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Record of Revisions

No. Date Purpose

0 December 2008 Initial issue for U.S. Nuclear Regulatory Commission review.

1 March 2009 (1) Corrected some page numbers in the Contents.

(2) Changed the preliminary, order-of-magnitude dose estimate for
Waste Management Area 2 on page ES-19 from approximately
0.1 to approximately 0.05 millirem per year.

(3) Added report USGS 2007 in the Section 3 reference list.

(4) Incorporated radiological data on subsurface soil from the 2008
background and Process Building area north plateau
groundwater plume investigations into Section 4.

(5) Replaced Figure 5-3 with a modified figure to more accurately
show the Lavery till depth where samples were taken.

(6) Revised Table 5-1 to reflect the 2008 radiological data.

(7) Corrected values in Table 5-10 and Table 5-11 to be consistent
with Table C-1.

(8) Revised Section 5.4.4 to show a maximum of 1.3 millirem per
year for Waste Management Area 1 and 0.04 mrem per year for
Waste management Area 2, clarified basis for estimates.

(9) Corrected French drain location on Figure 7-10.
(10) Corrected soil data reference on Figure 7-11 and modified the

figure to more accurately show the Lavery till depth where
samples were taken. (This figure is the same as Figure 5-3.)

(11) Added WVNSCO 2004 to Section 7 references.
(12) Corrected some values in Table 9-1, 9-2, and 9-3.
(13) Changed cited page numbers on pages A-12 and A-13.

(14) Incorporated radiological data on subsurface soil from the 2008
background and Process Building area north plateau
groundwater plume investigations into Appendix B.

(15) Revised Table C-4 to add the 2008 data and to clarify the
content.

(16) Added Appendix C, Attachment 2 to provide another electronic
file (Table C-4B Excel spreadsheet for the preliminary, order-of-
magnitude dose estimates).

(17) Revised Appendix D to describe additional groundwater modeling
using revised STOMP model. Corrected French drain location on
Figure D-2.

Pages affected by Revision 1 are identified in the list of effective pages that follows. The
changed portions of these pages are marked with vertical lines in the right margins. New and
revised words appear in blue.
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NOTATION

Acronyms and Abbreviations
AEC U.S. Atomic Energy Commission
ALARA as low as reasonably achievable

ASTM American Society for Testing and Materials

CFR Code of Federal Regulations

BH bore hole

CG cleanup goal

DCGL derived concentration guideline level

DCGLy derived concentration guideline level, wide
DCGLeyc derived concentration guideline level, elevated measurement concentration

DCGLsn derived concentration guideline level, scan

DOE Department of Energy

DQO data quality objective

DSR dose/source ratio

E east

EIS environmental impact statement

EMC elevated measurement concentration
EPA U.S Environmental Protection Agency
F Fahrenheit

FR Federal Register

HEPA high-efficiency particulate air

HLW high-level waste

ICORS Interagency Steering Committee on Radiation Standards
K hydraulic conductivity

Ky distribution coefficient

KRS Kent recessional sequence

LLW low-level waste

LTR License Termination Rule

LTS Lavery till sand

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual
MDC minimum detectable concentration
MMI Modified Mercalli Intensity

N north

ND not detected
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NDA
NESHAP
NPR
NRC
NFS
NYSDEC
NYSERDA
PUREX
QA

QC

qtr
RCRA
RESRAD
RFI
S&G
SAIC

SB

SD

SDA
SPDES
SS
THOREX
TLD
ULT

w

WLT
WMA
WSMS
WVDP
WVES
WVNSCO

WVDP PHASE 1 DECOMMISSIONING PLAN

NOTATION

NRC-Licensed Disposal Area

National Emissions Standards for Hazardous Air Pollutants
New Production Reactor

Nuclear Regulatory Commission
Nuclear Fuel Services, Inc.

New York State Department of Environmental Conservation
New York State Energy Research and Development Authority
plutonium uranium refining by extraction

quality assurance

quality control

quarter

Resource Conservation and Recovery Act

Residual radioactivity [computer code]

RCRA facility investigation

sand and gravel

Science Applications International Corporation
subsurface soil

stream bank sediment

State-Licensed Disposal Area

State Pollutant Discharge Elimination System

surface soll

thorium uranium extraction process

thermoluminescent dosimeter

unweathered Lavery till

west

weathered Lavery till

waste management area

Washington Safety Management Solutions

West Valley Demonstration Project

West Valley Environmental Services

West Valley Nuclear Services Company
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NOTATION

Units
Ci curie
cfm cubic feet per minute
cm centimeter
cm? centimeter squared
cm’ centimeter cubed
cpm counts per minute
dpm disintegrations per minute
g gram [mass]

acceleration due to gravity [in reference to accelerations]

hour
kg kilogram
km kilometer
L liter
m meter
mCi millicurie
millirem 0.001 Roentgen equivalent man
mL milliliter
mrem millirem
mR milli Roentgen
pCi 0.000001 curie
MR micro Roentgen
prem micro rem
pL 0.000001 liter
pCi 102 curie
R Roentgen
rem Roentgen equivalent man
s second
y year

Revision 1 XXV



This page is intentionally blank.



WVDP PHASE 1 DECOMMISSIONING PLAN

Since these cleanup goals were developed for individual radionuclides of interest, a sum-of-
fractions approach based on radionuclide distributions in different areas would be used to ensure
that potential doses from the remediated areas would be no more that the dose from one of the
individual radionuclides at the concentration specified in Table ES-2.

Although the subsurface soil cleanup goals in Table ES-2 form the criteria for residual
radioactivity in the two large excavations, remediation plans involve excavation at least one foot
into the Lavery till and, in Waste Management Area 2, at least one foot below the sediment in the
bottoms of Lagoons 2 and 3. This approach is expected to produce residual radioactivity levels
well below the cleanup goals, based on limited existing data on residual radioactive
contamination in the Lavery till. A preliminary, order-of-magnitude dose analysis using these data
suggests that potential futures doses from these excavated areas would be approximately one
millirem per year for Waste Management Area 1 and approximately 0.05 millirem per year for
Waste Management Area 2.

After additional characterization data become available early in Phase 1 of the
decommissioning, the DCGLs and the cleanup goals would be reevaluated using these data and
refined as appropriate. After the Phase 1 decommissioning activities have been completed,
another dose analysis using Phase 1 final status survey data would be performed to estimate the
potential doses from the remediated subsurface areas.

Summary of ALARA Evaluations

DOE has performed a preliminary cost-benefit analysis using NRC methodology to determine
whether removal of soil or sediment with radioactivity concentrations below the DCGLs would be
consistent with the ALARA principal. These analyses compared the cost of disposal of additional
soil or sediment with the reduction in radiation exposure associated with removal of additional soil
or sediment below the DCGLs valued at $2000 per person-rem as set forth in NRC guidance.
They indicate that removal of soil or sediment with radioactivity concentrations below the DCGLs
would not be cost-effective.

DOE would perform another similar analysis when the subsurface soil remediation work is in
progress (and when surface soil and streambed sediment remediation is in progress, if that work
is done in Phase 1) to confirm the results of the preliminary ALARA evaluation. This second,
more-detailed analysis would use updated information and consider other factors such as other
societal and socioeconomic considerations and costs related to transportation of additional waste.

Initiation and Completion Dates

Subject to the decision in the Record of Decision for the Decommissioning EIS, expected in
2009, and upon NRC approval of this plan, DOE would begin Phase 1 of the proposed
decommissioning in 2011 and it would last until 2018.

Post-Remediation Activities

The proposed post remediation activities fall into two categories: (1) a monitoring and
maintenance program and (2) an institutional control program, both of which focus on the project
premises.
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The monitoring and maintenance program would continue untii Phase 2 of the
decommissioning starts, when it would be reevaluated. It would include an environmental
monitoring program tailored to conditions that would exist at the conclusion of the Phase 1
decommissioning activities. This program would monitor onsite groundwater, storm water, and
air, along with onsite and offsite surface water, sediment, and radiation. Groundwater monitoring
would be accomplished using approximately 36 monitoring wells.

The monitoring and maintenance program would also ensure that important facilities and
systems serve their intended purposes during the period between the completion of Phase 1 of
the decommissioning and the start of Phase 2. Facilities and systems within the scope of this
program include:

e The subsurface hydraulic barrier wall and French drain to be installed during Phase 1 on
the north and east sides of the excavation for removal of the Waste Management Area 1
facilities,

e The subsurface hydraulic barrier wall to be installed during Phase 1 on the northwest and
northeast sides of the excavation for removal of key Waste Management Area 2 facilities,

e The tank and vault drying system for the underground waste tanks that is to be installed
before Phase 1 of the decommissioning,

e The dewatering well used to minimize in-leakage into the underground waste tank vaults,

e The hydraulic barrier wall and geomembrane cover for the NRC-Licensed Disposal Area,
and

e The security features and monitoring systems installed for the new Canister Interim
Storage Facility to be established on the south plateau.

Performance of the hydraulic barrier walls would be assessed with hydraulic monitoring
piezometers.

Insofar as institutional controls are concerned, DOE would continue control of the project
premises during the Phase 1 decommissioning activities and the period between completion of
these activities and the start of Phase 2 of the decommissioning. Institutional controls would
include security fences and signs along the perimeter of the project premises, a full-time security
force, provisions for controlled access through designated gateways, and appropriate security
measures for the new Canister Interim Storage Facility on the south plateau, which would be
established during Phase 1 of the decommissioning.

Revision 0 ES-20



WVDP PHASE 1 DECOMMISSIONING PLAN

Jacobi and Fountain 1993, “The Southern Extension and Reactivations of the Clarendon-
Linden Fault System.” Jacobi, R.D., and J. Fountain, Geographie Physique et
Quaternaire, Vol. 47, No. 3: pp. 285-302, 1993.

