shipping

.Rev 0 9-29



WVDP PHASE 1 DECOMMISSIONING PLAN

Depot. Other facilities in WMA 5 within the scope of the plan are concrete pads and

foundations remaining from facilities removed prior to the start of decommissioning.

Characterization of the Remote Handled Waste Facility

Characterization measurements would be performed in this building commensurate with

plans for its disposition, which is removal.

Description of Planned Survey Measurements. Measurements would typically include

exposure rates, removable contamination, and total contamination. Representative

smears would be analyzed for radionuclides of interest.

Justification for Planned Survey Measurements. These are the appropriate

measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.

In-Process Surveys Related to the Remote Handled Waste Facility

In-process surveys would be performed during remediation as specified in Section 9.5.

Phase 1 Final Status Surveys of the Remote Handled Waste Facility Excavation

As explained previously, this facility would be completely removed. After proposed

decommissioning activities are completed, including demolition and removal of the floor slab

and foundation and removal of the empty underground tank vault, Phase 1 final status

surveys on the exposed excavation surface would be performed in accordance with the

Phase 1 Final Status Survey Plan.

Confirmatory Surveys of the Remote Handled Waste Facility Excavation

After the Phase 1 final status surveys are completed, arrangements would be made to

have any desired confirmatory surveys accomplished by the NRC or its contractor.

Characterization of Subsurface Piping in WMA 5

Within WMA 5 is underground piping running from the Remote-Handled Waste Facility to

Tank 8D-3. Portions of this piping within the bounds of the building excavation would be

removed, packaged and disposed of at offsite disposal facilities. As indicated in Section 7,

the portion of the piping outside of the building excavation would remain in place unless it

has been impacted by radioactivity.

When these lines become exposed during excavation to remove the Remote-Handled

Waste Facility, measurements would be taken to confirm the radiological status for waste

characterization purposes for lines removed and to provide data to support Phase 2 decision-

making for the portions of the piping to remain in place.

Description of Survey Measurements. Measurements would be taken after the interior

surfaces of the lines are exposed when the lines are cut. Two types of measurements

would be taken: (1) removable alpha and beta contamination in the end of the pipe

measured by smears, and (2) exposure rates of the accessible piping.
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Justification for Survey Measurements. These measurements would provide
information to support for waste characterization purposes and to support decision-

making for Phase 2 of the proposed decommissioning.

In-Process Surveys Related to Subsurface Piping in WMA 5

In-process surveys during excavation as subsurface piping is encountered during
remediation would be performed as specified in Section 9.5.

Phase 1 Final Status Surveys of Subsurface Piping in WMA 5

Separate Phase 1 final status surveys of the piping not encountered during excavation

and subsequently abandoned in place are not planned; characterization survey data are
intended to serve end Phase 1 final status survey purposes.

Confirmatory Surveys of Subsurface Piping in WMA 5

Arrangements would be made for any confirmatory surveys NRC desires to be

accomplished at the time when the piping ends are accessible, prior to the excavation being
filled in.

Characterization of Lag Storage Addition 4/Shipping Depot

Characterization measurements would be performed in this building commensurate with
plans for its disposition, which is removal.

Description of Planned Survey Measurements. Measurements would typically include

exposure rates, removable contamination, and total contamination.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.

In-Process Surveys Related to Lag Storage Addition 4/Shipping Depot

In-process surveys would be performed during remediation as specified in Section 9.5.

Phase I Final Status Surveys of the Lag Storage Addition 4/Shipping Depot

Excavation

As explained previously, these facilities would be completely removed. After proposed

decommissioning activities are completed in this area, including demolition and removal of
the floor slab and foundation, Phase 1 final status surveys on the exposed excavation

surface would be performed in accordance with the Phase 1 Final Status Survey Plan.

Confirmatory Surveys of the Lag Storage Addition 4/Shipping Depot Excavation

After Phase 1 final status surveys are completed, arrangements would be made to have
any desired confirmatory surveys accomplished by the NRC or its contractor.

Phase 1 Final Status and Confirmatory Surveys of Other Floor Slabs and Foundations

Also considered in the Phase 1 final status surveys and confirmatory surveys would be

the soil surfaces exposed following excavations of remaining floor slabs and foundations of
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impacted facilities removed prior to the start of decommissioning. The facilities of interest are
the Lag Storage Building and its additions, the Chemical Process Cell Waste Storage Area,

and several hardstands and gravel pads.

After surveys specified in the Phase 1 Final Status Survey Plan are completed, the areas

of interest would be made available to NRC or its contractor for any desired confirmatory

surveys.

9.7.5 WMA 6 Central Project Premises

In WMA 6, the facilities to be removed during Phase 1 include the Sewage Treatment

Plant, the Equalization Tank, the Equalization Basin, the two demineralizer sludge ponds,

and the south Waste Tank Farm Test Tower, along with remaining floor slabs and
foundations, including the underground structure of the Cooling Tower. The Equalization
Basin and the two demineralizer sludge ponds are addressed along with other environmental
media in Section 9.7.12.

Characterization of the Remaining Part of the Cooling Tower

The only WMA 6 structure known to have been impacted by radioactivity as of 2008 is

the remaining part of the Cooling Tower. Characterization measurements would be

performed in this structure commensurate with plans for its disposition, which is removal.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates, removable contamination, and total contamination. Representative

smears would be analyzed for radionuclides of interest.

Justification for Planned Survey Measurements. These are the appropriate

measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.

Phase I Final'Status and Confirmatory Surveys Following Removal of Floor Slabs and
Foundations

After the structures and their floor slabs and foundations have been removed, the
exposed soil surface of the resulting excavations would be considered in the Phase 1 final

status surveys. After surveys specified in the Phase 1 Final Status Survey Plan are

completed, the areas of interest would be made available to NRC or its contractor for any
desired confirmatory surveys.

Phase 1 Final Status Surveys of Equalization Tank Excavation

Even though the equalization tank was not known to be impacted by radioactivity in mid-

2008, as indicated in Section 7, Phase 1 final status surveys would be performed in the

excavation made to remove the tank as a good practice. These surveys would be performed

as specified in Phase 1 Final Status Survey Plan and would typically include measurements
with a sensitive gamma detector.

After surveys specified in the Phase 1 Final Status Survey Plan are completed, the area

would be made available to NRC or its contractor for any desired confirmatory surveys.
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9.7.6 WMA 7 NDA and Associated Facilities

No additional characterization would be performed in the NDA itself. Table 4-10
summarizes the estimated NDA radionuclide inventory. In WMA 7, only removal of concrete
and gravel pads associated with the NDA Hardstand are within the scope of this plan.

WMA 7 Facility Characterization Surveys

Characterization measurements of the hardstand would be performed in connection with
proposed decommissioning activities.

Description of Planned Survey Measurements. Measurements would typically include

exposure rates and material samples analyzed for radionuclides of interest.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support proposed
decommissioning activities and waste management.

WMA 7 In-Process Surveys

In-process surveys would be performed during remediation as specified in Section 9.5.

WMA 7 Phase I Final Status Surveys

Surveys of the resulting exposed excavation surfaces would be performed in accordance
with the Phase I Final Status Survey Plan.

WMA 7 Confirmatory Surveys

Arrangements would be made for any confirmatory surveys desired by NRC or its
contractor before the excavation is filled in.

9.7.7 WMA 8, State Licensed Disposal Area

There are no facilities within WMA 8 that are within plan scope.

9.7.8 WMA 9, Radwaste Treatment System Drum Cell Area

Phase 1 proposed decommissioning activities in WMA 9 include total removal of the
building, floor slabs and foundations of the Radwaste Treatment System Drum Cell, the NDA
trench soil container area, and the subcontractor maintenance area.

Characterization of the Radwaste Treatment System Drum Cell Area

Characterization measurements would be performed in this building commensurate with
plans for its disposition, which is removal. Characterization measurements would also be
taken in the trench soil container area and the subcontractor maintenance area.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates, removable contamination, and total contamination.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support proposed

decommissioning activities and waste management.
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In-Process Surveys Related to the Radwaste Treatment System Drum Cell

In-process surveys would be performed during removal activities as specified in Section
9.5.

Phase 1 Final Status Surveys of the Radwaste Treatment System Drum Cell

Following building demolition and removal of the floor slab and foundation, Phase 1 final
status surveys on the exposed excavation surface would be performed in accordance with

the Phase 1 Final Status Survey Plan.

Confirmatory Surveys of the Radwaste Treatment System Drum Cell Excavation

After Phase 1 final status surveys are completed, arrangements would be made to have
any desired confirmatory surveys accomplished.

The NDA Trench Soil Container Area and the Subcontractor Maintenance Area

Characterization measurements would be performed in these areas commensurate with
plans for their disposition, which is removal.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates and soil samples analyzed for radionuclides of interest.

Justification for Planned Survey . Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support proposed
decommissioning activities and waste management.

Other surveys of this area would include in-process surveys in accordance with Section
9A5, Phase 1 final status survey of the excavations in accordance with the Phase 1 Final
Status Survey Plan, and any confirmatory surveys desired by the regulators.

9.7.9 WMA 10, Support and Services Area

Neither of the facilities within WMA 10 within plan scope, the New Warehouse and the
former Waste Management Storage Area, nor the remaining concrete floor slabs and
foundations to be removed, had been impacted by radioactivity as of mid-2008.

WMA 10 Facility Characterization Surveys

Characterization measurements would be performed in these facilities, floor slabs, and
foundations in connection with proposed decommissioning activities.

Description of Planned Survey Measurements. Measurements would typically include
exposure rates, removable contamination, and total contamination.

Justification for Planned Survey Measurements. These are the appropriate
measurements necessary to facilitate radiation protection and support decommissioning

activities and waste management.

WMA 10 Facility In-Process Surveys

In-process surveys would be performed during remediation as specified in Section
9.5.
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WMA 10 Facility Phase 1 Final Status Surveys

Phase 1 final status surveys on the exposed excavation surfaces would be performed in
accordance with the Phase 1 Final Status Survey Plan.

Limited Phase 1 final status surveys would be performed in the Security Gatehouse as a
good practice because of the proximity of this facility to the Process Building. These surveys
would be judgmental in scope and include scan surveys with a sensitive gamma detector
such as a Bicron Micro Rem instrument.

Confirmatory Surveys of WMA 10 Facilities

Arrangements would be made for any confirmatory surveys desired by NRC or its
contractor.

9.7.10 WMA 11, Bulk Storage Warehouse and Hydrofracture Test Well Area

No facilities in WMA 11 are within plan scope. Neither characterization nor Phase 1 final

status surveys are planned in this area.

9.7.11 WMA 12, Balance of the Site

No facilities in WMA 12 are within plan scope. Neither characterization nor Phase 1 final
status surveys are planned in this area.

9.7.12 Environmental Media

Environmental media to be considered includes soil, sediment, groundwater, and surface

water on the project premises.

Existing Characterization Data

Description of Previous Survey Measurements. As explained in Section 4.2, existing
data on radioactivity in environmental media comes from three principal sources: (1) the
site environmental monitoring program, (2) a series of RCRA facility investigations

completed in the mid-1990s, and (3) Geoprobe® investigations of the north plateau
groundwater plume. Data are also available on surface radiation levels that are indicative

of soil contamination in some areas from 1984 and earlier aerial surveys and a 1990
overland survey that measured gamma radiation levels.

As explained in Section 4.2, data on radioactivity in environmental media were

obtained using methods such as laboratory analysis of soil and groundwater samples
and measuring exposure rates using sensitive gamma detectors.

Justification for Previous Survey Measurements. The measurements were made for

several purposes, including regular monitoring of the environment and specific
investigations related to hazardous materials and the north plateau groundwater plume.

Soil and Sediment Characterization Surveys

Surface soil, subsurface soil, and sediments in the Phase 1 areas would be surveyed
and sampled for laboratory analysis. Subsurface soil in the non-source area of the plume, in
the plume impacted areas, and Phase 2 areas would not be addressed at this time.
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Description of Survey Measurements. The process to be utilized would include:

* Consideration of available characterization data;

* The use of marked grids, such as 100 feet by 100 feet, in areas where
systematic measurements are made;

• Surface scans for gamma activity in areas likely to contain residual
contamination;

* Surface soil samples;

" Subsurface soil samples where indicated by contamination potential, including
locations of subsurface features such as tanks and process lines;

* Additional subsurface samples in the top portion of the Lavery till in the WMA 1
and WMA 2 excavation footprints as specified in Section 7.2.2; and

* Sediment samples where indicated by contamination potential, including
sediment in Erdman Brook and the portion of Franks Creek within the project
premises security fence.

Special attention would be paid to the lagoons, basins, and discharge ponds,
including the area of Lagoon 1 where previously buried radioactive debris would be
removed. The experience of other DOE sites such as Mound, Fernald, and Ashtabula
that have extensive experience with contaminated soil characterization would be
considered. Details would appear in the Characterization Sample and Analysis Plan.

Justification for Survey Measurements. These measurements would provide
information on soil and sediment contamination to support decontamination activities,
facilitate radiation protection, and waste disposal plans.

Phase I Final Status Surveys of Soil Areas and Areas Containing Sediment

Description of Survey Measurements. Phase 1 final status surveys would be
performed as specified in the Phase 1 Final Status Survey Plan in the excavation made
to remove the Equalization Basin and the two demineralizer sludge ponds. Remediation
of surface soil and streambed sediment may also be accomplished in Phase 1, as
explained in Section 7. If this is done, Phase 1 final status surveys of the remediated
areas would be performed. The process to be utilized would be similar to that for
characterization surveys, with details included in the Phase 1 Final Status Survey Plan.
The same grids would be reestablished and used where practicable. Characterization
data would be considered in the survey design and used for Phase 1 final status survey
purposes where practicable.

Justification for Survey Measurements. These measurements would provide
information on soil and sediment contamination to demonstrate that release criteria are
achieved as applicable.

Confirmatory Surveys of Soil Areas and Areas Containing Sediment

Arrangements would be made for confirmatory surveys by NRC or its contractor after the
Phase 1 final status surveys are completed.
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Groundwater

Radioactivity in groundwater would continue to be monitored during Phase 1 of the
proposed decommissioning by laboratory analysis of samples drawn from the network of

monitoring wells. Appendix D addresses monitoring of groundwater following the completion
of Phase 1 proposed decommissioning activities. No separate characterization or Phase 1
final status surveys would be performed for groundwater.

Surface Water/Stream Sediment

Radioactivity in surface water and associated stream sediment would continue to be
monitored during the decommissioning in connection with the environmental monitoring and
control program outlined in Section 1.8 and Appendix D. No separate characterization or
Phase 1 final status surveys would be performed.

9.8 Phase I Final Status Survey Report Requirements

The requirements for Phase 1 Final Status Survey Report would be identified in 'the
Phase 1 Final Status Survey Plan. As indicated previously, because of the site complexity
there may be multiple Phase 1 Final Status Survey Plans. Consequently there may be
multiple Phase 1 Final Status Survey Reports. The content and coverage of the plans and
reports would be determined using the DQO Process in the project planning cycle. These
report requirements would include the following.

9.8.1 Overview of Results

The report would summarize the results of the surveys.

9.8.2 Discussion of Changes

The report would include a discussion of any changes that were made in the Phase 1
final status survey from what was proposed in this plan or other prior submittals.

9.8.3 Description of How Numbers of Samples Were Determined

The report would include a description of the method by which the number of samples
was determined for each survey unit.

9.8.4 Sample Number Determination Values

The report would include a summary of the values of site parameters and data statistics
used to determine the number of samples and a justification for these values.

9.8.5 Results for each Survey Unit

The report would include the survey results for each survey unit, including:

* The number of samples taken for the survey unit;

* A map or drawing of the survey unit showing the reference system and random start
systematic sample locations for Class 1 and 2 survey units and random locations
shown for Class 3 survey units and reference areas;

* The measured sample concentrations;

Rev 0 9-37



WVDP PHASE 1 DECOMMISSIONING PLAN

* The statistical evaluation of the measured concentrations; 0
* Judgmental and miscellaneous sample data sets reported separately from those

samples collected for performing the statistical evaluation;

* A discussion of anomalous data, including any areas of elevated direct radiation

detected during scanning that exceeded the investigation level or measurement

locations in excess of DCGLw and any actions taken to reduce them, if any, upon

detection5 ; and

• A statement that a given survey unit satisfied the DCGLw and the elevated

measurement comparison if any sample points exceeded the DCGLw.

9.8.6 Survey Unit Changes

The report would include a description of any changes in initial survey unit assumptions

relative to the extent of residual radioactivity.

9.8.7 Actions Taken for Failed Survey Units

If a survey unit fails, a description of the investigation conducted to ascertain the reason

for the failure and a discussion of the impact that the failure has on the conclusion that the

facility is ready for Phase 1 final radiological surveys would be included in the report.

9.8.8 Impact of Survey Unit Failures

For any survey units that fail, the report would include a discussion of the impact that the

reason for the failure has on other survey unit information.
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APPENDIX A

DECOMMISSIONING PLAN ANNOTATED CHECKLIST

PURPOSE OF THIS APPENDIX

The purpose of this appendix is to assist NRC staff in review of the plan by
providing the checklist used in its preparation, annotated to show where each
applicable topic is addressed.

INFORMATION IN THIS APPENDIX

This appendix provides in Table A-1 a comparison between the major topics of the
decommissioning plan evaluation checklist found in Appendix D to Volume 1 of
NUREG-1757, Consolidated Decommissioning Guidance, Decommissioning
Process for Materials Licensees (NRC 2006), and the major sections of this plan.

It then replicates the NUREG-1757 Appendix D checklist and identifies:

* The topics that do not apply to this plan based on discussions between
NRC and DOE that took place in a decommissioning plan scoping meeting
held on May 19, 2008 (NRC 2008), which are marked NA for not
applicable;

* The section and page number in this plan where each applicable topic is
addressed; and

* The cases where NRC has agreed that DOE procedures (i.e., DOE
regulations, orders, and technical standards) can be cited in the plan
instead of providing details called for by the NRC checklist (NRC 2008).

RELATIONSHIP TO OTHER PARTS OF THE PLAN

This appendix shows how the other parts of this plan address the applicable topics
of the NRC decommissioning plan evaluation checklist.
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Table A-1. NUREG-1757 Checklist - Phase 1 Decommissioning Plan Comparison

NUREG-1757 Checklist WVDP Phase 1 Decommissioning Plan

Sec Subject Sec Subject

I Executive Summary Executive Summary

1 Introduction

II Facility Operating History 2 Facility Operating History

III Facility Description 3 Facility Description

IV Radiological Status of Facility 4 Radiological Status of Facility

V Dose Modeling 5 Dose Modeling

VI Environmental Information 3 Facility Description

VII ALARA Analysis 6 ALARA Analysis

VIII, Planned Decommissioning 7 Planned Decommissioning Activities
Activities

IX Project Management and 1.6 Project Management and Organization
Organization

X Health and Safety 1.7 Health and Safety

Xl Environmental Monitoring and 1.8 Environmental Monitoring and Control
Control

XII Radioactive Waste Management 1.9 Radioactive Waste Management Program
Program

XIII Quality Assurance Program 8 Quality Assurance Program

XIV Facility Radiation Surveys 9 Facility Radiation Surveys

XV Financial Assurance Not applicable.

XVI Restricted Release/Alternate Criteria Not applicable.

App A Decommissioning Plan Annotated
Checklist

App B Environmental Radioactivity Data,

App C Details of DCGL Development and
Integrated Dose Analysis

App D Engineered Barriers and Post
Remediation Activities

The annotated NUREG-1757 decommissioning plan evaluation checklist begins on the next
page. Acronyms and abbreviations used in the checklist are as follows:

ES = Executive Summary NA = not applicable
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CONTENT SECTION PAGE

I. EXECUTIVE SUMMARY

D The name and address of the licensee or owner of the site ES ES-3

U The location and address of the site ES ES-3

U A brief description of the site and immediate environs ES ES-4

U A summary of the licensed activities that occurred at the site ES ES-10

U1 The nature and extent of contamination at the site ES ES-12

U The decommissioning objective proposed by the licensee (i.e., ES ES-16
restricted or unrestricted use)

U1 The DCGLs for the site, the corresponding doses fromthese DCGLs, Table ES-1 ES-17
and the method that was use to determine the DCGLs [Note that Table ES-2 ES-18
cleanup goals below the DCGLs are the criteria to be used for
remediation activities in Phase 1. These are specified in Table ES-2.]

U A summary of the ALARA evaluations performed to support the ES ES-1 9
decommissioning

P If the licensoe requests licence term~ination under restricted conRditions6, NA NA
the restrictions the liconsec intends to use to limit d96cs as rcquircd in 10
CPR Part 20.1403 or 20.1404, and a su'mmar of institu'tinal cOntrols

U If the lGiensee requests license termination nrder restricted conditions or NA NA
using alternate criteria, a summFary of the pu1blic participation actiVities
undertaken by the liconsop to comRply With 10 CFIR Pairt 29.1403(d) or
20.1404(a)(-4)

U] The proposed initiation and completion dates of decommissioning ES ES-19

U1 Any post-remediation activities (such as ground water monitoring) that the ES ES-19
licensee proposes to undertake prior to requesting license termination

U A .tatemnt that the lcne isre.ting that its license be amendcd NA NA
to incorperate the DP
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CONTENT SECTION PAGE

1. Introduction

Because of the complexities of the project, DOE has included an Introduction section. It
addresses matters such as the purpose of the plan and the scope of the Phase I proposed
decommissioning activities. It explains the background of the project, including the relationship
between the plan and the Decommissioning EIS and the general responsibilities of the
organizations involved. It describes the site conditions that would be in effect at the time the
proposed decommissioning activities begin, i.e., the interim end state. It explains the relationship
between Phase I and Phase 2.

The Introduction also briefly addresses the following matters covered by DOE procedures:

" Project management,

" Health and safety,

" Environmental monitoring and control, and

" The radioactive waste management program.

I1. FACILITY OPERATING HISTORY

II.a. LICENSE NUMBER/STATUS/AUTHORIZED ACTIVITIES

The radion'Jcl1dG s nrd maximum activities of radion'crides a-thorizd aRnd NA NA
u-sed undr tho cu-rrant Icenso

E The chemical forms of the radion'-cidcs authorized and used undr theF NA NA

ncurront icopno

SA. detailed description Of h.A.. tho ,rad•i•n.u.,ides are curr.ntly bi, g ,.. NA NA
at-the-site

9 The location(s) of use and storagc of the various radiOnuclides authozed NA NA
un•der curret Ii•e•ses

P A.sal drawing or mnap of the building or site and enviro~ns- s-how;ing the NA NA
current locationsb of radJionuc'lide uso at the site

z A 0ist of amendments to the IconseR since the last license renewal NA NA

Il.b. LICENSE HISTORY

D The radionuclides and maximum activities of radionuclides authorized and
used under all previous licenses

2.1
Table 2-1
Table 2-2
Table 2-3

2-2
2-2
2-3
2-3
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CONTENT SECTION PAGE

w] The chemical forms of the radionuclides authorized and used under all Table 2-1 2-2
previous licenses Table 2-2 2-3

Table 2-6 2-11
Table 2-7 2-13
Table 2-8 2-14
Table 2-9 2-18

L1 A detailed description of how the radionuclides were used at the site 2.2.1 2-5
2.1.2 2-15

Li The location(s) of use and storage of the various radionuclides authorized 2.2.1 2-5
under all previous licenses 2.1.2 2-15

D A scale drawing or map of the site, facilities, and environs showing Figure 2-3 2-22

previous locations of radionuclide use at the site Figure 2-4 2-23

Il.c. PREVIOUS DECOMMISSIONING ACTIVITIES

D A list or summary of areas at the site that were remediated in the past 2.2 2-19
Table 2-11 2-20

Also addresses additional remediation planned to achieve the interim Table 2-13 2-26
end state. Figure 2-5 2-24

Li A summary of the types, forms, activities, and concentrations of Table 2-11 2-20
radionuclides that were present in previously remediated areas Table 2-13 2-26

11 The activities that caused the areas to become contaminated 2.1.1 2-5
2.1.2 2-15

Li The procedures used to remediate the areas, and the disposition of 2.2.1 2-20
radioactive material generated during the remediation 2.2.2 2-20

Li A summary of the results of the final radiological evaluation of the Table 2-13 2-26
previously remediated area 2.2.2 2-30

Table 4-5 4-16
Table 4-6 4-16
Table 4-8 4-18

ui A scale drawing or map of the site, facilities, and environs showing the Figure 2-5 2-24
locations of previous remedial activity

Il.d. SPILLS

Does not include spills inside facilities that did not impact the environment.

EL A summary of areas at the site where spills (or uncontrolled
releases) of radioactive material occurred in the past

2.3 2-33
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CONTENT SECTION PAGE

El The types, forms, activities, and concentrations of radionuclides involved Table 2-16 2-35
in the spill or uncontrolled release Table 2-17 2-39

Table 2-18 2-41

wl A scale drawing or map of the site, facilities, and environs showing the Figure 2-3 2-22
locations of spills Figure 2-4 2-23

Figure 2-6 2-34
The locations of major spills are shown in the Figureures listed. The Figure 2-7 2-38

locations of minor spills are identified in Table 2-17 (page 2-39) and

Table 2-18 (page 2-41).

II.e. PRIOR ONSITE BURIALS

w1 A summary of areas at the site where radioactive material has been 2.4 2-42
buried in the past

Li The types, forms, activities and concentrations of waste and Table 2-19 2-43
radionuclides in the former burial Table 2-20 2-44

Table 2-21 2-45

L1 A scale drawing or map of the site, facilities, and environs showing the Figure 2-3 2-22
locations of former burials Figure 2-4 2-23

III. FACILITY DESCRIPTION

This section incorporates information from the DEIS. The SDA is not addressed.

IIl.a. SITE LOCATION AND DESCRIPTION

L The size of the site in acres or square meters 3.1.2 3-2

L1 The State and county in which the site is located 3.1.1 3-2

Li The names and distances to nearby communities, towns, and cities 3.1.1 3-2
3.2.2 3-29

ED A description of the contours and features of the site 3.1.2 3-2
Figure 3-3 3-91
Figure 3-4 3-92

E] The elevation of the site 3.1.2 3-2

L1 A description of property surrounding the site, including the location ofiall 3.1.4 3-24
off-site wells used by nearby communities or individuals 3.2.1 3-28

ED The location of the site relative to prominent features such as rivers and
lakes

Figure 3-1
Figure 3-2

3-89
3-90
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CONTENT SECTION PAGE

El A map that shows the detailed topography of the site using a contour Figure 3-3 3-91
interval Figure 3-4 3-92

L The location of the nearest residences and all significant facilities or 3.1.4 3-24
activities near the site

0 A description of the facilities (e.g., buildings, parking lots, and fixed 3.1.3 3-3
equipment) at the site

III.b. POPULATION DISTRIBUTION

El A summary of the current population in and around the site, by 3.2 3-28
compass vectors Figure 3-44 3-126

L A summary of the projected population in and around the site by 3.2.2 3-30
compass vectors [Projections not available by compass vector.]

III.c. CURRENT/FUTURE LAND USE

L A description of the current land uses in and around the site 3.3.1 3-33
Figure 3-45 3-127

L A summary of anticipated land uses 3.3.2 3-36

III.d. METEOROLOGY AND CLIMATOLOGY

LI A description of the general climate of the region 3.4.1 3-38

LI Seasonal and annual frequencies of severe weather phenomena 3.4.2 3-39

n Weather-related radionuclide transmission parameters 3.4.3 3-40

0 Routine weather-related site deterioration parameters 3.4.4 3-40

0 Extreme weather-related site deterioration parameters 3.4.4 3-41

LI A description of the local (site) meteorology 3.4.5 3-41

[I The National Ambient Air Quality Standards Category of the area in which 3.4.5 3-45
the facility is located and, if the facility is not in a Category 1 zone, the
closest and first downwind Category 1 Zone

III.e. GEOLOGY AND SEISMOLOGY

LI A detailed description of the geologic characteristics of the site and the 3.5 3-45
region around the site
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CONTENT SECTION PAGE

L1 A discussion of the tectonic history of the region, regional geomorphology, 3.5 3-45
physiography, stratigraphy, and geochronology

fl A regional tectonic map showing the site location and its proximity to Figure 3-55 3-137
tectonic structures

ED A description of the structural geology of the region and its relationship to 3.5 3-45
the site geologic structure

El A description of any crustal tilting, subsidence, karst terrain, landsliding, 3.5.3 3-49
and erosion

El A description of the surface and subsurface geologic characteristics of the 3.5 3-45
site and its vicinity

ED A description of the geomorphology of the site 3.5.3 3-49

0 A description of the location, attitude, and geometry of all known or 3.5.4 3-52
inferred faults in the site and vicinity

0 A discussion of the nature and rates of deformation 3.5.3 3-49

El A description of any man-made geologic features such as mines or 3.1.1 3-2
quarries

D A description of the seismicity of the site and region 3.5.5 3-58

0 A complete list of all historical earthquakes that have a magnitude of 3 or 3.5.5 3-58
more, or a modified Mercalli intensity of IV or more within 200 miles of Table 3-15 3-58
the site

III.f. SURFACE WATER HYDROLOGY

El A description of site drainage and surrounding watershed fluvial 3.6.1 3-62
features

El Water resource data including maps, hydrographs, and stream records 3.6.1 3-63
from other agencies (e.g., U.S. Geological Survey and U.S. Army Corps Figure 3-3 3-91
of Engineers)

L Topographic maps of the site that show natural drainages and man- Figure 3-3 3-91
made features Figure 3-4 3-92

L A description of the surface water bodies at the site and surrounding 3.6.1 3-62
areas

0 A description of existing and proposed water control structures and none -

diversions (both upstream and downstream) that may influence the site
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CONTENT SECTION PAGE

[I Flow-duration data that indicate minimum, maximum, and average 3.6.1 3-64
historical observations for surface water bodies in the site areas

L Aerial photography and maps of the site and adjacent drainage areas Figure 3-3 3-91
identifying features such as drainage areas, surface gradients, and Figure 3-4 3-92
areas of flooding

0 An inventory of all existing and planned surface water users, whose 3.6.4 3-65
intakes could be adversely affected by migration of radionuclides from
the site

0 Topographic and/or aerial photographs that delineate the 100-year Figure 3-4 3-92
floodplain at the site

El A description of any man-made changes to the surface water hydrologic No such -

system that may influence the potential for flooding at the site changes

III.g. GROUND WATER HYDROLOGY

[I A description of the saturated zone 3.7.1 3-67

E Descriptions of monitoring wells 3.7.2 3-679
4.2.8 4-56

Figure 4-12 4-61
Table B-15 B-41

L Physical parameters 3.7.3 3-70

ED A description of ground water flow directions and velocities 3.7.1 3-68
3.7.1 3-69

Figure 3-62 3-144
Figure 3-63 3-145
Figure 3-64 3-146
Figure 3-65 3-147

[I A description of the unsaturated zone 3.7.4 3-70

L Information on all monitor stations including location and depth Table B-15 B-41

El A description of physical parameters 3.7.3 3-70

D A description of the numerical analyses techniques used to characterize 3.7.7 3-72
the unsaturated and saturated zones

Li The distribution coefficients of the radionuclides of interest at the site 3.7.8 3-73
Table 3-20 3-76
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CONTENT SECTION PAGE

III.h. NATURAL RESOURCES

Li A description of the natural resources occurring at or near the site 3.8 3-79

D] A description of potable, agricultural, or industrial ground or surface 3.8.3 3-80
waters

El A description of economic, marginally economic, or subeconomic 3.8 3-79
known or identified natural resources as defined in U.S. Geological
Survey Circular 831

El Mineral, fuel, and hydrocarbon resources near and surrounding the site none -
which, if exploited, would effect the licensee's dose estimates

IV. RADIOLOGICAL STATUS OF FACILITY

Information on residual radioactivity and radiation levels in facilities is provided at a summary
level consistent with DOE having primary responsibility for the health and safety aspects of the
facility removal activities. Additional characterization would be performed in connection with the
proposed decommissioning activities as specified in Section 9.

IV.a CONTAMINATED STRUCTURES

L1 A list or description of all structures at the facility where licensed activities 4.1.2 4-5
occurred that contain residual radioactive material in excess of site Figure 4-1 4-7
background levels Figure 4-2 4-8

Figure 4-3 4-9
Figure 4-4 4-10
Figure 4-5 4-11

LD A summary of the structures and locations at the facility that the licensee 4.1.3 4-12
has concluded have not been impacted by licensed operations and the
rationale for the conclusion

^A lost .r description of cach room Or Work arca within each of theso NA NA
st~utu~es

IA summar,' of the background lovols usoed during ecpngo NA NA
charFaterization 6'.Veoy6

IA .umm.... of the loGations Of contamination in .ac.h room or work area NA NA

e A r rummar' ef the radIOnucdides preent at Ac/h loc•a.tio, th• Faxi•m, NA NA
and average radionuclide activities in dpmW10 Gn2 cmaAiof multiple
radionuclidos are' present, the raincld atios

IJ

no m Oe Of contamnatio for oacn suirace (.e., Wnone•r tne
radio~active mnaterial is prcsent onRly on the surface of the mnaterial or f
ha6 Penetratod the mnaterial

NA NA
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CONTENT SECTION PAGE

9 Thc maximum and averFage radiation le8Vels in mrm/hr in eaGch room or NA NA

WeFk-eaFea

9 A scale drawing or map of the rooms. or wor.k area sho•wing the locations NA NA
of radioucid!de material contamination

IV.b. CONTAMINATED SYSTEMS AND EQUIPMENT

9 A list or description and the location of all rsystems or equipmeinitat the NA NA
facility that contain residual radio~active material in excess; Of sitW
background levels

2 A summa. y of the radionuc.id. s present in each system Or On the NA NA
equipment at each location, the maximum and average radionuclide
actiVities iR dpm/!00cm2 , and, if multiple radincG-lides are present, the
radionuclide ratios

9 The maximu'm and average radiation leVels in mrem/hr at the s-rface of NA NA
each Piece of equipmenRt

l A summa.y of the backgrouRd levels used durin .. o... or NA NA
characterization surveys

2 A scale dra'ing or map of the ro.ms or w.. a..as showing the locations NA NA
of thc conantminatd systems or equipment

IV.c. SURFACE SOIL CONTAMINATION

Information provided focuses on the project premises using existing data, which are not available
for all locations on the project premises. Contamination in stream sediment is also addressed.

El A list or description of all locations at the facility where surface soil 4.2.3 4-29
contains residual radioactive material in excess of site background Figure 4-6 4-31
levels

E A summary of the background levels used during scoping or 4.2.2 4-25
characterization surveys Table 4-11 4-26

Figure B-1 B-3
Table B-1 B-4

L A summary of the radionuclides present at each location, the maximum 4.2.3 4-29
and average radionuclide activities in pCi/gm, and, if multiple 4.2.5 4-35
radionuclides are present, the radionuclide ratios

0 The maximum and average radiation levels in mrem/hr at each location

[Data are not available at sample locations.]

4.2.6 4-48
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[I A scale drawing or map of the site showing the locations of Figure 4-6 4-31
radionuclide material contamination in surface soil

IV.d. SUBSURFACE SOIL CONTAMINATION

Information provided focuses on the project premises using existing data, which are not available
for all locations on the project premises.

Ew A list or description of all locations at the facility where subsurface soil 4.2.4 4-30
contains residual radioactive material in excess of site background Figure 4-7 4-32
levels Figure 4-8 4-34

L A summary of the background levels used during scoping or 4.2.2 4-25
characterization surveys

E A summary of the radionuclides present at each location, the maximum 4.2.4 4-30
and average radionuclide activities in pCi/gm, and, if multiple 4.2.5 4-35
radionuclides are present, the radionuclide ratios

E The depth of the subsurface soil contamination at each location Figure 4-8 4-34
4.2.5 4-35

L A scale drawing or map of the site showing the locations of subsurface Figure 4-7 4-32
soil contamination Figure 4-8 4-34

IV.e. SURFACE WATER

[Information provided focuses on the project premises using existing data, which are not available
for all locations on the project premises.]

Ew A list or description of all surface water bodies at the facility that contain 4.2.7 4-53
residual radioactive material in excess of site background levels Figure 4-11 4-54

El A summary of the backgroundlevels used during scoping or Table 4-11 4-26
characterization surveys

ED A summary of the radionuclides present in each surface water body and Table 4-24 4-55
the maximum and average radionuclide activities in becquerel per liter
(Bq/L) (picocuries per liter (pCi/L)

IV.f. GROUND WATER

Information provided focuses on the project premises.

0 A summary of the aquifer(s) at the facility that contain residual radioactive 4.2.8 4-56
material in excess of site background levels

0 A summary of the background levels used during scoping or
characterization surveys

Table 4-11 4-26
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L A summary of the radionuclides present in each aquifer and the Table 4-25 4-57
maximum and average radionuclide activities in Becquerel per liter
(Bq/L) (picocuries per liter (pCi/L))

V. DOSE MODELING

V.a. UNRESTRICTED RELEASE USING SCREENING CRITERIA

Screening criteria are not used.

V.a.1. Unrestricted Release Using Screening Criteria for Building Surface Residual Radioactivity

P The gencral conceptual medel (fer both the So)urce tcm and the NA NA
building envieroment) of the rite

P A summay of the Gcreening m-ethod (i.e., •u.nning DaRdD or usiRg the NA NA
look up Tables) used in the DR

V.a.2. Unrestricted Release Using Screening Criteria for Surface Soil Residual Radioactivity

h Justification on the appropriatenes sof usn• g th, e • reeni•g approach NA NA
(for both the source teFrm andI the enViFronment) at the site

9 . summma,' of the screening method (i.e., ,n•niU and•.n or using the NA NA
leek up Tables) used in the D-P

V.b. UNREST11C"TED RELEASE USING SITE-SPECFIC IN FORMATION

Although no remediated areas would be released for unrestricted use during Phase 1,
information specified in this subsection is provided for development of DCGLs and cleanup
goals for surface soil, subsurface soil, and streambed sediment. The level of detail provided is
similar to that in the Decommissioning EIS.

L Source term information including nuclides of interest, configuration of the 5.1.2 5-2
source, and areal variability of the source

L Description of the exposure scenario including a description of the 5.2.1 5-20
critical group Figure 5-7 5-20

Figure 5-8 5-24
Figure 5-9 5-28

E Description of the conceptual model of the site including the source 5.2.1 5-20
term, physical features important to modeling the transport pathways, Figure 5-7 5-20
and the critical group Figure 5-8 5-24

Figure 5-9 5-28

E Identification/description of the mathematical model used (e.g., hand
calculations, DandD Screen v1.0, and RESRAD v5.81)

5.2.2 5-31
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L Description of the parameters used in the analysis Table C-1 C-3

0 Discussion about the effect of uncertainty on the results 5.2.4 5-35

L Input and output files or printouts, if a computer program was used App C C-1
Related CD

V.c. RESTRICTED RELEASE USING SITE-SPECIFIC INFORMATION

Although Phase I proposed decommissioning activities would not result in a restricted release, this
plan provides a limited site-wide integrated dose assessment to help place the Phase I proposed
decommissioning activities involving remediation of soil in the WMA I and WMA 2 excavations into
context with regard to supporting potential Phase 2 decommissioning alternatives. Information
provided on the topics in this subsection is limited to that necessary to support this assessment.
The level of detail is similar to that in the Decommissioning EIS.