Jacobi, et al. 1996, “Character and Reactivation History of the Clarendon-Linden Fault
System: Evidence From New York State.” Jacobi, R.D., et al., Geological Society of
America Abstracts with Programs, Northeastern Section Meeting, Vol. 28, No. 3:
67, 1996.

Jacobi and Zhao 1999, “Faults Exposed in Zoar Valley, Western New York, and Their
Possible Relation to Geophysical Anomalies, Landsat Lineaments and Seismicity.”
Jacobi, R.D., and M. Zhao, Geological Society of America Abstracts with
Programs, Northeastern Section Meeting, Vol. 31, No. 2: A-25, 1999.

LaFleur 1979, Glacial Geology and Stratigraphy of Western New York Nuclear Service
Center and Vicinity, Cattaraugus and Erie Counties,” New York. LaFleur, R.G.,
U.S. Geological Survey Open-File Report 79-989, 1979.

Matuszek 1980, “Biochemical and Chemical Processes Leading to Radionuclide Transport
from Low-Level Waste Burial Sites. Matuszek, J.M., Transactions of the American
Nuclear Society, Vol. 24. pp. 155-156, 1980.

McKinney 1986, Letter Report Review of Erosion Projections, Low-Level Waste Disposal
Area, Western New York Nuclear Service Center, West Valley, New York.
McKinney, T.F., 1986.

NRC 1982, Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants, Regulatory Guide 1.145, Revision 1. U.S.
Nuclear Regulatory Commission, Washington, D.C., November 1982.

NRC 2007, Meteorological Programs for Nuclear Power Plants, NUREG 1.23, Revision 1.
U.S. Nuclear Regulatory Commission, Washington, D.C., March 2007.

NYASS 2005, Cattaraugus County Farm Statistics. New York Agricultural Statistics
Service, Albany, New York, 2005. (www.nass.usda.gov/ny/CountyBrochures/Catta-
raugus. pdf)

NYDOT 2003, 2003 Traffic Volume Report. New York State Department of Transportation,
Albany, New York, 2003.

NYSDEC 2001, New York State Oil, Gas and Mineral Resources 2001. Annual Report,
NYSDEC, Albany, New York, 2001.

NYSDEC 2004, 2003 Annual Report to the Lake Erie Committee and the Great Lakes
Fishery Commission. New York State Department of Environmental Conservation
(NYSDEC), Lake Erie Unit, Albany, New York, March 2004.

NYSDEC 2005, New York State Department of Environmental Conservation online map
navigator at http://www.dec.state.ny.us/website/imsmaps/minerals/ viewer.htm

Revision 0 3-85



WVDP PHASE 1 DECOMMISSIONING PLAN

Pietrzak, et al. 1981, “Sorption Measurements Performed under Site-Specific Conditions --
Maxey Flats, Kentucky, and West Valley, New York, Disposal Sites.” Pietrzak, R.F.,
K.S. Czyscinski, and A.J. Weiss, Nuclear and Chemical Waste Management, Vol.
2, pp. 279-285, 1981.

Prudic 1986, “Groundwater Hydrology and Subsurface Migration of Radionuclides at a
Commercial Radioactive-Waste Burial Site, West Valley, Cattaraugus County, New
York.” Prudic, D.E., U.S. Geological Survey Professional Paper 1325, 1986.

Rickard 1975, Correlation of the Silurian and Devonian Rocks in New York State. Rickard,
L.V., New York State Museum and Science Service Map and Chart Series, No. 24,
1975.

Spector and Grant 2003, Manual for Radiological Assessment of Environmental Releases
at the WVDP, WVDP-065, Rev. 4. Spector, H. and M. Grant, West Valley Nuclear
Services Company, West Valley, New York, February 28, 2003.

STPRDB 2003, 2003 Regional Development Strategy. Southern Tier Planning and
Regional Development Board, Salamanca, New York, 2003.

Tober and Jacobi 2000, “Fracture Trends and Spacing in the Appalachian Plateau of
Western New York: Implications for the Bass Islands Trend and North-Striking
Lineaments.” Tober, B.K., and R.D. Jacobi, Geological Society of America
Abstracts with Programs, Northeastern Section Meeting, Vol. 32, No. 1: A-79,
2000.

TrueWind 2005, New York State Wind Resource Map, interactive map prepared for the
New York State Energy and Research Development Authority by TrueWind
Solutions, LLC. http://.truewind.com.

URS 2001, Progress Report on Erosion Frame Monitoring at the Western New York
Nuclear Service Center, West Valley, New York. URS Corporation 2001.

URS 2002, Land Use Survey in Support of the 2001 National Emissions Standard for
Hazardous Air Pollutants (NESHAP) and Annual Site Environmental (ASER)
Reports, TA-2002-3-019. URS Corporation, March 8, 2002.

USDOT 2003, Record of Decision, U.S. Route 219: Springville to Salamanca, Erie, and
Cattaraugus Counties, New York, FHWA-NY-EIS-98-02F. U.S. Department of
Transportation, September 4, 2003.

USGS 1980, Principles of a Resource/Reserve Classifications for Minerals: A revision of
the classification system published as U.S. Geological Survey Bulletin 1450-A. U.S.
Geological Survey Circular 831. U.S. Bureau of Mines and the U.S. Geological
Survey, 1980.

USGS 2007, Report to Sandi Doty and Greg Tucker on Buttermilk Creek Watershed, West
Valley, NY (DOE Waste Disposal Site). Informal memo from USGS Luminescence
Dating Lab, U.S. Department of Interior, U.S. Geological Survey, Denver Colorado,
March 15, 2007.

Revision 1 3-86



WVDP PHASE 1 DECOMMISSIONING PLAN

USSCS 1983, Technical Release 20 — Computer Program for Project Formulation
Hydrology, Version 3.40. Soil Conservation Service, Washington, DC, 1983.

Wedel 1932, “Geological Structures of the Devonian Strata of South-Central New York.”
Wedel, A.A., New York State Museum Bulletin, Vol. 294: 74, 1932.

Wild 2000, Estimated Radionuclide Inventory for the NRC-Licensed Disposal Area at the
West Valley Demonstration Project. Wild, R.E., URS/Dames and Moore, Orchard
Park, New York, August 2000.

Wong, et al. 2004, Seismic Hazard Evaluation for the Western New York Nuclear Service
Center, New York. Wong, |. et al., URS Corporation, Oakland, California, June 24,
2004.

WVES and URS 2008, West Valley Demonstration Project Site Environmental Report,
Calendar Year 2007. WYNSCO and URS, West Valley, New York, December 2008

WVNSCO 1975, Subsurface Characterization Report, Low-Level Waste Disposal Area,
West Valley Demonstration Project, West Valley, New York, WVDP-046.
WVNSCO, West Valley, New York, October 1985.

WVNSCO 1992, Environmental Information Document: Volume Ill: Hydrology, Part 5:
Unsaturated Zone Hydrology, WVDP-EIS-009, Rev. 0. WVNSCO, West Valley,
New York, December 1992.

WVNSCO 1993a, Environmental Information Document Volume | - Geology, Part 4:
Geochemical Characterization. WVDP-EIS-004. WVNSCO, West Valley, New
York, January 1993.

WVNSCO 1993b, Environmental Information Document: Volume VIII: Air Resources, Part
2: Meteorology, WVDP-EIS-015, Rev. 0. WYNSCO, West Valley, New York, 1993.

WVNSCO 1993c, Environmental Information Document, Volume Ill, Hydrology, Part 2:
Surface Water Hydrology, WVDP-EIS-009, Rev. 0. West Valley Nuclear Services
Company, West Valley, New York, January 1993.

WVNSCO 1993d, Environmental Information Document, Volume Ill, Hydrology, Part 3:
Erosion and Mass Wasting Processes, WVDP-EIS-009, Rev. 0. WVYNSCO, West
Valley, New York, January 1993.

WVNSCO 1993e, Environmental Information Document, Volume Ill, Hydrology, Part 4:
Groundwater Hydrology and Geochemistry, WVDP-EIS-009, Rev. 0. WVNSCO,
West Valley, New York, February 1993.

WVNSCO 1993f, Environmental Information Document, Volume Ill, Hydrology, Part 5:
Vadose Zone Hydrology, WVDP-EIS-009, Rev. 0. WVNSCO, West Valley, New
York, February 1993.

WVNSCO 1995, RCRA Facility Investigation Report, Volume 2, Nuclear Regulatory
Commission-Licensed Disposal Area, WVDP-RFI-018, Rev. 0. West Valley Nuclear
Services Company (WVNSCO), West Valley, New York, October 1995.

Revision 1 3-87



WVDP PHASE 1 DECOMMISSIONING PLAN

WVNSCO 1997, RCRA Facility Investigation Report, Volume 4, Low-Level Waste
Treatment Facility, WVDP-RFI-021, Rev. 0. West Valley Nuclear Services
Company (WVNSCO), West Valley, New York, January 1997.

WVNSCO 2007, Safety Analysis Report for Waste Processing and Support Activities,
WVNS-SAR-001, Revision 11. WVNSCO, West Valley, New York, June 28, 2007.

Zhao and Jacobi 1997, “Formation of Regional Cross-Fold Joints in the Northern
Appalachian Plateau.” Zhao, M. and R.D. Jacobi, Journal of Structural Geology,
Vol. 19, No. 6: 817-834, 1997.

Revision 1 3-88



WVDP PHASE 1 DECOMMISSIONING PLAN

4.2 Radiological Status of Environmental Media

Section 4.2 describes the radiological status of surface soil, sediment, subsurface saill,
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 was performed in 2008. This
characterization focused 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:
e Section 4.2.1 identifies data sources used for this evaluation.

e 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.

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

e Section 4.2.4 provides the same information on subsurface soil.

e Section 4.2.5 summarizes maximum radionuclide concentrations at locations in
each WMA where background levels were exceeded in soil, sediment, and
subsurface soil.

Revision 1 4-23



WVDP PHASE 1 DECOMMISSIONING PLAN

e Section 4.2.6 provides information on environmental radiation levels on the project
premises.

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

e 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:

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

e Maps showing locations where background data were taken;
e Summary statistics applicable to each medium;

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

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

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

e Descriptions of both impacted and non-impacted locations; and

e 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 2007 available on
the Internet at www.wv.doe.gov);
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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, WVYNSCO 1997b, WYNSCO and Dames
& Moore [D&M] 1996a, WVNSCO and D&M 1996b, WYNSCO 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, URS 2002, and Klenk 2009). 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-137 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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In 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.® Median
and maximum background concentrations are summarized in Table 4-11.

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

TR Surface soil | Subsurface soil Sediment Surface water | Groundwater
stitu
(pCilg dry) (pCilg dry)@ (pCilg dry) (pCilL) (pCilL)
Gross aloha 1.3E+01 1.3E+01 9.2E+00 <9.6E-01 <2.6E+00
P (2.7E+01) (1.7E+01) (2.2E+01) (5.4E+00) (2.2E+01)
Gross beta 2.0E+01 2.9E+01 1.6E+01 2.3E+00 4 6E+00
(4.0E+01) (6.1E+01) (2.7E+01) (2.0E+01) (2.8E+01)
<8.2E+01 <8.6E+01
H-3 NA NA NA
(6.3E+02) (9.4E+02)
<1.3E+01 <2.7E+01
C-14 NA NA NA
(4.1E+02) (7.4E+00)
Sr-90 9.5E-02 <2.3E-02 <3.4E-02 9.0E-01 2.4E+00
(3.1E+00) (1.2E-01) (1.6E-01) (1.2E+01) (7.4E+00)
<1.8E+00 <1.8E+00
Tc-99 NA NA NA
¢ (7.3E+00) (4.0E+00)
<7.9E-01 <6.0E-01
[-129 NA NA NA
(2.0E+00) (1.6E+00)
Cs.137 4.2E-01 <2.4E-02 3.8E-02 <4.2E+00 <2.2E+01
(1.2E+00) (1.5E-01) (7.8E-02) (1.0E+01) (1.9E+01)

® 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 Maximum'” Background Concentrations for Environmental
Media at the WVDP

e Surface soil | Subsurface soil Sediment Surface water | Groundwater
stitu
(pCilg dry) (pCilg dry)@ (pCilg dry) (pCilL) (pCilL)
U232 <2.4E-02 <2.4E-02 <3.1E-02 <4.3E-02 <4.9E-02
(1.9E-02) (<4.2E-02) (3.9E-02) (2.6E-01) (3.8E-01)
7.9E-01 7.9E-01 6.6E-01 9.9E-02 1.6E-01
U-233/234
(9.4E-01) (1.1E+00) (8.6E-01) (3.0E-01) (8.2E+00)
5.2E-02 4.2E-02 4.6E-02 <3.3E-02 <5.0E-02
U-235/236
(2.2E-01) (1.2E-01) (2.8E-01) (1.0E-01) (1.9-01)
U238 7.9E-01 8.6E-01 6.5E-01 5.7E-02 1.2E-01
(9.3E-01) (1.1E+00) (9.0E-01) (4.0E-01) (5.3E+00)
PL-238 <1.2E-02 <1.2E-02 <1.4E-02 <3.1E-02 <4.6E-02
(4.0E-02) (<2.4E-02) (1.3E-01) (1.0E-01) (2.2E-01)
1.6E-02 <1.0E-02 <1.2E-02 <2.7E-02 <5.3E-02
Pu-239/240
v (2.3E-01) (<1.9E-02) (6.1E-02) (2.0E-01) (2.7E-01)
Am-2A1 <1.6E-02 <1.1E-02 <1.4E-02 <3.3E-02 <3.8E-02
(1.9-01) (<1.3E-02) (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) This column was added after sufficient background soil samples were collected in 2008 to allow for
comparison purposes.

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
a sample collected in 1967."° 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

'% 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.
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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.

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.)

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 WVYNSCO 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.

" 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.
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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. '

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.

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.

2 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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e High radionuclide concentration levels were also associated with soil and sediment
from the area of the OId Interceptors, the Solvent Dike, and inactive (filled-in)
Lagoon 1 in WMA 2.

e 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) alpha-emitting radionuclides and (2)
beta-gamma emitting radionuclides.
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Most subsurface soil data were taken from the 1993 RCRA Facility Investigation
sampling program and three Geoprobe® sampling efforts (1994, 1998, and 2008) 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,
1998, and 2008 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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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-“). Subsurface Geoprobe®
soil sample locations are designated “GP.” 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 Geoprobe® Investigations in 1994, 1998, and
2008 and from three borehole locations from the 1993 RCRA Facility Investigation.
Additional data were taken from one sample collected in 2004 near a breach in an
underground wastewater line near the laundry.

Above-background concentrations in subsurface soil from WMA 1 were noted for Sr-90,
Cs-137, U-232, U-233/234, U-235/236, U-238, Pu-238, Pu-239/240, and Am-241.
Maximum radionuclide concentrations are listed in Table 4-12. Except for the Cs-137 and
Am-241 maxima observed from the sample near the laundry line breach, all maxima were
from samples taken in 2008 under the Process Building. Maxima from Geoprobe® locations
were found at depths of 14 to 42 feet in the saturated layer of the sand and gravel unit.
High ratios of Sr-90 to Cs-137 observed in WMA 1 (with a median ratio of about 300 to 1
and a maximum ratio of over 63,000 to 1 [see Table B-11 in Appendix B]) reflect the
influence of the north plateau groundwater plume. Maximum ratios of other nuclides to Cs-
137 in WMA 1 were: U-232 (0.023 to 1), U-233/234 (12 to 1), U-235/236 (1.1 to 1), U-238
(18 to 1), Pu-238 (0.18 to 1), Pu-239/240 (0.80 to 1) and Am-241 (2.7 to 1).
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Table 4-12. Above-Background Concentrations of Radionuclides in Subsurface Soil

at WMA 1
Maximum Concentration (pCi/g dry)
Location U-233/ | U-235/ Pu-239/ | Am-241
Cs-137 | Sr-90 U-232 234 236 U-238 | Pu-238 240

Note (2) |3.3E+03| 9.3E+03 | 5.0E-02 | 1.9E+00 | 2.2E-01 | 1.7E+00 | 5.6E-01 | 3.7E+00 | 8.7E+01

NOTES: (1) See Figure 4-2 for a map of facilities in WMA 1.

2) Sampling related to laundry line breach in 2004 (Cs-137, Am-241); Geoprobe® sampling
underneath Process Building in 2008 (GP7608 at 15-17' depth [Sr-90]; GP10408 at 20-22’ depth
[U-232]; GP7608 at 38-40" depth [U-233/234]; GP8308 at 40-42’ depth [U-235/236]; GP2908 at
14-16’ depth [U-238], GP7608 at 19-21" depth [Pu-238, Pu-239/240].

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 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
Maximum Concentration (pCi/g dry)
Location
Cs-137 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)

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

Revision 1 4-36



WVDP PHASE 1 DECOMMISSIONING PLAN

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

Maximum Concentration (pCi/g dry)
Location
Cs-137 Sr-90
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 WMA 2.)

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

0.0019to 1.
Table 4-14. Above-Background Concentrations of Radionuclides in Sediment From WMA 2
Maximum Concentration (pCi/g dry)
Location U-233/ | U-235/ Pu-239/
Cs-137 | Sr-90 | U-232 234 236 U-238 | Pu-238 240 Am-241

Sediment from drainage | 2.0E+00 | 3.5E-01| NA NA NA NA NA NA NA
north of Test and Storage
Building (ST-34)
Sediment from Solvent 3.1E+02 |1.6E+03| NA NA NA NA NA NA |1.1E+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)
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])
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Table 4-14. Above-Background Concentrations of Radionuclides in Sediment From WMA 2

Maximum Concentration (pCi/g dry)
Location U-233/ | U-235/ Pu-239/

Cs-137 | Sr-90 | U-232 234 236 U-238 | Pu-238 240 Am-241
Sediment from Lagoon 2.7E+05 [3.6E+04| NA NA | 6.5E-01 |6.2E+00|8.0E+02|6.4E+02 | 8.3E+02
200 (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)

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.

Above-background concentrations in subsurface soil from WMA 2 were noted for Sr-
90, Cs-137, U-232, U-233/234, U-235/236, U-238, Pu-238, Pu-239/240, and Am-241.
Maximum radionuclide concentrations at various points in WMA 2 are listed in Table 4-15.
The highest concentrations of all nuclides were found in saturated soil six-to-eight feet
deep from one location (BH-8) downgradient of Lagoon 1. Other maxima were also found
in samples taken under the solvent dike and downgradient of the interceptors in saturated
soil in the sand and gravel unit.