[I Source term information including nuclides of interest, configuration of the 5.1.2 5-2
source, areal variability of the source, and chemical forms

L A description of the exposure scenarios, including a description of the 5.2.1 5-20
critical group for each scenario Figure 5-7 5-20

Figure 5-8 5-24
Figure 5-9 5-28

l A description of the conceptual model(s) of the site that includes the source 5.2.1 5-120
term, physical features important to modeling the transport pathways, and Figure 5-7 5-20
the critical group for each scenario Figure 5-8 5-24

Figure 5-9 5-28

El Identification/description of the mathematical model(s) used (e.g., hand 5.2.2 5-31
calculations and RESRAD v5.81)

El A summary of parameters used in the analysis Table C-1 C-3

[I A discussion about the effect of uncertainty on the results 5.2.4 5-35

L Input and output files or printouts, if a computer program was used App C C-1
Related CD

V.d. RELEASE INVOLVING ALTERNATE CRITERIA

DOE would not use alternative criteria.

2 Sourcc tcrm nUllides Of interelt, configuration of the NA NA
cource, areal Variability of the GOUrce, and chemical foFrme

J ....... •--• • • • .... [-- -- -- J & J• .ILL-

ae . c. cn6RpIDOn OT e expo.ure .... ar..., !.!ciua,,g a .O.... .... T Of!R9
critical group for each scenario

NA NA
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F=,-A description Of the cOnccpatual moedcl(s) of the site that includcs the soUrcc NA NA
term, physica features important to moedeling the tranSPE. pathwp... , and
the critical group for each ccenario
,4ldetificatio•,•;•4..ipti9n of tho mathematical mo4•del() used (e.g., hand NA NA

cac'u!ations aRd RES.RAD v5.8 )

2 A summar, of parameters usod'in the anglysis NA NA

P A diScussion about the offect of URncctainty on the results NA NA

, Input and output files or pRntuts, if a com.puter program vas used. NA NA

VI. ENVIRONMENTAL INFORMATION

11 Environmental information described in NUREG-1748 3 3-11

11 For an EIS, the environmental information is reviewed by the EPAD EIS Noted -
project manager

VII. ALARA ANALYSIS

The ALARA analysis focuses on the DCGLs for surface and subsurface soil and streambed
sediment.

0 A description of how the licensee will achieve a decommissioning goal 6.2 6-4
below the dose limit

0 A quantitative cost benefit analysis 6.3 6-6
6.4 6-9

11 A description of how costs were estimated 6.3.2 6-6

0 A demonstration that the doses to the average member of the critical 6.3 6-6
group are ALARA 6.4 6-9

VIII. PLANNED DECOMMISSIONING ACTIVITIES

The remediation tasks are described in general terms. Every room and area is not addressed since
decontamination would be limited and the facilities would be demolished. Typical remediation
techniques to be used are described in Section 7.11, starting on page 7-40. More detail would be
provided later in the Decommissioning Work Plan(s). Measures for preventing contamination or
recontamination of the site due to proposed decommissioning activities are addressed in Section
7.2.2 on page 7-6.

Section 3 provides a detailed description of the affected environment. All of the information specified in
NUREG-1748 is contained in the Decommissioning EIS.

Revision 0 A-1 5



WVDP PHASE 1 DECOMMISSIONING PLAN

CONTENT SECTION PAGE

VIll.a. CONTAMINATED STRUCTURES

El A summary of the remediation tasks planned for each room or area in the 7.3.3 to 7-14 to
contaminated structure, in the order in which they will occur 7.3.9 7-27

D: A description of the remediation techniques that will be employed in 7.11 7-40
each room or area of the contaminated structure

Li A summai~' of the radiation protcction mothods and conrol1 preccdures that NA NA
will be employed in each room o a•rea

9 A summar,' of the prccedures already Authorized u-nder the existing NA NA
liccnse and those for which approval is being rcgucsted in the DR

L A commitment to conduct decommissioning activities in accordance with 7.2.2 7-5
written, approved procedures

El A summary of any unique safety or remediation issues associated with 7.2.2 7-6
remediating the room or area

FA -F PA- 70 l..icensees, a umma.' of hew the licensee Will ensure that NA NA
the rcks addresised i4n theh facility's Integrated Safety Analysis well be

adeed- during decoFmmisioning

Vlll.b. CONTAMINATED SYSTEMS AND EQUIPMENT

L A summary of the remediation tasks planned for each system in the 7.3.3 to 7-14 to
order in which they will occur, including which activities will be conducted 7.3.9 7-27
by licensee staff and which will be performed by a contractor

El A description of the techniques that will be employed to remediate each 7-11 7-40
system in the facility or site

9 A desc..riptffionR of the radiation protection methods and control procodures NA NA
that will be empoe whie mediating cach system

L A summary of the equipment that will be removed or decontaminated and 7.3 7-9
how the decontamination will be accomplished 7.4.2 7-28

7.5 7-34

^A summare" of the procedures already authorized, undr the existing NA NA
"iconse and those for which approval is being requested in the DP

El A commitment to conduct decommissioning activities in accordance with 7.2.2 7-5
written, approved procedures

[I A summary of any unique safety or remediation issues associated with
remediating any system or piece of equipment

7.2.2 7-6
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SFer Pat 70 iconsees, a summa.r ' of how the licencee Will ensUro that NA NA
the rizkz addrocced in the facilityc Integrated Safety Analyi•. will be

adssd-during decommF:icionin

VIII.c. SOIL

l A summary of the removal/remediation tasks planned for surface and 7.3.8 7-19
subsurface soil at the site in the order in which they will occur, including 7.4.3 7-29
which activities will be conducted by licensee staff and which will be 7.7.4 7-39
performed by a contractor

0 A description the techniques that will be employed to remove or 7.3.8 7-19
remediate surface and subsurface soil at the site 7.4.3 7-29

7.7.4 7-39
7.11 7-47

9 A dosr5Giption of the radiation protoction Methods And control procedures NA NA
that will be empleyed during 6oil romovall remoediation

9 A summa." of the p...,duro. already autho.izd• under the exicting NA NA
license and those for w...hich approval ior being . .quo.tod in th• DP

L1 A commitment to conduct decommissioning activities in accordance with 7.2.2 7-5
written, approved procedures

11 A summary of any unique safety or removal/remediation issues 7.2.2 7-6
associated with remediating the soil

P For Part 70 licensees, a summa.y of how the licensee will ensure that NA NA
the ricks addressod in the facility's Intogratod Safe" Analysis, will be

VIII.d. SURFACE AND GROUND WATER

Surface water removed from the lagoons would be remediated in Phase I of the proposed
decommissioning, and groundwater removed from the WMA I and WMA 2 excavations would be
treated also.

El A summary of the remediation tasks planned for ground and surface 7.3.8 7-25
water in the order in which they will occur, including which activities will 7.4.3 7-33
be conducted by licensee staff and which will be performed by a
contractor

c] A description of the remediation techniques that will be employed to 7.3.8 7-25
remediate the ground or surface water 7.4.3 7-33

P= A descriptioAn ofthe ;radiaRtfion protectioRnmethods andcontrol proe)dure
that will be employed during ground orF surfaco water Fremediation

NA NA
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I A summayr of the procedures already authorized under the existing
Iiccnsc and these for which approval is bcing rcquested in the DPP

SECTION

NA

PAGE

NA

U A commitment to conduct decommissioning activities in accordance with 7.2.2 7-5
written, approved procedures

E0 A summary of any unique safety or remediation issues associated with 7.2.2 7-6
remediating the ground or surface water

VIII.e. SCHEDULES

0 A Gantt or PERT chart detailing the proposed remediation tasks in the Figure 7-15 7-49
order in which they will occur

U A statement acknowledging that the dates in the schedule.are contingent 7.12 7-48
upon NRC approval of the DP

U A statement acknowledging that circumstances can change during 7.12 7-48
decommissioning, and, if the licensee determines that the
decommissioning cannot be completed as outlined in the schedule, the
licensee will provide an updated schedule to NRC

, if the dec....omisioning ic no.t expected to be completed within the NA NA
timefr~amcz outfincd in NRC regulations, a roquest for alternative
schedule for c.o+plcting the decommissionig

IX. PROJECT MANAGEMENT AND ORGANIZATION

This ser•,,to fov•cw~ on p.ovvt , .anagonont and , ,ganizatioRn rlate• to th, final ,tatu6 upy]&.

Matters in this section are addressed by the DOE procedures identified in Section 1.6.

IX.a. DECOMMISSIONING MANAGEMENT ORGANIZATION

9 A description of the dccommissiEning organization NA NA

+ A description of the responsibilities of ef these decommissioning NA NA

UA description Of the reporting hierarchy within the decomsinnGAN
project m~anagement organization

th A decrsiption of the tespc
that decoEmnmissioning acti

)n1biIllty and authority of each unit to -eRe&4F NA NA
vities aFe GORGUR8 A- Ga. - MaRReF aRG IR

aGG0FdaRGew apVr-YadwFttenPF()GedUFes
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IX.b. DECOMMISSIONING TASK MANAGEMENT

^ A description of the ma.nno in which the decommissionin6 g tacks arc NA NA
m~anaged

9 A description of how individu-'al decommissioninig tacks are evaluated and NA NA
howA the RadiOation Work Permits (RWVPc) arc developed for each tack

9 A descriptionA of hew9 the RAIR; are reviewed and approved by the NA NA
decommFisc6iEning project manaagnemet organization

2 A description of hew RWPs arc managed throughout the NA NA
decommissioning project

2 A description of hew individuals peorF~ming the d8eomm~issionin~g tak NA NA
are-R iformezd of the procedures in the RVP-

IX.c. DECOMMISSIONING MANAGEMENT POSITIONS AND QUALIFICATIONS

El A description of the duties and Freponsibilities Of each m~anagement NA NA
position in the decommissioning organization and the reporting
recpensibility Of the position

9 A description of the duties and responsibilimties o~f eachcemicGal, NA NA
radiological, physical, and occupational safety related position in the
decomm~issioning organization and the reporting responsibility Of each

-E A description of the duties and responsibilities of each eniernNA NA
quality assurance, and waste m~anagementposto in te
decommFissioning organization and the reporting responsibility of
eash-pE)ditE)R

R The F*minium qualifications; for eac;;-h Of the pos6itionRs descrbe above, adNA NA
the qualifications of the individuals currently occu1pying the positions

P- A description of all decommissionin anid safet cemmiftoos NA NA

IX.d. RADIATION SAFETY OFFICER

SA description. o-f the health physics and radiation safet educationR an~d NA NA
expeienc reuired forF idvualsating as the licenseeA's RSO

P A description d f the responsibilities and- duie f the RSO NA NA

A descFiption of the specific autherity ef the RSO to implement and
manage the liccnsec'c radiationR protection program

NA NA

v
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IX.e. TRAINING

SECTION PAGE

2- A descriptionR of the-radiatioaet,' triig that the licensee will pro)vide to NA NA
eaeh-employee

z A desc.iption of any daily work...er"bside" or "tailgate" trai.nig that will be NA NA
provided at the beginning of each workday rjbtc t aiirz
workers with job specific p d Or saet requirements

z A description of the documentation that Will be maintained to NA NA
demonstrate that training co.m..mitment.. s. are being met

IX.f. CONTRACTOR SUPPORT

2 A summary' of decommising tak ht will be pe~formed by NA NA
contractors

z A description of the maragement int•, aces that Will be in place NA NA
between the site's management and onsite superIsors, and conRtractor
m~anagement and onsito super.isors

2l A descriptionR of the oerwsight responsibilities and authority that the NA NA
iGensee Will exercis overcotractor personnel

z A description. Of the- tr-aining that will be provided to contractor personel NA NA
by the licensee and the training that will be pro)vided by the contractor

.A co.mmitment that the cntractFo Will comply with all radiation safety NA NA

and license requirements at the facility

X. HEALTH AND SAFETY PROGRAM DURING DECOMMISSIONING: RADIATION
SAFETY CONTROLS AND MONITORING FOR WORKERS

Matters in this section are addressed by the DOE procedures identified in Section 1.7.

X.a. AIR SAMPLING PROGRAM

9 A. d6crfiption which demonstrates that the air sampling program is NA NA

representative of the worFkers breathing zonRes

El A desc•rition. of the c.rite-ri.a .hih demonstrates that air samplers with NA NA

appropriate sensitivities will be used, and that samples will be collected

at appropriate frequencies

E! A. descriptioAn of the cond-itio-ns unde hr wih air monitors will be used NA NA

2 A description of the criteria used to determine the fre-quency of NA NA
calibration of the flow meters On the afir samplers
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P= A description of the action levels.. fo .r -air ts; am.pling results NA NA

^ A descriptionR •f hoW minimum4Fn ,, d -tecT-able activities (IMDA) for each NA NA
specifi radionuclide that may be8 collected in air samples are
deteOR'e.ed

X.b. RESPIRATORY PROTECTION PROGRAM

Ei A doscriptienR ef the pro~ess conrols6, cnicrn otOlsFo NA NA
procedures to control coneno,"trations of radioactive materals in air

2 A descGption of the evaluation which will be pefermed when it is not NA NA
practical to apply engineering controlS or procedures

^A description of the considerations ud.. which demonstrates NA NA
respiratory pro~tection equipm~ent is appropriate for a specific task
based On the guidance OR assigned protection factors

A description of the m-edical screeRiRg and fit testing required before NA NA

Workers will use any respirator that is assigned a pretcctien factor

P= A descAPRpto Of the WritteR procedures maintained to adderess all the NA NA
elements of the respirator'; protection program

[^ A description of the usc, mnaintenance, and storage of respirato'' NA NA
protection devices

Ei A description of the e6spirato,'¥ equipment users trainn• program NA NA

Ei A description Of the censideratiOns made whcn selecting respirator,' NA NA
protection equipment

X.c. INTERNAL EXPOSURE DETERMINATION

^ A description o"f the monitoring to be pe•....ed to determine worker NA NA

^ A descriptio* of how worker intakes are dcc•m.incd using NA NA
measuer~em t6 of quantities of radionuclides- e 4rte 9rM, Or retaine
in the humnan body

^ A description of how wo..er intakes are det,-ied by m.easurements o NA NA
the Gocentrations oQf.;,;arbre radioaGtive materials in the workplace

9 A descriptionR Of hew WGrkcr intakes forF an adult, a mninr0, and a deacad NA NA
pregnant woman (DPWV) are determined usnln ebination of the
measurements above, as may be nocossar,'
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9 A description of how wodker intakes are convAerted into cemmifed effective NA NA

X.d. EXTERNAL EXPOSURE DETERMINATION

z A deccriGption of the in.0mdivihdual moniteo;Rg dev•ices which will be providd• NA NA
to-workers

9 A description Of the type, range, sensitivity, and accuracy of each NA NA
indiviual moitrig device

z A description of the USe of extremity and whole body monitors.when the NA NA
external radiationm field is non uniforFm

z A description. of when au dible alarm decimeters and pocket decimeters NA NA
Will be PFevided

9 A descr~iption of how oxternal doe from airboFrn radioactivo m~atorial is NA NA
deteFRO~ed

F A description Of the prccedure to insue that ure- ys.ecessar' to NA NA
supplement personn~el monitoring are pe~formcd

9 A description Of the actfion levels for wo~rke-r's; ekernal exposure, and te NA NA
technical bases a-nd- act-ioA-ns to beA ta;kenp w~hen the" are exceeded

X.e. SUMMATION OF INTERNAL AND EXTERNAL EXPOSURES

9 A descrption of how the internal and exrmal monitoring result .are us NA NA
o caluGlate TODE and TEFiDE doses to occupational w rIspoFS

[9 A descriptioAn of howq inte-rnal doses to the emnbr,'oletus, which is bae NA NA
On the intake of an occupationally exposed DPWV will be determ~ined

9 A description Of the menitering of the intake of a D)PW, if deteFrmie o NA NA
be Re~esswy

9 A description of the programR for the preparation, retentionR, and NA NA
reporting Of records for occupational radiation exposures

X.f. CONTAMINATION CONTROL PROGRAM

- A description of the w#rite procedures to conrol1 access to, and stay time NA NA
i n, contaminated areas by work~ers, if they are needed

9 A description of sur~eys to supplement personnel mGon~itrig for WOrkr NA NA
duFrig ro)utine operations, mnafintenance, clean up activities, and special
epefatUGR
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q-A dsc.iption Of the •ur1vys Which will be pe# .... d to dhteim*.. the NA NA
baselfine of background raito ylevl and radieactiVily fromF natural
cours~es forF aroas whore decomssoig actiVities Will take place

S^ `4..descriptioRn in mlatix oT er h * fm which d.. c;rn4b. NA NA

contamination actio limits (that , is, ction taken to ithe i

d8Octaminate a pemrso, place, or area, restrict access, or modif'; the
type Or frequency o~f radiological monRitoring)

9 A deScription (included in the matrix or Table mentioned above) ot NA NA
proposed radiological contamination guidelines forF specifying and
moedif,'ing the frequencGY for each type o~f survey used to assess the
reduction of total contamination

9 A d0esription of the pro.edures used to test sealed Esources, and to NA NA
insure that sealed sources are leaked tested at appropriate intervals

X.g. INSTRUMENTATION PROGRAM

9 A de.G.,scription of the ins.truments. to be us..ed to .upp... the health aRnd NA NA

safety-PFegFaR~

^ A de6sciption of instrumentation sor.age, calibration, and mainten•anc NA NA
fac!iities for instruments used in field su-veys

SA desrirption of the method used to estimate the MVDC Or MDA (at h NA NA
95 percent conRfidence level) for each type of radiation to be detected

9 A description of the instrument calibration and qualit' assurance NA NA

- A description of the methods used to estimate URce~tainty bounds frNA NA
each type of instriumental meas'urement

9 A description of air sam.pling calibration procedures or a statemet that NA NA

the instrumnents will be calibrated by an accredited laberateoy

X.h. NUCLEAR CRITICALITY SAFETY

9 A des..iptmi-Rof how the N. S functios, i.nciuding management NA NA
responsibilities and technical qualifications of 6a"e#e' peRsonnel, will be
maintained when needed throughout the deocmmissioning process

----------------...... --- --- i id_ :•kA ilA

MU0SGriptiion of new an awaeRr
relied on fe safety will be 1 ai;n
ameng all pe1rsonne, with ae8e

,e

ta

66 O Pruccuuz an~
Red throughout deecE
to systems that may
mounts forF criticalityj

-GE)RaiR

I NPM IN/-%

00 "MCI " "10-m-NO. m" M-1-1 ... tý tv " C3
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SA summa,' of the roe iew ef NCSA's or the ISA indicating either that the NA NA
proceSS needS no) neW Gaft* Prooedurcz Or rcquirements, or that nevi
requirements or analysis have boon peofermod

2 A summa,; of any gene,4 NCS re.uiromon.ts to -e applied to general NA NA

decommisionin. ...g, dectamination, or dismantlement operation..,
including theoe dealing with systems that may unexpectedly cOnt"in

fiSSionable material

X.i. HEALTH PHYSICS AUDITS, INSPECTIONS, AND RECORDKEEPING PROGRAM

9 A general decrip•tion of the annual progr, m revieW G•edU.ted by NA NA
executive m~anagement

P A description of the records to be maintained of the annual program review NA NA
and executive audits

9 A desEcription of the typos and frequenc~ies of SUP.49Ys and audits tob NA NA
pOrfrmed by the RSO aRd RSO staff

^A deSciptiE) of the process used in evaluating a•d dealing with vielations NA NA

of NRC requirements or lcenise commitments identified during audits

E A description ef the records maintained of RSO audits NA NA

XI. ENVIRONMENTAL MONITORING AND CONTROL PROGRAM

Matters in this section are to be addressed by the DOE procedures identified in Section 1.8.

XI.a. ENVIRONMENTAL ALARA EVALUATION PROGRAM

fl A description of ALARA goals for effluent conrol1 NA NA

9 A description of the procedures, engineering contros, and pro.ess• NA NA
controls to maintain doses ALARA.

zA description of the ALARA. reviews and Fepefs to manaagement NA NA

Xl.b. EFFLUENT MONITORING PROGRAM

9 A demonstation that background and baselfine concenraUtions ot NA NA
radionuG1ides in enviromental med•a have been osTablelishod through

appro~priate sam~pling and analysis,
z, A description of the knw-n er expected concentrations of radionuclides NA NA

.. .±L .. . L u -- u_ iJ L... U • ! .. A
I

radinu'clides in eff'lents
rnumicgclnl GnFaGT•TrFIlT 0T 1141-%
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.A summary or diagram of all effluent discharge locations NA NA

z A demonstration that samplsile representatie f .a-,tual releases NA. NA

S A summar-y of the sample collection and ana!ysis procedures NA NA

A Awmma•y of the sample collctio frequencies NA NA

, A description of the enviGronental monitoring recording and repo.ing NA NA

. .A description of the quality assurance program to be established and NA NA

implemented for the effluent mon40itrig program

XI.c. EFFLUENT CONTROL PROGRAM

^ A descrfiption f the con.1tols that will bhe used to minimi-ze rele of NA NA
radioactive material to the envi-ronment

9 A summary of the action levels and a description of the actions to be NA NA

taken should a limit be exceeded

^ A dec•Fiptio• n fthe leak detec•t i.systems. for. ponds, lagoons, and NA NA

tanks

^A desptiO f te p uest enure that releases to sewerF sytem.s NA NA
-a~re co n-.t.roll e d and mainr;t- ain e dd- o mi.Aeet t he re9quiremenFR8Rts oef 10 C-F R

A Asummaryeofthe estimates of doses to the public fromF effluents ana NA NA
description Of the method used to estimate public dose

XlI. RADIOACTIVE WASTE MANAGEMENT PROGRAM

Matters in this section are to be addressed by the DOE procedures identified in Section 1.9.

XII.a. SOLID RADWASTE

A summa' of the types Of 6soid radwaste that are expected to be NA NA
ge•eFrated during decommisioning orartions

A summary of the estimated volume, in cubic feet, of eah solid, radwast NA NA
type summarized in Line 1 aboeve

S A summary of the radionuclides (including the estimated activity of each NA NA
Radionuclide) in each estimated solid radwaste type summarized in Line
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9 A summary of. the o e. of Class A, B, C, and Greater than NA NA
Class C solid radwaste that will be gencratod by decmiGinn
operatiens

9 A descriptior of hew and where ach of the solid rad-asto summarizedE NA NA
in1in 1 RAbVe Will be8 stored onsite prier to shipment forF disposal

, A descri.ptin* of hew the cach of the solid .adwastes summari.ed NA NA
Line I above will be treated and packagcd to mneet disposal site
acceptance crFiteria prior to shipment for disposal

flif appropriate, how the liconseo intends to m~anage volumnetrically NA NA
contaminated material

n A description of how the licensee will prevent contaminated soil, or 7.2.2 7-6
other loose solid radwaste, from being re-disbursed after exhumation
and collection

ZThe name and locGatfionR of the disposal facility that the licensee NA NA
inRtends to use for each solid radwaste type sumnmarized in Line 1

XII.b. LIQUID RADWASTE

2 A summary ofthe types of liquid radwaste that are expected to be NA NA
geneated during decom)mFisioi opeaitions

A .ummary of the estimated volume, in liters, of each liquid NA NA
radwaste type s~um~marized in Line I above

ZA summar,' of the radiOnuclfides (including the estimated activity et NA NA
each radionuclide) in each liquid radwaste type summarized in Line I

F A summary of the estimated volumes of Class A, B, C,•• id Gr.ate NA NA
than Class C liquid radwaste that will be generated by
decomm~issionRing operationS

^ A description of how and wA..here eac..h of the liquid radwastes NA NA
uimmarized in Line I above will be Stored nseP Fprier to shipm for

disposal

Ae9816R19119-M OT. ROwI. IRA- oan Of Mne liquid Fadwacios s, MM~R:Acu
Line 1 abohve- will be treated and packaged to mneet disposal site
acceptance criteria prier to shipment, for disposal

IN1M 114
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Z ;The name andloc~a~tion. Of the disposal facility that the licensee NA NA
i ntcnds to use for cac~h liquid radwaste type summarizcd in Line 1
aboe~s

XII.c. MIXED WASTE

Q A summary of the typos of selid and liquid mixed waste that are NA NA
oxoce to boI genRGatod during docommFisionin oporationns

fl A summa... of the estimated volumes in cubic feet of each solid mixed NA NA
waste typo sumnmarizeod in Lin. 1 above, and in liters fo•rach liquid
rAeMd waste

2 A summarof th e radionuclidcs (incluyding the estimatod actiVity of each NA NA
radu .... d) in; each typo of Mixed waste typ'p summarized in I ino 1

above

A summaw,' of the estimated volu'mes of Class A, B, C, and Greater than NA NA
Class C mixed- w I.'aaste that wNill be generated by decomm•lissi•onig

epewatiGRSS

A description of how ard where each of the mixed wastes sl umar;izd Zin NA NA
Lie 1 above will be StAord PRiR M

T A description of how the each of the mixed wastes summarzed ingLinee1 NA NA
above will be treated and packaged to mneet disposal site acceptance
criteria prior to shipment forF disposal

lThe nuamet and location of the disposal facility that the licnsee intend NA NA
use for each mnixed waste type summnRai;rie~d in Line 1 aboeve

E A discussion of the requirements of all other megulator, agencies having NA NA
juRisdiction over the Amixed wste

2 A demonstration the that the licensoe posrsersses the appropriate EPA Or NA NA
State permits to generate, store, and/or treat the mixed wastes

XIII. QUALITY ASSURANCE PROGRAM

This section focuses on characterization surveys, the final status survey, engineering data,
calculations, and dose modeling.

XIII.a. ORGANIZATION

0 A description of the QIA program management organization 8.1 8-2

Figure 8-1 8-2
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0 A description of the duties and responsibilities of each unit within the 8.1.1 8-3
organization and how delegation of responsibilities is managed within 8.1.2 8-4
the decommissioning program

0 A description of how work performance is evaluated 8.2 8-4

0 A description of the authority of each unit within the QA program 8.1.1 8-3
8.1.2 8-4

D An organization chart of the QA program organization Figure 8-1 8-2

Xlll.b. QUALITY ASSURANCE PROGRAM

El A commitment that activities affecting the quality of site 8.3.1 8-7
decommissioning will be subject to the applicable controls of the QA
program and activities covered by the QA program are identified on
program defining documents

L A brief summary of the company's [DOE's] corporate QA policies 8.3.1 8-7

El A description of provisions to ensure that technical and quality assurance 8.3 8-6
procedures required to implement the QA program are consistent with
regulatory, licensing, and QA program requirements and are properly
documented and controlled

L A description of the management reviews, including the documentation of 8.1.1 8-3
concurrence in these quality-affecting procedures 8.2.1 8-5

8.2.2 8-6

El A description of the quality-affecting procedural controls of the principal 8.2.1 8-4
contractors 8.2.2 8-5

8.2.3 8-6
8.3.2 8-7

L A description of how NRC will be notified of changes (a) for review and 8.3.1 8-7
acceptance in the accepted description of the QA program as presented
or referenced in the DP before implementation and (b) in
organizational elements within 30 days after the announcement of the
changes

L A description is provided of how management regularly assesses the 8.8 8-12
scope, status, adequacy, and compliance of the QA program

0 A description of the instruction provided to personnel responsible for
performing activities affecting quality

8.2.1
8.2.2
8.2.3
8.3.2

8-4
8-5
8-6
8-8
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E A description of the training and qualifications of personnel verifying 8.3.1 8-7
activities

L For formal training and qualification programs, documentation includes the 8.9 8-13
objectives and content of the program, attendees, and date of
attendance

El A description of the self-assessment program to confirm that activities 8.8 8-13
affecting quality comply with the QA program

El A commitment that persons performing self-assessment activities are 8.8 8-13
not to have direct responsibilities in the area they are assessing

Ll A description of the organizational responsibilities for ensuring that 8.1.1 8-3
activities affecting quality are (a) prescribed by documented 8.1.2 8-4
instructions, procedures, and drawings and (b) accomplished through
implementation of these documents

E A description of the procedures to ensure that instructions, 8.3.1 8-7
procedures, and drawings include quantitative acceptance criteria and
qualitative acceptance criteria for determining that important activities
have been satisfactorily performed

XIII.c. DOCUMENT CONTROL

11 A summary of the types of QA documents that are included in the 8.4 8-11
program

Ll A description of how the licensee develops, issues, revises, and retires QA 8.4 8-11
documents

XIII.d. CONTROL OF MEASURING AND TEST EQUIPMENT

EL A summary of the test and measurement equipment used in the 8.5 8-12
program

11 A description of how and at what frequency the equipment will be 8.5 8-12
calibrated 9.4.3 9-11

[I A description of the daily calibration checks that will be performed on 8.5 8-12
each piece of test or measurement equipment

El A description of the documentation that will be maintained to
demonstrate that only properly calibrated and maintained equipment
was used during the decommissioning

8.5 8-12
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XIII.e. CORRECTIVE ACTION

[I A description of the corrective action procedures for the facility, 8.7 8-12
including a description of how the corrective action is determined to be
adequate

U A description of the documentation maintained for each'corrective 8.7 8-12
action and any follow-up activities by the QA organization after the
corrective action is implemented

XIII.f. QUALITY ASSURANCE RECORDS

[j A description of the manner in which the QA records will be managed 8.9 8-13

El A description of the responsibilities of the QA organization 8.1.1 8-3

E A description of the QA records storage facility 8.9 8-14

Xlll.g. AUDITS AND SURVEILLANCES

U1 A description of the audit program 8.8 8-14

U A description of the records and documentation generated during 8.8 8-14
the audits and the manner in which the documents are managed

E A description of all follow-up activities associated with audits or 8.8 8-14
surveillances

E A description of the trending/tracking that will be performed on the results 8.8 8-14
of audits and surveillances

XIV. FACILITY RADIATION SURVEYS

XIV.a. RELEASE CRITERIA

The Phase I DP focuses on DCGLs for surface soil. subsurface soil, and streambed sediment.
DCGLs are provided in Section 5 only to avoid duplication. Note that cleanup goals below the
DCGLs are specified in Section 5 in Table 5-14 on page 5-48 - these are the criteria to be used
for remediation activities in Phase 1.

11 A summary Table or list of the DCGLw for each radionuclide and Table 5-14 5-48
impacted media of concern [Table 5-14 prov/ides the cleanup goals.]

If Class 1 survey units are present, a summary Table or list of area
factors that will be used for determining a DCGLEMC for each
radionuclide and media of concern

Table 9-1
Table 9-2
Table 9-3

9-3
9-3
9-4
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ED If Class 1 survey units are present, the DCGLEMC values for each Table 5-14 5-48
radionuclide and medium of concern

L If multiple radionuclides are present, the appropriate DCGLw for the NA NA
survey method to be used [A DCGLw for a surrogate radionuclide would
be developed if practicable after additional characterization data are
obtain during Phase I proposed decommissioning activities.]

XIV.b. CHARACTERIZATION SURVEYS

El A description and justification of the survey measurements for impacted 9.2.4 9-6
media 9.4 9-8

9.7 9-22

El A description of the field instruments and methods that were used for 9.4 9-10
measuring concentrations and the sensitivities of those instruments and Table 9-4 9-10
methods

El A description of the laboratory instruments and methods that were used 9.4.1 9-10
for measuring concentrations and the sensitivities of those instruments 9.4.3 9-14
and methods

l The survey results, including tables or charts of the concentrations of Table 2-10 2-19
residual radioactivity measured [The report of additional characterization Table 2-19 2-43
to be performed early in Phase I of the proposed decommissioning Table 4-3 4-15
would present data in tables and figures similar to those in Section 2 Table 4-4 4-15
and Section 4.] Table 4-5 4-16

Table 4-6 4-16
Table 4-8 4-18
Table 4-9 4-20

L Maps or drawings of the site, area, or building, showing areas classified Figure 4-1 4-7
as non-impacted or impacted [The drawings provided in Section 4 Figure 4-2 4-8
would be confirmed or revised when additional characterization data Figure 4-3 4-9
become available early in Phase 1 of the proposed decommissioning.] Figure 4-4 4-10

Figure 4-5 4-11

0 Justification for considering areas to be non-impacted [The justification 4.1.3 4-12
provided in Section 4 would be confirmed or revised when additional
characterization data become available early in Phase I of the
proposed decommissioning.]

L A discussion of why the licensee considers the characterization survey to
be adequate to demonstrate that it is unlikely that significant quantities
of residual radioactivity have gone undetected [The subsections of
Section 9.7 provide justification for both previous and planned
characterization measurements by WMA.]

9.7 9-22
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0l For areas and surfaces that are inaccessible or not readily accessible, 9.4.1 9-11
a discussion of how they were surveyed or why they did not need to be
surveyed

El For sites, areas, or buildings with multiple radionuclides, a discussion 9.4.1 9-8
justifying the ratios of radionuclides that will be assumed in the final
status survey or an indication that no fixed ratio exists and each
radionuclide will be measured separately

XIV.c. IN-PROCESS SURVEYS

El A description of field screening methods and instrumentation 9.5 9-15

El A demonstration that field screening should be capable of detecting 9.5 9-15
residual radioactivity at the DCGL [As indicated in Section 9.5, methods Table 9-5 9-18
and instruments for in-process surveys would be similar to those used
during characterization and final status surveys. The field instruments
suitable for scanning soil would not be able to detect non-gamma
emitting radionuclides.]

XIV.d. FINAL STATUS SURVEY DESIGN

Phase 1 final status surveys would be performed in cases where the proposed decommissioning
activities would make an area inaccessible for later final status surveys and confirmatory surveys.
These surveys would be managed as final status surveys although a potential for
recontamination may exist in certain areas. Details would be provided in the Final Status Survey
Plan.

LD A brief overview describing the final status survey design 9.6.1 9-15

0 A description and map or drawing of impacted areas of the site, area, or 9.6.1 9-17
building classified by residual radioactivity levels (Class 1, 2, or 3) and
divided into survey units with an explanation of the basis for division into
survey units [Survey units would be specified in the Final Status Survey
Plan as indicated in Section 9.6.1 on page 9-17.]

Ll A description of the background reference areas and materials, if they will 9.6.1 9-17
be used, and a justification for their selection [Details would appear in
the Final Status Survey Plan.]

Li A summary of the statistical tests that will be used to evaluate the 9.6.1 9-20
survey results [Details would appear in the Final Status Survey Plan.]

0 A description of scanning instruments, methods, calibration, operational
checks, coverage, and sensitivity for each media and radionuclide

Table 9-5 9-18
9.6.1 9-18

0
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[I For in-situ sample measurements made by field instruments, a Table 9-5 9-18
description of the instruments, calibration, operational checks, 9.6.1 9-18
sensitivity, and sampling methods, with a demonstration that the
instruments and methods have adequate sensitivity [The only field
instruments planned for use are the instruments in Table 9-5 on page
9-18.]

El A description of the analytical instruments for measuring samples in 9.6.1 9-18
the laboratory, as well as calibration, sensitivity, and methods with a
demonstration that the instruments and methods have adequate
sensitivity

L1 A description of how the samples to be analyzed in the laboratory will be 9.6.1 9-19
collected, controlled, and handled

0 A description of the final status survey investigation levels and how they 9.6.1 9-16
were determined

[I A summary of any significant additional residual radioactivity that was not 9.6.1 9-16
accounted for during site characterization

El A summary of direct measurement results and/or soil concentration 9.6.1 9-16
levels in units that are comparable to the DCGL, and if data is used to
estimate or update the survey unit

Ll A summary of the direct measurements or sample data used to both 9.6.1 9-17
evaluate the success of remediation and to estimate the survey unit
variance

XIV.e. FINAL STATUS SURVEY, REPORT

DOE is addressing each checklist topic as a requirement for the report.

U] An overview of the results of the final status survey 9.8.1 9-37

El A discussion of any changes that were made in the final status survey from 9.8.2 9-37
what was proposed in the DP or other prior submittals

Ui A description of the method by which the number of samples was 9.8.3 9-37
determined for each survey unit

U A summary of the values used to determine the number of samples and 9.8.4 9-37
a justification for these values

EU The survey results for each survey unit include: 9.8.5 9-37

- The number of samples taken for the survey unit; 9.8.5 9-37
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- A description of the survey unit, including (a) a map or drawing of 9.8.5 9-37
the survey unit showing the reference system and random start
systematic sample locations for Class 1 and 2 survey units and
random locations shown for Class 3 survey units and reference
areas, and (b) a discussion of remedial actions and unique
features;

- The measured sample concentrations in units that are comparable 9.8.5 9-37
to the DCGL;

- The statistical evaluation of the measured concentrations; 9.8.5 9-38

- Judgmental and miscellaneous sample data sets reported separately 9.8.5 9-38
from those samples collected for performing the statistical
evaluation;

- A discussion of anomalous data, including any areas of elevated 9.8.5 9-38
direct radiation detected during scanning that exceeded the
investigation level or measurement locations in excess of DCGLw
and

- A statement that a given survey unit satisfied the DCGLw and the 9.8.5 9-38
elevated measurement comparison if any sample points exceeded
the DCGLw.

L A description) of any changes in initial survey unit assumptions relative to 9.8.6 9-38
the extent of residual radioactivity (e.g., material not accounted for
during site characterization)

[I A description of how ALARA practices were employed to achieve final 9.8.5 9-38
activity levels

D If a survey unit fails, a description of the investigation conducted to 9.8.7 9-38
ascertain the reason for the failure and a discussion of the impact that the
failure has on the conclusion that the facility is ready for final radiological
surveys and that it satisfies the release criteria

Li If a survey unit fails, a discussion of the impact that the reason for the 9.8.8 9-38
failure has on other survey unit information

XV. FINANCIAL ASSURANCE

This matter is not applicable to the Phase I DP consistent with 10 CFR 30.35(f)(4).

XV.a. COST ESTIMATE

9 M G96 estimaite tnat appears le be rzjsed GR uucurriurieu ajri Fea6GrAAuiu pIN^ 1141A

Revision 0 A-34



WVDP PHASE 1 DECOMMISSIONING PLAN

CONTENT SECTION PAGE

XV.b. CERTIFICATION STATEMENT

[ The cert6fication statemeRnt is based en. the lcensed possession imits and NA NA
the applicable quantities specified in 10 CFR 30.35, 10.36, or 70.25

P The licensee is eligible to use a certification. Of fiacalWassrane and, itNA NA
eligible, that the - amount is apprpriate

P The financial assurance mecGhanim6 supplied by the licGRenecostsf NA NA
one or more of the following isrmns

Trus6t fund;IL

ESreow accounte;

GoveFrnment fund;

Cetiftiate ef deposit;

Deposit Of gIovernment securfities;

Surety Ibonid;

L~etter Of credit;

Line of credit;

Paret comFpany guarantee;

Self guarantee;

External sinking fund;

Statement Of intent; Or

By special arrangements with a government entity assumfing
custody Or ownership of the site.