As noted in the WMA 1 discussion, ratios of Sr-90 to Cs-137 were also elevated in
WMA 2, downgradient of the source of the north plateau plume. However, ratios were much
lower than in WMA 1 (i.e., a median ratio of 1.9 to 1 and a maximum of 750 to 1 [as
compared with the median of about 300 to 1 and the maximum of over 63,000 to 1 in WMA
1). Maximum ratios of other nuclides to Cs-137 in WMA 2, as summarized in Table B-11,
were: U-232 (1 to 1), U-233/234 (7 to 1), U-235/236 (1.1 to 1), U-238 (4.4 to 1), Pu-238
(0.089 to 1), Pu-239/240 (0.11 to 1) and Am-241 (0.23 to 1).
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Table 4-15. Above-Background Concentrations of Radionuclides in Subsurface Soil From

WMA 2V

Location

Maximum Concentration (pCi/g dry)

Cs-137

Sr-90

U-232

U-233/
234

U-235/
236

U-238

Pu-238

Pu-239/
240

Am-241

Downgradient of
inactive Lagoon 1 (BH-
08 at 6-8' depth)

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

Near Solvent Dike (BH-
11 at 8-10' depth, Cs-
137 max at 2-4' depth)

1.8E+02

5.6E+01

<Bkg

3.6E+00

5.3E-01

2.2E+00

<Bkg

7.5E-02

1.1E-01

Near the Old and New
Interceptors (BH-13, 8-
10" depth, U-238 max at
6-8" depth)

5.2E+03

1.9E+02

5.1E+01

24E+01

2.0E-01

3.7E+00

6.6E+01

5.1E+01

5.3E+01

Between the
Interceptors and
inactive Lagoon 1 (BH-
14 at 4-6' depth, Pu-
238 at 14-16' depth)

6.1E+00

2.8E+01

1.0E-01

<Bkg

<Bkg

<Bkg

1.7E-01

1.9E-01

2.8E-01

East of the former TSB
(BH-35, 6-8' depth)

1.6E+01

3.9E+02

1.3E+00

<Bkg

<Bkg

<Bkg

4.6E-01

7.4E-02

1.3E+00

Downgradient of MPPB,
near the former TSB
[GP10508, 28-30'
depth)

<Bkg

7.6E+02

<Bkg

<Bkg

<Bkg

<Bkg

<Bkg

<Bkg

<Bkg

Downgradient of MPPB,
south of the former
Maintenance Shop
(GP10608, at 20-22'
depth [Sr-90] and at 22-
24" depth [Am-241, U
isotopes])

<Bkg

6.6E+01

<Bkg

9.0E-01

2.2E-01

<Bkg

<Bkg

<Bkg

3.4E-02

Downgradient of MPPB,
near Vit Test Facility
(GP10708, at 30-32'
depth [Sr-90] and at 12-
14" depth [U-235/236])

<Bkg

3.8E+02

<Bkg

<Bkg

1.9E-01

<Bkg

<Bkg

<Bkg

<Bkg

Downgradient of MPPB,
near area of the leach
field for the former
Maintenance Shop
(GP10908, at 34-36'
depth [Sr-90], and at
36-38' depth [U-232, U-
238))

<Bkg

2.3E+02

1.3E-01

<Bkg

<Bkg

1.0E+00

<Bkg

<Bkg

<Bkg

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

LEGEND: “<Bkg” = Background was not exceeded. MPPB = Main Plant Process Building. TSB = Test and Storage Building.
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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-137, 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(-1’} 6. Above-Background Concentrations of Radionuclides in Surface Soil at
WMA 3

Maximum Concentration (pCi/g dry)
Cs-137 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

Location

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-137 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"

Maximum Concentration (pCi/g dry)

Location U-233/ Pu-239/

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 WYNSCO 1994,
Table 3-2 [1990 data])
Sediment from drainage through 7.0E+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 | 3.0E+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 | 4.1E+00 NA NA NA NA NA
137 max at 2-4'], BH-25 [Sr-90 max
at 12-14))

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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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.

Sampling of subsurface soil by Geoprobe® in 2008 south of the Fuel Receiving and
Storage Area, close to 1993 sampling locations BH-17 and BH-19A, continued to show
above-background concentrations of most nuclides. See Figure 4-7. As with WMA 1 and
WMA 2, elevated ratios of Sr-90 to Cs-137 in the “tongue” of WMA 6 lying between WMAs
1 and 2 (with a median of 174 to 1 and a maximum of 1115 to 1) reflected the influence of
the north plateau groundwater plume. However, maximum concentrations of Cs-137 and
Sr-90 in the subsurface saturated layer were lower than those observed in BH-17 and BH-
19Ain 1993.

Table 4-19. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil From WMA 6"

Maximum Concentration (pCi/g dry)

Location U-233/ | U-235/ Pu-239/
Cs-137 Sr-90 U-232 234 236 U-238 | Pu-238 240 Am-241
Surface soil along 1.8E+00 | 3.2E-01 NA NA NA NA NA NA NA

rail spur south of
STP (BH-23, SS-13)

Sediment along 2.1E+00 | 1.3E-01 NA NA NA NA NA NA NA
drainage by rail spur
south of STP (ST-
25)
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Table 4-19. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil From WMA 6"

Location

Maximum Concentration (pCi/g dry)

Cs-137

Sr-90

U-232

U-233/
234

U-235/
236

U-238

Pu-238

Pu-239/
240

Am-241

Surface soil by FRS
(1994 sampling
near rail spur)

1.6E+02

1.2E+01

NA

NA

NA

NA

NA

NA

NA

Surface soil by
Cooling Tower (SS-
10)

1.3E+01

1.4E+00

NA

NA

NA

NA

NA

NA

NA

Surface soil by Old
Incinerator
(WVNSCO 19%,
Table 3-2 [1990
data])

1.9E+01

2.3E+00

NA

NA

NA

NA

NA

NA

NA

Surface soil by Old
Warehouse (SS-09)

1.3E+01

9.3E-01

NA

NA

NA

NA

NA

NA

NA

Sediment from
North Demineralizer
Sludge Pond
(WVNSCO 1994
Table 3-18 [1988
data], ST-35)

1.3E+01

7.7E-01

NA

NA

NA

NA

NA

NA

NA

Sediment from
South Demineralizer
Sludge Pond
(WVNSCO 1994
Table 3-19[1988
data], ST-36)

3.8E+01

3.5E-01

NA

NA

NA

NA

NA

NA

NA

Subsurface soil
near the Utility
Room (BH-17, 14-
16' depth)

2.4E+00

2.7E+00

<Bkg

<Bkg

<Bkg

<Bkg

6.1E-02

9.7E-02

4.9E-01

Subsurface soil
near the FRS (BH-
19A, 22-24' depth)

4.3E+00

5.7E+02

<Bkg

<Bkg

<Bkg

<Bkg

1.5E-01

2.0E-01

8.0E-01

Subsurface soil
near rail spur south
of the FRS
(GP10208, 14-16’
depth)

1.1E+00

2.2E+02

9.1E-02

1.3E+00

3.5E-01

1.4E+00

<Bkg

4.9E-02

1.4E-01

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.

LEGEND: NA = Not analyzed. “<Bkg” = Background was not exceeded. FRS = Fuel Receiving and Storage Building,

STP = Sewage Treatment Plant
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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
0.11to 1t0 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.

Table 4-20. Above-Background Concentrations of Radionuclides in Surface Soil,
Sediment, and Subsurface Soil at WMA 70

Maximum Concentration (pCi/g dry)

Location B}

Cs-137 | sr-90 | Pu-23s | P43 | A pgq

240

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 9.0E-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 and 4-7 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.
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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
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"

Maximum Concentration (pCi/g dry)
Location
Cs-137
Surfgce sqil by for_mer Trailer City (1998 1.0E+00
special soil sampling)
Sediment samples by drainage south of 1. 7E-01
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.
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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.

Table 4-22. Above-Background Concentrations of Radionuclides in Surface Soil and
Sediment at WMA 12"

Maximum Concentration (pCi/g)

Location d
Cs-137 | Sr-00 | U-232 | Pu-238 P“zfgg’ Am-241
Surface soil near borders 8.1E+00 | 1.3E+00 NA NA NA NA

with WMA 2 and WMA 6
(SS-08 [Cs-137], 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 6.0E+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-137, Sr-
90, U-232], ST-20 [Pu-238,
Pu-239/240], ST-22 [Am-
241))

Sediment from Franks 1.0E+02 | 1.0E+01 | 1.4E-01 | 1.4E-01 | 1.1E-01 | 2.4E-01
Creek (ST-10 [Cs-137 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.

Revision 1 4-47



WVDP PHASE 1 DECOMMISSIONING PLAN

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.”® 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 WNSPO0O01 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
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

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.

1n 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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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).
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Table 4-23. Environmental Radiation Levels on the WVDP Site (1998-2007 data)
. Average | Average | Maximum | Maximum | (MExceeds

B ) L mR/qtr 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 "7 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 b5 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 | @Near rail spur by Drum Cell 109 0.050 1298 0.592 Yes
(WMA 9)

DNTLD36 | @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 corner 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 sail
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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Figure 4-10. WVDP Radiological Control Areas. (Facilities with radiological controlled
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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
WNSPO007);

(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 WNNDADRY]); and

(5) Three locations on two streams (point WNERBS3 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 WNSP001. Tritium was
detected downstream of the Low-Level Waste Treatment Facility (points WNSPO001 and
WNSPO006), 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 WNFRCG67, 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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Table 4-24. Radionuclide Concentrations (pCi/L)"" in Excess of Background in Surface

Water?
Average
Location Median ) Maximum
Result x Uncertainty
Lagoon 3 discharge weir (WNSP001), WMA 2
H-3 2.5E+03 28E+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 24E+00 + 1.5E+00 1.0E+01
Cs-137 6.1E+01 7.6E+01 + 1.9E+01 3.3E+02
U-232 8.0E+00 9.0E+00 + 9.9E-01 2.1E+01
U-233/234 5.0E+00 55E+00 + 6.2E-01 1.4E+01
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 + 6.0E-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 1.0E-01 1.2E-01 + 1.1E-01 7.2E-01
North swamp drainage (WNSW74A), WMA 5
Sr-90 5.5E+00 55E+00 + 1.8E+00 1.2E+01
U-233/234 1.5E-01 1.6E-01 + 8.4E-02 3.5E-01
U-238 1.0E-01 1.0E-01 + 6.6E-02 2.0E-01
Sanitary waste discharge (WNSP007), WMA 6
Sr-90 3.1E+00 3.4E+00 + 1.9E+00 1.2E+01
Franks Creek at security fence (WNSP006), WMA 12
H-3 < 8.5E+01 14E+02 + 8.3E+01 2.2E+03
Sr-90 1.9E+01 2.0E+01 + 3.0E+00 5.0E+01
Tc-99 < 2.1E+00 3.3E+00 * 2.1E+00 5.2E+01
Cs-137 < 8.0E+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 28E-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?
Average
Location Median ) Maximum
Result x Uncertainty
Pu-238 < 3.4E-02 21E-02 + 3.4E-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 1.0E+02 + 6.5E+00 2.0E+02
Drainage between NDA and SDA (WNNDADR), WMA 12
H-3 1.0E+03 1.1E+03 + 1.0E+02 4.0E+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 8.0E+00 + 2.0E+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 pCilL = 3.7E-02 Bg/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)" in Excess of Background®

WMA Mo;it_o ring Constituent | Median GBI ) Maximum
oint Result * Uncertainty

WMA 1 WP-A Gross beta 24E+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 24E+01 | 42E+01 = 5.5E+00 1.2E+02
H-3 49E+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 7.0E+03 | 7.2E+03 = 1.9E+02 1.2E+04

H-3 3.0E+03 | 3.4E+03 + 5.0E+02 7.4E+03

WNWO0103 Gross beta 14E+02 | 1.8E+02 + 1.9E+01 5.5E+02
WNWO0104 Gross beta 5.9E+04 | 5.6E+04 + 1.6E+03 1.0E+05
H-3 3.7E+02 | 3.9E+02 + 8.6E+01 7.5E+02

WNWO0105 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

WNWO0106 Gross beta 1.6E+01 | 8.2E+01 + 8.0E+00 5.8E+02
H-3 9.6E+02 | 1.0E+03 + 1.0E+02 1.8E+03

WNWO0107 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

WNWO0108 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

WNWO0110 H-3 1.3E+03 | 1.3E+03 + 1.1E+02 1.7E+03
WNWO0111 Gross alpha | <4.4E+00 | 3.2E+00 * 5.1E+00 1.0E+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 8.0E+02

WNWO0116 Gross beta 8.7E+02 | 2.0E+03 + 1.6E+02 9.5E+03
H-3 1.7E+02 | 1.9E+02 + 8.2E+01 4.7E+02

WNWO0205 Gross beta 1.6E+01 | 1.7E+01 + 8.4E+00 4.1E+01
WNWO0408 Gross beta 4 0E+05 | 4.0E+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/lL)" in Excess of Background®

WMA Mo;it_oring Constituent | Median T . Maximum
oint Result + Uncertainty

WMA 2 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

WNWO0501 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

WNWO0502 Gross beta 1.7E+05 | 1.6E+05 + 2.8E+03 2.3E+05

H-3 1.3E+02 | 14E+02 + 8.4E+01 5.0E+02

Sr-90 8.4E+04 | 8.3E+04 + 2.1E+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 41E+04 | 4.6E+04 + 1.1E+03 1.0E+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 8.0E+02 | 7.2E+02 + 2.1E+01 1.1E+03

WMA 4 WNWO0801 Gross beta 8.0E+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 41E+03 | 4.3E+03 + 4.7E+01 8.0E+03

WNWO0802 Gross beta 9.9E+00 | 3.5E+01 + 5.1E+00 2.8E+02

H-3 <1.1E+02 | 9.0E+01 % 8.0E+01 4.2E+02

WNWO0803 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

WNWO0804 Gross beta 2.6E+02 | 29E+02 + 1.1E+01 6.9E+02

H-3 1.2E+02 | 1.1E+02 + 8.0E+01 3.6E+02

WNW8612 H-3 42E+02 | 4.3E+02 + 8.9E+01 8.5E+02

WMA 5 WNWO0406 Gross beta 7.4E+00 | 8.1E+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

WNWO0409 Gross alpha | <1.0E+00 | 9.4E-01 + 9.9E-01 2.3E+00
WNWO602A | 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/lL)" in Excess of Background®

WMA Mo;it_oring Constituent | Median T . Maximum
oint Result + Uncertainty

WMA 5 H-3 2.2E+02 | 2.2E+02 + 8.9E+01 4 9E+02
WNWO0604 Gross beta 6.1E+00 | 6.3E+00 + 3.0E+00 1.3E+01

WNWO0605 Gross beta 4 8E+01 | 51E+01 + 4.0E+00 8.8E+01

WNWO0704 Gross beta 8.0E+00 | 8.2E+00 + 3.0E+00 1.3E+01

WNW8607 Gross beta 2.6E+01 | 2.7E+01 = 5.3E+00 7.6E+01

WNW1304 U-233/234 2.7E-01 2.9E-01 + 1.3E-01 5.6E-01

U-238 1.9E-01 2.2E-01 + 1.0E-01 5.8E-01

WMA 7 WNW0902 Gross alpha | 1.5E+00 | 1.3E+00 + 1.3E+00 5.4E+00
WNWO0909 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 5.0E+00

1-129 6.2E+00 | 6.3E+00 = 1.9E+00 9.7E+00

U-233/234 6.0E-01 74E-01 + 24E-01 1.3E+00

U-238 4.7E-01 54E-01 + 2.0E-01 1.0E+00

WNWO0910 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 | 5.0E+03 + 2.3E+02 2.0E+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 7.0E+00

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

U-235/236 1.1E-01 14E-01 + 9.5E-02 3.0E-01

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

WMA 9 WNW1006 Gross alpha | <5.1E+00 | 4.2E+00 + 5.5E+00 1.0E+01

NOTES: (1) 1 pCi/L = 3.7E-02 Bg/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).

Groundwater was collected in 2008 in accordance with a sampling and analysis plan
(Michalczak 2007) for a Geoprobe® characterization of the north plateau. Data from this
sampling program have been included in the tables and figures for this section.

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 1 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 alpha-emitting radionuclides 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, which could be affected by naturally occurring
radionuclides, were not included in Table 4-26 or Figure 4-13).

As can be seen in Figure 4-13, concentrations of beta/gamma-emitting radionuclides
exceeding background are evident at most locations downgradient of the Process Building.
Most non-impacted points were noted in WMA 5 northwest of the north plateau
groundwater plume. Alpha-emitting radionuclide concentrations exceeding background
were found immediately downgradient of the Process Building and downgradient of the
Interceptors.

Table 4-26. Maximum Above -Background Radionuclide Concentrations (pCi/L) at
Groundwater Geoprobe Points by WMA, Location, and Depth"

WMA Point Constituent | Maximum Point Constituent | Maximum
WMA 1 GP8098 (22-24') H-3 6.4E+04 GP2908 (17-19)) | U-232 1.0E+00
GP29 (27-29)) C-14 2.3E+03 GP2908 (17-19) | U-233/234 1.1E+01
GP30 (18-20") Sr-90 1.2E+06 GP2908 (17-19') | U-235/236 4 6E-01
GP72 (30-32)) Tc-99 1.2E+04 GP2908 (17-19') | U-238 1.2E+01
GP29 (21-23)) [-129 3.0E+01 GP7608 (20-22') | Pu-239/240 4 5E-01
GP7608 (20-22) Cs-137 1.2E+02 GP76 (27-29') Am-241 4.7E-01
WMA 2 GP47 (11-13)) H-3 3.4E+04 GP44 (14-16") U-233/234 3.7E+01
GP66 (30-32)) C-14 4.0E+02 GP44 (14-16") U-235/236 6.2E-01
GP8298 (20-24) | Sr-90 2.8E+05 | GP60 (12-14)) | U-238 1.5E+01
GP68 (25-27') Tc-99 5.8E+01 GP59 (17-19') Pu-238 4.5E+00
GP47 (11-13)) [-129 8.2E+01 GP59 (17-19') Pu-239/240 7.9E+00
GP46 (12-14) Cs-137 1.5E+02 GP59 (17-19') Am-241 5.9E+00
GP44 (14-16") U-232 7.8E+01 -
WMA3 | GP20 (15-17") H-3 1.5E+03 GP20 (15-17") 1-129 2.5E+00
GP20 (15-17") Sr-90 5.2E+01 -
WMA 4 GP32A (5-7') H-3 1.3E+03 GP8998 (16-18") | Sr-90 6.5E+03
WMA 5 GP43 (12-14) H-3 2.0E+04 GP53 (14-16") Tc-99 8.0E+01
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Table 4-26. Maximum Above-Background Radionuclide Concentrations (pCi/L) at

Groundwater Geoprobe® Points by WMA, Location, and Depth®”

WMA Point Constituent | Maximum Point Constituent | Maximum
GP40 (13-15)) Sr-90 3.8E+03 GP43 (12-14’) 1-129 4.6E+00

WMA 6 GP70 (26-28) H-3 6.8E+03 GP70 (21-23’) Tc-99 3.1E+01
GP70 (16-18) C-14 1.4E+02 GP70 (21-28’) 1-129 1.1E+01
GP70 (16-18) Sr-90 2.8E+04

WMA 12 | GP48 (7-9) H-3 1.5E+03 GP50 (8-10") U-238 7.2E-01
GP50 (8-10") Sr-90 1.3E+01

.NOTE: (1) Points ending with “97,” “98,” or “08” were collected in 1997, 1998, or 2008, 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 widest 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 1E+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
pCi/L) near the Process Building and lower concentrations near the leading edge. Further
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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Figure 5-2. Conceptual Cross Section View of WMA 1 Excavation With Representative Data on Sr-90 Concentrations
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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 pCil/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

@)

WMA 1 Excavation Area

WMA 2 Excavation Area

Nuclide
Result (pCi/g) Depth (ft) Result (pCi/g)® Depth (ft)

C-14 <3.6E-01%? 24-26 none none
Sr-90 5.9e+01“ 38.5-39 8.5E-01 12-14
Tc-99 <5.5E-01? 37-39 none none
1-129 <2.3E-01? 38-40 none none
Cs-137 7.9+00? 38-40 4.5E-01 12-14
U-232 4.1E-02% 24-26 1.2E-02 12-14
U-233/234 1.9E+00%® 38-40 1.8E-01 12-14
U-235 1.4E-019® 24-26 <5.9E-03 12-14
Np-237 <3.6E-01? 38-40 none none
U-238 1.4E+00%® 41-43 1.1E-01 12-14
Pu-238 <3.4E-01%? 38-40 1.0E-02 12-14
Pu-239/240 <3.1E-01%? 38-40 <5.9E-03 12-14
Pu-241 <3.4E+01%? 38-40 <1.3E+00 12-14
Am-241 <2.0E-01%? 38-40 3.0E-02 12-14
Cm-243/244 <2.2E-01? 38-40 none none

NOTES: (1) See Table C-4 for the complete data set, which includes samples at nine locations entirely within the
unweathered Lavery till within the WMA 1 excavation area. Based on boring log data, only one
sample (BH-05) taken within the WMA 2 excavation area contained only unweathered Lavery till
soil; the others contained some soil from the sand and gravel layer.