XV.c. FINANCIAL MECHANISM

.The financial asswranGe m.echanis is an originally signed duplicate NA NA

SThe wrigOf the financial assur~ance mnechanism idnia to the NA NA
recommended worFding provided in Appendix Fm of this doculment

I:- - -.. ~.*.j ...... a~ r'n n.... IA KI A
H flE)F a IUUeRbUU ieuyu:tu uuuur Al L-rfl rjt 72, a.~

identified in the DIP forF adjusting the financial assurance funding level
over any storage and sur.'ellanco period

I •I#'% I •I#'%

Revision 0 A-35



WVDP PHASE 1 DECOMMISSIONING PLAN

CONTENT SECTION PAGE

SThe amount of finan. ial assuranc. oerage provided b, the Iicen. ee for NA NA
sit cotro an manteanc isat least as groat as that calculated using

the formula provided inthis NURE=G

XVI. RESTRICTED USE/ALTERNATE CRITERIA

Because there would be no facility or property release associated with the Phase 1 of the
proposed decommissioning, this section does not apply.

XVI.a. RESTRICTED USE

XVI.a.1. Eligibility Demonstration

9 A demonstratfionR that the bhenefit-s o f dos e red uction are loss than the cost NA NA
of does,9, injuries, and fatalities

2 A demonsRtration that the proposed residual;-; rad-inoarcivit' levels at the Site NA NA
a-e-ALA

XVI.a.2. Institutional Controls

DOE would continue to manage the project premises after completion of the Phase I proposed
decommissioning work until the actions required by the WVDP Act have been completed.
DOE's site management plan for the post-Phase I period would provide de facto institutional
control of the site during this period. Accordingly, DOE would briefly describe this plan,
addressing the topics identified as applicable below as they apply to the post-Phase I period
under DOE control.

r; A description of the legally enfrcneable nresetituti cr and ft'-rl G do- an NA NA
explanation of how the institutional control is a legally enforcoeablo
nqeGha~iF

9 A description of any detrimnents aSSeciated with the mainte-n-ance of the NA NA
institutional control(s)

9 A descr~iption of the restrictions On prese nt and- fu-ture- landoWners- NA NA

El A description of the entities enforcing, and their authority to enforce, the App D D-23
institutional control(s)

L1 A description of the design features of the site that support institutional App D D-23
controls

El A discussion of the durability of the institutional control(s), including the App D D-5
performance of any engineered barriers used

9 A description of the activities that the entity with the authority to enforce
the mi c l m elu ake to enfore thei
GOR#01e6

NA NA
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pA description of the manner in which the entity With the authority to NA NA
enforce thei•nsti0tutna•l control(s) •ill e rb"eplacd if that entity is no

longer willing or able to enforce the intttonlcnrol1(s) (this May not
be needed forF Federal Or State entities)

2 A desc•iptinr of the duration Of the instituwtEioa cntrol(s), the basis for the NA NA
duration, the conditions that w"l end the institutional contro•l•.•), and the
activities that will be undertakcRn o end the instituti•Ral ,ntrl-.(s)

.A descrption of the plans for corretyive actions that ma" be unde.taken in NA NA
the event the ,instiRtutonl control\s) fail

2 A descr+iPtin oh r ptaing to the i.nstitutina-l control, how NA NA
andy wh~ere will" the" will be maintained, and how the public will have
access to the recorFds-

XVI.a.3. Site Maintenance and Financial Assurance

SA demons.tration that an appropriately qualified entity has been provided NA NA
to centreo and maintain the site

[I A description of the site maintenance and control program and the basis App D D-10
for concluding that the program is adequate to control and maintain the
site

2 A d lescr-ption f the arrang.emet or contrac.. t w.,-,ith the entity charged with NA NA,
carrying out the actionRs ne~essary to m~aintain coAntrol. at-th site

2 A demonstration; that the .. ontrast or arrangement wi remain in a 1R effel NA NA

as .long as. feasible, and include provisions for renwig or rep!acing the
seekeet

F A description -of the m.-Anner in which independent oversight of the entity' NA NA
charged with , min*taRn*i• the sit will be condcted and what '"t, Will"'
connduc-t the oversi0ght

2 A demonstra~tionR that the entity providing the oversight has the au- thority NA NA
to replace the entity charged with maintaining the site

2 A descriptionR of the autheorty granted to the third pa~t' to pedorm, ohaeF NA NA
pe~brmed, an" necessary mnaintenance activities

2 Unl~ess the entity is a government enRtity, a demons~tration tha-t the9 third- NA NA
part',' is nt the entity holding the financial assurance mechanismA

A. m o,,nsrwaion.t-a su,,ine, rocoras ovyideRin, to onciai acCions an, IN1M 11/M
I i i . . ..

T'anancal o~avmnGts made bv the tire oanvy are oon Wo EounIii ispetio
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A A descrption of the pe..di to•48 inspec;tion- that will be perfomed by tho NA NA
thfird pa~ty, including the frequency of the inspection

A A copy of the financial assurance mnechanism provided by the licensee NA NA

SA demRonStration that the amount Of financial assurance provided isNA NA
sufficient to allow an independcnt third party to cam.' out any neceSSa..'
contreo and maintenance activities

XVI.a.4. Obtaining Public Advice

This section does not apply because public advice is not being sought under the provisions of 10
CFR 20.1403(d) to support license termination under restricted conditions.

2 A description of how individuals and institutions that may be affected by NA NA
the decom~missoigwr i de~ntified And informed of the eppeotwnet' to
provide adviGce to th lics

9 A dOscription of the manner in -hich the licensee obtained advi:ce from NA NA
theseA individu als oristttin

9 A descrfiption o rf howA~ the ficensee provided for padicipation by a broa NA NA
crosssectOn f commRunity interests in obtaining the advice

9 A doscription of hew; the .....e.... provided f. .a comprehensive, NA NA
coGlletive disoussion n the issues by the paFicipaRnt repFrFeeted

Q A copy of the publicly av.aila"ble, sumar,•,-,,ay of the rest As nf NA NA

discussGions, including individual viewpoints Of the patdicpants on the
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WVDP PHASE 1 DECOMMISSIONING PLAN

APPENDIX B

ENVIRONMENTAL RADIOACTIVITY DATA

PURPOSE OF THIS APPENDIX

The purpose of this appendix is to provide information on radioactivity in

environmental media to supplement information in Section 4.2. This appendix
discusses how radionuclide-specific and media-specific background values were
developed and describes the methods used to determine whether specific areas of
the site have been impacted (i.e., contain media with radioactivity concentrations in

excess of background).

INFORMATION IN THIS APPENDIX

This appendix identifies locations used in establishing background radioactivity
concentrations and methods used for calculating these concentrations. It also
provides tables of background summary data for each environmental medium,
explains methods used to evaluate concentrations exceeding background in onsite
environmental media, provides tables of radionuclide ratios, and provides summary
data of radioactivity concentrations and status with respect to background at onsite
routine monitoring locations. Supplementary data for groundwater sampling points
(e.g., location coordinates, sample depth, geologic unit) are also provided.

RELATIONSHIP TO OTHER PARTS OF THE PLAN

The information in this appendix supplements that provided in Section 4.2 and
supports planning for additional characterization of soil and sediment to be
performed early in Phase 1 of the proposed decommissioning in accordance with
the Characterization Sample and Analysis Plan described in Section 9.
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1.0 Locations Used for Background Calculations 0
Samples of surface soil, sediment, surface water, and groundwater are routinely

collected from background locations (i.e., "control" or "rference" locations) as part of the
WVDP Environmental Monitoring Program Plan (WVES 2008a) and the WVDP

Groundwater Monitoring Plan (WVES 2008b). Environmental radiation measurements are
also taken with thermoluminescent dosimeters (TLDs) at background locations as

described in the Environmental Monitoring Program Plan. Location designators beginning
with a "W" indicate a water sample. Those beginning with an "S" indicate soil or sediment
samples. A designator beginning with a "D" indicates direct measurement of environmental
exposure.

1.1 Surface Soil

Surface soil samples were collected annually until 2004, when the collection period was

reduced to once every three years. Data from only two background locations were

available. One (SFGRVAL, located at the air sampling station in Great Valley) is the
primary (and current) background location. The other (SFNASHV, located at the former air

sampling station at Nashville) was discontinued in 2003. (See Figure B-I.) Therefore, few
data points were available to calculate surface soil backgrounds.

To increase the number of data points for estimating background radionuclide

concentrations, data from soil collected at other offsite sampling locations (i.e., at perimeter
locations and in the nearby communities of West Valley and Springville) were evaluated for
the possibility of using data from each in soil background calculations. Data sets for each

radionuclide from each soil sampling location (1995-2007) were statistically compared with
the comparable data set from the primary background location, SFGRVAL, using the
nonparametric Mann-Whitney U-test (Sheskin 1997). The null hypothesis being tested was
that the median of the test data set was higher than the median at the reference data set

(SFGRVAL) (one-tailed test, P<0.05). The results are summarized in Table B-1 below, with
the sample locations shown in Figure B-1 or B-2. (Note that, at the 0.05 level, the
possibility of making an incorrect decision regarding the status of the location with respect
to background could have occurred by chance alone five percent of the time.)
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Figure B-1. Background Sampling Locations More Than 10 Kilometers From the WVDP
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Table B-1. Summary of Comparisons of Radionuclide Data from Test Surface Soil
Locations vs. SFGRVAL Background

Radionuclide Measurement

Location Gross Gross Sr-90 Cs-137 U-232 U-2331 U-2351 U-238 Pu-238 Pu-239/ Am-241

alpha Beta 234 236 240

SFGRVAL vs.

SFNASHV NS NS NS NS ---.--- --- NS NS NS

SFFXVRD NS NS NS NS ... ... ... ...- NS NS NS

SFTCORD NS Higher NS NS --- .. .--- .. NS NS NS

SFRT240 NS NS NS NS .. .. ... .. NS NS NS

SFSPRVL NS NS NS NS ---.--- --- NS NS NS

SFWEVAL NS NS NS NS .--- --- --- NS NS NS

SFBOEHN NS NS NS NS NS Higher NS NS NS NS NS

SFRSPRD NS NS NS Higher NS NS NS NS NS NS NS

SFBLKST NS Higher NS NS --- --- --- --- NS NS NS

KEY: Higher = Null hypothesis was not rejected; results higher than background (P<0.05).
NS = Null hypothesis was rejected; results were not significantly higher than background.

= Constituent was not measured at this location.
LOCATION CODES: SFGRVAL = Background at Great Valley;

SFNASHV = Background at Nashville in the town of Hanover;
SFTCORD = Perimeter at Thomas Corners Road;
SFRT240 = Perimeter at Route 240;
SFSPRVL = Community at Springville;
SFWEVAL = Community at West Valley;
SFBOEHN = Perimeter at Boehn Road;
SFRSPRD = Perimeter at Rock Springs Road;
SFBLKST = Perimeter at Bulk Storage Warehouse.
(Location SFNASHV was discontinued in 2003; locations SFTCORD, SFBOEHN, and SFBLKST
were discontinued 2005.)
See Figures B-1 and B-2 for sample locations.

If data were determined not to be statistically higher than background (i.e., unlikely to

have been impacted by the WVDP, indicated by "NS" results in the above table), the data
were pooled with data from Great Valley and included in background calculations.

As discussed in Section 4.2.1 of this plan, data were extracted from the WVDP
Laboratory Information Management System. Samples from which the data were taken had
been collected and analyzed in accordance with controlled sampling plans and defined
quality assurance protocols. All data used for background calculations were independently
validated and approved.

Although not all analyses were performed by the same laboratories over the years,
before a laboratory was awarded a contract, analytical procedures were reviewed,
laboratories were audited by WVDP personnel familiar with radioanalytical methods, and
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performancejon proficiency samples for the radionuclides of interest were examined for

acceptability. Analysis of gamma-emitting radionuclides - i.e., U-232, U-233/234, U-
235/236, U-238, Pu-238, Pu-239/240, and Am-241 - was done by alpha spectrometry to
meet contractual detection limits. After contracts were awarded, laboratories were

contractually required to participate in formal crosscheck programs and perform acceptably.
During the term of the contracts, laboratories were routinely audited by WVDP personnel to
ensure that contractually required standards were maintained.

1.2 Subsurface soil

Data from only two boreholes (BH-38 on the north plateau and BH-39 on the south

plateau) were available for this calculation. The boreholes were driven into areas of the
WVDP classified as non-impacted as part of a Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) soil characterization study in 1993. (See Figure B-3.)
Although samples were taken from three depths at each borehole, the surficial samples (0-
2 feet depth) were classified as surface soil for the purposes of this plan. Therefore, only

two samples from each borehole, a total of four samples, were classified as subsurface
soil. Although subsurface soil background values were calculated from these four data
points, they were not used as reference values because there were too few points and
because the onsite locations were potentially affected by historical activities at the site.
Surface soil background results were used to evaluate the presence of radionuclide
concentrations in excess of background in subsurface soil samples.

1.3 Surface Water and Sediment

The routine Environmental Monitoring Program background locations were used as the

source of background data. Both surface water and sediment background data were taken
from samples collected at Buttermilk Creek upstream of the WVDP (surface water
monitoring point WFBCBKG and sediment monitoring point SFBCSED) and at Bigelow
Bridge on Cattaraugus Creek upstream of the point where Buttermilk Creek, containing
effluent from the WVDP, flows into Cattaraugus Creek (surface water point WFBIGBR and

sediment point SFBISED). (See Figure B-2.)
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Figure B-2. Sampling Locations Within 10 Kilometers of the WVDP Used for
Background Calculations
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1.4 Groundwater

The routine background locations from the Groundwater Monitoring Program were
used as the source of background data. (See Figure B-3.) Radionuclide concentrations
were taken from monitoring wells WNWNB1S, WNW0204, WNW0301, WNW0401,
WNW0405, WNWO076, WNW0901, and WNW0908, which serve(d) as upgradient
reference locations for the following geologic units: the sand and gravel (S&G) unit
(WNWNB1S, WNW0301, WNW0401, and WNW0706); the Lavery till sand (LTS) unit
(WNW0204); the unweathered Lavery till (ULT) unit (WNW0405); the Kent recessional
sequence (KRS) unit (WNW0901); and the weathered Lavery till (WLT) unit (WNW008).

Because few background data points were available for most radionuclides in
groundwater and no background isotopic data (or very limited data) were available for
groundwater from some of the geological units (e.g., the Lavery till sand and the Kent
recessional sequence), data sets for the various units were combined to calculate one
overall site groundwater background value for each radionuclide. Potential implications of
pooling the data were considered to be minimal because most of the data sets were
comprised largely of nondetect values as shown in Table B-7, and because, when positive
detects were noted (with the exception of naturally occurring radionuclides), they were
usually below (or slightly higher than) the contractual detection limits.

1.5 Gamma Radiation Measurements From TLDs

TLD data were taken from four background locations (three no longer active) over the
1986-2007 time period. (See Figure B-I.) Measurements were taken at:

(1) The current background location (DFTLD23),-Iocated 18 miles (29 kin) south of the
WVDP at the Great Valley air sampler;

(2) The five-points landfill (DFTLD17), located 12 miles (19 kin) southwest of the Site;

(3) The former air sampling location at Nashville in the town of Hanover (DFTLD37),
located 23 miles (37 kin) northwest of the Site; and

(4) Sardinia-Savage Road (DFTLD41), 15 miles (24 kin) northeast of the'Site.

Quarterly exposure rates (in mRlqtr) and hourly exposure rates (in mR/h) were calculated.
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Figure B-3. Onsite Groundwater Wells and Subsurface Soil Boreholes Used as
Background
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2.0 Methods Used for Background Calculations

Radionuclides for which backgrounds were estimated were selected with consideration

of (1) radionuclides of interest from the Facility Characterization Project, as listed in
Decommissioning Plan section 4.1.1, and (2) radionuclides that are routinely monitored in

environmental media at the WVDP, for which sufficient data were available to develop a
reliable estimate of background. (See Section 4.2.2 of this plan for a more detailed

discussion of how background constituents were selected.)

Once radionuclides and locations applicable to each environmental medium had been

defined, sample results were extracted from the Laboratory Information Management
System database using the Environmental Affairs Trend Tool. As part of the extraction
process, data from duplicate samples (i.e., separate samples of one medium collected at
the same place and time; co-located samples) were combined into a single result for use in

calculations, as were data from replicate samples (i.e., recounts or splits of the same

sample). Calculations to combine results from duplicates and replicates, using protocols
defined in controlled WVDP Procedure EM-1 1 (WVNSCO 2004b), were automatically done

by the Environmental Affairs Trend Tool during data extraction.

Extracted data files were block copied into Microsoft Excel® spreadsheets and the
information identified in Table B-2 was summarized for each environmental medium.

Table B-2. Summary Information for Environmental Medium Background
Calculations

Item Explanatory Notes

Constituent Gross measurement, radionuclide measurement, or direct radiation
measurement

Average In the LIMS database, individual radionuclide concentration measurements
result are represented by a result term plus or minus an associated uncertainty

term. The average result is the direct average of result terms from all
samples in the data set, including negative numbers and zeros.

Uncertainty The uncertainty term associated with the average result is calculated from
associated the sample uncertainty terms in accordance with Procedure EM-1 1 per the
with the following formula:
average uncertainty = SQRT((uncertaintyl2 + + uncertaintyN2) / N)
result T

where uncertainty1 = the uncertainty term from sample 1
uncertaintyN = the uncertainty term from sample N

N = the total number of samples

SQRT = square root

Median To estimate the median of each data set, each sample result±uncertainty
was assigned a single result equal to the larger of the result or the
uncertainty term. Using the Excel® median function, the median was
selected from the set of single values. If more than half the sample results
were nondetects, the median was assigned a < sign, indicating that the
median represented a nondetect value.
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Table B-2. Summary Information for Environmental Medium Background
Calculations

Item Explanatory Notes

Note that if a data set is symmetric, the average and median will be the
same. However, if the distribution is skewed to the right (that is, it contains
a large number of low values and a few high values), the average will
usually be higher than the .median. For this reason, with asymmetrically
distributed data sets (as is often the case with environmental data) the
median may be the more reliable estimator of central tendency.

Maximum The maximum was selected from only the results indicating tlhat activity
had been detected. If no activity had been detected in any of the samples
from that data set, the maximum was set equal to the highest uncertainty
term and assigned a "<" sign, indicating that it was a nondetect.

N Total number of samples. (Duplicate samples were counted as one, as
were replicate samples.)

% NDs If the uncertainty term for a sample was larger than the result (i.e., the
range around the result term included zero), the radionuclide was
considered not detected (ND) in that sample. Total number of ND samples
divided by the total number of samples was expressed as a percentage.

Years The period of years from which the data set was taken.

Data A listing of the sampling locations from which background data were taken.
source
locations

Soil and sediment data, as extracted from the Laboratory Information Management
System, were in units of pCi/g (dry weight). Surface water and groundwater data were in

units of pCi/mL. All calculations were performed in units as extracted from the Laboratory
Information Management System. Environmental dosimetry readings were in mR/qtr. For

comparisons with onsite sample results, background data were then converted to the units
specified in the Decommissioning Plan using the following conversion factors:

Soil and sediment: 1 pCi/g = 1 E+06 pCi/g

Water: 1 pCi/mL = 1 E+09 pCi/L

3.0 Background Summary Data for Each Environmental Medium

Summary tables of background values (in units of pCi/g per unit dry weight [soil or

sediment], pCi/L [surface water and groundwater], or mR/quarter [environmental exposure])
used to evaluate data from onsite sampling locations are presented in the following tables.
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Table B-3. Surface Soil Background Radionuclide Concentrations for the WVDP(1 ')(2)

Constituent [Avg. Concentration (pCi/g) Median I Maximum 1 1ReulonUneraitytuentg ( ig) N % NDs ]Years Data Source LocationscResult ± Uncertaint (pCi/g) (pCi/g)

SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,
Gross alpha 1.34E+01 ± 3.58E+00 1.29E+01 2.73E+01 104 0% 1995-2007 SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,

SFRSPRD, SFBLKST
Gross beta 2.03E+01 ± 3.11E+00 2.OOE+01 4.OOE+01 84 0% 1995-2007 SFGRVAL, SFNASHV, SFFXVRD, SFRT240,

SFSPRVL, SFWEVAL, SFBOEHN, SFRSPRD
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,

Sr-90 1.51 E-01 ± 1.46E-01 9.48E-02 3.10E+00 104 25% 1995-2007 SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
SFRSPRD, SFBLKST
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,

Cs-137 4.50E-01 ± 6.68E-02 4.17E-01 1.21E+00 93 0% 1995-2007 SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
SFBLKST

U-232 5.52E-03 ± 2.80E-02 < 2.35E-02 1.89E-02 32 97% 1995-2007 SFGRVAL, SFBOEHN, SFRSPRD

U-233/234 7.79E-01 ± 1.15E-01 7.88E-01 9.39E-01 22 0% 1995-2007 SFGRVAL, SFRSPRD

U-235/236 5.98E-02 ± 3.36E-02 5.24E-02 2.18E-01 32 9% 1995-2007 SFGRVAL, SFBOEHN, SFRSPRD

U-238 7.79E-01 ± 1.13E-01 7.87E-01 9.31E-01 32 0% 1995-2007 SFGRVAL, SFBOEHN, SFRSPRD

SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,
Pu-238 5.39E-03 ± 1.38E-02 < 1.21 E-02 4.02E-02 92 86% 1996-2007 SFRT240, SFSPRVL, SVWEVAL, SFBOEHN,

SFRSPRD, SFBLKST
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,

Pu-239/240 2.01E-02 ± 1.79E-02 1.55E-02 2.34E-01 104 44% 1995-2007 SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
SFRSPRD, SFBLKST
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,

Am-241 1.45E-02 ± 1.92E-02 < 1.62E-02 1.93E-01 104 64% 1995-2007 SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
I I I I I I I SFRSPRD, SFBLKST

LEGEND: N = Number of samples
ND = Nondetect

NOTES: (1) Soil samples collected at air samplers at background locations (SFGRVAL = Great Valley; SFNASHV = Nashville), perimeter locations (SFFXVRD = Fox
Valley Road; SFTCORD = Thomas Corners Road; SFRT240 = Route 240; SFBOEHN = Boehn Road; SFRSPRD = Rock Springs Road; SFBLKST = Bulk
Storage Warehouse), and community locations (SFSPRVL = Springville; SFWEVAL = West Valley).

(2) Data from perimeter and community samplers were pooled with data from background locations if they were not statistically higher than background.
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Table B-4. Sediment Background Radionuclide Concentrations for the WVDP(1 )

Average concentration (pCi/g) Median (pCig) Maximum (pCilg) N Y Data SourceConstituent Medan ears) axLocationsN Yar
Result + Uncertainty NDs Locations

Gross alpha 1.02E+01 ± 3.28E+00 9.21E+00 2.18E+01 22 0% 1995-2006 SFBCSED, SFBISED

Gross beta 1.74E+01 ± 3.01E+00 1.64E+01 2.71E+01 23 0% 1995-2007 SFBCSED, SFBISED

Sr-90 1.49E-02 ± 4.91E-02 < 3.35E-02 1.57E-01 23 65% 1995-2007 SFBCSED, SFBISED

Cs-1 37 3.50E-02 ± 2.50E-02 3.75E-02 7.84E-02 23 30% 1995-2007 SFBCSED, SFBISED

U-232 1.15E-02 ± 5.50E-02 < 3.1OE-02 3.92E-02 23 87% 1995-2007 SFBCSED, SFBISED

U-233/234 5.99E-01 ± 1.19E-01 6.59E-01 8.58E-01 23 4% 1995-2007 SFBCSED, SFBISED

U-235/236 5.31 E-02 ± 3.67E-02 4.57E-02 2.78E-01 23 22% 1995-2007 SFBCSED, SFBISED

U-238 6.11E-01 ± 1.19E-01 6.52E-01 9.01 E-01 23 4% 1995-2007 SFBCSED, SFBISED

Pu-238 1.67E-02 ± 1.79E-02 < 1.41E-02 1.29E-01 23 74% 1995-2007 SFBCSED, SFBISED

Pu-239/240 1.08E-02 ± 1.37E-02 < 1.22E-02 6.07E-02 23 83% 1995-2007 SFBCSED, SFBISED

Am-241 1.07E-02 ± 1.83E-02 < 1.41E-02 8.60E-02 23 74% 1995-2007 SFBCSED, SFBISED

LEGEND: N = Number of samples

ND = Nondetect

NOTE: (1) Sediment samples were collected at upstream sampling locations on Buttermilk Creek (SFBCSED) and Cattaraugus Creek (SFBISED).
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Table B-5. Subsurface Soil Background Radionuclide Concentrations for the WVDP(1 )

Constituent Average concentration (pCilg) [Mda (Cii) Maximum N(2) 1 Ns Years Data Source Locations
Result _ Uncertainty M) %Y

Gross alpha 1.40E+01 ± 5.52E+00 1.40E+01 1.50E+01 4 0% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

Gross beta 5.28E+01 ± 3.77E+00 5.15E+01 6.10E+01 4 0% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

Sr-90 3.20E-02 ± 4.00E-02 < 3.20E-02 < 6.00E-02 4 100% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

Cs-137 1.02E-02 ± 2.35E-02 < 2.30E-02 < 2.70E-02 4 100% 1993 BH-38 (north plateau), BH-39 (south

plateau) (except for 0-2' sample)

U-232 4.213E-03 ± 1.42E-02 < 1.02E-02 < 2.40E-02 4 100% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

U-233/234 1.53E-01 ± 3.61E-02 1.55E-01 1.70E-01 4 0% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

U-235/236 6.05E-03 ± 9.45E-03 < 1.02E-02 1.14E-02 4 75% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

U-238 1.12E-01 ± 3.13E-02 1.15E-01 1.40E-01 4 0% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

Pu-238 2.53E-03 ± 1.08E-02 < 7.14E-03 < 1.83E-02 4 100% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)

Pu-239/240 1.26E-03 ± 1.04E-02 < 6.19E-03 < 1.83E-02 4 100% 1993 BH-38 (north plateau), BH-39 (south
plateau) (except for 0-2' sample)
BH-38 (north plateau), BH-39 (south

Amn-241 2.96E-03 ± 8.41 E-03 < 7.96E-03 < .1.07E-02 1 4 1 100% 1 1993 1p a e u e c p o -' a p e

LEGEND: N = Number of samples
ND = Nondetect

NOTE: (1) Subsurface soil background samples were collected in 1993 at borehole 38 on the north plateau (BH-38), and at borehole 39 on the south plateau (BH-39). Two
samples were collected from each. (The 0-2' depth sample from each was not included in the subsurface background calculation. It was classified as a surface soil
sample.)

(2) Surface soil background concentrations in Table B-3 were used to evaluate subsurface soil samples because too few subsurface soil background data were available.
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Table B-6. Surface Water Background Radionuclide Concentrations for the WVDP

Constituent Median (pC/L) Maximum N Years Data Source Locations

Result ± Uncertainty (pCilL) ND

Gross alpha 4.74E-01. ± 1.28E+00 < 9.55E-01 5.43E+00 387 74% 1991-2007 WFBCBKG, WFBIGBR

Gross beta 2.64E+00 ± 1.43E+00 2.34E+00 2.03E+01 388 12% 1991-2007 WFBCBKG, WFBIGBR

H-3 1.35E+01 ± 8.43E+01 < 8.21E+01 6.33E+02 388 85% 1991-2007 WFBCBKG, WFBIGBR

C-14 1.19E+01 ± 4.44E+01 < 1.33E+01 4.05E+02 68 81% 1991-2007 WFBCBKG

Sr-90 2.OOE+00 ± 1.61 E+00 9.04E-01 1.23E+01 251 47% 1991-2007 WFBCBKG, WFBIGBR

Tc-99 -4.40E-01 ± 1.80E+00 < 1.80E+00 7.25E+00 52 85% 1995-2007 WFBCBKG

1-129 1.39E-01 ± 8.71E-01 < 7.86E-01 2.02E+00 68 90% 1991-2007 WFBCBKG

Cs-1 37 6.31E-01 ± 5.98E+00 < 4.15E+00 1.01 E+01 250 95% 1991-2007 WFBCBKG, WFBIGBR

U-232 1.81E-02 ± 8.91E-02 < 4.28E-02 2.60E-01 68 87% 1991-2007 WFBCBKG

U-233/234 1.10E-01 ± 7.02E-02 9.94E-02 2.98E-01 61 16% 1992-2007 WFBCBKG

U-235/236 1.71E-02 ± 4.07E-02 < 3.28E-02 1.OOE-01 67 82% 1991-2007 WFBCBKG

U-238 7.44E-02 ± 6.35E-02 5.72E-02 4.OOE-01 68 35% 1991-2007 WFBCBKG

Pu-238 1.45E-02 ± 6.24E-02, < 3.1OE-02 1.02E-01 68 93% 1991-2007 WFBCBKG

Pu-239/240 9.17E-03 ± 3.50E-02 < 2.71E-02 1.98E-01 68 91% 1991-2007 WFBCBKG

Am-241 5.42E-02 ± 7.15E-02 < 3.27E-02 2.20E+00 68 81% 1991-2007 WFBCBKG

LEGEND: N = Number of samples

ND = Nondetect

WFBCBKG = Buttermilk Creek background; WFBIGBR = Cattaraugus Creek background at Bigelow Bridge.
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Table B-7. Groundwater Background Radionuclide Concentrations for the WVDP
i Average concentration (pCi/L) T ] Maximum %

Constituent Result ± Uncertainty Median (pCiL) (pCi/L) N NDs Years Data Source Locations

Grossalpha 1.06E+00 ± 5.69E+00 < 2.59E+00 2.19E+01 566 87% 1991-2007 WNW-NB1S, -0204,-0301, -0401,-
a- 0405, -0706, -0901, -0908

Gross beta 6.19E+00 ± 5.11E+00 4.56E+00 2.82E+01 566 28% 1991-2007 WNW-NB1S, -0204, -0301, -0401,-

0405, -0706, -0901, -0908

2.11E+01 ± 8.55E+01 < 8.58E+01 9.41E+02 566 81% 1991-2007 WNW-NB1S, -0204, -0301, -0401,-
H-3 0405, -0706, -0901, -0908

+± 2.63E+01 < 2.66E+01 7.43E+00 56 98% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908C-14 4.95E+00

Sr-90 2.69E+00 ± 1.35E+00 2.44E+00 7.38E+00 56 16% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

Tc-99 -3.71 E-01 ± 1.91E+00 < 1.85E+00 3.98E+00 56 96% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

1-129 2.39E-01 ± 7.38E-01 < 6.01E-01 1.58E+00 56 86% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

Cs-137 1.75E+00 ± 2.39E+01 < 2.22E+01 1.90E+01 258 98% 1991-2007 WNW-NB1S, -0204,-0301,-0401,-
0405, -0706, -0901, -0908

U-232 2.28E-02 ± 1.O0E-01 < 4.92E-02 3.78E-01 56 88% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

U-233/234 4.88E-01 ± 1.94E-01 1.60E-01 8.20E+00 56 13% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

U-235/236 4.52E-02 ± 6.03E-02 < 5.OOE-02 1.93E-01 56 71% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

U-238 3.18E-01 ± 1.48E-01 1.21E-01 5.30E+00 56 21% 1993-2007 WNW-NB1S, -0401, -0405, -0706, -0908

Pu-238 5.94E-02 ± 9.59E-02 < 4.65E-02 2.20E-01 6 83% 1993-1'994 WNW-NB1S, -0405,-0908
Pu-239/240 4.95E-02 ± 8.35E-02 < 5.28E-02 2.70E-01 6 83% 1993-1994 WNW-NB1S, -0405, -0908
Am-241 4.32E-02 ± 4.76E-02 < 3.81E-02 1.80E-01 6 83% 1993-1994 WNW-NB1S, -0405, -0908

Legend: N = Number of samples

ND = Nondetect

"WNW" locations refer to individual wells that serve as groundwater backgrounds for solid waste management units in the groundwater monitoring program.
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Table B-8. Background Environmental Radiation Levels at the WVDP

Constituent Average (mR/quarter) Median Maximum N Years Data Source Locations0t)

Environmental radiation 19.3 ± 7.1 19.2 35.0 264 1986-2007 DFTLD23,DFTLDI7,DFTLD37,

NOTE: (1) Background locations: DFTLD17 (Five Point Landfill); DFTLD23 (Great Valley); DFTLD37 (Dunkirk); DFTLD41 (Sardinia-Savage Road).
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4.0 Methods for Evaluating Concentrations Above Background in Onsite Environmental
Media

Data from onsite sampling were available in three forms:

(1) Single observations or measurements with no associated uncertainty term (for
example, a sediment concentration from 1988 presented in a historical report);

(2) A radionuclide concentration result, plus or minus an associated uncertainty term,
from a sample collected as part of a one-time sampling project (i.e., the RFI soil,
sediment, and subsurface soil survey done in 1993); and

(3) Multi-year data sets from samples collected at specified locations as part of the
routine Environmental Monitoring or Groundwater Monitoring programs.

4.1 Single-Value Observations

Single-value observations were directly compared with the maximum result from the
applicable background radionuclide-medium combination. For example, a Cs-137
concentration from lagoon sediment, as reported in WVNSCO 1994, was compared directly
with the maximum Cs-137 concentration observed in background sediment. A value higher
than the background result was classified as exceeding background.

4.2 Single Samples With Specified Uncertainty

A single-sample result reported with an associated uncertainty term, such as the result
from a sample collected as part of the 1993 RFI investigation, was compared with
background using the relative errors ratio test. This test (as described in WVDP procedure
EM-74, WVNSCO 2004a) is primarily used as a data validation tool to test the acceptability
of results from duplicate samples (i.e., to determine the likelihood that the samples could
have come from the same population).

In the relative errors ratio test, one sample result (plus or minus its associated
uncertainty term) is compared another sample result (plus or minus its associated
uncertainty term). To perform the relative errors ratio calculation, the absolute value of the
difference between the two sample results is divided by the sum of the squares of the
estimated standard deviations (as based on the error terms) from each. If the result is not
greater than 1.96 (approximating a 95 percent confidence interval), the two samples would
be considered acceptable as duplicates. In other words, the samples could have been
drawn from the same population (the test sample could have been drawn from the
background population) if the confidence intervals bracketing the result terms from the two

samples overlap.

For purposes of the current evaluation, each onsite sample result was tested against
the mean '(plus or minus the associated uncertainty term) of the applicable radionuclide/
medium background value. As noted earlier, because little information was available for
subsurface soil, the surface soil background values were used to evaluate the status of
subsurface soil. If theltest sample result met the three following conditions, the result was
classified as exceeding background:

. The radionuclide was detected,
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* The relative errors ratio value was greater than 1.96, and

* The result term for the sample was higher than the average result term for the

background.

Areas with radiological concentrations exceeding background, as determined by the

RER calculation, are summarized in Decommissioning Plan Figures 4-6 (surface soil and
sediment), 4-7 (subsurface soil), and 4-13 (Geoprobe® groundwater). Maximum above-
background concentrations for specific radionuclides at locations in each WMA are
summarized in Decommissioning Plan Section 4.2.5, Tables 4-12 through 4-22 (surface

soil, sediment, and subsurface soil), and Decommissioning Plan Section 4.2.8, Table 4-
26 (Geoprobe® groundwater).

4.3 Data From Routine Monitoring Locations

Radionuclide concentration data sets from routine monitoring locations were compared
with applicable background data sets using the nonparametric Mann-Whitney "U" test. As
recommended in MARSSIM, a nonparametric test was used because environmental data
are usually not normally distributed and because there are often a significant number of
results lower than detectable concentrations. Both conditions were true of the WVDP data
sets examined in this evaluation.

Because of the larger number of observations available for these comparisons, the "U"
test was more sensitive at detecting concentrations exceeding background at a specific

location than was the RER test that considered only one measurement. Note that trends
(i.e., increasing or decreasing radionuclide concentrations) were not evaluated as part of
this exercise, which focused only on comparisons with background. (Data trends at the
WVDP are routinely evaluated and conclusions summarized in formal reports associated

with the Environmental Monitoring and Groundwater Monitoring Programs.)

The Mann-Whitney U test, similar to the Wilcoxon Rank Sum test used in MARSSIM, is
a rank-based test. The null hypothesis being tested was that the median of the tested data

set was higher than the median at the background location (one-tailed test, P<0.05). To
perform the test, data sets were assembled for radionuclide concentrations at each of the
onsite routine monitoring points (soil/sediment sampling locations, surface water sampling
locations, and routine groundwater sampling locations). So that the data could be ranked,

each radionuclide measurement was assigned a single value. All "detect" values (i.e., the
result term was larger than the uncertainty term) were set equal to the result term of the

measurement; all "nondetect" values (i.e., the uncertainty term was larger than the result
term) were set equal to zero. In this way, all nondetect values received the same rank.
(Note that summary statistics, such as averages, had already been calculated for each data
set. The arbitrarily assigned zero values were used only for ranking purposes.)

The two data sets (test location and background reference location) were then
combined into one data set and the results ranked in numerical order from the smallest to

the largest. From the assigned ranks, the test statistic (i.e., "U") was calculated for each
(Sheskin 1997). The normal approximation for larger sample sizes ("z") was also
calculated. Critical values of "U" and "z" were taken from statistical tables in Sheskin 1997.
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If the "U" value was lower than the critical value of "U" (or, for larger numbers of
samples, if the "z" value exceeded the critical level of "z"), and the mean rank from the test
data set was greater than that from the background data set, then the null hypothesis (i.e.,
that the median of the test data set exceeded that of the background data set) was not
rejected. In other words, at a 95% confidence level, it was likely that the median of the test
data set exceeded that of the background data set.

Locations where results from routine monitoring locations exceeded background are
summarized by waste management area and radionuclide in section 4.2, Table 4-17
(sediment from sampling location SNSWAMP), Table 4-18 (sediment from sampling
location SNSW74A), Table 4-22 (sediment from sampling location SNSP006), Table 4-24
(routine onsite surface water monitoring locations), and Table 4-25 (routine groundwater

monitoring locations).

Direct onsite measurements of environmental radiation (TLD results), for which the
data sets approximate a normal distribution, were compared with background
measurements using the one-way analysis of variance (ANOVA) Excel@ function (p<0.05).
If the "F" statistic exceeded the critical value of "F," and the average from the test data set

exceeded the background average, measurements from the test location were determined
to exceed background. Results are summarized in section 4.2, Table 4-23.