(2) Data are from the 2008 north plateau groundwater plume Geoprobe® investigation described in
Section 4, with the highest non-detection values recorded (non-detection values, i.e., minimum
detectable concentrations, varied widely among different samples).

(3) Data are from sample BH-05 collected during the 1993 RCRA facility investigation described in
Section 4.

(4) Data are from point GP3098 from the 1998 north plateau Geoprobe® sampling described in Section
4.

(5) U-235/U-236 result.
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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.”

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.

% 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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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 Ky 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.

e 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™

Parameter . Change Minimum DCGL Change Maximum DCGL Change
un
(Base Case) Made | change Nuclide(s) Change Nuclide(s)
Indoor/Outdoor 1 -32% -25% Cs-137 0.1% | U-234
Fraction (0.66/0.25)
2 21% -1% U-238 35% | U-232
Source Thickness 3 -67% 10% U-238 193% | Sr-90
(tm) 4 233% | -66% Sr-90 -1% | Cs-137
Unsaturated Zone 5 -50% -1% U-238 0% | Cs-137, Sr-90,
Thickness U-232, U-235
@2m) 6 150% 0% Cs-137 Sr-90 U- 1% | U-238
232 U-235
Irrigation/Pump 7 -57% -36% [-129 0% | Cs-137
Rate (0.5 mly/
5720 mély) 8 70% 0% Cs-137 159% | U-238
Soil/Water 9 lower -85% U-238 9% | U-232
Distribution .
Coefficients (Kq) 10 | higher | -27% U-232 3144% | U-234
(Table C-2)
Hydraulic 11 -99% -1% U-238 3% | I-129
Conductivity
(1400 miy)
12 150% 0% Cs-137 1-129 Sr-90 0% | Cs-137,1-129,
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
(0.6/0.55) 14 64% -19% U-232 188% | U-234
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Table 5-10. Summary of Parameter Sensitivity Analyses — Subsurface Soil DCGLs"

Parameter Run Change Minimum DCGL Change Maximum DCGL Change
(Base Case) Made | change Nuclide(s) Change Nuclide(s)
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 DCGLgyc 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 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 I-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 Ky 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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e 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
DCGLs®

Parameter . Change Minimum DCGL Change Maximum DCGL Change
un
(Base Case) Made Change Nuclide(s) Change Nuclide(s)
Indoor/Outdoor 1 -50% 3% Sr-90 86% Cs-137
Fraction 2 100% 48% | Cs-137 5% | Sr-90
(0.00/0.012) 0 R B 7 r-
Source Thickness 3 -50% 1% Cs-137 29% Sr-90
(Lm) 4 200% -0.2% Sr-90 0% Cs-137
Unsaturated Zone 5 Omto1m 0.3% Cs-137 8% Sr-90
Thickness
(0.0 m) 6 Omto3m 0.3% Cs-137 8% Sr-90
Soil/Water 7 lower 0.5% Cs-137 12% Sr-90
Distribution )
Coefficients (Ke) 8 higher 0.3% Cs-137 7% Sr-90
(Table C-2)
Runoff/Evapotrans- 9 -54% 0% Cs-137 0.4% Sr-90
poration Coefficient
(0.6/0.55) 10 78% -03% | Sr-90 0% | Cs-137
Plant Transfer 11 -90% 1% Cs-137 82% Sr-90
Factors
(RESRAD defaults) | 19 900% -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 - - - | Seenote (1).
Area smaller
(1000 m2) areas

NOTES: (1) Information from the DCGLgyc 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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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 1.3 mrem a year
WMA 2, a maximum of 0.04 mrem a year

Given the limited data available, these results must be viewed as order-of-magnitude
estimates. However, they do suggest that actual potential doses from the two remediated
areas are likely to be substantially below 25 mrem per year.

NOTE

The use of maximum rather than average values in these dose estimates adds
conservatism, as does including values that are simply the highest minimum detectable
concentrations, especially in the case of Np-237. (There was a wide range of several
orders of magnitude among the minimum detectable concentrations reported for the
2008 sample data.) As with the DCGLs, decay of Sr-90 and Cs-137 over 30 years is
accounted for in the estimate.

5.45 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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Neutralization Pit
The Neutralization Pit would be removed using a process similar to the following:

e Removing any residual water, treating it for disposal via an SPDES-permitted outfall or
solidifying it for disposal as LLW; and

e 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
74.3.

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 O2 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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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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Years from Beginning of Phase 1 Proposed Decommissioning Work
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10. Remove source area of north plateau plume

11. Perform WMA 1 final status surveys, fill excavation L]
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There is considerable flexibility in the
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21. Perform studies to inform Phase 2 decisions

Figure 7-15. Conceptual Schedule of Phase 1 Proposed Decommissioning Activities
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Table 9-1 Surface Soil Cleanup Goal Area Factors'"

DCGLw Area Factors (DCGLemc/DCGLwW)

Nuclide | 10,000 m2
(pCilg) 5,000 m? | 1,000m2 | 500 m2 | 100 m2 50 m2 10 m? 5 m?2 1 m?

Am-241 49E+01 | 1.0E+00 | 1.0E+00 | 1.9E+00 | 7.2E+00 | 1.1E+01 | 2.6E+01 | 3.8E+01 | 8.1E+01

C-14 3.1E+01 | 1.7E+00 | 4.3E+00 | 1.2E+01 | 1.2E+02 | 3.2E+02 | 2.9E+03 | 7.0E+03 | 4.8E+04

Cm-243 42E+01 | 1.0E+00 | 1.0E+00 | 1.4E+00 | 2.3E+00 | 2.6E+00 | 4.2E+00 | 6.3E+00 | 1.8E+01

Cm-244 9.4E+01 | 1.0E+00 | 1.0E+00 | 2.0E+00 | 9.2E+00 | 1.7E+01 | 5.4E+01 | 7.8E+01 | 1.3E+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 | 1.1E+01

1-129 5.8E-01 | 1.5E+00 | 3.4E+00 | 6.1E+00 | 3.2E+01 | 6.5E+01 | 3.2E+02 | 6.5E+02 | 3.2E+03

Np-237 9.6E-02 | 1.3E+00 | 2.7E+00 | 4.7E+00 | 2.4E+01 | 4.8E+01 | 2.3E+02 | 4.6E+02 | 2.2E+03

Pu-238 5.8E+01 | 1.0E+00 | 1.0E+00 | 2.0E+00 | 9.3E+00 | 1.7E+01 | 5.5E+01 | 7.9E+01 | 1.3E+02

Pu-239 5.2E+01 | 1.0E+00 | 1.0E+00 | 2.0E+00 | 9.3E+00 | 1.7E+01 | 5.5E+01 | 7.9E+01 | 1.3E+02

Pu-240 52E+01 | 1.0E+00 | 1.0E+00 | 2.0E+00 | 9.3E+00 | 1.7E+01 | 5.5E+01 | 7.9E+01 | 1.3E+02

Pu-241 1.6E+03 | 1.0E+00 | 1.0E+00 | 1.9E+00 | 7.3E+00 | 1.2E+01 | 2.6E+01 | 3.8E+01 | 8.2E+01

Sr-90 8.7E+00 | 1.1E+00 | 1.1E+00 | 2.2E+00 | 1.1E+01 | 2.2E+01 | 1.0E+02 | 2.0E+02 | 9.2E+02

Tc-99 2.9E+01 | 1.3E+00 | 1.7E+00 | 3.4E+00 | 1.7E+01 | 3.4E+01 | 1.7E+02 | 3.4E+02 | 1.7E+03

U-232 5.6E+00 | 1.0E+00 | 1.1E+00 | 1.1E+00 | 1.3E+00 | 1.5E+00 | 2.3E+00 | 3.5E+00 | 1.1E+01

U-233 2.0E+01 | 1.3E+00 | 2.6E+00 | 4.6E+00 | 2.1E+01 | 3.9E+01 | 1.3E+02 | 2.2E+02 | 7.1E+02

U-234 21E+01 | 1.3E+00 | 2.6E+00 | 4.7E+00 | 2.4E+01 | 4.7E+01 | 2.2E+02 | 4.2E+02 | 1.1E+03

U-235 14E+01 | 1.4E+00 | 2.9E+00 | 4.8E+00 | 5.7E+00 | 6.3E+00 | 9.8E+00 | 1.5E+01 | 4.3E+01

U-238 2.2E+01 | 1.3E+00 | 2.6E+00 | 4.5E+00 | 1.7E+01 | 2.0E+01 | 3.2E+01 | 4.8E+01 | 1.4E+02

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'"

. DCGLy Area Factors (DCGLgyc/DCGLy)
Nuclide 2 .
100 m* (pCilg) 50 m? 10 m? 5 m? 1m?
Am-241 2.9E+03 1.4E+00 2.5E+00 3.6E+00 7.1E+00
C-14 1.9E+05 2.6E+00 2.3E+01 5.5E+01 3.4E+02
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 5.2E+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 1.0E+01 2.0E+01 1.0E+02
Np-237 1.7E+01 2.0E+00 1.0E+01 2.0E+01 1.0E+02
Pu-238 5.5E+03 1.7E+00 4 1E+00 5.3E+00 7.5E+00
Pu-239 5.0E+03 1.7E+00 4.2E+00 5.3E+00 7.6E+00
Pu-240 5.0E+03 1.7E+00 4.2E+00 5.3E+00 7.6E+00
Pu-241 9.8E+04 1.4E+00 2.6E+00 3.6E+00 7.1E+00
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Table 9-2. Subsurface Soil Cleanup Goal Area Factors'"

Nuclide

DCGLw

Area Factors (DCGLgyc/DCGLy)

100 m* (pCilg) | 50 m? 10 m? 5 m? 1 m?
Sr-90 1.4E+03 1.9E+00 8.1E+00 1.5E+01 6.5E+01
Tc-99 5.0E+03 2.0E+00 9.9E+00 2.0E+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 2.0E+00 1.0E+01 2.0E+01 9.6E+01
U-234 7.7E+02 2.0E+00 1.0E+01 2 0E+01 1.0E+02
U-235 4.3E+02 1.1E+00 1.7E+00 2 6E+00 7.8E+00
U-238 8.2E+02 2.0E+00 4.7E+00 7.0E+00 2 0E+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'"

DCGLy Area Factors (DCGLgyc/DCGLy)
Nuclide 1’00(_) m’ 500 m> | 100 m®> | 50 m’ 10 m’ 5m’ 1 m?
(pCilg)

Am-241 1.6E+03 1.5E+00 | 2.9E+00 | 3.5E+00 5.7E+00 8.5E+00 | 2.4E+01
C-14 3.4E+02 | 2.5E+00 | 2.0E+01 4.5E+01 2.8E+02 6.1E+02 | 3.3E+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 1.6E+00 | 3.3E+00 | 4.1E+00 7.1E+00 1.1E+01 3.2E+01
Pu-238 2.0E+03 | 2.0E+00 | 9.9E+00 | 2.0E+01 9.2E+01 1.8E+02 | 8.1E+02
Pu-239 1.8E+03 | 2.0E+00 | 9.8E+00 1.9E+01 8.9E+01 1.7E+02 | 7.7E+02
Pu-240 1.8E+03 | 2.0E+00 | 9.9E+00 | 2.0E+01 9.3E+01 1.8E+02 | 8.4E+02
Pu-241 5.2E+04 1.6E+00 | 3.0E+00 | 3.6E+00 5.8E+00 8.7E+00 | 2.4E+01
Sr-90 9.5E+02 | 1.9E+00 | 7.2E+00 | 1.1E+01 | 2.9E+01 | 4.6E+01 | 1.5E+02
Tc-99 2.2E+05 | 1.8E+00 | 5.1E+00 | 7.0E+00 1.4E+01 2.1E+01 6.3E+01
U-232 2.7E+01 1.0E+00 | 1.2E+00 | 1.3E+00 2.0E+00 3.0E+00 | 9.5E+00
U-233 5.8E+03 1.9E+00 | 3.7E+00 | 4.0E+00 6.2E+00 9.3E+00 | 2.8E+01
U-234 6.1E+03 | 2.0E+00 | 9.2E+00 1.7E+01 5.2E+01 7.9E+01 2.4E+02
U-235 29E+02 | 1.0E+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 DCGLy, 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.

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).

9.21 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 was accomplished in 2008. The results of this program are summarized in Section 4.
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CONTENT SECTION PAGE
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

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.

A list or description of all locations at the facility where surface soil 423 4-29

contains residual radioactive material in excess of site background Figure 4-6 4-31

levels

A summary of the background levels used during scoping or 422 4-25

characterization surveys Table 4-11 4-26
Figure B-1 B-3
Table B-1 B-4

A summary of the radionuclides present at each location, the maximum 423 4-29

and average radionuclide activities in pCi/gm, and, if multiple 425 4-35

radionuclides are present, the radionuclide ratios

The maximum and average radiation levels in mrem/hr at each location 4.2.6 4-48

[Data are not available at sample locations.]
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CONTENT SECTION PAGE

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.

A list or description of all locations at the facility where subsurface soil 424 4-30
contains residual radioactive material in excess of site background Figure 4-7 4-32
levels Figure 4-8 4-34
A summary of the background levels used during scoping or 422 4-25

characterization surveys

A summary of the radionuclides present at each location, the maximum 424 4-30
and average radionuclide activities in pCi/gm, and, if multiple 425 4-35
radionuclides are present, the radionuclide ratios

The depth of the subsurface soil contamination at each location Figure 4-8 4-34

425 4-35
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.]

A list or description of all surface water bodies at the facility that contain 427 4-54
residual radioactive material in excess of site background levels Figure 4-11 4-55
A summary of the background levels used during scoping or Table 4-11 4-26

characterization surveys

A summary of the radionuclides present in each surface water body and ~ Table 4-24 4-56
the maximum and average radionuclide activities in becquerel per liter
(Bg/L) (picocuries per liter (pCi/L)

IV.f. GROUND WATER

Information provided focuses on the project premises.

A summary of the aquifer(s) at the facility that contain residual radioactive 428 4-57
material in excess of site background levels

A summary of the background levels used during scoping or Table 4-11 4-26
characterization surveys
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CONTENT SECTION PAGE

A summary of the radionuclides present in each aquifer and the Table 4-25 4-58
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

NA NA

NA NA

V.a.2. Unrestricted Release Using Screening Criteria for Surface Soil Residual Radioactivity

NA NA

NA NA

V.b. UNRESTRICTED RELEASE USING SITE-SPECIFICINFORMATION

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.

Source term information including nuclides of interest, configuration of the 5.1.2 5-2
source, and areal variability of the source

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

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

Identification/description of the mathematical model used (e.g., hand 522 5-31
calculations, DandD Screen v1.0, and RESRAD v5.81)
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CONTENT SECTION PAGE
Description of the parameters used in the analysis Table C-1 C-3
Discussion about the effect of uncertainty on the results 524 5-35
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 1 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 1 proposed
decommissioning activities involving remediation of soil in the WMA 1 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.

Source term information including nuclides of interest, configuration of the 5.1.2 5-2
source, areal variability of the source, and chemical forms

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

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

Identification/description of the mathematical model(s) used (e.g., hand 522 5-31
calculations and RESRAD v5.81)

A summary of parameters used in the analysis Table C-1 C-3

A discussion about the effect of uncertainty on the results 524 5-35

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.

NA NA

NA NA
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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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Locations Used for Background Calculations

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. (In 2008, the frequency was reduced further to once
every five years, and sampling at most locations was discontinued.) 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 (SFNASHYV,
located at the former air sampling station at Nashville) was discontinued in 2003. (See
Figure B-1.) 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

ocation 2{:;: 0105 | 5190 | 137 | U232 Ugf’ Uéé?’ U-238 | Pu-238 Pu2-239/ Am-241
SFGRVAL vs.

SENASHV | 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
SFSPRWL | NS | NS | NS | NS | — | — | — | — | nNs | 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 | — | — | — | — | nNs | 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;
SFNASHYV = 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 SFNASHYV 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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performance on proficiency samples for the radionuclides of interest were examined for
acceptability. Analysis of alpha-emitting radionuclides — 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 when Revision 0 to this plan was prepared. 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 initially as reference
values because there were too few points. Instead, surface soil background results were
used to evaluate the presence of radionuclide concentrations in excess of background in
subsurface soil samples.

In 2008, subsurface soil background locations in the sand and gravel and unweathered
Lavery till geological units underlying the site were sampled as part of the North Plateau
Characterization Program (Michalczak 2007, Klenk 2008). Results from the sand and
gravel and unweathered Lavery till samples were statistically indistinguishable, so all were
combined, together with the 1993 results, to produce a subsurface soil background for the
site.

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, WNWO0301, WNWO0401,
WNWO0405, WNWO0706, WNWO0901, and WNWO0908, which serve(d) as upgradient
reference locations for the following geologic units: the sand and gravel (S&G) unit
(WNWNB1S, WNWO0301, WNWO0401, and WNWOQ706); the Lavery till sand (LTS) unit
(WNWO0204); the unweathered Lavery till (ULT) unit (WNWO0405); the Kent recessional
sequence (KRS) unit (WNWO0901); and the weathered Lavery till (WLT) unit (WNWQ0908).

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-1.) Measurements were taken at:

(1) The current background location (DFTLD23), located 18 miles (29 km) south of the
WVDP at the Great Valley air sampler;

(2) The five-points landfill (DFTLD17), located 12 miles (19 km) southwest of the Site;

(3) The former air sampling location at Nashville in the town of Hanover (DFTLD37),
located 23 miles (37 km) northwest of the Site; and

(4) Sardinia-Savage Road (DFTLDA41), 15 miles (24 km) northeast of the Site.

Quarterly exposure rates (in mR/qtr) and hourly exposure rates (in mR/h) were calculated.
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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-11 (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-11 per the

with the following formula:
?g SeJﬁge uncertainty = SQRT((uncertainty;® + ... + uncertaintyy?) / N)
where uncertainty; = the uncertainty term from sample 1
uncertaintyy = 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 resulttuncertainty

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 that 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.

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
source
locations

A listing of the sampling locations from which background data were taken.

Soil and sediment data, as extracted from the Laboratory Information Management
System, were in units of uCi/g (dry weight). Surface water and groundwater data were in
units of uCi/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 uCi/g = 1E+06 pCi/g

Water: 1 pCi/mL = 1E+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.