5.0 Radionuclide Ratios to Cs-137

The concentrations of hard-to-measure radionuclides in a medium are often estimated

on the basis of their relationship to a more easily measured nuclide, such as Cs-137, as
defined in a well-characterized distribution. As discussed in Section 4.1.4 of this plan, two
primary distributions have been identified at the WVDP: (1) the Spent Nuclear Fuel
distribution - applicable to nuclear fuel prior to reprocessing, and (2) the Batch 10

distribution - applicable to the high-level waste after the uranium and plutonium had been
extracted. Comparable ratios from the two distributions are presented in Table 4-3. As
shown in Table 4.3 of this plan, Sr-90 may comprise a larger relative fraction of the total
radioactivity in the "feed and waste" category (i.e., before waste reprocessing), while a
larger relative fraction of Am-241 may be more characteristic of the "product" category (i.e.,

after waste reprocessing).

If surface soil, sediment or subsurface soil samples contained both Cs-137 and other
radionuclides at above-background concentrations, the ratio of each above-background
radionuclide to Cs-137 was calculated. Only data from the same discrete samples were
used to calculate ratios. Ratios in surface soil, sediment, and subsurface soil are
summarized by WMA in Tables B-9, B-10, and B-11, respectively. For each medium, the

following information is listed:

* Number of samples for which each nuclide exceeded background,

* Minimum ratio,

* Median ratio,

* Maximum ratio,
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* Concentration of Cs-137 (in pCi/g dry) in the sample with the maximum ratio,
and

* Location at which the maximum ratio was observed.
/

With respect to environmental concentrations exceeding background, the ratio of a
radionuclide to Cs-137 may help to better trace the source of the activity. For instance, the

area of elevated Sr-90 concentrations on the north plateau downgradient of the Process
Building has been traced to a leak of radioactively contaminated acid in the late 1960s.
This plume is characterized by high Sr-90-to-Cs-137 ratios.

6.0 Supplementary Data for Onsite Monitoring Locations

Summary statistics were calculated for radiological constituents measured at all routine
monitoring locations on the WVDP site, sediment for the years 1995 through 2007, and

surface water and groundwater for the last ten years (1998 through 2007). Constituents
exceeding background levels at each location are presented in section 4.2. Complete
results, including those from locations determined to be non-impacted, are presented in the

following tables for onsite sediment (Table B-12), surface water (B-13), and groundwater
(B-14).

Supplementary information about routine groundwater monitoring locations (i.e.,

location coordinates, surface elevation, construction material of the well or trench, diameter
of the well [if applicable], screened interval, and geologic unit monitored) are summarized in
Table B-15. Similar information for special Geoprobe® groundwater sampling points is
provided in Table B-16.

Note that only routine monitoring locations included in the current Groundwater
Monitoring Program were included in the evaluation presented in Section 4.2.8 of this plan.
A large number of points at which groundwater had been sampled in the past were not
included in this evaluation. For completeness, information on excluded points is

summarized in Table B-17. Reasons for exclusion included:

* The well was dry;

" No radiological data were available;

" Data were not validated (e.g., piezometers, surface elevation points, wells for the
north plateau groundwater recovery system, wells used to evaluate the pilot

permeable treatment wall);

" Wells had been dropped from the groundwater program because existing coverage
was .considered sufficient (e.g., more than~twenty wells discontinued in 1995); or

* Sampling points were located in areas outside the scope of the Phase 1
Decommissioning Plan (e.g., groundwater seeps outside the process premises,

wells from WMA 8 [New York State-Licensed Disposal Area]).

7.0 References

Sheskin 1997, Handbook of Parametric and Nonparametric Statistical Procedures.
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Revision 0 B-20



WVDP PHASE 1 DECOMMISSIONING PLAN

WVES 2008a, Environmental Monitoring Program Plan, WVDP-098, Revision 15. West
Valley Environmental Services LLC. West Valley, New York, January 7, 2008.

WVES 2008b, Groundwater Monitoring Plan, WVDP-239, Revision 12. West Valley
Environmental Services LLC, West Valley, New York, February 12, 2008.

WVNSCO 1994, Environmental Information Document, Volume IV: Soils Characterization,

WVDP-EIS-008, Revision 0. West Valley Nuclear Services Company, West Valley,
New York, September 15, 1994.

WVNSCO 2004a, Radioanalytical Data Validation, EM-74, Revision 8. West Valley Nuclear
Services Company, West Valley, New York, November 22, 2004.

WVNSCO 2004b, Documentation and Reporting of Environmental Data, EM-1 1, Revision
8. West Valley Nuclear Services Company, West Valley, New York, December 27,
2004.

Revision 0 B-21



WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-9. Radionuclides in Surface Soil: Ratios to Cs-137(1)

Areat2 ) Radionuclide L N . [Minimum Median Maximum JCs-137 (pCilg)(3 ) ILocation of Maximum Ratio

[WMA 2 Sr-90 5 J 0.015 0.28 1.4 8.5E-01 Surface soil near Lagoons 4 and 5 (1--04)

WMA 3 U-238 1 0.047 0.047 0.047 2.2E+01 Surface soil near Waste Tank Farm

Am-241 1 0.011 0.011 0.011 2.2E+01 Surface soil near Waste Tank Farm

WMA 4 Sr-90 3 0.29 0.96 9.5 1.2E+00 CDDL soil (6-12" depth, 1990)

WMA 5 Sr-90 2 0.019 0.047 0.075 1.1E+01 Surface soil near RHWF (BH-38)

Pu-238 1 0.0033 0.0033 0.0033 1.1E+01 Surface soil near RHWF (BH-38)

Pu-239/240 1 0.015 0.015 0.015 1.1E+01 Surface soil near RHWF (BH-38)

Am-241 4 0.026 0.033 0.073 1.2E+01 LSA 3 & 4 footers (1990)

WMA6 Sr-90 12 0.036 0.094 1.7 2.9E+00 Rail spur by FRS (1994)

WMA 7 Sr-90 8 0.11 1.9 8.3 1.1E+00 NDA Surface Soil (1994)

Pu-238 1 0.021 0.021 0.021 4.1 E+00 Surface soil by the NDA Interceptor Trench (BH-42)

Pu-239/240 1 0.022 0.022 0.022 4.1 E+00 Surface soil by the NDA Interceptor Trench (BH-42)

Am-241 1 0.037 0.037 0.037 4.1 E+00 Surface soil by the NDA Interceptor Trench (BH-42)
WMA 12 Sr-90 [ 4 0.14 0.25 0.29 4.5E+00 Surface soil near WMA 2 and WMA 6 (BH-16)

NOTES: (1) Ratios were calculated from samples for which both Cs-1 37 and the nuclide of interest exceeded background, with ratios rounded to two significant digits or nearest

integer.

(2) No surface soil data were available for WMA 1. No radionuclides exceeded background in WMA 9. Only Cs-137 exceeded background in WMA 10.

(3) Cs-1 37 concentration at the location with the maximum ratio.

LEGEND: BH = bore hole CDDL = Construction and Demolition Debris Landfill FRS = Fuel Receiving and Storage LSA = Lag Storage Addition N = number of samples
RHWF = Remote-Handled Waste Facility.
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Table B-10. Radionuclides in Sediment: Ratios to Cs-137(1)

Area(2) Radionuclide N J Minimum Median I Maximum Cs-137 (pCilg)(3) Location of Maximum Ratio

WMA 2 Sr-90 41 0.0063 0.065 144 1.0E+01 Sediment from the Solvent Dike (1986)

U-232 1 0.0054 0.0054 0.0054 1.4E+03 Lagoon 3 sediment (1994)

U-233/234 2 0.0032 0.030 0.056 1.7E+01 Sediment from drainage downgradient of Solvent Dike (ST-28)

U-235/236 7 0.000010 0.000076 0.011 1.7E+01 Sediment from drainage downgradient of Solvent Dike (ST-28)

U-238 28 0.000052 0.0014 0.057 2.1E+01 Lagoon 3 sediment (1990)

Pu-238 10 0.00028 0.0015 0.018 4.4E+04 Lagoon 2 shoreline sediment (1990)

Pu-239/240 9 0.00051 0.0011 0.019 1.7E+01 Sediment from drainage downgradient of Solvent Dike (ST-28)

Am-241 29 0.00058 0.0019 4.2 1.01E+01 Sediment from the Solvent Dike (1986)

WMA 4 Sr-90 18 0.041 0.80 16 3.1 E+00 Sediment from drainage through CDDL (ST-30)

U-233/234 9 0.036 0.11 1.4 6.6E-01 Sediment at Northeast Swamp (SNSWAMP)

U-235/236 2 0.023 0.14 0.27 6.6E-01 Sediment at Northeast Swamp (SNSWAMP)

U-238 9 0.036 0.12 1.3 6.6E-01 Sediment at Northeast Swamp (SNSWAMP)

Pu-238 10 0.0057 0.022 0.057 5.2E+00 Sediment at Northeast Swamp (SNSWAMP)

Pu-239/240 13 0.0089 0.033 0.21 1.1E+01 Sediment at Northeast Swamp (SNSWAMP)

Am-241 14 0.010 0.056 0.22 2.1 E+00 Sediment at Northeast Swamp (SNSWAMP)

WMA 5 Sr-90 15 0.026 0.13 3.3 6.4E-01 Sediment at North Swamp (SNSW74A)

U-233/234 4 0.12 0.37 0.75 1.1 E+00 Sediment at North Swamp (SNSW74A)

U-235/236 1 0.047 0.047 0.047 2.7E+00 Sediment at North Swamp (SNSW74A)

U-238 4 0.15 0.34 2.0 4.7E-01 Sediment at North Swamp (SNSW74A)

Pu-238 1 0.015 0.015 0.015 3.8E+00 Sediment at North Swamp (SNSW74A)

Pu-239/240 9 0.019 0.035. 0.096 4.7E-01 Sediment at North Swamp (SNSW74A)

Am-241 11 0.0011 0.057 0.087 6.4E-01 Sediment at North Swamp (SNSW74A)
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Table B-10. Radionuclides in Sediment: Ratios to Cs-137(1)

Area(2) Radionuclide N Minimum Median Maximum Cs-137 (pCi/g)(3) Location of Maximum Ratio

WMA 6 Sr-90 J 3 0.062 0.27 0.59 5.9E-01 Sediment from south Demineralizer Sludge Pond (ST-36)

WMA 7 Sr-90 1 3.7 3.7 3.7 9.OE-01 Sediment from drainage near Interceptor Trench (ST-23)

Pu-238 1 0.096 0.096 0.096 9.OE-01 Sediment from drainage near Interceptor Trench (ST-23)

Am-241 1 0.046 0.046 0.046 9.OE-01 Sediment from drainage near Interceptor Trench (ST-23)

WMA 12 Sr-90 33 0.022 0.058 0.59 2.7E-01 Sediment from Franks Creek (ST-13) near burial areas

U-232 2 0.0010 0.0021 0.0031 3.5E+01 Sediment from Erdman Brook (ST-19) after Lagoon 3 discharge

U-233/234 3 0.034 0.038 0.075 1.1E+01 Sediment from Franks Creek at fence line (SNSP006)

U-238 4 0.0094 0.035 0.058 1.4E+01 Sediment from Franks Creek at fence line (SNSP006)

Pu-238 10 0.00070 0.0034 0.042 5.9E+01 Sediment from Erdman Brook (ST-20) after drainage from WMA 2

Pu-239/240 7 0.00068 0.0029- 0.012 5.9E+01 Sediment from Erdman Brook (ST-20) after drainage from WMA 2

Am-241 18 0.0012 0.0047 0.033 4.3E+01 Sediment from Erdman Brook (ST-22) downgradient of NDA

NOTES: (1) Ratios were calculated from samples for which both Cs-1 37 and the nuclide of interest exceeded background, with the ratios rounded to two significant digits or
the nearest integer.

(2) No sediment data were available for WMAs 1, 3, or 9. Only Cs-137 exceeded background in WMA 10.

(3) Cs-1 37 concentration at the location with the maximum ratio.

LEGEND: CDDL = Construction and Demolition Debris Landfill N = number of samples

K
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Table B-11. Radionuclides in Subsurface Soil: Ratios to Cs-137(1 )

Area(2) [ Radionuclide N Minimum Median Maximum Cs-137 (pCil/g)( 3) Location of Maximum Ratio

WMA 1 Sr-90 6 33 449 1594 1.75E+00 GeoprobeO location GP-72 at 17-19' depth

Am-241 1 0.026 0.026 0.026 3.3E+03 Laundry line breach (2004)

WMA 2 Sr-90 16 0.037 1.3 78 7.2E-01 Near Solvent Dike (BH-11 at 8-10 depth)

U-232 9 0.0050 0.016 0.081 1.6E+01 Maintenance shop leach field (BH-35 at 6-8' depth)

U-233/234 5 0.0046 0.019 5.0 7.2E-01 Near Solvent Dike (BH-11 at 8-10 depth)

U-235/236 4 0.000038 0.0011 0.74 7.2E-01 Near Solvent Dike (BH-1 1 at 8-10' depth)

U-238 5 0.00052 0.013 3.1 7.2E-01 Near Solvent Dike (BH-11 at 8-10 depth)

Pu-238 13 0.0049 0.019 0.089 1.9E+00 Between Interceptors and inactive Lagoon 1 (BH-14 at 14-16' depth)

Pu-239/240 13 0.0046 0.031 0.10 7.2E-01 Near Solvent Dike (BH-11 at 8-10 depth)

Am-241 13 0.010 0.047 0.15 7.2E-01 Near Solvent Dike (BH-11 at 8-10' depth)

WMA 4 Sr-90 1 0.73 0.73 0.73 7.3E-01 CDDL (BH-27, 2-4' depth)

WMA 6 Sr-90 2 1.1 67 133 4.3E+00 Near the FRS (BH-19A at 12-14' depth)

Pu-238 2 0.025 0.030 0.035 4.3E+00 Near the FRS (BH-19A at 12-14' depth)

Pu-239/240 2 0.040 0.043 0.047 4.3E+00 Near the FRS (BH-1 9A at 12-14' depth)

Am-241 2 0.19 0.20 0.20 2.4E+00 Near the Utility Room (BH-17 at 14-16' depth)

WMA 7 [ Am-241 39 0.024 1 0.035 1 0.077 1 4.4E+00 NDA rolloff (excavated subsurface soil, analyzed in 1997)

NOTES: (1) Ratios were calculated from samples for which both Cs-1 37 and the nuclide of interest exceeded background, with radios rounded to two significant digits or nearest
integer.

(2) No subsurface soil data were available for WMAs 3 and 9. No Cs-1 37 results exceeding background were found in WMAs 5,10, 12.
(3) Cs-137 concentration at the location with the maximum ratio.

LEGEND: CDDL = Construction and Demolition Debris Landfill FRS = Fuel Receiving and Storage N = Number of samples
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-12. Summary of Radionuclide Results from Routine Onsite Sediment Monitoring Locations

A - Monitoring Csu - Median Average (pCi/g) Maximum ExceededWMA Constituent N
Point (pCi/g) Result ± Uncertainty (pCi/g) Background?(1)

WMA 4 SNSWAMP Gross alpha 13 1.73E+01 1.68E+01 ± 3.95E+00 2.26E+01 Yes

Sediment Gross beta 13 5.43E+01 5.51E+01 ± 4.66E+00 8.98E+01 Yes

at northeast Sr-90 17 2.35E+00 5.20E+00 ± 4.97E-01 2.98E+01 Yes

swamp Cs-137 17 7.40E+00 9.99E+00 ± 1.39E+00 3.14E+01 Yes

drainage U-232 17 <2.19E-02 9.20E-03 ± 3.41E-02 4.79E-02 No

U-233/234 16 8.21E-01 7.24E-01 ± 1.79E-01 1.13E+00 Yes

U-235/236 16 5.82E-02 5.94E-02 ± 5.38E-02 1.76E-01 No

U-238 16 7.93E-01 7.06E-01 ± 1.65E-01 1.14E+00 Yes

Pu-238 10 2.79E-01 2.62E-01 ± 6.87E-02 4.32E-01 Yes

Pu-239/240 17 2.26E-01 2.58E-01 ± 7.10E-02 6.42E-01 Yes

Am-241 17 4.59E-01 5.13E-01 ± 1.22E-01 1.29E+00 Yes

WMA5 SNSW74A Gross alpha 13 1.19E+01 1.29E+01 ± 3.06E+00 2.20E+01 Yes

Sediment Gross beta 13 2.33E+01 2.35E+01 ± 2.97E+00 3.47E+01 Yes

at north Sr-90 17 3.28E-01 4.67E-01 ± 8.73E-02 2.10E+00 ,Yes

swamp Cs-137 17 2.55E+00 2.83E+00 ± 2,54E-01 8,82E+00 Yes

drainage U-232 17 <2.16E-02 8.57E-03 ± 2.53E-02 4.23E-02 No

U-233/234 16 7.18E-01 6.24E-01 ± 1.74E-01 1.06E+00 No

U-235/236 16 5.49E-02 5.59E-02 ± 4.05E-02 1.26E-01 No

U-238 17 6.82E-01 6.36E-01 ± 1.80E-01 1.35E+00 No

Pu-238 10 2.37E-02 2.30E-02 ± 1.88E-02 5.59E-02 No

Pu-239/240 17 6.17E-02 6.52E-02 ± 4.13E-02 1.92E-01 Yes

Am-241 17 6.10E-02 9.01E-02 ± 5.09E-02 2.58E-01 Yes
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-12. Summary of Radionuclide Results from Routine Onsite Sediment Monitoring Locations

Monitoring Median Average (pCi/g) Maximum Exceeded
Point (pCi/g) Result ± Uncertainty (pCi/g) Background?(1 )

WMA12 SNSP006 Gross alpha 13 1.10E+01 1.01E+01 ± 2.84E+00 1.32E+01 No

Sediment Gross beta 13 4.27E+01 5.01E+01 ± 4.09E+00 1.60E+02 Yes

from Franks Sr-90 17 8.38E-01 1.49E+00 ± 2.29E-01 9.98E+00 Yes

Creek at Cs-137 17 1.30E+01 2.10E+01 ± 2.75E+00 9.76E+01 Yes

security U-232 17 4.07E-02 4.01E-02 ± 6.81E-02 1.43E-01 Yes

fence U-233/234 16 6.40E-01 6.05E-01 ± 1.78E-01 1.02E+00 No

U-235/236 16 4.56E-02 3.87E-02 ± 5.46E-02 1.04E-01 No

U-238 17 6.07E-01 5.53E-01 ± 1.68E-01 9.15E-01 No

Pu-238 10 3.17E-02 4.29E-02 ± 2.58E-02 1.40E-01 Yes

Pu-239/240 17 2.60E-02 2.97E-02 ± 2.54E-02 1.08E-01 Yes

Am-241 17 4.34E-02 6.51 E-02 ± 4.78E-02 2.40E-01 Yes

NOTE: (1) Using the nonparametric Mann-Whitney "U" Test, the data set of sediment background results (summarized in Table B-4) was compared with the data set from each of
the sampling locations. See Appendix B, Section 4.3.
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WVDP PHASE 1 DECOMMISSIONING PLAN

/

Table B-13. Summary of Radionuclide Results from Routine Onsite Surface Water Monitoring Locations

WMA Monitoring Constituent N Median Average (pCi/L) Maximum Exceeded
j Point (pCi/L)(2) Result ± Uncertainty (pCilL) Background?(0)

WMA 2 WNSP001 Gross alpha 232 1.75E+01 1.92E+01 ± 1.32E+01 1.01E+02 Yes
Lagoon 3 Gross beta 433 2.56E+02 3.01E+02 ± 2.25E+01 8.18E+02 Yes
Discharge H-3 231 2.47E+03 2.75E+03 ± 1.42E+02 7.17E+03 Yes
Weir C-14 62 <2.82E+01 1.35E+01 ± 2.24E+01 4.75E+01 Yes

Sr-90 231 9.88E+01 1.21E+02 ± 7.42E+00 3.19E+02 Yes
Tc-99 197 6.53E+01 7.90E+01 ± 4.79E+01 3.36E+02 Yes
1-129 62 2.13E+00 2.44E+00 ± 1.48E+00 1.04E+01 Yes
Cs-137 231 6.10E+01 7.57E+01 ± 1.88E+01 3.29E+02 Yes
U-232 62 8.02E+00 8.98E+00 ± 9.91 E-01 2.14E+01 Yes
U-233/234 62 5.04E+00 5.49E+00 ± 6.20E-01 1.36E+01 Yes
U-235/236 62 2.62E-01 2.75E-01 ± 1.21E-01 5.84E-01 Yes
U-238 62 3.76E+00 3.82E+00 ± 4.87E-01 7.57E+00 Yes
Pu-238 62 6.53E-02 1.53E-01 ± 6.78E-02 1.62E+00 Yes
Pu-239/240 62 5.17E-02 1.34E-01 ± 6.19E-02 1.39E+00 Yes
Am-241 62 6.79E-02 1.18E-01 ± 6.01E-02 9.74E-01 Yes

WMA4 WNSWAMP Grossalpha 450 <1.87E+00 2.86E-01 ± 2.28E+00 7.25E+00 No
Northeast Gross beta 451 3.01E+03 3.24E+03 ± 5.33E+01 9.98E+03 Yes
Swamp H-3 451 1.13E+02 1.13E+02 ± 8.21E+01 5.20E+02 Yes
Drainage C-14 34 <1.58E+01 2.13E+00 ± 2.09E+01 3.72E+01 No

Sr-90 121 1.52E+03 1.70E+03 ± 3.14E+01 5.16E+03 Yes
1-129 34 <9.05E-01 5.39E-01 ± 9.28E-01 1.29E+00 No
Cs-137 120 <2.43E+00 6.76E-01 ± 3.33E+00 5.74E+00 No
U-232 34 <6.42E-02 7.47E-03 ± 1.59E-01 9.76E-02 No
U-233/234 34 1.73E-01 1.97E-01 ± 1.36E-01 9.27E-01 Yes
U-235/236 34 <4.20E-02 2.54E-02 ± 5.77E-02 8.82E-02 No
U-238 34 1.01E-01 1.21E-01 ± 1.07E-01 7.21E-01 Yes
Pu-238 34 <3.11E-02 1.20E-02 ± 9.54E-02 1.50E-01 No

Pu-239/240 34 <2.90E-02 1.48E-02 ± 6.65E-02 1.44E-01 No
Am-241 34 <3.42E-02 2.86E-02 ± 9.57E-02 1.79E-01 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-13. Summary of Radionuclide Results from Routine Onsite Surface Water Monitoring Locations

Monitoring Median Average (pCilL) Maximum Exceeded•
WMA MoioigConstituent N (~I) 2

Point (pCilL)(J) Result ± Uncertainty (pCi/L) Background?(1 !)

WMA 5 WNSW74A Gross alpha 450 <2.17E+00 3.88E-02 ± 3.09E+00 7.89E+00 No

North Gross beta 450 1.17E+01 1.21E+01 ± 4.34E+00 4.24E+01 Yes

Swamp H-3 450 <8.18E+01 -2.14E+00 ± 8.07E+01 2.80E+02 No

Drainage C-14 34 <1.40E+01 -7.72E-01 ± 1.94E+01 1.50E+01 No

Sr-90 120 5.52E+00 5.46E+00 ± 1.89E+00 1.25E+01 Yes

1-129 34 <7.10E-01 2.09E-01 ± 7.37E-01 1.31E+00 No

Cs-137 120 <7.08E+00 1.20E+00 ± 8.85E+00 1.18E+01 No

U-232 34 <4.83E-02 8.38E-03 ± 6.79E-02 6.22E-02 No

U-233/234 34 1.54E-01 1.64E-01 ± 8.44E-02 3.54E-01 Yes

U-235/236 34 <3.70E-02 1.89E-02 ± 3.99E-02 1.38E-01 No

U-238 34 1.01E-01 1.04E-01 ± 6.65E-02 2.OOE-01 Yes

Pu-238 34 <2.1OE-02 1.43E-02 ± 3.36E-02 1.16E-01 No

Pu-239/240 34 <2.39E-02 4.73E-03 ± 2.73E-02 <6.94E-02 No

Am-241 34 <2.81E-02 1.68E-02 ± 3.17E-01 8.63E-02 No

WMA 6 WNSP007 Gross alpha 324 <2.62E+00 1.37E-01 ± 3.32E+00 4.80E+00 No

Sanitary Gross beta 324 1.45E+01 1.53E+01 ± 5.02E+00 4.05E+01 Yes

Waste H-3 324 <8.25E+01 2.26E+01 ± 8.18E+01 1.53E+03 No

Discharge Sr-90 14 3.11E+00 3.38E+00 ± 1.75E+00 1.17E+01 Yes

Cs-137 35 <2.92E+00 8.12E-01 ± 3.94E+00 4.44E+00 No

WNCOOLW Gross alpha 73 <1.91E+00 5.65E-01 ± 2.03E+00 5.81E+00 No

Cooling Gross beta 73 6.83E+00 9.05E+00 ± 3.64E+00 3.43E+01 Yes

Tower Water H-3 73 <8.17E+01 2.86E+00 ± 7.94E+01 4.27E+02 No

Sr-90 10 1.60E+00 1.50E+00 ± 1.40E+00 4.68E+00 No

Cs-137 31 <7.20E+00 8.61E-01 ± 8.32E+00 9.15E+00 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-13. Summary of Radionuclide Results from Routine Onsite Surface Water Monitoring Locations

WMA Monitoring Constituent N Median Average (pCi/L) Maximum Exceeded
Point (pCi/L)(2) Result ± Uncertainty (pCi/L) Background?(1 )

WMA 12 WNSP006

Franks Creek

at security

fence

Gross alpha 471 <1.50E+00 9.49E-01 ± 1.61 E+00 1.07E+01 No

Gross beta 471 3.53E+01 4.44E+01 ± 3.99E+00 1.94E+02 Yes

H-3 471 <8.54E+01 1.36E+02 ± 8.33E+01 2.25E+03 Yes

C-14 40 <1.85E+01 -1.31E+00 ± 2.09E+01 2.06E+01 No

Sr-90 120 1.87E+01 1.98E+01 ± 2.99E+00 4.96E+01 Yes

Tc-99 40 <2.09E+00 3.28E+00 ± 2.15E+00 5.24E+01 Yes

1-129 40 <7.04E-01 3.26E-01 ± 7.25E-01 1.65E+00 No

Cs-137 120 <8.02E+00 6.32E+00 ± 9.50E+00 7.33E+01 Yes

U-232 40 3.17E-01 3.16E-01 ± 1.34E-01 7.51E-01 Yes

U-233/234 40 3.66E-01 3.73E-01 ± 1.31E-01 6.87E-01 Yes

U-235/236 40 <4.41E-02 3.26E-02 ± 4.61 E-02 9.57E-02 No

U-238 40 2.54E-01 2.77E-01 ± 1.12E-01 7.43E-01 Yes

Pu-238 40 <3.36E-02 2.14E-02 ± 3.39E-02 1.36E-01 Yes

Pu-239/240 40 <2.79E-02 1.13E-02 ± 3.02E-02 6.62E-02 No

Am-241 40 <3.30E-02 3.23E-02 ± 3.69E-02 1.60E-01 No

WNSP005 Gross alpha 140 <2.71E+00 1.22E+00 ± 3.24E+00 1.85E+01 No

Facility yard Gross beta 140 1.50E+02 1.63E+02 ± 9.11E+00 4.53E+02 Yes

drainage H-3 140 <8.28E+01 3.78E+01 ± 8.23E+01 1.25E+03 Yes

Sr-90 35 9.61E+01 1.02E+02 ± 6.52E+00 1.98E+02 Yes

Cs-137 14 <1.91E+00 9.28E-01 ± 2.19E+00 <3.69E+00 No

WNNDADR

Drainage

between NDA

and SDA

Gross alpha 130 <1.34E+00 8.22E-01 ± 1.40E+00 5.84E+00 No

Gross beta 136 1.74E+02 1.83E+02 ± 6.45E+00 4.06E+02 Yes

H-3 546 1.OOE+03 1.16E+03 ± 1.02E+02 4.02E+03 Yes

Sr-90 41 8.48E+01 8.40E+01 ± 5.45E+00 1.22E+02 Yes

1-129 34 <8.12E-01 2.62E-01 ± 8.53E-01 1.15E+00 No

Cs-137 120 <6.67E+00 5.99E-01 ± 8.48E+00 1.86E+01 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-13. Summary of Radionuclide Results from Routine Onsite Surface Water Monitoring Locations

WMA Monitoring Constituent N Median Average (pCi/L) Maximum Exceeded
Point (pCi/L)(1) Result ± Uncertainty (pCi/L) Background?(1)

WMA 12 WNERB53 Gross alpha 401 <1.45E+00 1.56E-01 ± 1.65E+00 2.51 E+00 No

Erdman Brook Gross beta 401 1.73E+01 1.81 E+01 ± 2.92E+00 4.37E+01 Yes

north of burial H-3 403 <8.31 E+01 3.08E+01 ± 8.11E+01 3.46E+02 Yes

areas Sr-90 14 8.23E+00 8.04E+00 ± 1.98E+00 9.91 E+00 Yes

Cs-1 37 14 <2.07E+00 7.52E-01 ± 3.96E+00 2.41E+00 No

WNFRC67 Gross alpha 99 <7.OOE-01 9.41 E-02 ± 7.56E-01 3.89E+00 No

Franks Creek Gross beta 99 2.63E+00 2.56E+00 ± 1.50E+00 9.OOE+00 No

east of burial H-3 99 <8.31E+01 3.08E+01 ± 8.11E+01 3.46E+02 Yes

areas Sr-90 19 <1.17E+00 5.OOE-01 ± 1.09E+00 3.42E+00 No

Cs-137 19 <2.13E+00 5.50E-01 ± 2.58E+00 2.26E+00 No

NOTES: (1) Using the nonparametric Mann-Whitney "U" Test, the data set of surface water background results (summarized in Table B-6) was compared with the data set from each
of the above sampling locations. See Appendix B, Section 4.3.

(2) 1 pCi/L = 3.7E-02 Bq/L
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

WMA Monitoring Constituent ( Median Average (pCi/L) Maximum Exceeded
Point(') (pCiL)(3) Result + Uncertainty (pCiIL) Background?(4)

WMA1 WP-A Gross alpha 12 <3.56E-01 1.71E-01 ± 2.12E+00 1.82E+00 No

S&G Gross beta 12 2.41 E+01 3.09E+01 ± 4,55E+00 5.44E+01 Yes

H-3 12 1.18E+04 1.12E+04 ± 6.24E+02 1.26E+04 Yes

WMA 2 WNW0103 Gross alpha 40 <7.32E+00 1.06E+00 ± 1.01E+01 1.25E+01 No

S&G Gross beta 40 1.45E+02 1.85E+02 ± 1.93E+01 5.53E+02 Yes
H-3 40 <8.42E+01 5.19E+01 ± 8.12E+01 2.02E+02 No

WNW0104 Gross alpha 40 <3.86E+00 2.23E-01 ± 5.95E+00 5.04E+00 No

S&G Gross beta 40 5.88E+04 5.63E+04 ± 1.64E+03 1.01E+05 Yes
H-3 40 3.73E+02 3.91 E+02 ± 8.65E+01 7.53E+02 Yes

WNW0105 Gross alpha 41 <4.21E+00 1.04E+00 ± 7.17E+00 4.60E+00 No
S&G Gross beta 41 3.88E+04 3.30E+04 ± 1.54E+03 1.02E+05 Yes

H-3 40 3.57E+02 3.72E+02 ± 9.12E+01 7.09E+02 Yes

WNW0106 Gross alpha 40 <2.50E+00 1.94E+00 ± 3.44E+00 1.31E+01 No
S&G Gross beta 40 1.64E+01 8.22E+01 ± 7.99E+00 5.76E+02 Yes

H-3 40 9.56E+02 1.04E+03 ± 1.00E+02 1.82E+03 Yes
WNW0107 Gross alpha 40 <1.85E+00 8.97E-01 ± 1.88E+00 5.71 E+00 No

ULT Gross beta 40 7.OOE+00 8.23E+00 ± 2.63E+00 2.22E+01 Yes
H-3 40 3.74E+02 4.78E+02 ± 9.04E+01 9.85E+02 Yes

WNW0108 Gross alpha 40 1.64E+00 1.47E+00 ± 1.46E+00 4.31E+00 Yes
ULT Gross beta 40 2.49E+00 2.42E+00 ± 1.90E+00 5.36E+00 No

H-3 40 1.17E+02 1.10E+02 ± 8.38E+01 2.47E+02 Yes

WNW0110 Gross alpha 40 <1.49E+00 1.01E+00 ± 1.61E+00 4.39E+00 No
ULT Gross beta 40 2.32E+00 2.23E+00 ± 1.95E+00 7.92E+00 No

H-3 40 1.31E+03 1.28E+03 ± 1.08E+02 1.66E+03 Yes

WNW0111 Gross alpha 40 <4.38E+00 3.15E+00 ± 5.06E+00 1.03E+01 Yes
S&G Gross beta 40 5.55E+03 5.87E+03 ± 1.40E+02 1.18E+04 Yes

H-3 40 1.97E+02 2.34E+02 ± 8.39E+01 7.97E+02 Yes
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summarv of Radionuclide Results from Routine Onsite Groundwater Monitorinq Locations(1 )

WMA Monitoring ( onstituent N Median) Average (pCilL) Maximum Exceeded
Point(2) (pCi/L)(3) Result + UncertaintyJ (pCi/L) Background?(4)

WMA 2 WNW0116

S&G

Gross alpha 40 <3.08E+00 8.94E-01 ± 4.35E+00 7.03E+00 No

Gross beta 40 8.69E+02 1.98E+03 ± 1.55E+02 1 9.51 E+03 Yes

H-3 40 1.67E+02 1.88E+02 ± 8.24E+01 4.66E+02 Yes

WNW0205 Gross alpha 35 <4.87E+00 4.37E-01 ± 7.67E+00 <2.73E+01 No

S&G __ Gross beta 35 1.61E+01 1.66E+01 ± 8.39E+00 4.08E+01 Yes

H-3 35 <8.14E+01 9.44E+00 ± 8.02E+01 2.09E+02 No

WNW0206 Gross alpha 35 <2.47E+00 6.69E-01 ± 3.33E+00 5.02E+00 No

LTS Gross beta 35 <3.16E+00 1.95E+00 ± 3.53E+00 6.11E+00 No

H-3 35 <8.18E+01 2.94E+01 ± 7.96E+01 2.07E+02 No

WNW0408 Gross alpha 40 <3.58E+00 -7.91 E+00 ± 9.05E+00 6.44E+00 No

S&G Gross beta 39 3.96E+05 4.01E+05 ± 3.04E+03 6.28E+05 Yes

H-3 40 1.52E+02 1.86E+02 ± 1.13E+02 2.21E+03 Yes

C-14 10 <2.16E+01 -7.20E-01 ± 2.27E+01 <3.42E+01 No

Sr-90 10 1.54E+05 1.54E+05 ± 1.73E+02 2.53E+05 Yes

Tc-99 10 1.57E+01 1.70E+01 ± 3.28E+00 2.51 E+01 Yes

1-129 10 <9.94E-01 7.65E-02 ± 2.53E+00 9.46E-01 No

Cs-137 10 <4.01E+00 -3.24E-01 ± 4.29E+00 <6.72E+00 No

U-232 10 <6.32E-02 6.31E-02 ± 2.04E-01 5.31E-02 No

U-233/234 10 4.51E-01 5.34E-01 ± 2.22E-01 1.27E+00 Yes

U-235/236 10 <5.44E-02 8.34E-02 ± 9.98E-02 3.11 E-01 No

U-238 10 2.87E-01 3.11E-01 ± 1.57E-01 4.82E-01 Yes

Pu-238 2 <6.83E-02 2.09E-02 ± 7.45E-02 <9.80E-02 No

Pu-239/240 2 <6.56E-02 7.70E-03 ± 6.65E-02 <7.68E-02 No

Am-241 2 4.60E-02 3.60E-02 ± 4.72E-02 5.90E-02 No

WNW0501 Gross alpha 40 <4.79E+00 4.82E-01 ± 8.34E+00 6.10E+00 No

Revision 0 B-33



WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

WMA Monitoring Constituent ( Median ] Average (pCi/L) - Maximum Exceeded

Point(2) (pCi/L)(3) Result + Uncertainty (pCilL) Background?(4)

WMA 2 S&G Gross beta 40 1.93E+05 1.91 E+05 ± 2.61 E+03 3.24E+05 Yes

H-3 40 1.35E+02 1.25E+02 ± 8.37E+01 3.15E+02 Yes

Sr-90 10 9.18E+04 9.33E+04 ± 2.43E+02 1.48E+05 Yes
WNW0502 Gross alpha 40 <4.40E+00 7.94E-01 ± 8.04E+00 1.46E+01 No

S&G Gross beta 40 1.68E+05 1.64E+05 ± 2.80E+03 2.33E+05 Yes
H-3 40 1.33E+02 1.44E+02 ± 8.36E+01 4.98E+02 Yes

Sr-90 10 8.36E+04 8.27E+04 ± 2.05E+02 1.16E+05 Yes
WNW8603 Gross alpha 41 <5.02E+00 3.92E-01 ± 7.89E+00 9.30E+00 No

S&G Gross beta 41 5.66E+04 4.81 E+04 ± 1.20E+03 9.01 E+04 Yes
H-3 40 3.37E+02 3.43E+02 ± 8.79E+01 5.81 E+02 Yes

WNW8604 Gross alpha 35 <4.68E+00 1.07E+00 ± 7.83E+00 9.OOE+00 No

S&G Gross beta 35 4.12E+04 4.57E+04 ± 1.12E+03 1.04E+05 Yes
H-3 35 3.48E+02 3.76E+02 ± 8.38E+01 6.41E+02 Yes

WNW8605 Gross alpha 40 9.11E+00 8.46E+00 ± 7.66E+00 2.08E+01 Yes

S&G Gross beta 40 1.09E+04 1.10E+04 ± 1.73E+02 1.62E+04 Yes
H-3 40 3.70E+02 4.19E+02 ± 8.68E+01 1.27E+03 Yes

WP-C Gross alpha 12 <3.95E-01 9.03E-01 ± 2.74E+00 <6.92E+00 No

S&G Gross beta 12 2.44E+01 4.16E+01 ± 5.48E+00 1.19E+02 Yes
H-3 12 4.91E+04 4.75E+04 ± 1.56E+03 6.61E+04 Yes

WP-H Gross alpha 13 6.08E+00 7.90E+01 ± 2.33E+01 7.42E+02 Yes
S&G Gross beta 13 6.97E+03 7.23E+03 ± 1.87E+02 1.25E+04 Yes

H-3 13 2.99E+03 3.42E+03 ± 5.OOE+02 7.38E+03 Yes

WMA 3 WNW8609 Gross alpha 40 <3.1OE+00 -3.75E-01 ± 5.55E+00 3.84E+00 No

S&G Gross beta 40 1.51 E+03 1.37E+03 ± 4.15E+01 2.28E+03 Yes
H-3 40 4.51 E+02 4.66E+02 ± 9.10E+01 7.88E+02 Yes

Sr-90 20 7.99E+02 7.17E+02 ± 2.07E+01 1.12E+03 Yes

WMA4 WNW0801 Gross alpha I 40 I <3.85E+00 6.31E-02 ± 6.49E+00 5.45E+00 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

WMA Monitoring Constituent N Median Average(pCiIL) Maximum Exceeded.
- Point(2) (pCi/L)(3) Result + Uncertainty (pCi/L) Background?(4)

WMA 4 S&G Gross beta 40 7.95E+03 8.59E+03 ± 2.72E+02 1.46E+04 Yes

H-3 40 1.51E+02 1.64E+02 ± 8.24E+01 3.82E+02 Yes

Sr-90 40 4.13E+03 4.33E+03 ± 4.73E+01 7.99E+03 Yes

WNW0802 Gross alpha 40 <1.33E+00 1.05E+00 ± 2.03E+00 1.66E+01 No

S&G Gross beta 40 9.94E+00 3.47E+01 ± 5.14E+00 2.84E+02 Yes

H-3 40 <1.05E+02 9.OOE+01 ± 8.OOE+01 4.20E+02 Yes

WNW0803 Gross alpha 40 <3.01E+00 9.79E-01 ± 3.38E+00 8.96E+00 No

S&G Gross beta 40 1.48E+01 1.51 E+01 ± 4.69E+00 2.50E+01 Yes

H-3 40 1.84E+02 1.60E+02 ± 8.46E+01 3.42E+02 Yes

WNW0804 Gross alpha 40 <2.04E+00 6.OOE-01 ± 2.87E+00 6.54E+00 No

S&G Gross beta 40 2.58E+02 2.86E+02 ± 1.07E+01 6.89E+02 Yes

H-3 40 1.19E+02 1.14E+02 ± 7.98E+01 3.60E+02 Yes

WNW8612 Gross alpha 40 <2.62E+00 3.33E-01 ± 3.34E+00 4.57E+00 No

S&G Gross beta 41 <3.58E+00 1.57E+00 ± 3.60E+00 5.91 E+00 No

H-3 40 4.21 E+02 4.33E+02 ± 8.88E+01 8.46E+02 Yes

WMA 5 WNW0406 Gross alpha 40 <2.22E+00 1.54E-01 ± 2.58E+00 4.49E+00 No

S&G Gross beta 40 7.44E+00 8.08E+00 ± 3.49E+00 1.67E+01 Yes

H-3 40 1.17E+02 1.06E+02 ± 8.42E+01 4.38E+02 Yes

C-14 10 <2.65E+01 -2.04E+00 ± 2.36E+01 2.72E+01 No

Sr-90 10 1.92E+00 2.15E+00 ± 1.45E+00 4.57E+00 No

Tc-99 11 2.19E+00- 2.53E+00 ± 1.91E+00 8.50E+00 Yes

1-129 10 <8.91E-01 3.48E-01 ± 9.17E-01 1.72E+00 No

Cs-137 10 <6.41E+00 -9.30E-01 ± 7.35E+00 <1.48E+01 No

U-232 10 <4.55E-02 2.47E-02 ± 1.24E-01 <3.59E-01 No

U-233/234 10 1.37E-01 1.42E-01 ± 1.05E-01 2.67E-01 No

U-235/236 10 <3.97E-02 2.32E-02 ± 5.51E-02 6.92E-02 No

U-238 10 8.08E-02 8.87E-02 ± 8.17E-02 1.92E-01 No

Revision 0 B-35



WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summarv of Radionuclide Results from Routine Onsite Groundwater Monitorinq Locations(1 )

WMA Monitoring Constituent N Median Average (pCiIL) Maximum Exceeded
Point(2) ( N pCi/L)(3) Result + Uncertainty (pCilL) Background?(4)

WMA 5 WNW0409

ULT

Gross alpha 40 <1.01 E+00 9.39E-01 ± 9.94E-01 2.32E+00 Yes

Gross beta 40 2.56E+00 2.36E+00 ± 1.37E+00 4.38E+00 No

H-3 40 <8.01 E+01 -3.82E+00 ± 7.86E+01 2.1 OE+02 No

WNW0602A Gross alpha 35 <1.37E+00 4.04E-01 ± 1.60E+00 2.51 E+00 No

S&G Gross beta 35 1.21E+01 1.32E+01 ± 2.87E+00 3.46E+01 Yes

H-3 35 2.15E+02 2.18E+02 ± 8.88E+01 4.88E+02 Yes

WNW0604 Gross alpha 41 <2.04E+00 3.35E-01 ± 2.45E+00 3.10E+00 No

S&G Gross beta 41 6.06E+00 6.29E+00 ± 2.97E+00 1.29E+01 Yes

H-3 40 <8.14E+01 1.99E+01 ± 8.01E+01 2.07E+02 No

WNW0605 Grossalpha 35 <1.54E+00 4.40E-01 ± 1.59E+00 1.13E+01 No

S&G Gross beta 35 4.83E+01 5.07E+01 ± 3.98E+00 8.82E+01 Yes

H-3 35 <8.08E+01 1.59E+01 ± 7.86E+01 1.44E+02 No

WNW0704 Gross alpha 40 <1.93E+00 1.75E-01 ± 2.25E+00 2.23E+00 No
ULT/S&G Gross beta 40 8.05E+00 8.20E+00 ± 3.05E+00 1.34E+01 Yes

H-3 40 <8.20E+01 -1.69E+01 ± 8.24E+01 2.16E+02 No

WNW0707 Gross alpha 40 <1.15E+00 3.09E-01 ± 1.35E+00 4.40E+00 No

ULT/S&G Gross beta 40 4.17E+00 4.16E+00 ± 1.98E+00 9.85E+00 No

H-3 40 <8.22E+01 -1.89E+01 ± 8.11E+01 1.05E+02 No

WNW1303 Gross alpha 19 <9.42E-01 1.19E+00 ± 2.06E+00 5.46E+00 No

ULT Gross beta 19 2.17E+00 2.24E+00 ± 2.25E+00 9.38E+00 No
H-3 19 <8.25E+01 -4.98E+01 ± 2.09E+02 1.26E+02 No

WNW1 304

S&G

Gross alpha 19 <6.14E+00 -8.58E-01 ± 8.32E+00 6.92E+00 No

Gross beta 19 <8.20E+00 4.92E+00 ± 8.11E+00 1.33E+01 No

H-3 19 <9.44E+01 2.36E+01 ± 2.16E+02 1.60E+02 No

C-14 18 <3.03E+01 2.02E+00 ± 2.92E+01 3.69E+01 No

Sr-90 18 1.60E+00 1.93E+00 ± 1.28E+00 6.33E+00 No

Tc-99 18 <1.94E+00 1.25E-01 ± 1.91 E+00 2.62E+00 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

WMA Monitoring Constituent N (Median Average (pCi/L) Maximum Exceeded
Point(2) (pCi/L)(31 Result + Uncertainty (pCi/L) Background?(4)

WMA 5 1-129 18 <7.52E-01 3.39E-01 ± 1.33E+00 2.83E+00 No

Cs-137 18 <2.77E+00 7.11E-01 ± /4.88E+00 2.52E+00 No

U-232 18 <3.73E-02 -1.09E-02 ± 6.74E-02 <2.17E-01 No

U-233/234 18 2.66E-01 2.93E-01 ± 1.26E-01 5.65E-01 Yes

U-235/236 18 <4.07E-02 3.85E-02 ± 5.31E-02 1.77E-01 No

U-238 18 1.91E-01 2.15E-01 ± 1.05E-01 5.77E-01 Yes

WNW8607 Gross alpha 40 <2.36E+00 -7.83E-02 ± 4.40E+00 9.45E+00 No

S&G Gross beta 40 2.57E+01 2.75E+01 ± 5.30E+00 7.63E+01 Yes

H-3 40 <8.47E+01 1.97E+01 ± 8.30E+01 2.04E+02 No

WMA 7 WNW0902 Gross alpha 20 1.46E+00 1.34E+00 ± 1.34E+00 5.44E+00 Yes

KRS Gross beta 20 2.70E+00 2.76E+00 ± 1.64E+00 4.92E+00 No

H-3 20 <8.08E+01 -3.35E+01 ± 8.18E+01 1.18E+02 No

WNW0909 Gross alpha 26 <3.24E+00 1.16E+00 ± 3.83E+00 1.14E+01 No

WLT Gross beta 34 3.74E+02 3.70E+02 ± 1.40E+01 6.44E+02 Yes

H-3 30 8.23E+02 1.54E+03 ± 1.20E+02 3.95E+03 Yes

C-14 10 <2.49E+01 7.23E+00 ± 2.39E+01 3.53E+01 No

Sr-90 17 1.87E+02 1.83E+02 ± 8.33E+00 2.21E+02 Yes

Tc-99 11 <1.86E+00 1.31E+00 ± 1.82E+00 5.01E+00 Yes

1-129 11 6.21E+00 6.30E+00 ± 1.88E+00 9.65E+00 Yes

Cs-137 10 <5.51E+00 1.09E+00 ± 6.42E+00 <1.28E+01 No

U-232 12 <5.99E-02 6.37E-02 ± 1.62E-01 5.26E-01 No

U-233/234 12 5.97E-01 7.42E-01 ± 2.40E-01 1.34E+00 Yes

U-235/236 11 6.71 E-02 7.66E-02 ± 7.65E-02 2.48E-01 No

U-238 12 4.72E-01 5.44E-01 ± 1.97E-01 1.03E+00 Yes
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

WMAMonitoring N Median Average (pCi/L) - Maximum Exceeded
Point(2) (pCi/L)(3) Result + Uncertainty (pCi/L) Background?(4)

WMA7 WNW0910 Grossalpha 25 <2.53E+00 1.88E+00 ± 2.29E+00 3.45E+00 Yes

ULT Gross beta 25 3.80E+01 1.46E+02 ± 8.51E+00 1.54E+03 Yes

H-3 24 <8.06E+01 -1.24E+01 ± 8.05E+01 2.39E+02 No

WNNDATR Gross alpha 160 2.22E+00 2.08E+00 ± 2.11E+00 1.06E+01 Yes

WLT Gross beta 166 1.45E+02 1.75E+02 ± 8.36E+00 5.51E+02 Yes

H-3 164 3.65E+03 5.00E+03 ± 2.28E+02 1.99E+04 Yes

C-14 20 <2.18E+01 3.02E-01 ± 2.39E+01 1.33E+01 No

Sr-90 28 5.84E+01 7.85E+01 ± 5.55E+00 2.84E+02 Yes

Tc-99 21 <1.94E+00 6.32E-01 ± 1.89E+00 5.12E+00 No

1-129 41 <9.14E-01 8.44E-01 ± 9.35E-01 7.OOE+00 Yes

Cs-137 140 <6.80E+00 7.20E-01 ± 8.88E+00 1.50E+01 No

U-232 21 <7.12E-02 5.11E-02 ± 1.18E-01 4.72E-01 No

U-233/234 21 1.67E+00 1.51EE+00 ± 2.81E-01 2.11E+00 Yes

U-235/236 21 1.06E-01 1.35E-01 ± 9.47E-02 3.04E-01 Yes

U-238 21 1.30E+00 1.22E+00 ± 2.50E-01 1.73E+00 Yes

WNW8610 Gross alpha 20 <2.21E+00 6.60E-01 ± 2.88E+00 6.35E+00 No

KRS Gross beta 20 4.41E+00 4.79E+00 ± 3.09E+00 9.91 E+00 No

H-3 20 <8.17E+01 -3.80E+01 ± 7.96E+01 1.46E+02 No

WNW8611 Gross alpha 21 <1.98E+00 1.23E+00 ± 2.25E+00 4.50E+00 No

KRS Gross beta 21 <2.71E+00 2.83E+00 ± 2.81 E+00 1.67E+01 No

H-3 20 <8.15E+01 -4.98E+01 ± 8.08E+01 8.44E+01 No

WMA 9 WNW1005 Gross alpha 20 <2.49E+00 1.97E+00 ± 2.92E+00 4.69E+00 No

WLT Gross beta 20 <3.52E+00 2.36E+00 ± 2.98E+00 5.14E+00 No

H-3 20 <8.36E+01 1.24E+01 ± 8.14E+01 2.01E+02 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(1 )

Monitoring [ ntuetMedian Average (pCi/L) Maximum Exceeded
WMA Point(2) Constituent N (pCi/L)(3) Result + Uncertainty (pCi/L) Background?(4)

WMA9 WNW1006 Grossalpha 20 <5.10E+00 4.24E+00 ± 5.50E+00 1.02E+01 Yes

WLT Gross beta 20 <6.80E+00 4.58E+00 ± 5.68E+00 1.03E+01 No

H-3 20 <8.20E+01 -1.81 E+01 ± 8.24E+01 1.67E+02 No

WMA 10 WNW0302 Gross alpha 36 <5.51 E+00 8.24E-01 ± 9.02E+00 1.55E+00 No

S&G Gross beta 36 <7.22E+00 4.13E+00 ± 8.13E+00 1.27E+01 No

H-3 36 <8.23E+01 3.72E+01 ± 8.11E+01 1.87E+02 No

WNW0402 Gross alpha 35 <5.13E+00 5.02E-01 ± 6.93E+00 7.45E+00 No

S&G Gross beta 35 <5.64E+00 2.53E+00 ± 6.56E+00 8.33E+00 No

H-3 35 <8.21E+01 2.73E+01 ± 8.05E+01 1.99E+02 No

WNW0403 Gross alpha 35 <2.11E+00 3.85E-01 ± 2.45E+00 5.94E+00 No

S&G Gross beta 35 5.76E+00 6.17E+00 ± 3.26E+00 1.06E+01 No

H-3 35 <8.22E+01 2.20E+01 ± 7.97E+01 1.92E+02 No

WNW1008B Gross alpha 20 <1.08E+00 7.09E-01 ± 1.12E+00 3.11E+00 No

KRS Gross beta 20 2.68E+00 3.15E+00 ± 1.46E+00 9.18E+00 No

H-3 20 <8.04E+01 -2.23E+01 ± 7.96E+01 7.81E+01 No

WNW1008C Gross alpha 20 <1.51E+00 8.13E-02 ± 1.48E+00 <1.89E+00 No

WLT Gross beta 20 <1.86E+00 1.15E+00 ± 2.OOE+00 3.03E+00 No

H-3 20 <8.15E+01 -1.06E+00 ± 8.10E+01 1.33E+02 No

WNW1301 Gross alpha 1 <1.48E+01 1.43E+01 ± 1.48E+01 <1.48E+01 No

ULT Gross beta 1 <1.02E+01 -1.04E+01 ± 1.02E+01 <1.02E+01 No

H-3 1 <8.61 E+02 -6.09E+02 ± 8.61E+02 <8.61E+02 No

WNW1302 Gross alpha 19 <3.69E+00 1.OOE+00 ± 5.69E+00 4.88E+00 No

S&G Gross beta 19 <5.62E+00 2.76E+00 ± 6.44E+00 6.47E+00 No

H-3 19 <9.37E+01 -4.07E+01 ± 2.05E+02 1.15E+02 No
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-14. Summary of Radionuclide Results from Routine Onsite Groundwater Monitoring Locations(_)

WMA Monitoring Constituent N Median Average (pCi/L) - Maximum Exceeded
Point(2) (pCi/L)(z) Result + Uncertainty (pCi/L) Background?14)

WMA 12 WNW0903 Gross alpha 20 <1.90E+00 3.35E-01 ± 2.26E+00 4.29E+00 No

KRS Gross beta 20 <2.42E+00 2.30E+00 ± 2.62E+00 9.21E+00 No

H-3 20 <8.20E+01 -5.34E+01 ± 8.16E+01 1.62E+02 No

WNW0906 Gross alpha 20 <1.78E+00 1.47E+00 ± 1.72E+00 4.19E+00 No

WLT Gross beta 20 4.50E+00 4.92E+00 ± 2.22E+00 1.41E+01 No

H-3 20 <8.43E+01 3.80E+00 ± 8.23E+01 1.55E+02 No

NOTES: (1) See Figure 4-12 in Section 4 of this plan for the locations of monitoring wells where concentrations exceed background.

(2) Geologic unit is indicated below each monitoring point.

(3) 1 pCi/L = 3.7E-02 Bq/L.

(4) Data sets for radiological constituents in groundwater were compared with data sets from background wells using the nonparametric Mann-Whitney "U" test, as
described in Appendix B, Section 4.3.

LEGEND: S&G = Sand and Gravel; ULT = unweathered Lavery till; KRS = Kent Recessional Sequence; WLT = weathered Lavery till; LTS = Lavery till sand.
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-15. Groundwater Monitoring Locations: Coordinates, Depth, Screened Interval, and Geologic Unit

Monitoring9 North East Surface Well Well Depth to Depth to Geologic Unit of
Locationt ) Coordinatei2) Coordinate( 2) Elevation (ft) Construction Diameter Screen Top Screen Bottom Screened Interval

Material (in) (ft) (ft) S

WNW0103 893013.68 1129469.99 1399.99 ST. STL. 2 6 21 S&G-TBU

WNW0104 893295.07 1129574.51 1399.29 ST. STL. 2 8 23 S&G-TBU/SWS

WNW0105 893536.70 1129768.63 1385.59 ST. STL. 2 13 28 S&G-TBU/SWS

WNW0106 893495.37 1129926.24 1383.73 ST. STL. 2 9.5 14.5 S&G-TBU

WNW0107 893399.05 1130060.32 1376.40 ST. STL. 2 8 28 ULT

WNW0108 893110.00 1129915.26 1381.66 ST. STL. 2 13 33 ULT

WNW0110 893024.67 1129881.74 1387.74 ST. STL. 2 13 33 ULT

WNW0111 892874.91 1129694.33 1392.54 ST. STL. 2 6 11 S&G-TBU

WNW0116 893518.81 1129560.10 1387.39 ST. STL. 2 6 11 S&G-TBU

WNW0204 892670.48 1129380.67 1406.83 ST. STL. 2 38 43 LTS

WNW0205 892696.37 1129528.87 1398.32 ST. STL. 2 6 11 S&G-TBU

WNW0206 892705.65 1129535.43 1398.39 ST. STL. 2 32.8 37.8 LTS

WNW0301 892593.20 1128914.31 1418.44 ST. STL. 2 6 16 S&G-TBU

WNW0302 892599.05 1128910.79 1418.46 ST. STL. 2 23 28 S&G-SWS

WNW0401 892708.28 1128864.51 1418.57 ST. STL. 2 6 16 S&G-TBU

WNW0402 892702.84 1128867.50 1419.34 ST. STL. 2 24 29 S&G-SWS

WNW0403 892865.78 1128790.38 1419.66 ST. STL. 2 8 13 S&G-TBU

WNW0405 893405.48 1128685.08 1408.56 ST. STL. 2 7.5 12.5 ULT

WNW0406 893250.04 1128992.47 1405.85 ST. STL. 2 11.8 16.8 S&G-TBU

WNW0408 893074.34 1129214.81 1405.56 ST. STL. 2 28 38 S&G-TBU/SWS

WNW0409 893256.53 1128988.16 1404.34 ST. STL. 2 44 54 ULT

WNW0501 893186.25 1129277.65 1402.18 ST. STL. 2 23 33 S&G-SWS

WNW0502 893325.38 1129406.73 1397.45 ST. STL. 2 8 18 S&G-TBU/SWS

WNW0602A 893403.75 1129244.07 1397.27 PVC 2 5 15 S&G-TBU

Revision 0 B-41



WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-15. Groundwater Monitoring Locations: Coordinates, Depth, Screened Interval, and Geologic Unit

Monitoring North East Surface Well Well Depth to Depth to Geologic Unit of
Location(') Coordinate(2) Coordinate(2) Elevation (ft) Construction Diameter Screen Top Screen Screened Interval

WNW0604 893576.30 1128926.84 1398.95 ST. STL. 2 6 11 S&G-TBU

WNW0605 893815.08 1129254.11 1383.90 ST. STL. 2 6 11 S&G-TBU

WNW0704 893763.67 1128814.82 1395.36 ST. STL. 2 5.5 15.5 ULT

WNW0706 893512.77 1128608.18 1409.03 ST. STL. 2 6 11 S&G-TBU

WNW0707 893896.47 1128617.53 1396.26 ST. STL. 2 6 11 ULT

WNW0801 893679.20 1129555.29 1383.51 ST. STL. 2 7.5 17.5 S&G-TBU

WNW0802 893904.53 1129687.61 1377.50 ST. STL. 2 6 11 S&G-TBU

WNW0803 893914.79 1129907.88 1370.17 ST. STL. 2 8 18 S&G-SWS

WNW0804 893751.72 1129982.56 1373.04 ST. STL. 2 4 9 S&G-TBU

WNW0901 891449.83 1129923.88 1392.72 ST. STL. 2 121 136 KRS

WNW0902 891671.96 1129774.24 1390.46 ST. STL. 2 118 128 KRS

WNW0903 892064.50 1129974.91 1380.69 ST. STL. 2 118 133 KRS

WNW0906 891945.99 1129796.90 1384.55 ST. STL. 2 5 10 WLT

WNW0908 891453.85 1129920.53 1392.94 ST. STL. 2 6 21 WLT

WNW0909 892085.66 1130121.37 1372.99 ST. STL. 2 8 23 WLT

WNW0910 892088.89 1130128.11 1372.69 PVC 2 25 30 ULT

WNW1005 890964.33 1130017.26 1389.68 ST. STL. 2 9 19 WLT

WNW1006 891264.17 1130206.69 1392.32 ST. STL. 2 10 20 WLT

WNW1008B 890904.46 1129534.09 1402.35 ST. STL. 2 46 51 KRS

WNW1008C 890914.13 1129545.20 1402.43 ST. STL. 2 8 18 WLT

WNW1301 893111.93 1128386.20 1429.49 PVC 2 20 30 ULT

WNW1302 893111.83 1128386.64 1429.47 PVC 2 5 8 S&G-TBU

WNW1303 893400.10 1128599.38 1414.65 PVC 2 23 38 ULT

WNW1304 893405.10 1128595.82 1414.36 PVC 2 6 10 S&G-TBU
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-15. Groundwater Monitoring Locations: Coordinates, Depth, Screened Interval, and Geologic Unit

T Well Well Depth to Depth to
Monitoring North East Surface Construction Diameter Screen Top Screen Bottom Geologic Unit of
Location~l) Coordinate(1 Coordinate(2) Elevation (ft) Material (in) (ft) (ft) Screened Interval

WNW8603 893537.65 1129716.56 1385.45 PVC 4 8.25 23.25 S&G-TBU/SWS

WNW8604 893396.47 1129624.90 1390.41 PVC 4 6 21 S&G-TBU/SWS

WNW8605 892864.58 1129650.32 1393.19 PVC 4 5.5 10.5 S&G-TBU

WNW8607 893392.16 1128904.17 1405.03 PVC 4 11 16 S&G-TBU

WNW8609 893126:56 1129091.64 1407.07 PVC 4 12.7 22.7 S&G-TBU

WNW8610 891896.52 1130392.29 1376.88 STL. 2 97.33 112.33 KRS

WNW8611 892067.89 1130297.10 1376.34 STL. 2 103.5 118.5 KRS

WNW8612 893983.30 1130028.31 1367.76 PVC 4 6.6 16.6 S&G-TBU/SWS

WNWNB1S 892513.28 1128353.79 1447.08 ST. STL. 2 8 13 S&G-TBU

WNNDATR 892068.35 1130126.06 1374.89 CONCRETE 60 0 0 WLT

WP-A 892883.92 1129232.58 1408.34 IRON 2 29 33 S&G-TBU/SWS

WP-C 892986.95 1129411.57 1400.89 IRON 2 19 23 S&G-TBU

WP-H 892925.41 1129367.85 1405.38 IRON 2 13 17 S&G-TBU

NOTES: (1) Radiological data from the current monitoring locations, as listed in the 2008 Groundwater Monitoring Program, were evaluated for the WVDP Phase 1 DP.
Monitoring point WNNDATR is an interceptor trench.

(2) Western New York State Planar Coordinate System
LEGEND: STL = steel, ST.STL = stainless steel, PVC = polyvinyl chloride, S&G = sand and gravel, TBU = thick bedded unit, SWS = slack water sequence,

ULT = unweathered Lavery till, LTS = Lavery till sand, KRS = Kent recessional sequence, WLT = weathered Lavery till.
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-16. Location, Elevation, and Depth of Geoprobe® Groundwater Sampling Points

Location Year North East Surface

Code Sampled Coordinate( Coordinate( Elevation Sample Depths (ft) and Geologic Units(2)

GP01 1994 893754.94 1129433.58 1375.00 04-06

GP0197 1997 893527.20 1129733.08 1382.35 00-04, 04-08, 08-12, 12.5-14, 12-16, 16-20,
17.5-19, 20-24, 22.5-24, 24-28 (ULT)

GP02 1994 893701.98 1129480.46 1378.95 06-08

GP0297 1997 893527.37 1129689.35 1383.08 00-04, 04-08, 08-12, 12.5-14, 12-16, 16-20,
17.5-19, 20-24, 24-28.. 25.5-27

GP03 1994 893684.86 1129546.39 1380.07 08-10,13-15

GP0397 1997 893527.23 1129662.34 1383.08 00-04, 04-08, 08-12, 10.5-12, 12-16, 15.5-17,
16-20, 20.5-22, 20-24, 24.5-26, 24-28, 28-32
(ULT)

GP04 1994 893587.10 1129609.73 1381.96 10-12

GP0497 1997 893529.48 1129630.86 1383.10 08.5-10, 13.5-15, 18.5-20, 23-24.5

GP05 1994 893556.85 1129746.34 1391.59 15-17, 20-22, 25-27

GP0597 1997 893531.83 1129600.53 1383.51 08.5-10, 13.5-15

GP06 1994 893523.31 1129743.01 1382.59 15-17, 20-22, 25-27

GP0697 1997 893635.51 1129508.65 1381.39 08.5-10, 13.5-15, 17.5-19

GP07 1994 893623.69 1129777.03 1378.60 07.5-09.5

GP0797 1997 893633.61 1129535.22 1380.88 08.5-10, 13.5-15, 18.5-20

GPO8 1994 893485.68 1129640.70 1384.66 09-11, 14-16, 19-21

GP0897 1997 893629.21 1129567.72 1380.15 08.5-10, 12.5-14.5, 17.5-18.5

GP09 1994 893446.05 1129609.75 1385.81 09-11, 14-16, 19-21

GP0997 1997 893630.01 1129599.46 1379.30 08.5-10, 13.5-15

GP10 1994 893495.08 1129514.19 1386.41 09-11

GP1097 1997 893628.00 1129624.69 1379.01 08.5-10, 13.5-15, 18.5-20

GP11 1994 893514.96 1129468.64 1386.51 08-10

GP1197 1997 893625.73 1129664.22 1378.57 08.5-10, 13.5-15, 17.5-19, 23.4-25

GP12 1994 893594.08 1129526.20 1382.41 07-09

GP1297 1997 893623.09 1129706.63 1378.15' 00-04, 04-08, 07.5-09, 08-12, 12.5-14, 12-16,
16-20, 17.5-19, 20-24, 22-23.5, 24-28 (ULT)

GP13 1994 893422.90 1129419.73 1390.67 10-12

GP1397 1997 893621.53 1129744.33 1377.93 09-10.5, 13.5-15, 18.5-20

GP13A 1994 893385.24 1129395.73 1392.97 11-13, 15-17,16-18

GP14 1994 893179.41 1129370.33 1399.11 15-17, 20-22, 25-27, 30-32

GP1497 1997 893619.43 1129784.76 1378.09 00-04, 04-08, 08-09.5, 08-12, 12-16, 16-20
_ _(ULT)
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Table B-16. Location, Elevation, and Depth of Geoprobe® Groundwater Sampling Points

n Year North East Surface
cioe Yledr Noorae Easte Elevation Sample Depths (ft) and Geologic Units(2)

C Sampled CoordinateI Coordinate (ft)

GP15 1994 893222.77 1129158.76 1402.57 15-17

GP1597 1997 893662.03 1129761.57 1376.85 08-10,13-15,18-20

GP16 1994 893217.10 1129056.60 1402.66 15-17,20-22

GP1697 1997 893662.85 1129707.70 1377.19 08-10, 12-15,18-20

GP17 1994 893055.18 1129446.69 1399.01 12-14

GP1797 1997 893733.87 1130014.29 1370.09 08-10, 13-15

GP18 1994 892932.47 1129283.29 1404.16 18-20, 21.5-23.5

GP1897 1997 893666.65 1129642.75 1387.08 08-10, 13-15, 17.5-19.5

GP1898 1998 892929.53 1129281.76 1403.99 12-14, 16-19, 22-24

GP1997 1997 893528.51 1129675.56 1383.27 00-04, 04-08, 08-12, 12-16, 14-16, 16-20, 19-
21, 20-22, 22-24, 24-26, 26-28, 28-30

GP20 1994 893141.44 1129083.93 1403.07 15-17

GP2097 1997 893529.48 1129645.74 1383.35 00-04, 04-08, 08-12, 12-14, 12-16, 16-20, 17-
19, 20-24, 22-24, 24-28

GP2197 1997 893531.19 1129615.48 1383.43 00-04, 04-08, 08-12, 12-16, 13-15, 16-20, 20-
24, 23-25, 24-28 (ULT), 28-32 (ULT), 32-36
(ULT)

GP2297 1997 893462.46 1129692.02 1384.93 12-14, 17-19,22-24

GP23 1994 892960.50 1129165.19 1409.41 20-22, 22.5-24.5, 27-29, 32-34

GP2397 1997 893512.71 1129715.96 1383.06 12-14,16-19,22-24

GP2397 1998 892980.83 1129165.77 1408.96 17-19, 22-24, 25-29, 32-34

GP24 1994 893006.32 1129151.08 1408.99 17-19, 22-24, 26-28, 30-32

GP2497 1997 893506.39 1129771.02 1382.83 00-04, 04-08, 08-12, 12-16, 14-16, 16-20, 19-
21, 20-24, 24-26, 24-28, 28-30, 30-32 (ULT)

GP2597 1997 893804.22 1129989.94 1368.40 08-10

GP26 1994- 892992.21 1129084.84 1409.63 17-19

GP2697 1997 893671.61 1129961.64 1375.36 04.5-06.5, 09-11, 14-16

GP27 1994 892960.10 1129096.04 1408.86 16-18, 21-23, 26-28

GP2797 1997 893576.18 1129713.16 1381.18 12-14, 16-19, 22-24

GP28 1994 892855.87 1129220.94 1408.08 16-18, 21-23, 26-28, 31-33

GP2897 1997 893579.60 1129663.78 1381.44 12-14, 16-19, 22-24

GP29 1994 892783.34 1129163.61 1410.01 15-17, 21-23, 27-29, 33-35

GP2997 1997 893583.58 1129622.59 1381.56 12-14
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Table B-16. Location, Elevation, and Depth of Geoprobe® Groundwater Sampling Points

Location Year North East Surface

Code Sampled Coordinate(M) Coordinate(1) Elevation Sample Depths (ft) and Geologic Units(2)

GP2998 1998 892781.53 1129163.00 1409.81 17-19, 19-21, 21-23, 22-24, 23-25, 25-27, 27-
29, 29-31, 31-33, 33-35, 34-36, 35-37, 37-38

(ULT), 38-39 (ULT), 39-40 (ULT), 40-41 (ULT)

GP30 1994 892835.65 1129144.49 1409.32 18-20, 22-24, 27-29, 32-34

GP3098 1998 892829.94 1129141.96 1409.18 18-20, 20-22, 22-24, 23-27, 23-37, 24-26, 26-
28, 28-30, 30-32, 32-34, 34-36, 36-36.5, 36.5-
37 (ULT), 37-37.5 (ULT), 37.5-38 (ULT), 38-
38.5 (ULT), 38.5-39 (ULT), 39-39.5 (ULT),
39.5-40 (ULT)

GP31 1994 893269.27 1129335.71 1396.59 12-14, 17-19

GP32 1994 893827.03 1129487.70 1372.83 \ 05-07

GP32A 1994 893831.75 1129475.59 1372.45 05-07

GP33 1994 893813.09 1129337.41 1375.73 05-07

GP33A 1994 893819.60 1129347.72 1375.24 05-07

GP35 1994 893858.20 1129143.23 1384.48 04-06

GP36 1994 893815.85 1128971.59 1387.17 03.5-05.5

GP37 1994 893720.92 1128930.11 1389.11 05-07

GP38 1994 893594.09 1128959.27 1392.71 06.5-08.5

GP39 1994 893498.24 1128979.05 1396.44 06-08, 10-12

GP40 1994 893459.75 1129103.74 1394.08 08-10, 13-15

GP41 1994 893388.58 1129138.49 1396.59 14-16

GP42 1994 893362.12 1129180.49 1395.96 11-13

GP43 1994 893334.39 1129257.32 1396.17 12-14

GP44 1994 893003.49 1129551.08 1393.29 09-11,14-16

GP45 1994 892995.79 1129523.66 1394.34 10-12, 15-17, 18.5-20.5

GP46 1994 892968.45 1129466.90 1397.24 12-14, 17-19

GP47 1994 892969.21 1129522.40 1394.24 11-13,16-18

GP48 1994 892924.74 1129842.93 1386.88 07-09

GP50 1994 892833.51 1129852.05 1384.55 08-10

GP51 1994 893825.87 1129561.74 1374.48 06.5-08.5

GP52 1994 893859.57 1129634.30 1374.21 08-10,

GP53 1994 893278.77 1128978.62 1401.62 14-16

GP56 1994 892704.20 1129025.11 1410.49 06-08, 15.5-17.5

GP59 1994 892859.54 1129363.33 1399.83 09-11, 17-19

GP60 1994 892870.18 1129409.83 1400.01 12-14, 17-19
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Table B-16. Location, Elevation, and Depth of Geoprobe® Groundwater Sampling Points

Location Year North East Surface

Code jSampled Coordinate( Coordinate Elevation Sample Depths (ft) and Geologic Units( 2)

GP61 1994 893875.01 1129563.26 1372.91 06-08

GP62 1994 893933.30 1129567.59 1371.20 \ 04-06

GP64 1994 893781.92 1129295.55 1379.81 09-11

GP66 1994 893125.94 1129318.33 1403.62 17-19, 22-24, 26-28, 30-32

GP67 1994 893186.02 1129410.00 1399.12 15-17, 20-22, 25-27, 30-32

GP68 1994 893199.21 1129449.59 1398.42 15-17, 20-22, 25-27, 30-32

GP69 1994 892721.81 1129189.75 1410.10 19-21,29-31,34-36

GP70 1994 892815.80 1129223.19 1409.19 16-18,21-23,26-28

GP71 1994 892845.53 1129242.84 1406.51 16-18, 21-23, 25-27

GP72 1994 892873.33 1129179.42 1409.41 16-18, 21-23, 20-32

GP7298 1998 892873.12 1129178.71 1409.17 17-19, 19-21, 21-23, 22-24, 23-25, 25-27, 27-
29, 29-31, 31-33, 32-34, 33-35, 35-37, 37-39
(ULT), 39-41 (ULT)

GP73 1994 892908.21 1129176.59 1410.51 21-23, 26-28, 30-32

GP7398 1998 892899.43 1129186.81 1410.00 18-20, 20-22, 22-24, 24-26, 25-27, 26-28, 28-
30, 30-32, 32-34, 34-36, 35-37, 36-38, 38-40,
40.5-41 (ULT), 40-45.5 (ULT), 41.5-42 (ULT),
4141.5 (ULT)

GP74 1994 892906.72 1129072.17 1409.69 18-20, 23-25, 28-30

GP75 1994 892804.03 1129071.55 1410.49 19-21, 23-25, 27-29

GP76 1994 892829.00 1129049.17 1414.49 19-21, 23-25, 27-29

GP77 1994 892748.07 1129075.00 1414.49 19-21, 19-23, 27-29, 31-33

GP78 1994 892841.92 1129109.44 1414.48 19-21, 19-23, 23-25, 27-29, 31-33

GP7898 1998 892831.03 1129127.81 1409.70 19-2!, 20-22, 21-23, 23-25, 24-27, 25-27, 27-
29, 29-31, 30-32, 31-33, 33-35, 35-37

GP79 1994 892757.54 1129099.11 1414.49 21-23, 25-27, 29-31

GP80 1994 892809.20 1129126.66 1414.48 25-27, 30-32, 34-39, 35-35, 35-37

GP8098 1998 892792.03 1129125.21 1414.28 22-24, 24-26, 26-28, 27-29, 28-30, 30-32, 32-
34, 34-36, 36-38, 38-40, 40-42 (ULT)

GP8198 1998 893048.83 1129217.96 1403.98 15-17, 20-22, 25-27, 30-32, 35-37

GP8298 1998 892996.19 1129315.09 1402.13 12-14, 17-19, 20-24

GP8398 1998 892982.69 1129187.54 1407.43 17-19, 19-21, 20-22, 21-23, 23-25, 25-27, 27-
29, 29-31, 31-33, 32-34, 33-35, 35-37

GP8698 1998 892845.57 1129161.24 1409.02 18-20, 20-22, 22-24, 24-26, 24-27, 26-28, 28-
30, 30-32, 32-34, 34-36, 35-37, 36-38, 38-39,
39-39.5, 39.5-40 (ULT), 40-40.5 (ULT), 40.5-41
(ULT), 41-41.5 (ULT), 41.5-42 (ULT)

GP8798 1998 892813.15 1129225.60 1408.43 15-17, 20-22, 25-27, 28-32
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Table B-16. Location, Elevation, and Depth of Geoprobe® Groundwater Sampling Points

Location Year North East Surface

Code Sampled Coordinate(') Coordinate(') Elevation Sample Depths (ft) and Geologic Units(2 )

(ft) -

GP8898 1998 893533.28 1129528.60 1384.14 07-09, 12-14

GP8998 1998 893722.00 1129516.58 1379.09 06-08, 11-13, 16-18

GP9098 1998 893826.72 1129596.32 1373.46 03-05, 08-10

GP9198 1998 893875.44 1129596.20 1372.82 03-05

GP9298 1998 893811.26 1129533.79 1373.71 04-06, 09-11, 14-16, 18.5-21

GP9398 1998 893821.48 1129568.33 1372.62 04-06, 09-11, 14-16

GP9498 1998 893874.66 1129532.98 1372.01 03-05, 08-10, 12-15

NOTES: (1) Western New York State Planar Coordinate System

(2) All screened intervals were within the Sand and Gravel (S&G) unit except for those from the Unweathered
Lavery Till unit, designated as "ULT."
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Table B-17. Groundwater Points Excluded from the Evaluation(1 )