Revision 0

B-10




WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-3. Surface Soil Background Radionuclide Concentrations for the WvDP®®
Avg. Concentration (pCi/ i i
Constituent g P } 9 Meqlan Maxn_num N % NDs Years Data Source Locations
Result + Uncertainty (pCilg) (pCilg)
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
SFGRVAL, SFNASHV, SFFXVRD, SFRT240,
Gross beta | 2.03E+01 + 3.11E+00 2.00E+01 4,00E+01 84 0% 1995-2007 SFSPRVL, SFWEVAL. SFBOEHN. SFRSPRD
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,
Sr-90 151E-01 + 1.46E-01 9.48E-02 310E+00 | 104 | 25% | 1995-2007 | SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
SFRSPRD, SFBLKST
SFGRVAL, SFNASHV, SFFXVRD, SFTCORD,
Cs-137 450E-01 + 6.68E-02 4.17E-01 1.21E+00 93 0% 1995-2007 | SFRT240, SFSPRVL, SFWEVAL, SFBOEHN,
SFBLKST
U-232 552E-03 + 2.80E-02 2.35E-02 1.89E-02 32 97% 1995-2007 | SFGRVAL, SFBOEHN, SFRSPRD
U-233/234 | 7.79E-01 + 115E-01 7.88E-01 930E-01 | 22 | 0% | 19952007 | 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 1.21E-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,
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®Y

WVDP PHASE 1 DECOMMISSIONING PLAN

Constituent Average concentration (pCifg) Median (pCi/g) | Maximum (pCi/g) | N % Years PElE) Source
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 149E-02 = 4091E-02 < 3.35E-02 1.57E-01 23 | 65% | 1995-2007 SFBCSED, SFBISED
Cs-137 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 < 3.10E-02 3.92E-02 23 | 87% | 1995-2007 SFBCSED, SFBISED
U-233/234 599E-01 + 1.19E-01 6.59E-01 8.58E-01 23 4% | 1995-2007 SFBCSED, SFBISED
U-235/236 531E-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 9.01E-01 23 4% | 1995-2007 SFBCSED, SFBISED
Pu-238 1.67E-02 =+ 1.79E-02 < 141E-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 < 141E-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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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-5. Subsurface Soil Background Radionuclide Concentrations for the WVDP

Constituent A;ZLZ?: conientratji::e(ri);irlg Median (pCi/g) M(&;) xci:rir;;)m N %NDs | Years | DataSource Locations®

Gross alpha 120E+01 + 4.76E+00 1.26E+01 1.69E+01 18 0% 12%%% EEBBSSS”%S 96%959&))4%28;?; é’ﬁg%%?%ﬁz(f&g)
Gross beta 319E+01 + 3.99E+00 2.86E+01 610E+01 | 18 | 0% 12%%% gﬁ;’ggg%ggéé%%’%&?;?;ggB%';E%gZ(ggog)
S-90 180E-02 + 2.50E-02 < 2.30E-02 12A4E01 | 18 | 8% | 0% ?;};;g(?;%gge(;l:%?())4%?§r?;ggs%%?%gz(ggo&
Cs137 451E-03 + 243E-02 < 241E-02 La9E0L | 18 | oaw | D% g*;;ggggsgéé%f&%?g:;ggB%T)E%gz(zogw)
U-232 265603 + 255E-02 < 24E02 | < 419E02 | 18 | 100% | SO° gﬁsg&r‘%ggééﬁg’&%?gﬁggB%EE%gz(fgog)
vmonw | eweel = 1oEoL | ToEe | toemer | 1 | ow | 13 | B3 iom CreGlids GreGios
U-235/236 514E-02 + 3.47E-02 4.25E-02 LI7E01 | 18 | 33% 12%%% g*;;g;;%ggéé%ﬁ&?;?jggB%?)E%gz(fgog)
v | e s ten | seen | tww | w | o | 0% [Smessomne ome
o | awEer = 1wE@ | < 1BE | < 2aee | 1 | moop | 1953 | BESSands o croGoids GPecizos
Pu-239/240 172E-03 + 119E-02 < L04E-02 | < 187E-02 | 18 | 100% 12%%% gﬁ;’ggg%ggéé%%’%&?;?;ggB%';E%gZ(ggog)
Am-241 193E-03 + 107E-02 < 109E-02 | < 127E02 | 18 | 100% 12%%% gﬁé’goa;%ggéé%%’%[l%?;?;gngzg%gz(ggo&

LEGEND: N = Number of samples
ND = Nondetect

NOTE: (1) Background locations are shown on Figure B-3. After testing to ensure that subsurface soil results for the sand and gravel unit and the unweathered Lavery till were
statistically indistinguishable, values were combined into a single subsurface soil background value for each radionuclide.
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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-6. Surface Water Background Radionuclide Concentrations for the WVDP

Constituent Average concentration (pCil) Median (pCi/L) Maxir_num N 4 Years Data Source Locations
Result + Uncertainty (pCill) NDs
Gross alpha 474E-01 + 1.28E+00 < 9.55E-01 5.43E+00 387 4% 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 2.00E+00 =+ 1.61E+00 9.04E-01 1.23E+01 251 47% 1991-2007 | WFBCBKG, WFBIGBR
Tc-99 -440E-01 =+ 1.80E+00 < 1.80E+00 7.25E+00 52 85% 1995-2007 | WFBCBKG
-129 139E-01 + 8.71E-01 < 7.86E-01 2.02E+00 68 90% | 1991-2007 | WFBCBKG
Cs-137 6.31E-01 + 5.98E+00 < 4.15E+00 1.01E+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 1.00E-01 67 82% 1991-2007 | WFBCBKG
U-238 744E-02 + 6.35E-02 5.72E-02 4.00E-01 68 35% 1991-2007 | WFBCBKG
Pu-238 145E-02 + 6.24E-02 < 3.10E-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 542E-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

WVDP PHASE 1 DECOMMISSIONING PLAN

Average concentration (pCi/L i 9
Constituent < (_p ) Median (pCi/L) Maxmum N L Years Data Source Locations
Result + Uncertainty (pCilL) NDs

WNW-NBLS, -0204, -0301, -0401, -
Gross alpha 106E+00 + 5.69E+00 < 2.59E+00 2.19E+01 566 87% 1991-2007 0405, 0706, -0901, -0908

WNW-NBL1S, -0204, -0301, -0401, -

0 . 1 1 ) Y

Gross beta 6.19E+00 + 5.11E+00 4.56E+00 2.82E+01 566 28% 1991-2007 0405, 0706, -0901, -0908

WNW-NBLS, -0204, -0301, -0401, -

0 _ L 1 1 1
H-3 211E+01 + 8.55E+01 < 8.58E+01 9.41E+02 566 81% 1991-2007 0405, 0706, -0901, -0908
3 0 . . N . N i

C-14 405E400 % 2.63E+01 < 2.66E+01 7.43E+00 56 98% 1993-2007 | WNW-NB1S, -0401, -0405, -0706, -0908
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 -3.71E-01 + 1.91E+00 < 1.85E+00 3.98E+00 56 96% 1993-2007 | WNW-NB1S, -0401, -0405, -0706, -0908
1129 2.39E-01 + 7.38E-01 < 6.01E-01 1.58E+00 56 86% 1993-2007 | WNW-NB1S, -0401, -0405, -0706, -0908

WNW-NBLS, -0204, -0301, -0401, -
Cs-137 175E+00 + 2.39E+01 < 2.22E+01 1.90E+01 258 98% 1991-2007 0405, 0706, -0901, -0908
U-232 2.28E-02 + 1.00E-01 < 4.92E-02 3.78E-01 56 88% 1993-2007 | WNW-NB1S, -0401, -0405, -0706, -0908
U-233/234 488E-01 + 1.94E-01 1.60E-01 8.20E+00 56 13% 1993-2007 | WNW-NBLS, -0401, -0405, -0706, -0908
U-235/236 452E-02 + 6.03E-02 < 5.00E-02 1.93E-01 56 71% 1993-2007 | WNW-NB1S, -0401, -0405, -0706, -0908
U-238 318E-01 + 1.48E-01 1.21E-01 5.30E+00 56 21% 1993-2007 | WNW-NBLS, -0401, -0405, -0706, -0908
Pu-238 5.94E-02 + 9.59E-02 4.65E-02 2.20E-01 6 83% 1993-1994 | WNW-NBLS, -0405, -0908
Pu-239/240 495E-02 + 8.35E-02 5.28E-02 2.70E-01 6 83% 1993-1994 | WNW-NBLS, -0405, -0908
Am-241 4.32E-02 + 4.76E-02 3.81E-02 1.80E-01 6 83% 1993-1994 | WNW-NBLS, -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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WVDP PHASE 1 DECOMMISSIONING PLAN

Table B-8. Background Environmental Radiation Levels at the WVDP

Constituent

Average (mR/quarter)

Result £ Uncertainty

Median

Maximum

Years

Data Source Locations®

Environmental radiation

193 + 71

19.2

35.0

264

1986-2007

DFTLD23, DFTLD17, DFTLD37,
DFTLD41

NOTE: (1) Background locations: DFTLD17 (Five Point Landfill); DFTLD23 (Great Valley); DFTLD37 (Dunkirk); DFTLD41 (Sardinia-Savage Road).
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WVDP PHASE 1 DECOMMISSIONING PLAN

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 saill,
sediment, and subsurface soil survey done in 1993; Geoprobe® studies done in
1994, 1997, 1998, and 2008); 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 WVYNSCO 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, WVYNSCO 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. If the test sample result met the three following conditions, the |
result was classified as exceeding background:

e The radionuclide was detected
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WVDP PHASE 1 DECOMMISSIONING PLAN

e The relative errors ratio value was greater than 1.96, and

e 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.

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,
e  Minimum ratio,
e Median ratio,

e Maximum ratio,
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e Concentration of Cs-137 (in pCi/g dry) in the sample with the maximum ratio,
and

e 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.

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 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.

N