EastElevation at Elevation at Geologic
Sampling North Surface Top of Bottom of Unit of
Location Coordinate (2) Coordinate Elevation (ft) Screened Screened Screened(2) Interval (ft) Interval (ft) Interval

NDA WP-A 892047.61 1130117.37 1375.47 1355.27 1348.77 ULT

NDA WP-B 892045.71 1130112.17 1375.45 1360.25 1357.75 WLT

NDAWP-C 892006.26 1130115.39 1378.47 1367.67 1362.17 WLT

NP0101 893602.56 1129427.10 1386.10 1379.60 1374.60 S&G

NP0102 893577.38 1129428.82 1389.40 1381.90 1376.90 S&G

NP0103 893586.49 1129466.86 1385.10 1376.60 1371.60 S&G

NP0104 893621.36 1129460.64 .1384.10 1379.60 1369.60 S&G

NP0105 893528.03 1129853.06 1382.50 1374.50 1359.50 S&G

NP0106 893598.16 1129779.73 1380.70 1369.70 1364.70 S&G

NP0107 893542.52 1129601.69 1384.10 1375.60 1370.60 S&G

NP0108 893518.32 1129601.99 1385.30 1376.30 .1371.30 S&G

NP0109 893543.29 1129552.36 1384.30 1376.30 1369.30 S&G

NP0110 893573.10 1129628.57 1383.50 .1373.50 1370.50 S&G

NP0111 893609.48 1129621.28 1381.40 1366.40 1363.40 S&G

NP0112 893605.26 1129622.72 1381.50 1373.50 1368.50 S&G

NP0113 893578.74 1129574.71 1383.00 1373.00 1368.00 S&G

NP0114 893564.04 1129564.66 1383.50 1375.50 1370.50 S&G

NP0115 893484.80 1129685.67 1385.60 1366.60 1359.60 S&G

NP0116 893490.96 1129688.62 1385.30 1373.80 1368.80 S&G

NP0117 893446.35 1129634.45, 1386.40 1368.40 1363.40 S&G

NP0118 893439.47 1129630.61 1386.60 1375.60 1370.60 S&G

NP0119 893526.14 1129664.12 1385.10 1364.10 1359.10 S&G

NP0120 893526.24 1129655.74 1385.30 1371.30 1366.30 S&G

NP0121 893518.59 1129668.60 1384.60 1373.60 1358.60 S&G

NP0122 893512.26 1129663.29 1384.60 1377.60 1362.60 S&G

NP0123 893513.46 1129649.40 1384.90 1370.90 1365.90 S&G

NP0124 893512.56 1129653.52 1384.70 1365.70 1360.70 S&G

NP0125 893518.72 1129631.75 1384.60 1377.60 1362.60 S&G

NP0126 893513.83 1129634.52 1384.70 1377.70 1362.70 S&G

.NP0127 893561.96 1129508.64 1386.10 1379.60 1369.60 S&G

NP0128 893611.18 1129516.76 1382.80 1375.80 1365.80 S&G

NP0129 893585.08 1129529.17 1383.40 1376.40 1366.40 S&G

NP0130 893629.71 1129576.60 1381.00 1374.00 1364.00 S&G

NP0131 893535.80 1129735.81 1383.00 1366.00 1356.00 S&G

NP0132 893556.54 1129690.68 1383.70 1364.70 1360.70 S&G

NP0133 893616.82 1129670.92 1379.90 1364.90 1354.90 S&G

PTWRP 893516.03 1129663.87 1384.88 1380.88 1360.88 S&G
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Table B-17. Groundwater Points Excluded from the Evaluation(1 )

East Elevation at Elevation at Geologic
Sampling North Coordinate Surface Top of Bottom of Unit of
Location Coordinate (2) (2) Elevation (ft) Screened Screened Screened

Interval (ft) Interval (ft) Interval

PZ01 893501.64 1129644.29 1385.10 1378.10 1363.10 S&G

PZ02 893502.55 1129658.76 1385.10 1378.10 1363.10 S&G

PZ03 893509.15 1129639.29 1384.60 1377.60 1362.60 S&G

PZ04 893508.56 1129664.33 1384.70 1377.70 1362.70 S&G

PZ05 893519.11 1129676.77 1384.40 1377.40 1362.40 S&G

PZ06 893538.60 1129638.19 1384.30 1377.30 1362.30 S&G

PZ07 893537.58 1129663.80 1384.00 1377.00 1362.00 S&G

PZ08 893516.74 1129643.87 1385.40 1368.40 1365.40 S&G

PZ09 893516.34 1129651.79 1385.40 1367.90 1365.40 S&G

PZ10 893521.60 1129632.18 1384.60 1375.60 1372.60 S&G

RWO1 893556.21 1129506.87 -1384.43 1379.43 1369.43 S&G

RW02 893559.26 1129478.22 1384.38 1380.38 1370.38 S&G

RW03 893565.07 1129493.51 1385.28 1380.28 1370.28 S&G

WNGSEEP 893765.77 1130322.30 1356.89 NA NA S&G

WNGSP04 893866.63 1130309.52 NA NA NA S&G

WNGSP06 893960.73 1130283.50 NA NA NA S&G

WNGSP11 894065.05 1130090.45 NA NA, NA S&G

WNGSP12 894171.90 1130050.85 NA NA NA S&G

WNNDATR 892068.35 1130126.06 1372.49 NA NA WLT

WNSE007 893850.15 1129578.86 1371.11 NA NA S&G

WNSE008 893791.04 1130002.44 1368.52 NA NA S&G

WNSE009 893683.63 1129699.74 1378.11 NA NA S&G

WNSE011 893838.93 1129534.25 1373.08 NA NA S&G

WNW0109 892972.05 1129830.09 1386.84 1373.84 1353.84 ULT

WNW0114 893452.77 1129988.66 1377.01 1368.01 1348.01 ULT

WNW0115 893525.49 1129564.84 1384.19 1366.19 1356.19 ULT

WNW0201 892419.73 1129383.16 1408.19 1398.19 1388.19 S&G

WNW0202 892407.19 1129390.47 1407.95 1374.95 1369.95 LTS

WNW0203 892670.42 1129376.09 1404.62 1396.62 1386.62 S&G

WNW0207 892503.34 1129677.53 1396.11 1390.11 1385.11 S&G

WNW0208 892488.90 1129674.25 1396.26 1378.26 1373.26 LTS

WNW0305 892630.33 1129176.24 1410.38 1394.38 1379.38 S&G

WNW0306 892633.70 1129174.87 1410.32 1344.32 1329.32 KRS

WNW0307 892634.87 1129177.55 1410.53 1404.53 1394.53 S&G

WNW0404 892871.77 1128786.30 1416.69 1390.19 1380.19 S&G

WNW0407 893250.92 1128996.78 1402.40 1336.90 1326.90 ULT

WNW0410 892868.61 1128789.26 1416.64 1348.64 1338.64 KRS
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Table B-17. Groundwater Points Excluded from the Evaluation(1 )

E Elevation at Elevation at Geologic

Sampling North Coordinate Surface Top of Bottom of Unit of
Location Coordinate (2 C ( t) Elevation (ft) Screened Screened Screened

Interval (ft) Interval (ft) Interval

WNW0411 892694.15 1128869.23 1416.27 1370.27 1350.27 KRS
WNW0601 893810.70 1129256.11 1381.14 1377.14 1375.14 S&G
WNW0603 893519.08 1128736.33 1401.14 1393.14 1388.14 S&G

WNW0701 893501.78 1128611.97 1406.52 1383.52 1378.52 ULT
WNW0702 893775.67 1128516.08 1397.68 1369.68 1359.68 ULT
WNW0703 893887.50 1128622.76 1393.12 1382.12 1372.12 ULT
WNW0705 893779.24 1128509.78 1397.87 1391.87 1376.87 ULT

WNW0904 892066.15 1129984.19 1377.95 1361.95 1351.95 ULT
WNW0905 892131.67 1130069.18 1373.56 1355.56 1350.56 S&G
WNW0907 891901.62 1129774.48 1382.27 1376.27 1366.27 WLT
WNW1001 890969.42 1130010.26 1387.55 1281.55 1271.55 KRS
WNW1002 891267.67 1130208.43 1389.76 1291.76 1276.76 KRS
WNW1003 891303.20 1130437.01 1387.65 1259.65 1249.65 KRS
WNW1004 891085.15 1130459.09 1383.89 1290.89 1275.89 KRS
WNW1007 891306.41 1130433.26 1387.55 1374.55 1364.55 WLT
WNW1101A 891062.41 1130830.41 1379.37 1373.37 1363.37 WLT
WNW1101B 891060.33 1130826.90 1379.42 1359.42 1349.42 ULT

WNW1101C 891058.61 1130823.07 1379.13 1285.13 1270.13 KRS
WNW1102A 891508.74 1131146.27 1382.71 1375.71 1365.71 WLT
WNW1102B 891514.11 1131142.06 1382.59 1361.59 1351.59 ULT
WNW1103A 891925.14 1130822.28 1379.90 1373.90 1363.90 WLT
WNWM1103B 891929.54 1130818.73 1379.83 1358.83 1343.83 ULT

WNW1103C 891934.64 1130815.86 1379.51 1273.51 1258.51 KRS
WNW1104A 892289.10 1130545.05 1376.12 1372.12 1357.12 WLT
WNW1104B 892285.42 1130549.21 1376.10 1355.10 1340.10 ULT
WNW1104C 892282.05 1130553.29 1375.96 1261.96 1251.96 KRS
WNW1105A 892608.51 1130294.17 1365.80 1354.80 1344.80 ULT
WNW1105B 892608.20 1130289.77 1366.01 1345.01 1330.01 ULT

WNW1106A 891960.87 1130374.92 1374.36 1368.36 1358.36 WLT
WNW1106B 891964.09 1130372.02 1374.32 1353.62 1343.62 ULT

WNW1107A 892368.58 1130256.16 1377.16 1373.16 1358.16 WLT
WNW1108A 891312.43 1130600.10 1380.93 1374.93 1364.93 WLT
WNW1109A 891929.92 1130329.31 1374.86 1368.86 1358.86 WLT

WNW1109B 891934.27 1130326.01 1374.02 1358.02 1343.02 ULT
WNW111OA 892100.29 1130691.11 1377.05 1367.05 1357.05 WLT
WNW1111A 891654.21 1131042.28 1380.22 1369.22 1359.22 ULT
WNW80-4 893687.98 1129428.98 1386.55 1373.98 1368.98 S&G
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Table B-17. Groundwater Points Excluded from the Evaluation(1 )

East Elevation at Elevation at Geologic
Sampling North Coordinate Surface Top of Bottom of Unit of
Location Coordinate 12) (2) Elevation (ft) Screened Screened Screened

Interval (ft) Interval (ft) Interval

WNW834D 893670.95 1129435.35 1380.48 1256.18 1249.98 KRS

WNW834E 893670.95 1129435.35 1381.64 NA NA BR

WNW8606 892694.89 1129523.46 1396.49 1390.89 1385.89 S&G

WNW8608 893250.67 1128985.62 1401.59 1394.59 1384.59 S&G

WNW9017 891913.54 1130323.78 NA NA NA WLT

WNW9611 891991.27 1130117.11 1379.89 1374.89 1369.89 WLT

WNW9612 891915.18 1130305.03 1380.41 1374.91 1369.91 WLT

WNW9613 891898.75 1129901.48 1380.32 1372.32 1367.32 WLT

WNW9614 891872.40 1129910.29 1381.36 1374.36 1369.36 WLT

WNWEW-1 893578.98 1129453.22 1384.91 1379.91 1371.91 S&G

WNWEW-4 893546.14 1129515.19 1384.17 1380.17 1368.17 S&G

WNWWP-4 893486.96 1129473.70 1387.63 1379.63 1377.63 S&G

WPO1 893485.51 1129520.87 1386.57 1378.57 1376.57 S&G

WP02 893566.19 1129521.75 1383.10 1376.10 1373.10 S&G

WP03 893513.64 1129490.62 1385.88 1377.88 1375.88 S&G

WP05 893584.51 1129490.37 1383.91 1376.91 1373.91 S&G

WP06 893548.40 1129479.09 1384.94 1377.94 1374.94 S&G

WP07 893520.93 1129467.36 1386.08 1378.08 1376.08 S&G
WP08 893500.03 1129447.32 1387.34 1379.34 1377.34 S&G
WP09 893591.43 1129438.20 1384.81 1377.81 1374.81 S&G

WPI0 893533.21 1129414.87 1390.47 1383.47 1380.47 S&G

WP1 1 893537.89 1129741.98 1382.08 1370.08 1367.08 S&G
WP12 893552.47 1129785.92 1381.68 1369.68 1366.68 S&G

WP13 893603.74 1129840.46 1379.78 1367.78 1364.78 S&G

WP14 893561.33 1129744.79 1381.38 1369.38 1366.38 S&G

WP15 893530.52 1129536.70 1384.08 1377.08 1374.08 S&G

WP16 893591.77 1129669.06 1381.61 1365.61 1362.61 S&G

WP17 893631.05 1129660.29 1379.01 1371.01 1368.01 S&G

WP18 893627.96 1129702.66 1378.66 1370.66 1367.66 S&G

WP20D 892845.95 1129162.30 1409.60 1379.60 1376.6 S&G
WP20S 892844.41 1129162.58 1409.60 1388.60 1385.60 S&G

WP21 893534.74 1129529.93 1384.50 1377.50 1374.50 S&G
WP22 893723.11 1129517.68 1379.80 1365.80 1362.80 S&G

WP23 893809.43 1129533.65 1374.60 1366.60 1363.60 S&G

WP24 .893874.64 1129534.13 1372.50 1364.50 1361.50 S&G
WP25 893522.25 1129629.76 1384.70 1377.70 1362.70 S&G

WP26 893511.05 1129650.65 1384.50 1377.50 1362.50 S&G
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Table B-17. Groundwater Points Excluded from the Evaluation(1 )

E Elevation at Elevation at GeologicSampling North Coriae Surface Top of Bottom of Unit of
Location Coordinate (2) (2) Elevation (ft) Screened Screened Screened

Interval (ft) Interval (ft) Interval

WP27 893519.23 1129672.49 1384.40 1377.40 1362.40 S&G

WP28 893513.60 1129644.17 1384.60 1377.60 1362.60 S&G

WP29 893519.34 1129643.90 1385.10 1378.10 1363.10 S&G

WP30 893526.35 1129644.34 1385.20 1378.20 1363.20 S&G

WP31 893519.50 1129651.73 1385.40 1378.40 1363.40 S&G

WP32 893520.70 1129651.71 1385.40 1378.40 1363.40 S&G

WP33 893522.25 1129651.70 1385.40 1378.40 1363.40 S&G

WP34 893526.13 1129651.67 1385.40 1378.40 1363.40 S&G

WP35 893538.42 1129651.63 1384.00 1377.00 1362.00 S&G

WP36 893513.55 1129659.28 1384.70 1377.70 1362.70 S&G

WP37 893519.29 1129659.11 1385.30 1378.30 1363.30 S&G

WP38 893520.62 1129659.08 1385.40 1378.40 1363.40 S&G

WP39 893522.08 1129659.00 1385.40 1378.40 1363.40 S&G

WP40 893526.27 1129659.35 1385.30 1378.30 1363.30 S&G

NOTES: (1) This table lists points that were not included in the evaluation for DP section 4.2 because: a) no
radiological data were available; b) data from that point were not validated (e.g., piezometers, surface
elevation points, wells for the north plateau groundwater recovery system, wells for evaluation of the
permeable treatment wall); c) sampling was dropped from the groundwater program because coverage
was considered sufficient and no additional sampling was required (e.g., several points discontinued in
1995); d) the well was dry; or e) the sampling point was from an area outside the scope of the Phase 1
DP (e.g., groundwater seeps outside the process premises, wells from WMA 8).

(2) Western New York State Planar Coordinate System
LEGEND: S&G = sand and gravel, ULT = unweathered Lavery till, WLT = weathered Lavery till, LTS = Lavery till

sand, KRS = Kent recessional sequence, BR = bedrock.

Revision 0 B-53



This page is intentionally blank.



WVDP PHASE 1 DECOMMISSIONING PLAN

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:

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

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

* Table C-3 in Section 1 provides the exposure pathways considered in the

analysis.

* 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.

* 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.,

* 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. ,

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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1.0 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 (Kd) 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 DCGLw
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 Kd 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 Kd 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.

The data in Table C-4 are the basis for the maximum radionuclide concentration data in 0
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 results of modeling to develop DCGLs for 25 mrem per year as shown in
Table 5-8. The results were as follow:

WMA 1, a maximum of 1.0 mrem a year

WMA 2, a maximum of 0.08 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.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium Comment/Reference

Area of contaminated zone (M
2

) 1.OOE+04 1.OOE+04 SS Assumed area of 10,000 m2 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.

1.OOE+04 1.OOE+03 SD Assumed 1000 M2 area along stream bank (3 m wide by -330 m length).

Thickness of contaminated zone (m) 2.OOE+00 1.OOE+00 SS, SD Assumed surface soil contaminated zone thickness.

2.OOE+00 3.OOE-01 SB Assumed thickness of contaminated cistern cuttings spread on surface.

Length parallel to aquifer flow (m) 1.OOE+02 1.00E+02 SS Assumed. Only applicable for non-dispersion model.

Time since placement of material (y) 0.OOE+00 0.OOE+00 All Only non-zero if Kd values are not available. (Site-specific Kds are available).

Cover depth (m) 0.OOE+00 0.OOE+00 All No cover considered.

Density of cover material (g/cm 3) 0.OOE+00 not used All No cover considered.

Cover depth erosion rate (mly) 0.OOE+00 not used All No cover considered.

Density of contaminated zone (g/cm 3) 1.50E+00 1.70E+00 All WVNSCO 1993a and WVNSCO 1993c.

Contaminated zone erosion rate (m/y) 1.OOE-03 0.OOE+00 All Assumed for no source depletion.

Contaminated zone total porosity 4.OOE-01 3.60E-01 All WVNSCO 1993c.

Contaminated zone field capacity 2.OOE-01 2.OOE-01 All WVNSCO 1993c.

Contaminated zone hydraulic conductivity (m/y) 1.OOE+01 1.40E+02 All 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 All Yu, et al. 2000, Att. C table 3.5-1, mean for loamy sand (ln(mean)=0.305).

Average annual wind speed (m/sec) 2.OOE+00 2.60E+00 All WVNSCO 1993d.

Humidity in air (g/m3) 8.OOE+00 not used All Applicable for tritium exposures only.

Evapotranspiration coefficient 5.OOE-01 5.50E-01 All Evapotranspiration and runoff coefficients selected to achieve infiltration rate of
0.42 m/y (25% of applied water) for surface soil model.

Precipitation (m/y) 1.OOE+00 1.16E+00 All WVNSCO 1993d.

Irrigation (m/y) 2.OOE-01 4.70E-01 SS, SB Beyeler, et al. 1999.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium [Comment/Reference

2.OOE-01 O.OOE+00 SD Not applicable for non-farming scenario.

Irrigation mode overhead overhead All Site-specific.

Runoff coefficient 2.OOE-01 6.OOE-01 All Runoff and evapotranspiration coefficients selected to achieve infiltration rate of
0.42 m/y (25% of applied water) for surface soil model.

Watershed area for nearby stream or pond (M
2
) 1.OOE+06 1.37E+07 All Based on drainage area of site of 13.7 km2 or -5.2 mi2 .

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

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

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

Saturated zone effective porosity 2.OOE-01 2.50E-01 All WVNSCO 1993c.

Saturated zone field capacity 2.OOE-01 2.OOE-01 All WVNSCO 1993c.

Saturated zone hydraulic conductivity (m/y) 1.OOE+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.OOE-02 3.00E-02 All WVNSCO 1993b.

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

Water table drop rate (m/y) 1.OOE-03 0.OOE+00 All Site Specific.

Well pump intake depth (m below water table) 1.OOE+01 5.OOE+00 SS Assumption based on site hydrogeology. 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)
(MB) MB MB SB, SD Applicable to areas <1,000 m2 (Yu, et. al. 2001, pE-18)

Well pumping rate (m3/y) 2.50E+02 5.72E+03 SS, SB Based on 2.9 m3/y drinking water (2 L/d per 4 people for 365 days), 329 m3/y
household water (225 L/d per 4 people for 365 day), 385 m3/y livestock watering
(5 beef cattle at 50 Id, 5 milk cows 160 L/d) and 5,000 m3/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.OOE+00 SD Not applicable for non-farming scenario.

Number of unsaturated zone strata 1.OOE+00 1.OOE+00 All Assumed.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium Comment/Reference

Unsaturated zone thickness (m) 4.OOE+00 2.OOE+00 SS, SB Site specific.

4.OOE+00 0.00E+00 SD Assumed saturated for stream bank.

Unsaturated zone soil density (g/cm 3) 1.50E+00 1.70E+00 All WVNSCO 1993a and WVNSCO 1993c.

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

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

Unsaturated zone field capacity 2.00E-01 2.OOE-01 All WVNSCO 1993c.

Unsaturated zone hydraulic conductivity (mly) 1.OOE+01 1.40E+02 All 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

Unsaturated ______ zone_ bparameter(DEIS Appendix E, Table E-3).

Unsaturated zone b parameter 5.30E+00 1.40E+00 All Yu, et al. 2000, Aft. 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 (mUg) varies Site specific All See Table C-2 for distribution coefficients.

Saturated zone (mUg) varies Site specific All See Table C-2 for distribution coefficients.

Plant Transfer Factor varies Chemical- All Default values assumed.
Ispecific

Fish Transfer Factor Varies Chemical- SD Default values assumed.
specific

Leach rate (l/y) varies not used All Using site-specific Kd values instead of assigning leach rate.

Solubility constant varies not used All Using site-specific Kd values instead of assigning solubility constant.

Inhalation rate (m3/y) 8.40E+03 8.40E+03 SS, SB Beyeler, et al. 1999.

Mass loading for inhalation (g/m3) 1.00E-04 2.50E-05 SS, SB Yu, et al. 2000, Aft. C Table 4.6-1 value represents -60th percentile of
distribution.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium Comment/Reference

Exposure duration (y) 3.OOE+01 1.OOE+00 All Yearly dose estimates calculated.

Filtration factor, inhalation 4.OOE-01 4.OOE-01 SS, SB. RESRAD default assumes 40% of outdoor concentration indoors (Yu, et al.
2000).

Shielding factor, external gamma 7.OOE-01 2;73E-01 SS, SB Yu, et al. 2000, Aft. C Figure 7.10-1, mean of distribution approximates a frame
house with slab or basement.

Fraction of time spent indoors 5.O0E-01 6.60E-01 SS, SB Yu, et al. 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 days/y)

Shape factor flag, external gamma 1.OOE+00 1.OOE+00 SS, SB RESRAD default.

Fruits, vegetables and grain consumption (kg/y) 1.60E+02 1.78E+02 SS, SB Yu, et al. 2000, Att C. Table 5.4-2, value is mean of fruit, nonleafy and grains.

Leafy vegetable consumption (kg/y) 1.40E+01 2.46E+01 SS, SB Yu, et al. 2000, Aft C. Table 5.4-2, value is difference between mean total veg
(74.6 kg/d) and nonleafy (50kg/d).

Milk consumption (L/y) 9.20E+01 1.01 E+02 SS, SB Yu, et al. 2000, Att C. Table 5.3-2, value is mean of all years.

Meat and poultry consumption (kg/y) 6.30E+01 6.50E+01 All Beyeler, et al. 1999.

Fish consumption (kg/y) 5.40E+00 9.OOE+00 SD Exposure Factors Handbook (EPA, 1999). The value represents the 95th

percentile of fish consumption by recreational anglers

Other seafood consumption (kg/y) 9.OOE-01 0.OOE+00 SD Assumes only fish consumed from the stream

Soil ingestion rate (g/y) 3.65E+01 1.83E+01 All Yu, et al. 2000, Aft C. Figure 5.6-1, value represents mean of distribution for
resident farmer (50 mg/d).

Drinking water intake (L/y) 5.10E+02 7.30E+02 SS, SB Beyeler, et al. 1999.

5.10E+02 1.OOE+00 SD Based on 104 hour/year exposure and 10 mL/hr for wading scenario

(http:llwww.epa..qov/Reqion4/waste/ots/healtbul.htm)
Contamination fraction of drinking water 1.0 1.0 All Assumed. For streambed sediment, this is 100% of incidental ingestion.

Revision 0 C-6

0



WVDP PHASE 1 DECOMMISSIONING PLAN

Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) J Default Value Medium Comment/Reference

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.

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 Value of -1.0 allows RESRAD to calculate the fraction based on the source area.

Contamination fraction of meat -1 -1.0 All Value of -1.0 allows RESRAD to calculate the fraction based on the source area.

Contamination fraction of milk -1 -1.0 SS, SB Value of -1.0 allows RESRAD to calculate the fraction based on the source area.

Livestock fodder intake for meat (kg/day) 6.80E+01 2.73E+01 SS, SB Beyeler, et al. 1999.

6.80E+01 2.25E+00 SD Assumption for deer.

Livestock fodder intake for milk (kg/day) 5.50E+01 6.42E+01 SS, SB Beyeler, et al. 1999.

Livestock water intake for meat (L/day) 5.OOE+01 5.OOE+01 All 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.OOE-01 5.00&E01 All RESRAD default, assumed for venison exposure to sediment source.

Mass loading for foliar deposition (g/m3) 1.OOE-04 4.OOE-04 SS, SB Beyeler, et al. 1999.

Depth of soil mixing layer (m) 1.50E-01 1.50E-01 SS, SB Beyeler, et al. 1999.

Depth of roots (m) 9.OOE-01 9.OOE-01 SS, SB RESRAD default, represents crops with short growing seasons.

Drinking water fraction from ground water 1.01 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/m 2) 7.OOE-01 1.75E+00 SS, SB Yu, et al. 2000, Aft. C Figure 6.5-1 value is mean of distribution.

Wet weight crop yield for leafy (kg/m 2) 1.50E+00 1.50E+00 SS, SB RESRAD default.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value Medium Comment/Reference

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) 8.00E-02 8.00E-02 SS, SB RESRAD default.

Translocation factor for non-leafy 1.00E-01 1.O0E-01 SS, SB RESRAD default.

Translocation factor for leafy 1.00E+00 1.OOE+00 SS, SB RESRAD default.

Translocation factor for fodder 1.OOE+00 1.00E+00 SS, SB RESRAD default.

Dry foliar interception fraction for non-leafy - 2.50E-01 2.50E-01 SS, 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, et al. 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, et al. 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 All RESRAD default.

C-12 concentration in soil (g/g) 3.OOE-02 3.OOE-02 All 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 All RESRAD default.

C-14 evasion layer thickness in soil (m) 3.OOE-01 3.OOE-01 All RESRAD default.

C-14 evasion flux rate from soil (1/sec) 7.OOE-07 7.OOE-07 All RESRAD default.

C-12 evasion flux rate from soil (1/sec) 1.00E-10 1.OOE-10 All RESRAD default.

Fraction of grain in beef cattle feed 0.8 0.8 All RESRAD default.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default Value I Medium Comment/Reference

Fraction of grain in milk cow feed 0.2 0.2 All RESRAD default.

Storage times of contaminated foodstuff (days)

Fruits, non-leafy vegetables, and grain 1.40E+01 1.40E+01 SS, SB RESRAD default.

Leafy vegetables 1.OOE+00 1.OOE+00 SS, SB RESRAD default.

Milk 1.OOE+00 1.OOE+00 SS, SB RESRAD default.

Meat 2.OOE+01 2.OOE+01 SS, SB RESRAD default.

Fish 7.OOE+00 7.OOE+00 SD RESRAD default.

Crustacea and mollusks 7.OOE+00 7.OOE+00 Not used RESRAD default.

Well water 1.OOE+00 1.OOE+00 SS, SB RESRAD default.

Surface water 1.OOE+00 1.OOE+00 SS, SB RESRAD default.

Livestock fodder 4.50E+01 4.50E+01 SS, SB RESRAD default

Radon-related exposure parameters

Thickness of building foundation (m) 1.50E-01 not used All 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.OOE-01 not used All Applicable for Radon exposures only.

Total porosity of building foundation 1.OOE-01 not used All Applicable for Radon exposures only.

Volumetric water constant of the cover material 5.OOE-02 not used All Applicable for Radon exposures only.

Volumetric water constant of the foundation 3.OOE-02 not used All Applicable for Radon exposures only.

Diffusion coefficient for radon gas (m2/sec)

in cover material 2.OOE-06 not used All Applicable for Radon exposures only.

in foundation material 3.OOE-07 not used All Applicable for Radon exposures only.

in contaminated zone soil 2.OOE-06 not used All Applicable for Radon exposures only.

Radon vertical dimension of mixing (m) 2.OOE+00 not used All Applicable for Radon exposures only.
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Table C-1. RESRAD Input Parameters

RESRAD Parameter (Units) Default I Value Medium Comment/Reference

Average building air exchange rate (1/hr) 5.OOE-01 not used All Applicable for Radon exposures only.

Height of building or room (m) 2.50E+00 not used All Applicable for Radon exposures only.

Building indoor area factor O.OOE+00 not used All Applicable for Radon exposures only.

Building depth below ground surface (m) -1 not used All Applicable for Radon exposures only.

Emanating power of Rn-222 gas 2.50E-01 not used All Applicable for Radon exposures only.

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 Sediment DCGL Unsaturated(2) Saturated(3)

Radionuclide Default Contaminated DCGL Contaminated Contaminated
(mug) Zone (mug) Zone (mUg) Zone (mL/g) Zon_____Zoe___

Principal Elements

Americium 20 19000) 4000(') 4000(5) 1900(4) 1900(4)

(420- 111,000) (420- 111,000) (420 - 111,000) (420 - 111,000) (420 - 111,000)

Carbon 0 5(4) 7(5) 7(5) 5(4) 5(4)

(0.7- 12) (0.7- 12) (0.7- 12) (0.7- 12) (0.7- 12)

Curium(6) calculated calculated calculated calculated calculated calculated

Cesium 4600 280(4) 480(5) 480(5) 280(') 280(4)

(48- 4800) (48- 4800) (48 - 4800) (48 - 4800) (48 - 4800)

Iodine(6) calculated 1(4) 2(7) 2(7) 1(4) 1(4)

(0.4 - 3.4) (0.4 - 3.4) (0.4 - 3.4) (0.4- 3.4) (0.4 - 3.4)

Neptunium(6 ) calculated 2.3(8) 3(5) 3(5) 2.3(8) 2.3(8)

(0.5 - 5.2) (0.5 - 5.2) (0.5- 5.2) (0.5- 5.2) (0.5- 5.2)

Plutonium 2000 2600(8) 3000(5) 3000(5) 2600(8) 2600(8)

(5- 27,900) (5 - 27,900) (5- 27,900) (5 - 27,900) (5- 27,900)
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Table C-2. Soil/Water Distribution Coefficients

RESRAD Surface Soil DCGL Subsurface Soil Sediment DCGL Unsaturated(2) Saturated(3)
Radionuclide Default Contaminated DCGL Contaminated Contaminated Zone (mUg) Zone (mug)

(mug) Zone (mug) Zone (mug) Zone (mug)

Strontium 30 6.16(8) 15(5) 15(5) 6.16(8) 6.16(8)

(1-32) (1-32) (1-32) (1-32) (1-32)

Technetium 0 0.1(4) 4.1(7) 4.1 (7) 0.1(4) 0.1(4)

(0.01 -4.1) (1 - 10) (1 - 10) (0.01 -4.1) (0.01 - 411)

Uranium 50 35(4) 10(7) 10(7) 35(4) 35(4)

(15-350) (1-100) (15-350) (15-350)

Progeny Elements(9)

Actinium 20 20 20 20 20 20

Lead 100 100 100 100 100 100

Protactinium 50 50 50 50 50 50

Radium 70 70 70 70 70 70

Thorium 60,000 60,000 60,000 60,000 60,000 60,000

NOTES: (1) Sources of K. 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; 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. Saturated zone distribution coefficients are not utilized by RESRAD
for the mass-balance groundwater 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) RESRAD default for this radionuclide is to allow the code to calculate the distribution coefficient based on correlation with plant root uptake transfer factor.

(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).
(9) Progeny Kds were not included in the sensitivity analysis; RESRAD default values were used in all cases.
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Table C-3 Scenario exposure pathways for WVDP DCGL development

Resident Farmer Recreationist
Exposure Pathways (surface soil and (sediment

Lavery Till source) source)

Incidental ingestion of source 0 0

External exposure to source 0 0

Inhalation of airborne source 0o

Ingestion of groundwater impacted by source 0 x

Ingestion of milk impacted by soil and water sources 0 x

Ingestion of beef impacted by soil and water sources 0 x

Ingestion of produce impacted by soil and water 0 x
sources

Incidental ingestion of surface water impacted by 0 0
source

Ingestion of fish impacted by source o 0

Ingestion of venison impacted by sediment and water 0 0
sources

LEGEND:

* - 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.

Table C-4. Radiological Concentrations from Lavery Till Samples in the WMA 1 and WMA

2 Excavation Areas(1 )

Location Nuclide Result (pCi/g) Depth (ft)

BH-17 (WMA 6, 1993) Sr-90 1.1E-01 26-28
(possibly some from sand & gravel at Cs-1 37 2.6E-02 26-28
sample top) 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+O0 26-28

Am-241 < 9.6E-03 26-28

BH-21A (WMA 1, 1993) Sr-90 4.5E+02 36-38
(possibly some from sand & gravel at Cs-137 < 3.OE-02 36-38
sample top) U-232 < 7.4E-03 36-38

U-233/234 8.6E-02 36-38
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Table C-4. Radiological Concentrations from Lavery Till Samples in the WMA I and WMA
2 Excavation Areas(1 )

Location Nuclide Result (pCi/g) Depth (ft)

U-235 < 5.1E-03 36-38

U-235/236 < 7.2E-03 36-38

U-238 7.1 E-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

GP30 (WMA 1, 1998) Sr-90 6.6E+00 36.5-37

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

GP73 (WMA 1, 1998) Sr-90 1.9E+00 40-40.5

Sr-90 1.8E+00 40.5-41

Sr-90 5.2E+00 41-41.5

Sr-90 8.4E+00 41.5-42

GP80 (WMA 1, 1998) C-14 < 8.6E-02 40-42

Sr-90 1.3E+01 40-42

Tc-99 < 2.6E-01 40-42

1-129 < 2.3E-01 40-42

Cs-1 37 < 2.2E-02 40-42

Pu-241 < 2.1E+00 40-42

GP86 (WMA 1, 1998) Sr-90 2.2E+00 39-39.5

Sr-90 1.OE+00 39.5-40

Sr-90 3.0E+00 40-40.5

Sr-90 1.OE+01 40.5-41

Sr-90 4.1E+01 41-41.5

Sr-90 3.OE+01 41.5-42

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

Cs-137 4.5E-01 12-14

U-232 1.2E-02 12-14

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
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Table C-4. Radiological Concentrations from Lavery Till Samples in the WMA I and WMA
2 Excavation Areas(1 )

Location Nuclide Result (pCilg) Depth (ft)

Pu-238 1.OE-02 12-14

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

Pu-241 < 1.3E+00 12-14

Am-241 3.OE-02 12-14

BH-07 (WMA 2, 1993) Sr-90 1.3E-01 12-14
(possibly some from sand & gravel at Cs-1 37 7.5E-02 12-14
sample top) U-232 < 8.7E-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) Sr-90 1.8E+02 10-12
(possibly some from sand & gravel at Cs-137 2.5E+02 10-12
sample top) 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.OE-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
(possibly some from sand & gravel at Cs-137 < 2.2E-02 14-16
sample top) U-232 < 6.OE-03 14-16

U-233/234 1.1E-01 14-16

U-235 < 7.OE-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.OE+00 14-16

Am-241 < 4.6E-03 14-16
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Table C-4. Radiological Concentrations from Lavery Till Samples in the WMA 1 and WMA
2 Excavation Areas(1 )

Location Nuclide Result (pCi/g) Depth (ft)

BH-13 (WMA 2, 1993) Sr-90 1.8E-01 18-20
(possibly some from sand & gravel at Cs-137 2.7E+00 18-20
sample top) U-232 1.6E-02 18-20

U-233/234 8.5E-02 18-20

U-235 < 5.1E-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
(possibly some from sand & gravel at Cs-1 37 1.9E+00 14-16
sample top) 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

U-238 2.8E-01 14-16

Pu-238 1.7E-01 14-16

Pu-239/240 1.6E-01 14-16

Pu-241 < 1.1E+00 14-16

Am-241 1.1E-01 14-16

NOTE: (1) Data are from the 1993 RCRA facility investigation and the Geoprobe® studies described in Section 4.

2.0 Information Provided in Attachment I

Other information associated with the dose modeling is provided in Attachment 1. As
explained in Section 5, the dose calculations were performed using RESRAD 6.4 and the
results were exported to Microsoft Excel. for post-processing. Attachment 1 provides:

" RESRAD input files to verify input parameters and model setup,

* RESRAD output files to verify input parameters and results,

" Excel result files containing (1) RESRAD output results (exported from the
RESRAD summary report), (2) summaries of data [maximum dose-source ratios
(DSRs) and times of maximal, (3) calculation of DCGLw values from the maximum
DSRs, (4) calculation of area factors and DCGLEMc values, and (5) summary of
sensitivity results

DCGL development was based on entering unit source concentrations (lpCi/g) for 18
radionuclides into RESRAD to generate DSRs in units of mrem/y per pCi/g (RESRAD
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output results based on unit concentrations can be interpreted as either the dose or DSR,

and the terms are used interchangeably in this document). The individual, peak DSRs are
then used to generate DCGLs for each radionuclide based on the following equation:

DCGL (pCi/g) = Dose Limit (mrem/y) / Maximum DSR (mrem/y per pCi/g) (Eq.1)

The dose limit of 25 mrem/y and maximum DSRs were used as the basis for
developing the DCGLs. Further details regarding the Attachment 1 files are presented
below. Because of the uncertainty in the actual distributions and mixtures of radionuclides
in the environmental media, the DCGL for each radionuclide is calculated individually.
Following characterization, the working cleanup levels for mixtures can be developed using
the sum of fractions method discussed in Chapter 5 of the MARSSIM.

2.1 Input Parameters Tables

The parameters input to the RESRAD model include:

* Base case values for the DCGLw calculations,

* Modification of source area only for DCGLEMC calculations, and

* Variation of key parameters to evaluate model sensitivity

The Excel file "WV Sensitivity Parameters Table.xls" (Table C.5) provides a summary
of the following parameters which were varied to evaluate model sensitivity.

* Surface Soil Sources

- Indoor/outdoor time fraction

- Source thickness

- Unsaturated zone thickness

- Irrigation/well pumping rate

- Soil/water distribution coefficients

- Hydraulic conductivity (Vertical/Horizontal)

- Runoff/Evapotranspiration coefficients/Infiltration rate

- Depth of well intake

- Length of contaminated area parallel to aquifer flow

- Plant transfer factors

- Use of mass balance instead of non-dispersion groundwater model

* Subsurface Soil Sources (subsurface soil distributed on the surface):

- Indoor/outdoor time fraction

- Source thickness

- Unsaturated zone thickness

- Irrigation/well pumping rate
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- Soil/water distribution coefficients

- Hydraulic conductivity (Vertical/Horizontal)

- Runoff/Evapotranspiration coefficients/ Infiltration rate

- Plant transfer factors

* Stream Bank Sediment sources:

- Outdoor time fraction

- Source thickness

- Unsaturated zone thickness

- Soil/water distribution coefficients

- Runoff/Evapotranspiration coefficients/ Infiltration rate

- Plant transfer factors

- Fish transfer factors

These sensitivity parameters were selected based on preliminary model simulations

and consideration of parameter priorities presented in Table 4.2 of NUREG-6697,
Attachment B (Yu, et al. 2000). The parameters selected for analysis are discussed further

below.

Sensitivity parameter values were selected to represent a reasonable range in order
to provide bounds on the uncertainty in the DCGL calculations. The basis for particular
parameter values are discussed below.

Indoor/Outdoor fraction - varied from 0.45/0.45 to 0.8/0.1 from the base case values

of 0.66/0.25. The lower indoor fraction represents equal time indoors and outdoors,
while the higher fraction was selected to represent a farmer spending inordinate

amounts of time indoors.

Source thickness - for surface soil and sediment, varied from 0.5 to 3m to bound the
base case value of Ilm with potential thicknesses resulting from remedial activities and
to account for potential source erosion uncertainty. For subsurface soil, varied from 0.1
to 1 m to bound the base case value of 0.3 m. The subsurface source thickness is

dependent on the amount of material excavated during well/cistern installation, and
depths less than the base case would correspond with a smaller source area for a
given excavated volume.

Unsaturated zone thickness - varied from 1 to 5 m to bound the 2 m base case value
with the range possible for the site. The range of results also provides an assessment

of potential source erosion uncertainty.

Irrigation/well pumping rate - varied from 0.2/2720 to 0.8/8720 (m/y)/(m3/y) to bound
the base case of 0.5/5720 (m/y)/(m 3/y). The irrigation rate and well pump rate are.

directly related and the range reflects changes in crop irrigation only. For all cases, the
assumed household and livestock water ingestion rates were held constant. This
parameter is applicable to soil exposure only, not to sediment exposure
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Soil/Water distribution coefficients - varied for each radionuclide based on site-
specific data where available. If a range of site-specific distribution coefficients was not

available (as was the case for the majority of radionuclides), values were selected from
the literature to provide a bound on the base case uncertainty. The conceptual models

assume the sand and gravel unit is representative of the three RESRAD zones
(contaminated, unsaturated and saturated), except that in the SB and SD analyses, the
contaminated zone is assumed to be represented by the Lavery till.

Hydraulic conductivity - for the contaminated and unsaturated zone, varied the

vertical conductivity from 1 m/y (3.2E-06 cm/s) to 350 m/y (1.1E-03 cm/s) to bound the
base case value of 140 m/y (4.4E-04 cm/s) which is the average for the sand and

gravel unit divided by 10 to account for anisotropy (DEIS Appendix E, Table E-3).
Similarly for the saturated zone, the horizontal conductivity was varied from 10 to 3500

m/yr from the base case of 1400 m/y. The conceptual model assumes the sand and
gravel unit is representative of the unsaturated and saturated zone. The upper bound
value is that used in the DEIS and is included for comparison.

Runoff/evapotranspiration coefficient - varied from 0.2/0.5 to 0.8/0.8 to bound the

base case of 0.6/0.55. The base case was selected to achieve infiltration rate of 0.42
m/y which corresponds to 25% of the applied water (DEIS Appendix E). The upper
bounds are assumed values and the lower bounds for these parameters represent the
RESRAD defaults.

Depth of well intake - applicable to non-dispersion model only (surface soil base
case). Varied from 3 to 10 m to bound the base case value of 5m. The lower bound

represents the minimum for a 1 m contaminated thickness and 2 m unsaturated zone.
The upper bound represents the upper end of observed thickness of the saturated

zone on site.

Length of contaminated area parallel to aquifer flow - applicable to non-dispersion

model only (surface soil base case). Varied from 50 m to 200 m to bound the base

case of 100 m.

Plant transfer factors - varied from the constituent specific base cases by increasing
and decreasing each parameter an order of magnitude.

Fish transfer factors - applicable for sediment source evaluation. Values varied from

the constituent specific base cases by increasing and decreasing each parameter an
order of magnitude.

Groundwater model - the surface soil base case non-dispersion model is varied to
provide results for the mass balance model for comparison. The RESRAD User's

Manual suggests the non-dispersion model for areas >1,000 m2 (Yu et al. 2001, p.E-
18).

2.2 RESRAD Input Files

The following RESRAD input files are provided to allow verification of input parameters

and reproduction of the output files and summary graphics:

0 DCGLw input files:
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- WV Surface - 10k Base.RAD (Surface soil source of 10,000 mi2 )

- WV Subsurface - 100 Base.RAD (Subsurface material as a surface source of
100 m2)

- WV Sediment - 1k Base.RAD (Sediment source of 1,000 M2)

DCGLEMC input files (varying only source area from DCGLw files):

- Surface Soil Source

" WV Surface - 5k EMC.RAD (5,000 m2 source)

" WV Surface - 1k EMC.RAD (1,000 m2 source)

" WV Surface - 500 EMC.RAD (500 M2 source)
" WV Surface - 100 EMC.RAD (100 m2 source)

" WV Surface - 50 EMC.RAD (50 M2 source)

" WV Surface - 10 EMC.RAD (10 m2 source)

" WV Surface - 5 EMC.RAD (5 m2 source)

" WV Surface - 1 EMC.RAD (1 m2 source)

- Subsurface Source

" WV Subsurface - 50 EMC.RAD (50 m2 source)

" WV Subsurface - 10 EMC.RAD (10 m2 source)

" WV Subsurface - 5 EMC.RAD (5 M2 source)
" WV Subsurface - 5 EMC.RAD (1 m2 source)

Stream Bank Sediment Source

" WV Sediment - 500 EMC.RAD (500 M2 source)

" WV Sediment - 100 EMC.RAD (100 m2 source)

" WV Sediment - 50 EMC.RAD (50 m2 source)

" WV Sediment - 10 EMC. RAD (10 M2 source)
" WV Sediment - 5 EMC.RAD (5 m2 source)

" WV Sediment - 1 EMC.RAD (1 m2 source)

Note: sediment source area width was maintained at 3 m when varying areas to
represent assumed stream bank configuration.

Sensitivity analysis input files:

- Surface soil Source

" WV Surface - SENSI.RAD (decreased indoor fraction)

" WV Surface - SENS2.RAD (increased indoor fraction)

" WV Surface - SENS3.RAD (decreased source layer thickness)
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" WV Surface - SENS4.RAD (increased source layer thickness)

" WV Surface - SENS5.RAD (decreased unsaturated zone thickness)

" WV Surface - SENS6.RAD (increased unsaturated zone thickness)

" WV Surface - SENS7.RAD (decreased well pumping rate)

" WV Surface - SENS8.RAD (increased well pumping rate)

" WV Surface - SENS9.RAD (decreased Kd values)

" WV Surface - SENS10.RAD (increased Kd values)

" WV Surface - SENS 1.RAD (decreased K value)

" WV Surface - SENS12.RAD (increased K value)

" WV Surface - SENS13.RAD (decreased runoff/evapotranspiration)

" WV Surface - SENS14.RAD (increased runoff/evapotranspiration)

" WV Surface - SENS15.RAD (decreased well intake depth)

" WV Surface - SENS16.RAD (increased well intake depth)

" WV Surface - SENS17.RAD (decreased length parallel to flow)

" WV Surface - SENS18.RAD (increased length parallel to flow)

" WV Surface - SENS19.RAD (decreased plant transfer factors)

" WV Surface - SENS20.RAD (increased plant transfer factors)

" WV Surface - SENS21.RAD (mass balance groundwater model)

Subsurface Soil Source

" WV Subsurface - SENS1 .RAD (decreased indoor fraction)

" WV Subsurface - SENS2.RAD (increased indoor fraction)

" WV Subsurface - SENS3.RAD (decreased source layer thickness)

" WV Subsurface - SENS4.RAD (increased source layer thickness)

" WV Subsurface - SENS5.RAD (decreased unsaturated zone thickness)

" WV Subsurface - SENS6.RAD (increased unsaturated zone thickness)

" WV Subsurface - SENS7.RAD (decreased well pumping rate)

" WV Subsurface - SENS8.RAD (increased well pumping rate)

" WV Subsurface - SENS9.RAD (decreased Kd values)

" WV Subsurface - SENS10.RAD (increased Kd values)

" WV Subsurface - SENS11 .RAD (decreased K value)

" WV Subsurface - SENS12.RAD (increased K value)

" WV Subsurface - SENS13.RAD (decreased runoff/evapotranspiration)
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0 WV Subsurface - SENS14.RAD (increased runoff/evapotranspiration)

0 WV Subsurface - SENS15.RAD (decreased plant transfer factors)

0 WV Subsurface - SENS16.RAD (increased plant transfer factors)

Sediment Source

E WV Sediment - SENS1.RAD (decreased outdoor fraction)

E WV Sediment - SENS2.RAD (increased outdoor fraction)

0 WV Sediment - SENS3.RAD (decreased source layer thickness)

0 WV Sediment - SENS4.RAD (increased source layer thickness)

0 WV Sediment - SENS5.RAD (increased unsaturated zone thickness)

0 WV Sediment - SENS6.RAD (largest unsaturated zone thickness)

0 WV Sediment - SENS7.RAD (decreased Kd values)

0 WV Sediment - SENS8.RAD (increased Kd values)

0 WV Sediment - SENS9.RAD (decreased runoff/evapotranspiration)

0 WV Sediment - SENS1O.RAD (increased runoff/evapotranspiration)

0 WV Sediment - SENS1 1.RAD (decreased plant transfer factors)

E WV Sediment - SENS12.RAD (increased plant transfer factors)

M WV Sediment - SENS13.RAD (decreased fish transfer factors)

0 WV Sediment - SENS14.RAD (increased fish transfer factors)

The dose results from the above input files were the basis for calculation of DCGLw
and DCGLEMC values. The DCGLs were calculated in Excel spreadsheets, based on
exported data from the RESRAD summary output report. The following section describes
the RESRAD output files, which are provided for informational purposes.

2.3 RESRAD Output Files

The RESRAD output files are provided to allow review of results without running the
simulations. For the DCGLw simulations, summary, detailed, daughter, and concentration
reports are included in the QA files. The summary report is also available for the DCGLEMC
simulations. As indicated in the previous section, DCGL calculations are based on data
exported from the RESRAD summary output report. RESRAD output files generated are
as follows;

* DCGLw output files:

- Surface Soil Source

" WV Surface - 10k Basesum.TXT (summary report)

" WV Surface - 10k Base_ det.TXT (detailed report)
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" WV Surface - 10k Base _dtr.TXT (daughter report)

" WV Surface - 10k Base _conc.TXT (concentration report)

- Subsurface Soil Source

" WV Subsurface - 100 Basesum.TXT (summary report)

" WV Subsurface - 100 Basedet.TXT (detailed report)

" WV Subsurface - 100 Basedtr.TXT (daughter report)

" WV Subsurface - 100 Baseconc.TXT (concentration report)

- Sediment Source

" WV Sediment - 1k Base_sum.TXT (summary report)

" WV Sediment - 1k Base_det.TXT (detailed report)

" WV Sediment - 1k Basedtr.TXT (daughter report)

" WV Sediment - 1 k Base_conc.TXT (concentration report)

DCGLEMC output files (varying only source area from DCGLw files):

- Surface Soil Source

" WV Surface - 5k EMCsum.TXT (5,000 m2 source)

" WV Surface - 1k EMC_ sum.TXT (1,000 m2 source)

* WV Surface - 500 EMCsum.TXT (500 m2 source)

* WV Surface - 100 EMCsum.TXT (100 m2 source)

* WV Surface - 50 EMCsum.TXT (50 m2 source)

* WV Surface - 10 EMCsum.TXT (10 m2 source)

M WV Surface - 5 EMCsum.TXT (5 m2 source)

M WV Surface - 1 EMCsum.TXT (1 m2 source)

Subsurface Soil Source

" WV Subsurface - 50 EMCsum.TXT (50 m2 source)

" WV Subsurface - 10 EMC-sum.TXT (10 M2 source)
" WV Subsurface - 5 EMCsum.TXT (5 m2 source)

" WV Subsurface - 1 EMCsum.TXT (1 m2 source)

- Sediment Source

" WV Sediment - 500 EMCsum.TXT (500 m2 source)

" WV Sediment - 100 EMCsum.TXT (100 m2 source)

" WV Sediment - 50 EMCsum.TXT (50 m2 source)

" WV Sediment - 10 EMC_sum.TXT (10m2 source) a
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" WV Sediment - 5 EMC-sum.TXT (5 M2 source)
" WV Sediment - 1 EMCsum.TXT (1 m2 source)

Sensitivity analysis output files:

Surface Soil Source

" WV Surface - SENSIsum.TXT (decreased indoor fraction)

" WV Surface - SENS2_sum.TXT (increased indoor fraction)

" WV Surface - SENS3_sum.TXT (decreased source layer thickness)

" WV Surface - SENS4_sum.TXT (increased source layer thickness)

" WV Surface - SENS5_sum.TXT (decreased unsaturated zone thickness)

" WV Surface - SENS6_sum.TXT (increased unsaturated zone thickness)

" WV Surface - SENS7_sum.TXT (decreased well pumping rate)

" WV Surface - SENS8_sum.TXT (increased well pumping rate)

" WV Surface - SENS9_sum.TXT (decreased Kd values)

" WV Surface - SENS10_sum.TXT (increased Kd values)

" WV Surface - SENS1 lsum.TXT (decreased K value)

" WV Surface - SENS12_sum.TXT (increased K value)

" WV Surface - SENS13_sum.TXT (decreased runoff/evapotranspiration)

" WV Surface - SENS14_sum.TXT (increased runoff/evapotranspiration)

" WV Surface - SENS15_sum.TXT (decreased well intake depth)

" WV Surface - SENS16_sum.TXT (increased well intake depth)

" WV Surface - SENS17_sum.TXT (decreased length parallel to flow)

" WV Surface - SENS18_sum.TXT (increased length parallel to flow)

" WV Surface - SENS19_sum.TXT (decreased plant transfer factors)

" WV Surface - SENS20_sum.TXT (increased plant transfer factors)

" WV Surface - SENS21_sum.TXT (mass balance groundwater model)

- Subsurface Soil Source

" WV Subsurface - SENSI_sum.TXT (decreased indoor fraction)

" WV Subsurface - SENS2_sum.TXT (increased indoor fraction)

" WV Subsurface - SENS3_sum.TXT (decreased source layer thickness)

" WV Subsurface - SENS4_sum.TXT (increased source layer thickness)

" WV Subsurface - SENS5_sum.TXT (decreased unsaturated zone
thickness)
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" WV Subsurface - SENS6_sum.TXT (increased unsaturated zone
thickness)

" WV Subsurface - SENS7_sum.TXT (decreased well pumping rate)

" WV Subsurface - SENS8_sum.TXT (increased well pumping rate)

" WV Subsurface - SENS9_sum.TXT (decreased Kd values)

" WV Subsurface - SENSlOsum.TXT (increased Kd values)

" WV Subsurface - SENS10 _sum.TXT (decreased K value)

" WV Subsurface - SENS12_sum.TXT (increased K value)

" WV Subsurface - SENS13_sum.TXT (decreased ru noff/evapotranspiration)

" WV Subsurface - SENS14_sum.TXT (increased runoff/evapotranspiration)

" WV Subsurface - SENS15_sum.TXT (decreased plant transfer factors)

" WV Subsurface - SENS15_sum.TXT (increased plant transfer factors)

Stream Bank Sediment Source

" WV Sediment - SENSIsum.TXT (decreased outdoor fraction)

" WV Sediment - SENS2_sum.TXT (increased outdoor fraction)

* WV Sediment - SENS3_sum.TXT (decreased source layer thickness)

* WV Sediment - SENS4_sum.TXT (increased source layer thickness)

* WV Sediment - SENS5_sum.TXT (increased unsaturated zone thickness)

* WV Sediment - SENS6_sum.TXT (largest unsaturated zone thickness)

* WV Sediment - SENS7_sum.TXT (decreased Kd values)

* WV Sediment - SENS8_sum.TXT (increased Kd values)

* WV Sediment - SENS9_sum.TXT (decreased runoff/evapotranspiration)

* WV Sediment - SENS1O_sum.TXT (increased runoff/evapotranspiration)

* WV Sediment - SENS1 1_sum.TXT (decreased plant transfer factors)

* WV Sediment - SENS12_sum.TXT (increased plant transfer factors)

* WV Sediment - SENS13_sum.TXT (decreased fish transfer factors)

* WV Sediment - SENS14_sum.TXT (increased fish transfer factors)

The following section presents the methods used to generate DCGLs from the
RESRAD model output previously described.

2.4 Excel Result Files

The outputs of the RESRAD simulations (the DSR for each of the radionuclides at
various future times) were exported to Excel from the RESRAD summary output report
(specifically, the DSR values in the table presented at the bottom of page 45 of each
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RESRAD summary report). For each simulation, dose results were exported for each of the
18 radionuclides, which includes the simulation year and dose (for that year) for each
radionuclide. These have been generated for DCGLw, DCGLEMC, and sensitivity simulations

for each source media and isotope. The peak dose for each radionuclide is identified and
used as the basis for the DCGL calculation as follows;

DCGLw = Dose Limit / Peak radionuclide DSR (Eq.2)

Specific Excel result files are described below.

2.4.1 Surface Soil DCGLs

Surface soil DCGLs were calculated to conform with the annual dose limit for large/

areas (DCGLw), smaller areas of elevated concentrations (DCGLEMC), and to evaluate the
sensitivity of the model to variations in specific parameters. The files associated with these
calculations are described below.

Surface Soil DCGLw Values

The soil DCGLw values were calculated based on resident farmer exposure for a
10,000 m2 source area and results from the RESRAD summary output report are presented

in the Excel file "WVDP Surface DCGLs.XLS" in the sheet "Base" (Table C-6). The input
files for the surface soil evaluation are presented in Section 2.2. These surface soil DCGLw

values are the basis for calculation of surface soil area factors and DCGLEMC values.

Surface Soil DCGLEMC Values

The DCGLw values calculated on the Excel summary sheet previously discussed serve
as the base case for subsequent DCGLEMc development; DCGLEMC values are based on
varying the source area from the 10,000 m2 value used for the DCGLw as discussed in

Chapter 5 of the MARSSIM. The Excel file "WVDP Surface DCGLs.XLS" has sheets for
each of the source areas used to generate the DCGLEMC (Tables C-7 to C-14). The sheet
"Summary" in the Excel file "WV Surface DCGLs.XLS" summarizes the DCGLEMC (Table C-
15) and Soil Area Factors (TableC-16) for each of the 18 radionuclides and selected source

areas (ranging from 1 to 10,000 M2 ).

Surface Soil DCGLw Sensitivity Analysis

The surface soil DCGLw sensitivity to key parameters was assessed by varying the
input values for specific parameters and tabulating the results. The Excel file "WV Surface

DCGL Sensitivity.XLS" contains the DSRs and DCGLs for each of 18 radionuclides from
the RESRAD summary report output for each of the sensitivity simulations. Results of each
run are in sheets SENS1 through SENS21 (Tables C-17 to C-37). Also included in the file
are a summarization of the calculated DCGLs (Table C-38) and a summary of the percent
change from the base case (Table C-39) for each of the sensitivity runs (also presented in
Table 5-9). Table C-40 below presents a summary of the surface soil sensitivity results.
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Table C-40 Summary of Surface Soil DCGL Sensitivity Analysis

Change in Minimum Maximum
Parameter Run Sensitivity Chang Nuclide(s)

Parameter Change Nuclide(s) e

Indoor/Outdoor 1 -32% -23% U-232 0% 0-14 1-129
Fraction Np,237 Tc-99

C-14 1-129 Np-
2 21% 0% 237 Tc-99 U- 30% U-232

234

Source 3 -50% 9% Cs-137 238% C-14
Thickness Am-241 Cm-

243 Cm-244
4 200% -58% C-14 0% 23 Pu-

Pu-239 Pu-

240

Unsaturated 5 -50% -10% Tc-99 6% U-235
Zone Thickness _

6 150% -4% U-235 10% Tc-99

Irrigation/Pump 7 -57% -1% U-232 52% 1-129
Rate 8 70% -31% 1-129 2% U-232

Distribution 9 lower -100% Pu-239 6% U-232
Coefficients
(Kd) 10 higher -4% U-232 1146% U-234

Hydraulic i1 -99% 0% Sr-90 1873% 1-129
Conductivity Am-241 C-14

Cm-243 Cm-
244 Cs-137 Pu-

12 150% 0% 238 Pu-239 Pu- 122% U-235238 Pu-239 Pu-

240 Sr-90 U-
232

Runoff/Evapo- 13 -69% -28% U-234 3% U-232
transporation
Coefficient 14 64% -3% U-232 123% Np-237

Depth of Well 15 -40% -42% 1-129 0.1% U-232
Intake Am-241 Cm-

16 100% 0% 243 Cm-244
Cs-137 Pu-238 % Np-237
Pu-239 Pu-240

Length Parallel Am-241 Cm-
to Aquifer Flow 17 -50% 0% 243 Cm-244 78% U-235

Cs-137 Pu-238
Pu-239 Pu-240

18 100% -44% U-235 0.1% U-232

Plant Transfer 19 -90% -4% 1-129 387% Sr-90
Factors

20 900% -90% Sr-90 -6% 1-129

Mass Balanc 21 -69% -81% U-234 0% U-232
Model I I I
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2.4.2 Subsurface Soil (Lavery till) DCGLs

To evaluate an excavation that would expose the resident farmer to subsurface
material, DCGLs were developed to address this potential future source. It is possible that
a farmer may install a cistern or well to access groundwater, and in the excavation process,
contaminated Lavery till material from the subsurface may be spread on the ground surface
and be a source of exposure. The following subsections discuss the files associated with
this calculation.

Subsurface Soil DCGLw Values

The subsurface DCGLw values are presented in the Excel file "WV Subsurface
DCGLs.XLS" in the sheet "Base" (TableC-41), and are based on the RESRAD input file
"WV Subsurface - 100 Base.RAD" and results from page 45 of the RESRAD summary
output report "WV Subsurface - 100 Base.TXT".

For calculation of the distributed soil, DCGLw values for a 100 m2 source area of Lavery
till on the surface were increased by a factor of 10 to account for an assumed blending of
residually contaminated till with clean overlying soil in the excavation process (assuming
0.5 m of till for each 5 m of total excavation). This factor is applied to the final RESRAD
generated DCGLw as presented in the overall summary table (See "DCGL Summary"
section).

The input files for the subsurface soil evaluation are discussed in Section 2.2. These
Lavery Till DCGLw values are used as the basis for calculation of the subsurface soil
DCGLEMC values and for sensitivity analysis as described below.

Subsurface Soil DCGLEMC Values

Calculation of DCGLEMC values for the subsurface Lavery till was based on the base
case area of 100 m2 used for development of the DCGLw values (after accounting for
blending). The DCGLEMC values were generated by varying the source area. The RESRAD
output for these simulations are presented and summarized in the Excel file "WV
Subsurface DCGLs.XLS". The results for each source area are presented in individual
sheets (Tables C-42 to C-45). The sheet "Summary" presents the DCGLEMC values (Table
C-46) and subsurface soil area factors (Table C-47) for each of the 18 radionuclides and
selected source areas (ranging from 1 to 100 M2

).

Subsurface Soil Sensitivity Analysis

The subsurface soil DCGLw sensitivity to key parameters was assessed by varying the
input values for specific parameters and tabulating the results. The Excel file "WV
Subsurface DCGL Sensitivity.XLS" contains the DSRs and DCGLs for each of 18
radionuclides from the RESRAD summary report output for each of the sensitivity
simulations. Results of each run are in sheets SENS1 through SENS16 (Tables C-48 to C-
63). Also included in the file is a summarization of the calculated DCGLs (Table C-64) and
a summary of the percent change from the base case (Table C-65) for each of the
sensitivity runs (also presented in Table 5-10). Table C-66 below presents a summary of
the subsurface soil sensitivity results.
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Table C-66 Summar of Subsurface Soil DCGL Sensitivity Analysis

Change in Minimum Maximum
Paraeter RunSensitivity

Parameter Run Parameter Change Nuclide(s) Change Nuclide(s)

Indoor/Outdoor 1 -32% -25% Cs-137 0.1% U-234
Fraction 2 21% -1% U-238 35% U-232

Source 3 -67% 10% U-238 255% Tc-99
Thickness 4 233% -90% C-14 -1% Cs-137

Unsaturated Am-241 C-14
Zone Thickness Cm-243 Cm-244

Cs-i137 Pu-238
5 -50% -3% Tc-99 0% Pu-239 Pu-2 40

Pu-239 Pu-240

Pu-241 Sr-90 U-
232 U-235

Am-241 C-14
Cm-243 Cm-244
Cs-137 Pu-238

6 150% 0% Pu-239 Pu-240 1% U-238
Pu-241 Sr-90
Tc-99 U-232 U-
235

Irrigation/Pump Am-241 Cm-
Rate 243 Cm-244 Cs-7 -57% -36% 1-129 0% 13 Pu-238 Pu-

137 Pu-238 Pu-
239 Pu-240

8 70%Cm-243 Pu-238 159% U-238Pu-239 Pu-240

Distribution 9 lower -99% Pu-239 16% Tc-99
Coefficients
(Kd) 10 higher -27% U-232 3144% U-234

Hydraulic 11 -99% -1% U-238 3% 1-129
Conductivity Am-241 C-14 Am-241 C-14

Cm-243 Cm-244 Cm-243 Cm-244
Cs-137 1-129 Cs-137 1-129
Np-237 Pu-238 Np-237 Pu-238

12 150% 0% Pu-239 Pu-240 0% Pu-239 Pu-240
Pu-241 Sr-90 Pu-241 Sr-90
Tc-99 U-232 U- Tc-99 U-232 U-
233 U-234 U- 233 U-234 U-
235 U-238 235 U-238

Runoff/Evapo- 13 -69% -38% U-234 16% U-232
transporation
Coefficient 14 64% -19% U-232 188% U-234

Plant Transfer 15 -90% -0.4% U-238 574% Sr-90
Factors 16 900% -90% Tc-99 -1% U-234
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2.4.3 Streambed Sediment DCGLs

DCGLs were also developed to account for potential exposure associated with stream
bank sediment (including direct pathways, fish ingestion, and venison ingestion). The
stream bank rather than the streambed was the focus of the analysis because the
recreationist is assumed to be in direct contact with the stream bank, and not the stream
bed.

Files associated with the calculations are discussed below and presented in the files
attachment.

Streambed Sediment DCGLw Values

The sediment DCGLw values were calculated based on a recreationist exposure for a
1,000 m2 source area and results from the RESRAD summary output report are presented
in the Excel file "WVDP Surface DCGLs.XLS" in the sheet "Base" (Table C-67). The input
files for the sediment evaluation are discussed in Section 2.2. These sediment DCGLw
values are the basis for calculation of Sediment Area Factors and DCGLEMc values.

Streambed Sediment DCGLEMC Values

The DCGLw values calculated on the Excel summary sheet previously discussed serve
as the base case for subsequent DCGLEMc development, which are based on varying the

source area from the 1,000 m2 value used for the DCGLw values. The RESRAD output for
these simulations are presented and summarized in the Excel file "WV Sediment
DCGLs.XLS". The results for each source area are presented in individual sheets (Tables
C-68 to C-73). The sheet "Summary" presents the DCGLEMC values (Table C-74) and
sediment area factors (Table C-75) the 18 radionuclides and selected source areas
(ranging from 1 to 1,000 M2

).

Streambed Sediment Sensitivity Analysis

The sediment DCGLw sensitivity to key parameters was assessed by varying the input
values and tabulating the results. The Excel file "WV Sediment DCGL Sensitivity.XLS"
contains the RESRAD summary report output for each of the sensitivity simulations.
Results of each run are in sheets SENS1 through SENS14 (Tables C-76 to C-89). Also
included in the file is a summarization of the calculated DCGLs (Table C-90) and percent
change from the base case (Table C-91) for each of the sensitivity runs (also presented in
Table 5-11). Table C-92 below presents a summary of the sediment sensitivity analysis.

Table C-92 Summary of Sediment DCGL Sensitivity Analysis

Change in Minimum Maximum
Sensitivity

Parameter Run Parameter Change Nuclide(s) Change Nuclide(s)

Outdoor Fraction 1 -50% 0% C-14 97% U-232

2 100% -50% Cm-243 0% C-14

Source Thickness 3 -50% 0% Cm-243 157% C-14

Am-241 Cm-
4 200% -52% C-14 0% 243 Cm-244Cs-1 37 Pu-

238 Pu-239
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Table C-92 Summary of Sediment DCGL Sensitivity Analysis

Change in Minimum Maximum
Sensitivity

Parameter Run Parameter Change Nuclide(s) Change Nuclide(s)
Pu-240

Unsaturated Zone 5 0 m to im 0.3% Cs-1 37 83% U-234
Thickness 6 0 m to 3 m 0.3% Cs-1 37 83% U-234

Soil/Water 7 lower -90% Pu-239 47% Pu-241
Distribution
Coefficients (Kd) 8 higher -59% U-233 127% Np-237

Runoff/Evapotran- Am-241
sporation 9 -54% 0% Cm-243 Pu- 8% U-232
Coefficient 238 Pu-239

Pu-240

Am-241 Cm-
243 Cm-244

10 78% -29% U-233 0% 23 Pu-
Pu-238 Pu-

239 Pu-240

Plant Transfer 11 -90% -29% U-233 82% Sr-90
Factors 12 900% -82% Sr-90 -1% U-235

Fish Transfer 13 -90% -28% U-233 99% Np-237
Factors 14 900% -84% Np-237 -3% Cs-137

Consideration of Subsurface Lavery till as a Continuing Source to Groundwater

An evaluation of the potential for the Lavery till to act as a continuing source to
groundwater was conducted and concluded the following (See section 3.7 and Table 3-19
of the body of the plan):

" A well screened entirely in the Lavery Till could not produce enough groundwater
for the resident farmer scenario.

* A well screened in both'the sand and gravel unit and Lavery till would likely pump
mostly groundwater from the sand and gravel unit due to the much higher relative
hydraulic conductivity and subsequent development of preferential flowpaths, and

contain highly diluted contributions of contaminated groundwater from the Lavery
Till.

* Advective movement from the Lavery Till to the overlying Sand and Gravel Unit is

unlikely considering the vertical downward groundwater gradient.

* Diffusive movement from the Lavery Till to the Sand and Gravel Unit is unlikely

considering the very low diffusion coefficients for radionuclides.

* Migration vertically upward from the till through the aquifer and into a well that is
screened several meters above the till is unlikely.
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DCGL Summary

The Excel File "WV DCGL Summary Tables.xls" (Table C-93) summarizes the DCGLs
for the surface soil, subsurface soil and sediment, and presents DCGLw and DCGLEMC for a

1 m2 area (also presented in Table 5-8).

Integrated Dose Assessment

In order to account for potential exposure to multiple sources, a combined dose
assessment was conducted. The assessment considered which combination of exposures
was likely, and concluded that the resident farmer may also spend time in recreation along
the stream bank.

The Excel File "WV DCGL Summary Tables.xls" presents the calculated DCGLw and'
DCGLEMc values when considering the combined doses from surface soil (90% x 25
mrem/yr = 22.5 mrem/y) and sediment sources (10% x 25 mrem/y = 2.5 mrem/y), which are
summarized in Tables C-94, C-95, and C-96 (also presented in Table 5-13). In the same
Excel file, Table C-96 presents the cleanup goals to be used as the criteria for the
proposed remediation activities. Values in Table C-97 represent the DCGLw and DCGLEMC
values for surface soil and sediment (considering the combined dose), as well as cleanup
goals for subsurface soil (which are 50% of the DCGLw and DCGLEMC values adjusted to
provide a margin of confidence/safety factor for excavation success for each radionuclide
(also presented in Table 5-12).

Evaluation of Institutional Control Period

After Phase 1 proposed remediation there is assumed to be a 30 year period of
institutional controls (associated with storage of the HLW canisters until 2041), prior to site
access by the critical receptors. During this period, radionuclide inventories will be subject
to decay and leaching, which will result in site concentrations at the time of exposure that

are reduced from the initial concentrations left at the time of proposed remediation. With the
exception of Sr-90 and Cs-1 37, DCGLs were developed neglecting the effects of decay and
leaching from the source during the 30 year institutional control period. The ratio of the
initial concentrations in soil to the RESRAD generated soil concentration after a 30 year
simulation was used to provide an evaluation of uncertainty associated with the assumption
of neglecting decay/leaching. A RESRAD simulation was run using the surface soil base
case without irrigation, well pumping, or plant/animal/human uptake from soil (see
RESRAD input file "WV SURFACE - 10k - LCHDCAY.RAD" and output file "WV
SURFACE - 10k - LCHDCAYsum.txt". The RESRAD concentration output summary file
(see page 8 of the file "WV SURFACE - 10k - LCHDCAYconc.txt") provides the soil
concentration at year 30, which is then related to the initial soil concentration to quantify the
effects of leaching/decay (see Excel file "WV Institutional Control.xls" Table C-98).

Evaluation of Potential Dose Drivers and Sensitivity Parameters

The impact of specific sensitivity parameters is dependent on the radionuclides that
contribute the majority of the dose to the receptor. Due to limited site data, a full evaluation
can not be performed until additional site characterization data is available. In the interim,
Table C-99 presented below identifies the primary dose pathways for each radionuclide

and indicates which of the sensitivity parameters have significant impact on the dose. This
evaluation would be refined as additional site data are collected.
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Table C-99 Summary of Primary Dose Pathways

Nuclide Primary Pathway for Dose Key Parameters(1 ) Yearof
. Peak Dose

Surface Soil

Am-241 Water independent (plant uptake) - plant transfer factors, source thickness O.OOE+00

C-14 Water independent (plant uptake) source thickness O.OOE+00

Cm-243 External Exposure, Water independent plant transfer factors, source thickness O.OOE+00
(plant uptake)

Cm-244 Water independent (plant uptake) plant transfer factors, source thickness O.OOE+00

Cs-1 37 External Exposure outdoor fraction, plant transfer factors O.OOE+00

1-129 Water dependent (water ingestion, plant K, Kd, runoff/evap coefficients, well intake 9.21E+00
and milk uptake) depth, groundwater model

Np-237 Water dependent (water ingestion, plant hydraulic conductivity, Kd, runoff/evap 2.01E+01
uptake) coefficients, well intake depth, groundwater

model

Pu-238 Water independent (plant uptake) Kd, plant transfer factors O.OOE+00

Pu-239 Water independent (plant uptake) Kd, plant transfer factors O.0OE+00
Pu-240 Water independent (plant uptake) Kd, plant transfer factors O.OOE+00

Pu-241 Water independent (plant uptake) Kd, plant transfer factors 5.52E+01

Sr-90 Water independent (plant uptake) source thickness, plant transfer factors, Kd, O.OOE+00
groundwater model

Tc-99 Water dependent (water ingestion, plant source thickness, well intake depth, plant 1.54E+00
uptake), independent (plant uptake) transfer factors, length parallel to flow, Kd, K,

groundwater model

U-232 External Exposure outdoor fraction, plant transfer factors 8.17E+00

U-233 Water dependent (water ingestion, plant irrigation/pump rate, Kd, runoff/evap 2.96E+02
uptake) coefficients, groundwater model

U-234 Water dependent (water ingestion, plant irrigaiion/pump rate, Kd, runoff/evap 2.96E+02
uptake) coefficients, groundwater model

U-235 Water dependent (water ingestion, plant irrigation/pump rate, Kd, runoff/evap 2.96E+02
uptake) coefficients, groundwater model

U-238 Water dependent (water ingestion, plant irrigation/pump rate, Kd, runoff/evap 2.96E+02
uptake) coefficients, groundwater model

Subsurface Soil

Am-241 External Exposure, Water independent source thickness, plant transfer factors O.OOE+00
(plant uptake)

C-14 Water independent (plant uptake) source thickness O.OOE+00

Cm-243 External Exposure outdoor fraction, source thickness O.OOE+00

Cm-244 Water independent (plant uptake) source thickness, plant transfer factors O.OOE+00

Cs-1 37 External Exposure outdoor fraction, source thickness O.OOE+00

1-129 Water dependent (water ingestion) source thickness, irrigation/pump rate, Kd, 6.32E+00
runoff/evap coefficients

Np-237 Water independent (soil ingestion, plant source thickness, Kd, runoff/evap coefficients 1.37E+01

0
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Table C-99 Summary of Primary Dose Pathways

Nuclide Primary Pathway for Dose Key Parameters(1 ) I Yearof
Peak Dose

uptake)

Pu-238 Water independent (plant uptake, soil source thickness, Kd, plant transfer factors O.0OE+00
ingestion and inhalation)

Pu-239 Water independent (plant uptake, soil source thickness, Kd, plant transfer factors O.OOE+00
ingestion and inhalation)

Pu-240 Water independent (plant uptake, soil source thickness, Kd, plant transfer factors O.OOE+00
ingestion and inhalation)

Pu-241 Water independent (plant uptake) source thickness, Kd, plant transfer factors 6.14E+01

Sr-90 Water independent (plant uptake) source thickness, Kd, plant transfer factors O.OOE+00

Tc-99 Water dependent (plant uptake) source thickness, plant transfer factors O.OOE+00

U-232 External Exposure outdoor fraction, source thickness 4.60E+00

U-233 Water dependent (water ingestion) Kd, runoff/evap coefficients 1.97E+02

U-234 Water dependent (water ingestion) Kd, runoff/evap coefficients 1.97E+02

U-235 External Exposure outdoor fraction, source thickness, Kd O.0OE+00

U-238 Water dependent (water ingestion) source thickness, irrigation/pump rate, Kd, 1.98E+02
runoff/evap coefficients, groundwater model

Sediment

Am-241 External Exposure, Soil ingestion, Water outdoor fraction O.OOE+00
independent (meat uptake)

C-14 Water independent (meat uptake), Water source thickness, unsaturated thickness, Kd O.OOE+00
dependent (fish uptake)

Cm-243 External Exposure outdoor fraction O.OOE+00

Cm-244 Soil ingestion outdoor fraction O.OOE+00

Cs-137 External Exposure outdoor fraction O.OOE+00

1-129 Water independent (meat uptake), Water unsaturated thickness, Kd, fish transfer O.OOE+00
dependent (fish uptake) factors

Np-237 External Exposure, Water independent unsaturated thickness, Kd, fish transfer O.OOE+00
(meat uptake), Water dependent (fish factors
uptake)

Pu-238 Water independent (meat uptake), Soil outdoor fraction, Kd O.0OE+00
ingestion

Pu-239 Water independent (meat uptake), Soil outdoor fraction, Kd 2.82E-01
ingestion

Pu-240 Water independent (meat uptake), Soil outdoor fraction, Kd 1.18E-01
ingestion

Pu-241 External Exposure, Water independent outdoor fraction, Kd 5.78E+01
(meat uptake), Soil ingestion

Sr-90 Water independent (meat uptake) plant and fish transfer factors O.OOE+00

Tc-99 Water independent (meat uptake) Kd, plant and fish transfer factors O.OOE+00

U-232 External Exposure outdoor fraction, Kd 7.72E+00
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Table C-99 Summary of Primary Dose Pathways

1 " 1 Year of
Nuclide Primary Pathway for Dose Key Parameters(l) Peak Dose

U-233 External Exposure, Water independent outdoor fraction, unsaturated thickness, Kd, 1.56E-01
(meat uptake), Water dependent (fish plant and fish transfer factors
uptake)

U-234 Water independent (meat uptake), Water outdoor fraction, unsaturated thickness, Kd, 1.81 E-01
dependent (fish uptake) fish transfer factors

U-235 External Exposure outdoor fraction O.OOE+00
U-238 External Exposure outdoor fraction, fish transfer factors 0.00E+00

0

NOTE: (1) Key parameters identified in sensitivity runs. As additional site characterization data becomes available, the
radionuclides driving dose and parameters most critical to calculating dose canbe used to refine the sensitivity
analysis.
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APPENDIX D

ENGINEERED BARRIERS AND POST-REMEDIATION ACTIVITIES

PURPOSE OF THIS APPENDIX

The purpose of this appendix is to provide additional detail on engineered barriers
installed during Phase 1 of the proposed decommissioning and describe the post-
remediation monitoring, maintenance, and institutional control program to be
implemented for the WVDP premises following Phase 1 of the Proposed
Decommissioning.

INFORMATION IN THIS APPENDIX

This appendix includes information on engineered barrier conceptual designs and the
post-remediation monitoring, maintenance, and institutional control program, organized
as follows:

Section 1 describes the conceptual designs of the engineered barriers to be
installed during Phase 1 proposed decommissioning;

Section 2 describes the post-remediation site monitoring and maintenance
program that would be implemented for the project premises at the conclusion
of Phase 1 proposed decommissioning;

Section 3 describes the post-remediation site institutional control program that
would be implemented for the project premises at the conclusion of Phase 1 of
the proposed decommissioning.

RELATIONSHIP TO OTHER PLAN SECTIONS

Information provided in Section 1 on the project background and Section 7 on proposed
decommissioning activities, would help place the information in this appendix into
context. The content of Appendix D, like that of other parts of the plan, is consistent
with the annotated NRC decommissioning plan checklist in Appendix A, which
expresses NRC's expectations for section content.

1.0 Description of Engineered Barriers

This section presents a detailed description of the conceptual designs for the engineered
barriers to be installed during Phase 1 of the proposed decommissioning, supplementing the
physical descriptions previously presented in Section 7. Engineered barriers would be installed
at the WMA 1 and WMA 2 excavations to facilitate the removal of sub-grade structures,
excavate contaminated soil to meet unrestricted release criteria, and to prevent the
recontamination of the WMA 1 and WMA 2 excavated areas by the non-source area of the
North Plateau Plume.

According to the NRC's Final Policy Statement (67 FR 22), engineered barriers are

generally passive manmade structures or devices intended to improve a facility's ability to
meet a site's performance objectives. While institutional controls are designed to restrict

access, engineered barriers are usually designed to inhibit water from contacting waste,
limit releases, or mitigate doses to intruders.
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1.1 Waste Management Area I

Phase 1 of the WVDP proposed decommissioning would include the removal of all above
grade and sub-grade structures of WMA 1 and the removal of the underlying soils associated
with the source area of the north plateau groundwater plume to a maximum depth of
approximately 50 feet. The removal of the sub-grade structures and the soils of the source area
of the plume would require the installation of temporary and permanent subsurface hydraulic
barrier walls prior to excavation as described in Section 7. A French drain system would be
installed in the backfilled excavation to prevent mounding of groundwater against the
permanent barrier wall as described in Section 7. These barrier walls and the French drain
system are described in greater detail below.

1.1.1 Need for Subsurface Engineered Barriers and French'Drain

During Phase 1 proposed decommissioning sub-grade structures (building cells,
underground piping and tanks) and underlying vadose and saturated soils associated with the
source area of the North Plateau Plume in WMA 1 would be removed down to the underlying
Lavery till to meet the unrestricted release criteria in 10 CFR 20.1402. Much of the WMA 1
excavation would be within the saturated sand and gravel unit within the north plateau
groundwater plume.

Subsurface hydraulic barrier walls would be installed on each side of the WMA 1
excavation to:

* Isolate the excavation from the non-source area of the north plateau groundwater
plume,

* Prevent groundwater intrusion into the excavation from the surrounding sand and

gravel unit,

* Allow dewatering of saturated soils within the excavation,

* Facilitate removal of sub-grade structures,

* Allow excavation of subsurface soil down into the Lavery till and up to the hydraulic

barrier walls,

* Allow final status surveys and NRC confirmatory surveys to be performed in the bottom
and sides of the excavation, and

" Prevent recontamination of the remediated and backfilled WMA 1 excavation from the

non-source area of the north plateau groundwater plume until a Phase 2
decommissioning decision is made.1

Subsurface soil characterization would be performed in WMA 1 before excavation begins to
identify the lateral extent of subsurface soil contamination associated with the source area of
the North Plateau Plume. This subsurface soil data would be 'used to locate the temporary
interlocking sheet piling which would be driven through the uncontaminated sand and gravel
unit into the underlying Lavery till on the upgradient and cross-gradient sides of the WMA 1
excavation to prevent groundwater intrusion into the excavation from upgradient sources. A

'The recontamination potential is low since groundwater flows northeast away from WMA 1.
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permanent hydraulic barrier of slurry wall type construction would be installed on the
downgradient side of the excavation in soil contaminated by the north plateau groundwater
plume to act as an intrusion barrier to prevent the migration of Sr-90 contaminated groundwater
from the non-source area of the north plateau, groundwater plume into the WMA-1 excavation.

The permanent downgradient hydraulic barrier would:

* Prevent recontamination of the remediated and backfilled WMA 1 excavation from the
non-source area of the plume until a Phase 2 decommissioning decision is made, and

* Minimize groundwater recharge to the non-source area of the plume, thereby
minimizing hydraulic heads and groundwater velocity.

A French drain system would be installed adjacent and hydraulically upgradient of the

permanent hydraulic barrier wall once the WMA 1 excavation has been backfilled to maintain
groundwater elevations near there current levels. The French drain system would:

* Prevent groundwater mounding against, and potential overtopping of, the permanent
downgradient hydraulic barrier wall;

* Maintain hydraulic heads on the upgradient side of the barrier wall that coincide with
the elevation of the French drain system, that are higher than groundwater levels
downgradient of the barrier wall. This would create a hydraulic gradient towards the
non-source area of the north plateau groundwater plume, preventing seepage from the
plume through the wall into the backfilled excavation; and

* In conjunction with the permanent downgradient hydraulic barrier, minimize
groundwater recharge to the non-source area of the North Plateau Plume thereby
minimizing hydraulic heads and groundwater velocity across the North Plateau.

1.1.2 Hydraulic Barrier Walls and French Drain System

The WMA 1 excavation would require the installation of approximately 2,250 linear feet of
subsurface hydraulic barrier wall comprised of temporary interlocking steel sheet piling on the
upgradient and cross-gradient sides of the excavation and a permanent hydraulic barrier wall
on the downgradient side of the excavation before excavation begins as shown on Figure D-1.

Temporary Sheet Pile Barrier Walls

Approximately 1,500 feet of conventional interlocking sheet piles would be installed in
uncontaminated soils along the upgradient and cross-gradient sides of the excavation boundary
before excavation begins (Figure D-1). The piles would be driven a minimum of two feet into the
underlying Lavery till to prevent groundwater from migrating beneath the piles into the WMA 1

excavation.

Contaminated soil exceeding the subsurface soil cleanup criteria specified in Section 5
would be excavated leaving a soil cut-back slope against the sheet pile walls containing soil
with radionuclide concentrations below the subsurface soil clean-up criteria. 2 The soil cut-backs
along the sheet pile walls would be surveyed during the Phase 1 final status surveys as
specified in Sections 7 and 9 of this plan. The sheet pile barrier wall would be removed as

2 Figure 7-8 in Section 7 of this plan shows typical excavation slopes.
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specified in Section 7 once the final status survey, the independent verification survey, and

backfilling of the WMA 1 excavation is completed to allow a return to typical groundwater flow
patterns within the sand and gravel unit.

Figure D-1. Plan View of the WMA I Excavation
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Permanent Downgradient Hydraulic Barrier Wall

The permanent hydraulic barrier wall constructed on the downgradient side of the WMA 1
excavation (Figure D-1) would be a vertical soil-cement-bentonite slurry wall installed using
slurry wall trenching technology. This hydraulic barrier technology was selected because of its
long history of successful usage. This wall would prevent migration of Sr-90 contaminated
groundwater from the non-source area of the North Plateau Plume into the WMA 1 excavation
both during excavation and after backfilling the excavation with clean fill.

The hydraulic barrier wall downgradient of the WMA 1 excavation would be installed under
a carefully planned and rigorous quality control-quality assurance program as described in
Section 8.

The soil-cement-bentonite barrier wall would be a mixture of 85 percent soil, five percent
Portland cement, and 10 percent bentonite. The Portland cement would provide internal
stability to the barrier wall and it would have an initial maximum design hydraulic conductivity of

6.0 E-06 cm/s.

The soil-cement-bentonite barrier wall would be approximately 750 feet long, two to 13 feet
wide, and would be up to 50 feet deepwith an average depth of 27 feet. The wall would extend
through the sand and gravel unit and a minimum of two feet into the Lavery till to minimize'

groundwater flow beneath the bottom of the wall.

Approximately 225 feet of barrier wall outside of the excavation boundary would be two to
three feet thick. The remaining 525 feet of barrier wall within the boundary of the excavation
would be at least 13 feet thick to allow the excavation of subsurface soils up to and into the
barrier wall. The proposed thickness would allow an excavation cut back slope of 1:2
(horizontal to vertical), which is typical of what can be achieved in most stiff clayey soils. The
barrier wall material within the excavation cut-back slope would be surveyed during the Phase 1
final status survey.3

The upper three feet of the barrier wall would be constructed of clean backfill similar to the
surrounding sand and gravel unit. This material would allow vehicular traffic over the barrier
wall without damaging the underlying barrier wall.

French Drain System

A French drain system would be installed upgradient of the permanent hydraulic barrier
wall during the backfilling of the WMA 1 excavation (Figure D-1). The French drain would be
installed to keep groundwater levels at their current level on the upgradient side of the barrier
wall to prevent groundwater mounding against the wall, prevent potential overtopping of the
wall, and promote groundwater flow towards the non-source area of the north plateau
groundwater plume.

The French drain would be constructed by excavating a trench, approximately four feet
wide and 10 feet deep, placing perforated pipe into the bottom of the trench, and backfilling the
trench with permeable granular materials. The northwest and southeast portions of the French

3 As explained in Section 7 of this plan, any soil found to exceed cleanup goals would be removed only within
the confines of the planned excavation, that is, within the confines of the downgradient hydraulic barrier wall
and the sheet piles.
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drain would meet at a concrete manhole located near the mid-point of the barrier wall. The
French drain would be sloped to the southeast to discharge by gravity flow to a surface water
drainage discharging to Erdman Brook.

1.1.3 Durability of Engineered Barriers

The materials used in the construction of the soil-cement-bentonite slurry walls are
common natural geologic construction materials that exhibit long-term durability within the
natural environment. The engineered barriers are expected to retain their design effectiveness
until the start of Phase 2 of the decommissioning at a minimum. Their continued use would be
among the factors evaluated in determining the approach to Phase 2 of the decommissioning.

The low-permeability bentonite used in the slurry wall construction is a natural geologic
material exhibiting demonstrated long-term mineralogical and geologic stability (references D-2
and D-3). Chemical contaminants that might degrade the physical characteristics and/or
compromise the hydraulic conductivity of soil-bentonite slurry walls include:

* Concentrated solutions of organic fluids (Mille, et al. 1992 and Khera and Tirumala
1992),

* Organic groundwater contaminants (Evans, et al. 1985b and Grube 1992), and

* Acidic or highly alkaline solutions (Evans, et al. 1985a and Fang et al. 1992).

However, these conditions are not present within the project premises.

The backfill to be used for slurry wall construction would be a mixture of soil and
commercial sodium bentonite. The soil can be any material that could be classified as CL,
CL/ML or ML/CL by the Unified Soil Classification System. The soil backfill would be natural
geologic materials similar to the sand and gravel unit in the North Plateau. Uncontaminated
sand and gravel from the trench excavation may also be used as soil backfill for the slurry wall.
The sodium bentonite would be added at a rate recommended by the vendor to achieve a
hydraulic conductivity on the order of 1 E-08 to 1 E-06 cm/s.

The geotechnical stability of the soil-bentonite slurry wall has been evaluated under
combined static and seismic loading conditions. The evaluation results indicate that the
proposed soil-bentonite slurry wall would provide the necessary strength to withstand damage
from static and seismic loads predicted to occur during a hypothetical earthquake generating a
horizontal acceleration of 0.20 g in the soil, with an approximate factor of safety of greater than
1.3 to greater than 3.0 (URS 2000).

The French drain would be constructed of natural (stone backfill) and man-made
(perforated drain pipe, geotextile) materials. The French drain trench backfill would be designed
to minimize silting of the drainpipe. The French drain would be periodically monitored and
maintained until the start of Phase 2 decommissioning to ensure it is functioning properly.

1.1.4 Engineered Barriers and Groundwater Flow

Groundwater flow in the sand and gravel unit is currently to the northeast across the north
plateau through WMA 1 and parallel to WMA 2 (Figure D-2). The permanent hydraulic barrier
wall and French drain installed on the downgradient side of the WMA 1 excavation are nearly
perpendicular to the current groundwater flow path in the sand and gravel unit in the north
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plateau.

A three-dimensional near-field groundwater model was developed to simulate groundwater
flow conditions near the engineered barriers installed at WMA 1 and WMA 2 using the STOMP
computer code (Nichols, et al. 1997)4. The permanent barrier wall downgradient of the Process
Building is oriented parallel to the groundwater elevation contours and perpendicular to
groundwater flow in Figure D-2. The segment of barrier wall between the Process Building and
the Waste Tank Farm has been modeled parallel to groundwater flow due to the model
constraints.

Groundwater modeling suggests groundwater flow patterns upgradient of the barrier wall
and French drain are similar to current flow patterns in the sand and gravel unit (Figure D-2).
However, the hydraulic gradient becomes steeper at the barrier wall reflecting the effect of this
barrier on groundwater flow. Water table elevations are approximately 15 feet higher on the
upgradient side of the barrier wall compared to water levels immediately downgradient of the
wall. This steep hydraulic gradient suggests that groundwater would preferentially flow from the
backfilled WMA 1 excavation across the barrier wall into the non-source area of the North
Plateau Plume, rather than from the non-source area of the plume into the backfilled WMA 1
excavation. Higher groundwater elevations are also found on the upgradient side of the barrier
wall separating the WMA 1 excavation from the Waste Tank Farm, suggesting potential flow
from WMA 1 into the Waste Tank Farm area. Flow contours east of the barrier wall suggest that
groundwater flows to the east into the area of the backfilled WMA 2 excavation, as discussed in
Section 1.2.4 of this appendix.

Modeling suggests that groundwater flow in the sand and gravel unit downgradient of the

permanent barrier wall in WMA 1 continues to the northeast across the North Plateau.
However, the upgradient diversion of groundwater flow by the barrier wall system results in an
overall reduction in the hydraulic gradient of the non-source area of the north plateau
groundwater plume.

4 STOMP (Subsurface Transport Over Multiple Phases) solves the relevant conservation equations for the
flow of both liquid and gas (air with water vapor) phases in a porous matrix confined in a cylindrical shape.
This computer code was developed by DOE's Pacific Northwest National Laboratory.
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1.2 Waste Management Area 2

The Phase 1 proposed decommissioning activities in WMA 2 would include the removal of
Lagoons 1 through 3, the Neutralization Pit, Interceptors, Solvent Dike, and surrounding
contaminated soils within a single excavation down into the underlying Lavery till. Most of this
excavation is cross gradient to the non-source area of the North Plateau Plume (Figure D-3).
The removal of the lagoons, sub-grade structures, and surrounding soils would require the

installation of a permanent subsurface hydraulic barrier wall prior to excavation to facilitate
removal activities and to prevent potential recontamination of the area from the non-source area
of the north plateau groundwater plume as described in Section 7. The barrier wall for WMA 2
is described in greater detail below.

1.2'.1 Need for Subsurface Engineered Barriers

Lagoons 1 through 3, sub-grade structures, and surrounding contaminated vadose and
saturated soils would be removed to a depth of approximately 14 feet to meet the unrestricted
release (criteria in 10 CFR 20.1402. Most of the WMA 2 excavation may be impacted by
migration of Sr-90 contaminated groundwater from the adjacent non-source area of the north
plateau groundwater plume. The need for a subsurface hydraulic barrier wall for the 4.2-acre
excavation area across WMA 2 is the same as the rationale described earlier in Section 1.1.1 of
this Appendix for the excavation of WMA 1.

A permanent hydraulic barrier of slurry wall type construction would be installed on the
northwest side of the WMA 2 excavation to act as an intrusion barrier to prevent the migration
of Sr-90 contaminated groundwater from the non-source area of the north plateau groundwater
plume into the WMA 2 excavation. This permanent downgradient hydraulic barrier would
prevent recontamination of the remediated and backfilled WMA 2 excavation from the non-

source area of the north plateau plume until a Phase 2 decommissioning decision is made.

1.2.2 Hydraulic Barrier Wall

Before excavation activities begin in WMA 2 a permanent subsurface hydraulic barrierwall
would be installed on the northwest side of the WMA 2 excavation as shown on Figure D-3.

Permanent Hydraulic Barrier Wall

The permanent hydraulic barrier wall constructed on the northwest side of the WMA 2
excavation would be a vertical soil-bentonite slurry wall installed using slurry wall trenching
technology. This hydraulic barrier technology was selected because of its long history of
successful usage. This wall would prevent migration of Sr-90 contaminated groundwater from
the non-source area of the North Plateau Plume into the WMA 2 excavation both during
excavation and after the excavation has been backfilled with clean fill.

The hydraulic barrier wall installed northwest of the WMA 2 excavation would be installed
under a carefully planned and rigorous quality control-quality assurance program as described
in Section 8. It would be a mixture of 90 percent soil and 10 percent bentonite and it would have
an initial design hydraulic conductivity of 1.0 E-7 cm/s. The barrier wall would be approximately
1,100 feet long, sufficiently wide to provide the stability necessary to permit excavation close to
the edge of the excavation, and up to 20 feet deep, with an average depth of 16 feet. The wall
would extend through the sand and gravel unit and a minimum of two feet into the Lavery till to
minimize groundwater flow beneath the bottom of the wall.
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Figure D-3. Plan View of the WMA 2 Excavation
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The upper three feet of the barrier wall would be constructed of clean backfill similar to the
surrounding sand and gravel unit. This material would allow vehicular traffic over the barrier
wall without damaging the underlying barrier wall.

1.2.3 Durability of Engineered Barriers

Refer to Section 1.1.3 of this Appendix for a discussion on the assumed durability of the
soil-bentonite slurry wall installed at WMA 2.

1.2.4 Engineered Barriers and Groundwater Flow

Groundwater flow in the sand and gravel unit is currently to the northeast across the north
plateau through WMA 1 and parallel to WMA 2 (Figure D-2). The permanent hydraulic barrier
wall installed on the northwest side of the WMA 2 excavation nearly parallels the current
groundwater flow path in the sand and gravel unit in the north plateau.

Groundwater modeling suggests groundwater flow patterns in the non-source area of the
north plateau groundwater plume north of the WMA 2 barrier wall are similar to current flow
patterns in the sand and gravel unit (Figure D-2). However, the overall hydraulic gradient of the
non-source area of the north plateau plume is shallower than the current gradient due to the
reduction of groundwater flow contribution attributed to the WMA 1 barrier wall system.

Groundwater modeling suggests the potential for higher groundwater levels within the
backfilled WMA 2 excavation and the potential for groundwater flow from the excavation
towards Erdman Brook and across the WMA 2 barrier wall towards the.non-source area of the
North Plateau Plume. The modeled groundwater levels in the backfilled WMA 2 excavation
reflect contributions of groundwater flow from the WMA 1 excavation around the southeast end
of the WMA 1 barrier wall.

2.0 Post-Remediation Site Monitoring and Maintenance

This section describes the post-remediation site monitoring and maintenance program to be
implemented by the DOE at the project premises following the completion of Phase 1 of the
proposed decommissioning. The program would include monitoring and maintenance
associated with engineered barriers installed within the project premises and monitoring of
environmental media within and outside the project premises. This monitoring and maintenance
program would continue until the start of Phase 2 of the decommissioning, when the program
requirements would be re-evaluated. DOE concludes that this program would be adequate to
control and maintain the project premises because it is similar to the successful program
currently in use and because it appropriately addresses all facilities of importance.

2.1 Monitoring and Maintenance of Engineered Barriers and Systems

The performance of the engineered barriers installed at WMA 1 and WMA 2 during Phase 1
proposed decommissioning would be routinely monitored up to the start of Phase 2 of the
decommissioning to ensure they function as designed. Systems and engineered barriers
installed during work leading to the interim end state, such the Tank and Vault Drying System at
WMA 3 and the geomembrane cover and slurry wall at WMA 7, would also be routinely
monitored and maintained as part of the DOE monitoring and maintenance program. Corrective
actions would be implemented to correct any observed defects or irregularities with these
engineered barrier and systems.
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2.1.1 North Plateau Subsurface Barrier Walls and French Drain

The monitoring and maintenance program would monitor the performance and condition of
the subsurface hydraulic barriers installed at WMA 1 and WMA 2, and the French drain at WMA
1. This program would include routine inspections of these systems for signs of degradation or
loss of performance.

Hydraulic Barrier Walls

Piezometers would be installed upgradient and downgradient of the permanent hydraulic
barrier walls installed downgradient of the WMA 1 and northwest of the WMA 2 excavations
(Figure D-4). These piezometers would be spaced at intervals at least equal to the maximum
lateral spacing recommended by the U.S. Environmental Protection Agency (EPA 1998). Water
levels in these piezometers would be routinely monitored to evaluate the performance of these
hydraulic barriers. Groundwater would be sampled and analyzed semi-annually for the
radiological indicator parameters (gross alpha, gross beta, tritium) and for Sr-90 to evaluate the
effectiveness of the barrier walls in preventing recontamination of WMA 1 and WMA 2.

If groundwater monitoring suggests repairs to the walls are required, these repairs would be
accomplished through grouting, consistent with past industry experience and practice (e.g.,
EPA 1998).

French Drain

Monitoring and maintenance activities associated with the French drain installed upgradient

of the WMA 1 hydraulic barrier wall would include monitoring of groundwater levels in
piezometers installed on the upgradient and downgradient sides of the French drain following
installation.

The need for and extent of repairs to the French drain, if any, would be determined based
on analysis of the groundwater level data, which would be evaluated to identify evidence for any
localized defect(s) in the French drain.

2.1.2 Waste Tank Farm Tank and Vault Drying System

The Tank and Vault Drying System installed in WMA 3 during the work to establish the
interim end state would be routinely monitored and maintained during the Phase 1 period to
ensure its continued operation as designed. The major components of the system - such as the
blowers, heaters, and dehumidifier units - would be inspected and repaired or replaced as
necessary to ensure continued operation of the system.

2.1.3 Waste Tank Farm Dewatering Well

As specified in Section 7 of this plan, the existing dewatering well would continue to be
used to artificially lower the water table to minimize in-leakage of groundwater into the tank
vaults. The water from this well would be collected, sampled, treated if necessary using a
portable wastewater treatment system, and released to Erdman Brook through a State Pollutant
Discharge Elimination System-permitted outfall.

2.1.4 NRC-licensed Disposal Area Engineered Barriers

The geomembrane cover and the hydraulic barrier wall installed at the NDA during work to
establish the interim end state would be routinely monitored and maintained throughout Phase
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Geomembrane Cover

The geomembrane cover would be routinely inspected for signs of deterioration or damage
to the membrane. The seams connecting the geomembrane panels would be inspected to
evaluate their condition. The geomembrane cover would be repaired to remedy any defects or
irregularities identified during these inspections.

Hydraulic Barrier Wall

A monitoring and maintenance program similar to that described for the barrier walls
installed at WMA 1 and WMA 2 would be implemented for the hydraulic barrier wall installed
upgradient of the NDA. Twenty-one piezometers were installed upgradient and downgradient of
the barrier wall during its construction. Water levels in these piezometers would be routinely
monitored during Phase 1 to evaluate the performance of the barrier wall in limiting
groundwater flow into the NDA.
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Proposed Monitoring Locations

* Seepage Monitoring Location 2 0
A Hydraulic Monitoring Piezometer 38 21
+ Kent Recessional Unit Groundwater Monitoring Well 3 3
is Sand & Gravel Unit Groundwater Monitoring Well 25 0

Weathered Till Unit Groundwater Monitoring Well 0 5

Figure D-4. Groundwater Monitoring Locations within the Project Premises during the
Phase I Institutional Control Period
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2.1.4 Security Features

The features important to security on the project premises and to security of the new
Canister Interim Storage Facility during the period before Phase 2 of the decommissioning
would be periodically inspected and maintained in good repair. These features include the
security fences, signs, and security lighting described in Section 3.2 of this appendix.

2.2 Environmental Monitoring

The Phase 1 proposed decommissioning activities would include the removal of the
following facilities:

* Above-ground and below-grade facilities in WMA 1 and the underlying source area of
the north plateau groundwater plume within a single excavation down into the
underlying Lavery till;

* Lagoons 1, 2, and 3, the Neutralization Pit, Interceptors, Solvent Dike, and surrounding
contaminated soils in WMA 2 within a single excavation down into the underlying
Lavery till; and

" Most remaining facilities and concrete slabs down to a maximum depth of two feet.

The following facilities and contamination areas within the project premises would not be
considered during Phase 1 of the proposed decommissioning but would. be addressed during
Phase 2:

• The Waste Tank Farm in WMA 3, including the Permanent Ventilation System Building
and the Supernatant Treatment System Support Building;

* The Construction Demolition Debris Landfill in WMA 4;

* The NDA in WMA 7; and

* The non-source area of the north plateau groundwater plume.

The DOE would implement an environmental monitoring program to monitor closed and
remaining facilities and the non-source area of the north plateau groundwater plume as part of
its management of the project premises during the Phase 1 institutional control period.
Environmental monitoring would include onsite groundwater, storm water, and air monitoring,
and both onsite and offsite surface water, sediment, and radiation monitoring as described
below. Annual reports would be issued summarizing the monitoring results. These reports
would include analyses of the data collected, along with conclusions about trends and
compliance with regulatory limits.

2.2.1 Groundwater Monitoring Within the Project Premises

Groundwater within the project premises would be monitored during the Phase 1
institutional control period in accordance with the DOE WVDP Groundwater Monitoring Plan in
effect at the time. Offsite groundwater monitoring would not be performed as this monitoring
program was discontinued in 2007. The onsite grounding monitoring program for the project
premises is described below and shown on Figure D-4. A total of 36 groundwater wells would
be routinely monitored along with 59 piezometers.

WMA 1 - Process Building and Vitrification Facility Area

Groundwater in the sand and gravel unit in the backfilled WMA 1 excavation would be
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monitored using the network of piezometers installed to monitor the effectiveness of the
hydraulic barrier wall and French drain described in Section 2.1.1 of this Appendix. A
monitoring well screened in the sand and gravel unit would also be installed in the upgradient
portion of the WMA 1 excavation to provide information on groundwater quality flowing into the
backfilled excavation.

An additional monitoring well screened in the Kent Recessional Sequence would be
installed immediately upgradient of the WMA 1 hydraulic barrier wall to monitor groundwater in
this unit and to evaluate potential migration of groundwater from the source area of the north
plateau groundwater plume that was removed during Phase 1 of the proposed
decommissioning.

Groundwater from these piezometers and monitoring wells would be sampled semiannually
for radiological indicator parameters (gross alpha, gross beta, and tritium) and for Sr-90 during
the Phase 1 institutional control period.

WMA 2 - Low-Level Waste Treatment Facility Area

Groundwater in the sand and gravel unit in the backfilled WMA 2 excavation would be
monitored using the network of piezometers installed to monitor the effectiveness of the
hydraulic barrier wall and French drain described in Section 2.1.1 of this Appendix. Three
monitoring wells screened in the sand and gravel unit would also be installed on the
southeastern boundary of the WMA 2 excavation to provide information on groundwater flow
and quality in this area.

Groundwater from these piezometers and monitoring wells would be sampled semiannually
for radiological indicator parameters (gross alpha, gross beta, and tritium) and for Sr-90 during
the Phase 1 institutional control period.

WMA 3 - Waste Tank Farm Area

Groundwater in the sand and gravel unit and the Kent Recessional Sequence would be
routinely monitored at WMA 3 during the Phase 1 institutional control period. Four wells would
be screened in the sand and gravel unit with one well upgradient and three wells downgradient
of the Waste Tank Farm. Two wells screened in the Kent Recessional Sequence would be
installed downgradient of the Waste Tank Farm.

Groundwater from these wells would be sampled semiannually for radiological indicator
parameters (gross alpha, gross beta, and tritium) and for Sr-90 during the Phase 1 institutional

control period.

WMA 4 - Construction Demolition Debris Landfill Area

Groundwater in the sand and gravel unit at WMA 4 would be routinely monitored at six
locations, including four monitoring wells around the Construction and Demolition Debris
Landfill, and at two groundwater seep locations along the edge of the north plateau outside of
the WVDP fence line.

Groundwater at WMA 4 would be sampled semiannually for radiological indicator
parameters (gross alpha, gross beta, and tritium) and for Sr-90.

WMA 6 - Central Project Premises

Groundwater in the sand and gravel unit at WMA 6 would be routinely monitored at two well
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locations, including one well upgradient of the rail spur and the other well downgradient of the
rail spur and the removed Demineralizer Sludge Ponds and Equalization Basin.

Groundwater at these locations would be sampled semiannually for radiological indicator
parameters (gross alpha, gross beta, and tritium).

WMA 7 - NDA

Groundwater in the weathered Lavery till and Kent recessional unit at WMA 7 would be
routinely monitored by five wells screened in the weathered Lavery till and three wells screened
in the Kent Recessional Sequence. One well cluster would be located upgradient of the NDA
and would include a well screened in the weathered Lavery till and one screened in the Kent,
Recessional Sequence. Two well clusters, each with a well screened in the weathered Lavery
till and Kent Recessional Sequence, would be located downgradient of the burial area. The two
remaining wells screened in the weathered Lavery till would be located downgradient of the
burial area.

Groundwater at WMA 7 would be sampled semiannually for radiological indicator
parameters (gross alpha, gross beta, and tritium) and annually for specific radionuclides (Cs-
137, Sr-90, Am-241, and Pu isotopes).

Non-Source Area of the North Plateau Plume

Groundwater in the sand and gravel unit would be routinely monitored at 1.1 well locations
within the non-source area of the north plateau groundwater plume. These wells are located

along the length of the plume from the WMA 1 barrier wall to the Construction and Demolition
Debris Landfill in WMA 4. Three wells are located downgradient of the Permeable Treatment
Wall to evaluate its effectiveness in reducing Sr-90 concentrations in groundwater from the
sand and gravel unit.

Groundwater in the non-source area of the north plateau groundwater plume would be
sampled semiannually for radiological indicator parameters (gross alpha, gross beta, and
tritium) and for Sr-90.

2.2.2 Surface Water, Sediment, and Storm Water Monitoring

Surface water and associated stream sediments would be routinely monitored both within
and outside the project premises during the Phase 1 institutional control period. The proposed
monitoring locations are currently part of the DOE WVDP annual environmental monitoring
program. These locations have been uniquely sited to monitor surface water releases from the
WVDP and the Center. Several of the locations have been actively monitored since the
implementation of the program in 1982 providing a significant historical record of surface waters
leaving the WVDP and the Center.

Eight surface water-sampling locations within the project premises would be routinely
monitored during the Phase 1 institutional control period (Figure D-5). These locations monitor
streams both within (WNDNKEL, WNSP005, WNNDADR, WNFRC67, WNERB53) and leaving
the project premises (WNSW74A, WNSWAMP, and WNSP006). Sediment samples would be
collected from three locations where surface waters leave the project premises (SNSW74A,
SNSWAMP, and SNSP006).

Surface water would be routinely collected and analyzed from three sampling locations
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outside of the project premises (Figure D-6). These locations would monitor surface water
quality in Buttermilk Creek and Cattaraugus Creek where these streams leave the Center
(WFFELBR, WFBCTCB) and where Buttermilk Creek enters the Center (WFBCBKG).
Sediment samples would be collected from all three off-site locations (SFBCSED, SFTCSED,
SFCCSED).

Surface water and sediment samples would be collected from these locations semi-
annually and would be analyzed for radiological indicator parameters (gross alpha, gross beta,
and tritium).
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Figure D-5. Surface Water and Sediment Sampling Locations on the Project
Premises during the Phase I Institutional Control Period
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Legend

A Soil/Sediment Sampling Location

* Water Sampling Location

WVDP Boundary

c:.' WNYNSC Boundary

Figure D-6 - Offsite Surface Water and Sediment Sampling Locations during the Phase I
Institutional Control Period
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The New York State Pollutant Discharge Elimination System permit issued to the DOE
WVDP requires periodic sampling from storm water outfalls located within the project premises.

Sampling from these outfalls during storm events is designed to assess specific chemicals in
storm water discharges that may originate from industrial or construction activity runoff from
locations within the project premises. The planned storm water sampling locations are identified

on Figure D-7. Sampling would be performed semi-annually for the non-radiological
parameters specified in the New York State Pollutant Discharge Elimination System permit.

2.2.3 Air Monitoring

The stack discharge from the Permanent Ventilation System Building in the Waste Tank
Farm in WMA 3 would be the only air monitoring location to be routinely monitored within and

outside of the project premises during the Phase 1 institutional control period (Figure D-8).

The Permanent Ventilation System ventilates the Supernatant Treatment System Valve
Aisle and Tanks 8D-1, 8D-2, 8D-3, and 8D-4 in WMA 3. The air discharged from these facilities
passes though high-efficiency particulate air filters. before discharge through the Permanent
Ventilation System Building stack. Air discharged from the Tank and Vault Drying System would
also be treated in the Permanent Ventilation System Building.

Air discharges from this location would be analyzed for radiological indicator parameters
(gross alpha, gross beta, and tritium) and specific radionuclides (Cs-1 37, Sr-90, 1-129, Am-241,
and U and Pu isotopes).

2.2.4 Direct Radiation Monitoring

Direct radiation monitoring using thermoluminescent dosimeters would be.performed at 19
locations within and outside of the project premises. These monitoring locations are currently

part of the DOE WVDP annual environmental monitoring program and were sited to monitor
both on-site and off-site radiation exposure from facilities within the project premises and the
State-Licensed Disposal Area. Several of these locations have been actively monitored since
1982.

Eight monitoring locations would be within the project premises (Figure D-9) and eleven
stations would be located on the perimeter of the Center (Figure D-1 0). All locations would be

routinely monitored for gamma radiation exposure on a quarterly monitoring schedule.
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Legend

0 Storm Water Outfall

* Rain Gauge Location

* Seepage Monitoring Location

WVDP Fence

Railspur

WeJ V\tlands Delineation

Figure D-7. Storm Water Sampling Locations on the Project Premises during the Phase I
Institutional Control Period
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Legend

4. Air Monitoring and Sampling Location

WVDP Fence

Railspur

Wetlands Delineation

Figure D-8. Air Monitoring Locations on the Project Premises during the Phase I
Institutional Control Period
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Figure D-9 - Direct Radiation Monitoring Locations on the Project Premises during the
Phase 1 Institutional Control Period
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Legend

Off-Site Thermoluminescent

WVDP Boundary

V-M W*YNSC Boundary

Figure D-10. Offsite Direct Radiation Monitoring Locations during the Phase I Institutional
Control Period
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3.0 Phase 1 Institutional Control Program

This section describes the institutional control program that would be implemented for the
project premises following the completion of the Phase 1 remedial activities.

3.1 Government Control of the Project Premises

NYSERDA is the current owner of the project premises property and would remain owner
following Phase 1 activities. As stipulated in the Cooperative Agreement with NYSERDA, DOE

shall remain in exclusive use and possession of the project premises and project facilities
throughout the remainder of the project term (DOE and NYSERDA 1981). DOE would therefore
continue control of the project premises during the implementation of the Phase 1 proposed
decommissioning activities and during the Phase 1 institutional control period. In this capacity,
DOE carries the full authority of the federal government in enforcing institutional controls over
the project premises.

DOE would be responsible for operating and maintaining facilities within the project
premises such as the Waste Tank Farm, the NDA, and the non-source area of the north

plateau groundwater plume in a safe manner. DOE would continue to implement the
environmental radiation protection program for the project premises as required by DOE Order
5400.5, Radiation Protection of the Public and the Environment. NRC would also be involved in

a regulatory oversight capacity over the project premises, which would remain under NRC
license.

3.2 - Institutional Control Design Features

The institutional control program for the project premises would prevent its unacceptable
use and protect against inadvertent intrusion into the site. DOE in its capacity as the steward of
the site would ensure that institutional controls are maintained at the project premises during
Phase 1 proposed decommissioning and during the Phase 1 institutional control period. These
institutional controls would include:

0 Security fencing and signage along the perimeter of the project premises to prevent
inadvertent intrusion into the site and to notify individuals that access is forbidden

without permission from the DOE,

0 A full time security force to prevent unauthorized access into the project premises,

* Authorized personnel and vehicle access into the project premises would be limited to
designated gateways through the perimeter security fence

* The environmental monitoring program implemented at the project premises during the
Phase 1 institutional control period would ensure that operations at the site protect
members of the public and the environment from radiation risk.

Additional institutional controls would be provided for the new Canister Interim Storage
Facility on the south plateau. These would include measures such as security fencing around
the area and appropriate security lighting.
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